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1 Q- Please state your name and business address.

2 A. My name is Cynthia Zwick. My business address is 2700 N 3'd St., Ste. 3040, Phoenix, AZ

3
85004.

4
Q. What is your position at the Arizona Community Action Association?

5

A. I serve as the Executive Director of Arizona Community Action Association (ACAA). I've
6

7
served in this position for over twelve years.

8
Q- Please describe your background and work experience.

9 A. ACAA is a non-profit organization that advocates on behalf of Community Action Agencies and

10 the low-income community throughout Arizona. ACAA works with community partners

throughout the State to: educate the community about issues related to poverty, improve public

12 policy, and ensure low-inceme families have access to the tools needed to become and sustain

13
self-sufficiency.

14
Q- \Vhat is the purpose of your testimony today"

15

A. The purpose of my testimony is to request that the Arizona Corporation Commission consider the
16

17
low-income customers of UNS Electric Inc. (UNSE) in this rate case. Specifically, with regard to

18 this filing, I request that you:

19 Hold harmless low-income CARES customers from the modifications in UNSE's

20 deposit mies,

21
Maintain the length of a deferred payment plan as six months, do not decrease it to

22
three months,

23

24
Set a goal of increased participation in the CARES rate schedule of 50%,

25
Modify the Termination Notice Requirement to contain the contact information for

26 local Bill Assistance and Weatherization agencies,

27 Offer a current limiter as an alternative to disconnection for low-income customers,

28 and
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1 Provide the agencies that distribute Warm Spirit Assistance with a 10% Program

2 Delivery Fee.

3
Q- In what ways are low-income utility customers uniquely challenged"

4
Low-income customers face a number of challenges not present in the larger community.

5

Specifically, low-incorne customers experience a higher energy burden than the average
6

7
population. The energy burden, defined as a measure of energy costs divided by total income,

8
measures the strain that utility bills put on a household budget. Typically, the energy burden is

9 about 3% for the average population. For Arizonans in poverty, their energy burden is 14%.

10 That's roughly one in every seven dollars coming in the home going out again to provide the

11 basic heat and light the family needs to be safe and secure. For Arizonans in deep poverty, the

12 numbers are even more dire. The energy burden for households with income less than 50% of the

13
Federal Poverty Guideline is 19%. That's nearly one in every five dollars of income going right

14
out the door to keep the lights on. The burden is slightly more severe in Mohave County, and

15
- 1even greater in Santa Cruz County.

16

17
Many such customers seek assistance through programs such as the federal Low-Income Home

18 Energy Assistance Program (LIHEAP). A survey of LH-IEAP recipients found that nearly 90

19 percent of recipient households have at least one vulnerable member-defined as someone who is

20 age 60 or older, age 18 or younger, or disabled- for whom a loss of heat in the winter or cooling

21 in the summer could have serious health and safety implications. As many as 37 percent went

22
without medical or dental care, and 34 percent did not fill a prescription or took less than their

23
full dose of prescribed medication. Twenty-three percent of LIHEAP recipients kept their homes

24
at temperatures they felt were unsafe or unhealthy, and 21% of the recipients left home for part of

25

the day to save energy and avoid an unaffordable energy bill. Many LIHEAP recipients had
26

27
difficulty paying for housing, in part because of their energy burden. Almost one-third did not

28 I
.L Home Energy Affordability Gap,hot ://www.homeenergvaffordabilitvgao.com/03a affordabilitvData.htmI
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1 make their full mortgage or rent payment. Six percent were evicted from their homes or

2 apartments, and four percent faced foreclosure on their mortgages." In Arizona, less than 5% of
7

3
the eligible households received assistance in 2014.3 This is a result of Arizona receiving the

4
least amount of LIHEAP assistance per eligible household in the nation, precipitating even

5

greater strains on tight budgets.
6

7
Fifty-one percent of Arizona's families have gross annual incomes of $50,000 or less, with an

8
average after-tax income of $23,540, less than $2,000 per month. Energy costs are consuming

9 the after-tax household incomes of Arizona's low- and middle-income families at levels

10 comparable to other necessities such as housing, food, and health care. Arizona households aged

65 or more, 25% of all households, have a median pre-tax income of $39,097, 25% below the

12 U.S. median. Senior households in Mohave and Santa Cruz Counties fare even worse, with

13
median pre-tax incomes of $34,285 and $26,l86, respectively. These relatively low pre-tax

14
median incomes indicate that low-income and senior households in UNSE's service territory are

15
among those most vulnerable to energy price increases such as rising household utility bills.4

16

17
The U.S. Census Bureau reports that the average incomes of American households have declined

18 across all five income quintiles since 2001, measured in constant 2013 dollars. The largest

19 percentage losses of income are in the two lowest income quintiles. Households in the lowest

20 quintile lost 13% of their real income between 2001 and 2013, while households in the second

21 lowest quintile lost 9% of their real income. Declining real incomes increase the vulnerability of

22 low- and middle-income households to energy price increases such as rising utility bills. The

23
price of residential electricity in Arizona has increased by 36% since 2005, and is 18% above

24
2005 levels measured in real, inflation-adjusted terms.5

25

26
' H
L .

27

28

3

4

L:
.J

http://neada.org/wp-content/uploads/2013/OS/NEA Survev Nov11.pdf
http3//neuac.or,q/Az-LAD%2020ls%20State%20sheet.Ddf
http1//www.americaspower.org/sites/defauIt/fiIes/ARIZoNA-Ener,qv-Cost-Analvsis-315R.pdf
http://americaspower.org/sites/defauIt/files/Trisko 2014 Lpdf
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'IJ. In the recently released poverty data for 2014, 2] .2% of Arizonans were at or below the poverty

9 line. Arizona now has the third highest poverty rate in the country. The state has the fourth-

3
highest rate of residents in "deep poverty," at or below 50% of the Federal Poverty Guide1ine.6

4
Childhood poverty is even worse, with Arizona at a staggering 25.2% of children below the

5

poverty level. Families in Arizona have median income in the bottom 25% of states. Arizona
6

7
ranks third-worst in children without health insurance, leaving one in every ten children

8
uninsured. To put Arizona's children at a higher disadvantage, three quarters of Arizona

9 households live without a broadband internet subscription, and 20% don't have internet

10 subscriptions at all. This can severely hamper the ability of a child to do their homework, or an

adult to pay their bills, or apply for work, or otherwise engage in society

12 The rates of poverty in Santa Cruz and Mohave Counties, although down from their peak values

13
in 201 1, have still not reached pre-recession levels. Indeed, the poverty rate in Santa Cruz is 28%

14
above its pre-recession level, and the deep poverty rate is more than double its pre-recession

15

16
tota1.8 The poverty rate in Mohave County is 64% higher than it was in 2007, and the deep

17
poverty rate is more than 40% above its pre-recession levels. This has happened in spite of the

18 fact that increased percentages of Arizonans in poverty and deep poverty were worldng, either

19 fol] time or part time, from 2007 to 2014.9

20 With budgets this tight, families are forced to make difficult choices to make ends meet. In the

2 1 Hunger In America 2014 study, a survey of food bank clients reported 65% of households being

22
forced to choose between paying for food and paying for utilities in the past 12 months, with 25%

23

24

25

26 http ://www.azcer1traI.com/storv/monev/business/economv/2015/10/04/a rizona-remains-among-worst-
povertv/73234934,'

6

27

28

7 Source: U.S. Census Bureau, 2014 American Community Survey 1-Year Estimates
Source: U.S. Census Bureau, 3-Year American Community Survey
Source: U.S. Census Bureau, 2014 American Community Survey 1-year Estimates

3

3

9

W l |  l l



o

I

1 facing this choice every month.I0 A survey of the cities whose mayors are members of the U.S.

2 Conference of Mayor's Task Force found that utility costs ranked among the top three causes of

3
hunger in 13% of cities, and that utility assistance programs are essential to combating hunger.11

4
A recent report from the Federal Reserve found that 47% of Americans could not cover an

5

emergency expense of $400. Thirty-one percent of respondents reported going without medical
6

7
care in the past year because they were unable to afford it.12 Low-income households often report

8
cutting back on food and clothing purchases in order to pay utility bi11s.I3 Indeed, utility costs

9 were cited as a primary driver of homelessness among families with children.'' No family should

10 be forced into such a difficult position over family finances, and every effort should be made to

prevent such crises in Arizona.

12 Low-income families are not immune from price increases in the housing market, either. The

13
amount of cost-burdened renters, who pay more than 30% of their income for housing, is now up

14
to 50%, increasing 12 percentage points in the past decade. The rise was even more substantial

15
among renters facing severe cost burdens (paying more than half of their income for housing) ,

16

17
their numbers increased 19%. According to a study published by the Joint Center for Housing

18 Studies at Harvard University, "[t]hese levels were unimaginable just a decade ago, when the fact

19 that the severely cost-burdened share was nearly 20 percent was already cause for serious

20 concem."15 In the report OutOf Reach, the National Low-Income Housing Coalition tallied the

21 income required for vulnerable populations to make ends meet. In order to make enough to

22

23

24

25

26

MLQ//help.feedln,2america.org/Hun,qerIruAmerica/FB164 AZ Mesa report.pdf?s src=W15AREFER&s referrer=
www.stl.unitedwav.org%2F2015%2F05%2F5-tough-choices-people-who-cant-afford-food-
make%2F&s subsrc=http%3A%2F%2Fwww.feedingamerica.org%2Fhun,qer-in-america%2Four-research%2Fhunger-
in-america%2Fkev-findings.htm|& 2a=1.207809686.5227531811445819108

11http://usmavors.org/pressreleases/documents/hun,qerhomeiessnessreport 121208.pdf

12 http://www.federalreserve.,qov/econresdata/2014-report-economic-welI-being-us-households-201505.pdf
http://www.feedingamerica.org/hunger-in-america/our-research/in-short-supply/in-short-supplv-13

27 executivepdf
14 COLORADO STATEWIDE HOMELESS COUNT Winter, 2007

28 15 http://wvvw.ichs.harvard.edu/sites/ichs.harvard.edu/files/ichs Americas rental housing 2013 1 0.pdf
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1 afford a two bedroom apartment at fair market rent and not be cost-burdened, a minimum wage

2 worker in Arizona would need to work 84 hours per week. Assuming a head of household is

3
working full-time, they would need an hourly wage of $16.87, or an annual income of $35,090.16

4
In the 2014 American Community Survey, 35% of Arizona households make less than this

5
amount. This means that 857,000 households in Arizona are unable to find affordable housing

6

based on their income. The 2009 Residential Energy Consumer Survey shows that low-income
7

8
households excel at conserving energy, low-income families consume less energy per person and

9 per household than households with incomes above 150% of the Federal Poverty Guideline.

10 However, low-income households consume 15% more energy per square foot than higher income

households. This is most likely due to low-income families living in older residences that are less

12 energy efficient with older appliances. In light of their desire to manage their energy bills,

13
combined with the difficulties not only with housing stock but also food insecurity, among other

14
budgetary challenges, it is in the public interest to provide special consideration for low-income

15
customers to ensure they have the ability to access the essential commodity that is electricity.

16

DEPOSIT RULES
17

18 Q- \Vhat are 1 SE's current rules regarding deposits"

19 A. In Section 3.B. 1 .a of the Rules and Regulations, UNSE requires an additional deposit if a

20 customer is delinquent in payment "more than twice in the last twelve (12) consecutive months or

21 was... disconnected for nonpayment." Additionally, in Section 3.B.3.a, it states:

22

23

24

"Residential Customers -- Deposits or other instruments of credit will automatically
expire or be refunded or credited to the Customer's account, after twelve (12) consecutive
months of service during which time the Customer has not been delinquent more than
two (2) times in a twelve (12) month peiriod."17

25 and Section 3.B.4 says:

26

27

28
l*8

1?

http://nlihc.org/sites/default/files/oor/OOR 2015 FULL.pdf
https://www.uesaz.com/doc/customer/rates/electric/UES-903.pdf
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2

3

"The Company may require a Customer to establish or reestablish a deposit if the
Customer became delinquent in the payment of three (3) or more bills within a twelve
(12) consecutive month period, or has been disconnected from service during the last
twelve (12) months, or the Company has a reasonable belief that the Customer is not
credit worthy based on a rating from a credit agency utilized by the Company."

4

5 Q- What changes have been proposed?

6 A. In Section 3.B.l .a, UNSE has removed the phrase " more than," requiring additional deposits if a

7 customer has been delinquent twice in the past twelve months. Section 3.B.3 has been changed to

8
require a deposit from a residential customer if they become delinquent in two or more bills ina

9
twelve month period. Additionally, deposits will not expire or be refunded if the customer has

10
"been disconnected for non-payment , [or] the Customer has filed bankruptcy in the last

11

12
twelve (12) months."

13 Q- \Vhat are the reasons given by UNSE for the rule change?

14 A. In the testimony of Denise Smith, it is stated that one of UNSE's largest customers filed for

15 bankruptcy, leaving UNSE with a large unpaid bill.

16 Q- Do you support these changes"

17 A. No. I do not.

18
Q- Why not?

19
A. The problem being addressed is one with Commercial and Industrial customers, but the solution

20

is being applied to Residential customers. The average low-income residential customer's
21

22
deposit and arrearage pale in comparison to the bills and arrearages paid and owed by large

23 commercial and industrial customers. This is solving a problem before it exists, with the

24 potential to cause serious harm to low-income customers.

25 Q- How specifically will this affect low-income customers?

26 A. Requiring additional and more frequent deposits would present a substantial strain on the budgets

27
of vulnerable community members. Recall from above that 47% of households surveyed by the

28
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1 Federal Reserve were unable to pay a $400 emergency expense, which would certainly describe

2 an additional deposit at a time when just paying the bills is tough enough. The response was even

3
more severe for households malting less than $40,000 per year, over two-thirds of them reported

4
that they could not cover the expense, or would be forced to sell something or borrow the money

5

to cover it. Of the people who were unable to pay a $400 emergency expense, they were asked
6

7
how much of an emergency they could pay off, 39% said the largest expense they could cover

8
with cash on hand is $100, while an additional 16% said they could cover an expense between

9 $100 and $200. with the possibility of an additional deposit being over a thousand dollars, the

10 Federal Reserve data shows that a significant portion of low-income households cannot cover the

additional cost of a deposit. This would have the effect of shutting off these customers'

12 electricity, which would be disastrous to low-income households in Arizona. Fifty-tive percent

13
of Arizona homes have electric water heating, 76% of Arizonans cook primarily with electricity,

14
86% of Arizonans use microwaves to prepare meals and snacks, 60% of Arizonans primarily use

15
electricity for heating, and 95% of Arizona households use air conditioning.18' UNSE customers

16

17
assisted by WACOG, the Community Action Agency serving Mohave County, have reported

18 being unable to replace spoiled food after disconnections, this happens most often with elderly

19 clients and families with children. By causing these additional shutoffs, UNSE would be

20 hampering every aspect of a low-income customer's life while providing barely any additional

21 financial well-being for the Company. Furthermore, requiring an additional deposit when a

22
customer tiles bankruptcy creates an additional stressor for a family going through an extremely

23
difficult time financially.

24
Moreover, if low-income customers are delinquent on their payments, it is likely due to the fact

25

they don't have the funds to pay the bill in the first place. Charging them additional fees is
26

27
counterintuitive and will only create greater hardship.

28 13 2009 RECS Survey, EIA DOE
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1 instituting harsher requirements for the refund of deposits likewise imposes an unfair burden on

2 low-income customers. Thirty-two percent of Arizonans are in asset poverty, and 46% percent of

3 . . . . 9 .
Arizonans are one step away from falling into ab) act poverty' In these circumstances, a

4

refunded deposit could make the difference of whether a family can afford to put gas in the car to
5

get to work or put food on the table, or be forced to go without. With one in four Americans not
6

able to pay their bills on time,20 it's likely that many of the low-income customers will fall victim
7

8
to this enhanced criteria and not be able to receive a much-needed refund or worse, lose

9 electricity.

10 Q- What solution do you propose?

A. Low-income customers should be exempted from these more stringent deposit and refund rules.

12 This should be extended to customers who are on the CARES rate as well as customers who have

13
received bill assistance in the past 12 months. These additional deposits would prove to be a

14
substantial hardship for low-income customers, and as CARES customers make up 6% of all

15
customers and just 3% of all kilowatt-hour sales in the test year, exempting low-income

16

17
customers from additional deposit requirernentsdoes not represent a significant financial risk for

18 the utility.

19 Q- Has this been implemented by any other Arizona utilities"

20 A. Yes. In Decision 71448, APS implemented the following deposit exemption for low-income

21 customers :

22

23

24

"APS will waive the collection of an additional security deposit from customers on low-income
rate schedules (E-3 and E-4) under the following circumstances: (1) the customer has had more
than two late payments in the previous 12 months, or (2) the customer has been disconnected for
nonpayment."

25

26

27

28

19http://scorecard.assetsandopportunitv.org/Iatest/state/az, https://morrisoninstitute.asu.edu/news/who-are-
arizonas-vL|Inerable-popuiations

https://ww»v.nfcc.or,q/wp-content/uploads/2015/04/nFCC 2015 Financial Literacv Survey FINAL.pdf*.3
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1 In that ratecase, representatives from APS noted that, on occasion, "a customer can come up with

2 the money to pay the delinquent bill, but because of this security deposit requirement, they cannot

3 . . . . - I . . .
get reconnected or there is a delay in their recomlectlon." I appreclate APS's conslderatxon and

4
desire to keep low-income customers connected, and I hope that we can create a similar exception

5
for UNSE so that low-income customers don't get hit with the "double hammer" of requiring an

6

additional deposit on top of any past due bi115.22 It is in the public interest to keep low-income
7

8
customers connected to electricity, and waiving additional security deposits will further that

9 interest.

10 DEFERRED PAYMENT PLAN

Q- \Vhat is UNSE's current deferred payment plan"

12 A. UNSE allows qualifying customers to participate in a deferred payment plan to "to retire unpaid

13
bills for electric service." Currently, customers are able to pay their unpaid bills through the

14
deferral plan over a period of six months.

15
Q- How has UNSE proposed to change it?

16

A. UNSE has proposed to decrease the time period for a deferred payment plan from six months to
17

18
three months, halving the time customers have to pay off their debts.

19 Q- Is this likely to increase the amount of late payments collected from low-income customers"

20 A. No. A low-income customer who has engaged in a deferred payment plan is committed to paying

21 off what they owe. Cutting their payment time in half makes it that much harder to pay their

22 unpaid bills, likely contributing to UNSE's uncollectible "bad" debt.

23
How would this affect low-income customers"Q-

24
As I mentioned above, low-income customers are often in the position of choosing betweenA.

25

paying for utilities or buying food, and several studies have shown that they put off medical care
26

27
1

4.

28 'w
Thomas Mum aw, E-01345-08-0172 Transcript, Volume l, 8/19/2009, pg 57.
Jeff Guldner, E-01345-08-0172 Transcript, Volume v,8/27/2009, pg 1216.
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1 and clothing purchases to keep the lights on. Most of the clients seen by SEACAP and WACOG

2 (the Community Action Agencies in UNSE's service territory) live paycheck to paycheck, so

3
when a hot summer month pushes their bills up into the hundreds of dollars, they'll likely need

4
more than three months to pay it off. This change would force their clients, along with thousands

5

of other low-income households, to cut their budget to the bone or to allow their power to be
6

7
disconnected. As these people depend on their electricity to heat and cool their home, provide hot

8
water, and cook their food, this would put these clients in an impossible situation and cause undue

9 hardship .

10 Q- How would you address this"

A. This proposal should be rejected outright. If, however, that does not happen, then low-income

12 customers should be exempted from the stringent timeline and allowed six months to make a

13
deferred payment. They are more likely to need the additional time to pay off any delinquent

14
bills, and the small number of customers and ldlowatt-hours consumed by low-income customers

15
will not substantially affect UNSE's financial position.

16

CARES PARTICIPATION
17

18 Q- Can you describe the CARES program"

19 A. The Customer Assistance Residential Energy Support (CARES) Program offers monthly

20 discounts for limited-income customers who need support in meeting their energy costs. I t

21 provides a discounted fixed charge, a discounted volumetric charge, an option to pay a decreased

22
LFCR, and a percentage discount off the whole bill based on usage.

23
Q- \Vho is eligible for the CARES program?

24
A. Households with a combined income of 150% of the Federal Poverty Level or less are eligible to

25

26
participate in the CARES rates. In 2015, for a family of four that amounts to $36,375 per year or

27
$3,031 .25 per month. After taxes, that comes to an annual salary of 829,305.82 or monthly

28

16
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Area Customers Residents at
1500 o FPG

Customers Eligible for
CARES

(Column 2 * Column 3)
Mohavs 65,000 3500 22,750

Santa Cruz 16,000 4300 6,880

Total 29,630

I l

1 income of $2,442. l5.23 According to the MIT Living Wage calculator, the living wage in Santa

2 Cruz County is $46,108 and the living wage in Mohave County is $47,261. The households who

3
qualify for CARES do not make a living wage.

4
Q- How many people are currently using the CARES rate"

I;J

A. In UNSE's rate case application, the Company said there are 6,112 actual customers on average
6

in the test year on the CARES rate and 6,236 adjusted average number of customers.
7

8
Q~ About how many people are eligible in the UNSE's service territory"

9 A. It's difficult to know exactly how many people are eligible in UNSE's territory. UNSE has

10 75,847 residential customers, and 29% of Alizona's population is at or below 150% of the federal

poverty level, so a rough estimate would say that 21,671 of UNSE's customers are eligible In

12 the rate case application, Terry Nay stated that the company has approximately 74,000 customers

13
in Mohave County and 19,000 customers in Santa Cruz County, of those customers, 88% are

14
residential. This implies that there are approximately 65,000 residential customers in Mohave

15
County and 16,000 residential customers in Santa Cruz County. Mohave County has 35% of its

16

17
population at 150% of poverty, and 43% of Santa Cruz County's population is at 150% of the

18 poverty level or below. Given these rates of poverty, the following calculations yield an

19 estimate of CARES-eligible customers:

20

21

22

23

24

25

26

Mttp;//wwwiaxformcalculator.com/state tax/arizor»a.htmt
27

23

'

28

28

U.S. Census Bureau, 2014 American Community Survey 1-year Estimates
Santa Cruz data is sourced from U.S. Census Bureau, 2011-2013 3-year American Community Survey. It is the

most recent data available from the county.

17
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Area Total

Population
Population
at 150%
FPG

Number
ofHH

Average
HH size

Number of

HH at 150%

FPG

Mohave County Cities/CDps

Kinsman 27,370 9,465 11,057 2.48 3,824

Oat ran 124 53 88 1.41 38

Lake Havasu City 52,459 13,402 22,727 2.31 5,806

Yucca 50 6 25 2.00 3

Golden Valley 7,983 2,337 3,576 2.23 1,047

Chloride 213 122 140 1.52 80

Dolan Springs 2,124 438 969 2.19 200

White Hills 311 100 149 2.09 48

Meadview 587 259 358 1.64 158

Fort Mohave 14,189 3,573 5,951 2.38 1,499

Bullhead City 39,302 14,177 16,679 2.36 6,016

Peach Springs 756 352 182 4.15 85

Mohave Valley 2,939 743 1,096 2.68 277

Temple Bar Marina (not included in 2013 ACS)

Santa Cruz County

Cities/CDps

Nogales 20,490 10,540 6,314 3.25 3,248

Patagonia 639 239 327 1.95 122

Tubac 1,248 195 710 1.76 111

Tumacacori-Carmen 407 171 208 1.96 87

Amado 165 7 106 1.56 4

Rio Rico (not included in 2013 ACS)

Total HH in UNSE territory at 150% FPG 22,653

1 |

1 To take a more granular approach, I'll identify the major cities and census-designated places

2 (CDPs) served by UNSE and count the number of people who live there at 150% of FPG or less.

3
Factoring in the average household size yields the number of households at l50% of FPG:

4

5

6

7

8

9

10

12

13

14

15

16

17

18

19

20

21

22

23

24
Given these calculations, how many more people are eligible for the CARES rate in UNSE'sQ-

25
territory?

26
-Q

27
The data for the Cities listed is from the U.S. Census Bureau, 2011-2013 3-Year American Community Survey,

while the data from the CDPs is from the U.S. Census Bureau, 2009-2013 5-year American Community Survey

28
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1 A. The range of households derived through these calculations was 21,671, 22,653, and 29,630. By

2 these calculations, there are at least 3.5 times as many customers, and possibly 4.9 times as many

3
customers who are eligible for CARES but are not currently enrolled.

4

Q- Why is it so important for low-income customers to obtain the CARES rate"
5

A. Low-income Arizonans are in a tough spot financially. Arizona hasn't seen a true recovery from
6

7
the Great Recession, and almost half of our households are one misstep away from abs act

8
poverty. Electricity is essential for any household, even more so for a struggling household - the

9 need to store and prepare healthy food, keep one's home at a safe temperature, provide light and

10 information for work and homework -- without these necessities, provided by electricity, a

11 struggling household could seriously fall behind. The discount offered by the CARES rate takes

12 significant pressure off the budgets of the households that use it, helping them maintain self-

13
sufficiency and helping them to thrive.

14
Q- \Vhat would be a reasonable target for an increase"

15
A. Given that the likely amount of CARES-eligible customers is 355%-485% higher than the current

16

17
number of customers on CARES, believe a 50% increase in enrollment is feasible. This should

18 be planned for in the next few years, with an outreach plan published shortly after the conclusion

19 of this rate case.

20 Q. Are there any outreach methods the company should use for such an aggressive increase in

21 CARES customers?

22 A. One possible solution is automatically enrolling customers who receive bill assistance, either

23
from Warm Spirits, LIHEAP, or any other organization that may provide assistance. Also,

24
concentrating the bill inserts in the summer months when bills are highest and customers are

25

having the greatest difficulty paying their bills could attract more participants. Additionally, I
26

27
believe the emphasis on community outreach events is an excellent way to increase participation,

28 and our Community Action Agencies and SNAP partners are excellent allies to provide this

19
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1 outreach. VITA Sites, affordable housing locations, job fairs, community events, working with

2 local DES offices, and presenting information at association and alliance meetings are all proven

3
outreach methods. Door to door canvassing, engaging customers on social media, automated

4
voice messaging, engaging Community-Based Organizations and Faith-Based Organizations,

5
direct mail campaigns and postcard mailers to potentially eligible customers, outreach by field

6

employees, sharing data about customers enrolled in discount rates for the gas companies in the
7

8
service territory, a digital newsletter to customers with energy savings tips and discount rate

9 information, coordinating with other low-income programs, and targeted online advertising were

10 all methods reported by California utilities to the Low-Income Oversight Board as effective

OlltI°€8ch.27

12
Q- Is the any other information you would like to add regarding the CARES rate?

13
A. Yes. I want to say that I'm very concerned about the Company's proposal to abolish the current

14
CARES rate plan and replace it with a much smaller monthly discount. Low-income families on

15
CARES wouldn't be able to make ends meet without this rate, and talking it away could cause

16

17
significant hardship among a great number of UNSE customers. I'11 elaborate on this point

18 further in the testimony pertaining to rate design that will be filed at a later date.

19 TERMINATION NOTICE REQUIREMENT

20 Q- \Vhat is currently required on the termination notice requirement?

21 A. Currently the termination notice is required to list the name of the person whose service is to be

22 terminated, the Company's Rate(s) that was violated, the date after which service may be

23
terminated, a statement advising the customer to contact the Company to work out a solution in

24
the matter, and information on how to dispute the termination of services .

25

Q. What should be added"
26

27

28
z7 http://www.liob.org/resultsqv.cfm?doctvpes=10

20
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1 A. Information notifying the customer of agencies providing bill assistance opportunities in their

2 area, as well as information about weatherization agencies and the CARES discount.

3
Q~ \Vhy should it be added?

4
A. The financial strains of living in poverty put real stress on the people experiencing it. People in

5

poverty were twice as likely to report chronic pain and mental distress as those earning $75,000
6

. . . . 28
or more, and three to five tunes more likely to have extreme Pam or extreme dlstress. When

7

8
faced with a difficult financial problem, poor people's IQ actually fell 13 points, equivalent to

9 losing a full night's sleep." Given these results, the researchers in the "Poverty Impedes

10 Cognitive Function" study recommend that policymakers avoid cognitively taxing people in

poverty. Providing a list of resources, in one location, to assist someone who's had trouble

12 paying their bills greatly reduces the cognitive load of a possible utility disconnection and all of

13
the negative consequences that accompany it. This would make it easier for the people who need

14
them to access these valuable resources.

15
Q- \Vhat benefit would it have for UNSE customers?

16

A. This would likely decrease the number of customers who are ultimately disconnected, decrease
17

the stress experienced by low-income customers who are able to avoid disconnection, and I

18

19 increase the utilization of the valuable bill assistance, weatherization, and discount rates that are

20 offered by the Company.

21 CURRENT LIMITER AS AN ALTERWATIVE TO DISCONNECTION

22
Q- What has UNSE proposed in Section 12.H of the Rules & Regulations"

23
A. Section l2.H of the Rules and Regulations states that, if a customer has a medical alert

24
designation and has accrued debt equivalent to a three month bill, the company may install a load

25

limiter in lieu of disconnecting the customer's service for nonpayment.
26

27 33-

29

http ://www.brookinas.edu/blogs/social-mobHitv-memos/posts/2015/02/19-cost-povertv-stress-graham
http://www.sciencemag.or,q/content/341/6149/976.fuQ "Poverty impedes Cognitive Function", Amandi Manil,

28
Sendhil Mullainathan, Eldar Shafir3, Jiaying Zhao

21
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Q- How would this affect a customer facing disconnection"

2 A. This could be a lifesaver. In addition to whatever medical equipment the customer may need that

3
will now be able to continue to operate, this will take a significant amount of stress off of the

4
customer's mind. Recall the study referenced above that demonstrated how stress regarding

5
finances can reduce someone's IQ, removing the threat of disconnection is giving the customer

6

mental bandwidth that they can use for work or their family or to improve their life in some way.
7

8
Q- Should this be made available to all CARES customers?

9 A. Yes.

10 Q- why?

A. Like it or not, everyone depends on electricity to survive. As was cited above, most people in

12 UNSE's service territory rely on electricity for food storage, cooking, cleaning, heating, cooling,

13
and many other things. For Arizonans, that dependence on cooling can be critical, in the last

14
thirty years, more Americans have died from heat than any other weather-related cause, and heat

15
has killed twice as many people as cold and winter weather. 30 By ensuring that low-income

16

17
customers have enough electricity to store and prepare food, and keep theft homes at a safe

18 temperature, you could be saving their lives.

19

20

21

22

23

24

25

26

27

3 f8 http://www.nws.noaa.gov/os/hazstats/images/weather fatalities.pdf
28
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American Fatalities by Weather Type Since 1985

3

4

5

6

9
:i>
&

;

7

8 M

9 \ ,

10

11 WARM SPIRITS

12
Q- What is the \Varm Spirits Program"

13
A. The Warm Spirit program is a customer donation program, with a Company match, to provide

14
bill assistance to Unisource Electric and Gas customers.

15

Q- What is the impact that this program has had?
16

17
A. The program has had substantial success. Already in FYI6 (begirding in July) the utility has

18 distributed over $6,000 in assistance. in FY15, the agencies distributed over $13,000, resulting in

19 a 93% expenditure of their annual allocation. In Fyl4, over $14,000 was distributed in

20 assistance, resulting in a full expenditure of their funds. Over $1 1,000 was spent in energy

21 assistance in Fyl3, completely spending the allocation, in Fyl2 they similarly spent their entire

22
allocation of over $7,000, and in FY11 the agencies distributed over $9,000.

23
Q~ What if anything could be done to improve the program?

24
A. Currently the Warm Spirit program does not have any program delivery associated with it, the

25

26
funds can only be used to assist customers with paying their bills. Most of the bill assistance

27 programs ACAA administers have a program delivery amount associated with their program.

28 This allows the agency to do outreach about the program and helps to defray some of the costs of

23
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1 providing assistance. If this program had a 10% program delivery amount, the agencies

2 distributing the funds could allocate more resources to the program, increasing the number of

3
customers assisted.

4
Q. Won't the program delivery fee mean that fewer customers will be served"

5

A. Not necessarily, The Warm Spirit program has two fund sources: customer contributions and up
6

7
to a $25,000 match from UNSE. With the program delivery allocated to the agencies, they will

8
be able to better promote the program to the community, and Ir will better facilitate their ability to

9 distribute funds. The increased awareness and greater customer experience will likely lead to

10 more customer contributions, which will work to replenish the funds dedicated to program

11 delivery.

12
Q- \Vould increased outreach have any other benefits"

13
A. Yes. By empowering the Agencies, who have built up substantial local knowledge after years of

14
serving the community, to better provide Warm Spirit assistance to more customers, they will

15
have the ability to educate them about other programs offered by the utility and wraparound

16

17
services provided by the Agency. Moreover, if customers are automatically enrolled in the

18 CARES discount rate when they receive assistance (as has been proposed above), this can help

19 the company in its proposed target to increase enrollment in CARES.

20 NET METERING

21 Q- What has the company proposed regarding net metering?

22
A. UNSE has proposed to compensate new DG customers as of June 1, 2015 for any excess energy

23
they produce on the grid at the Renewable Credit Rate, rather than crediting them at the retail

24
rate. Customers on this new net metering plan will also be required to take on a new three-part

25

26
rate plan, consisting of a basic service charge equal to the RES-01 service charge, a demand

27
charge, and a volumetric charge less than what is charged for RES-01 .

28 Q- What is your response to this?

24
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1 A. Net metering customers are approximately 1% of i SE's residential customer base, while low-

2 income customers make up approximately 30% of UNSE's residential customers. As you

3
deliberate on this issue, please consider the customers who aren't able to make ends meet, and

4
ensure that no additional charges are assessed on a population unable to take advantage ofa

5
product in their community.

6

7
Q- Does this conclude your testimony?

8
A. Yes, it does. Thank you.

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
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1 Q- Please state your name and business address.

2
A. My name is Cynthia Zwick. My business address is 2700 N 3rd St., Ste. 304G: Phoenix,

_'8

AZ 85904.
r

5
Q. What is your position at the Arizona Community Action Association"

6 A. I serve as the Executive Director of Arizona Community Action Association (ACAA) .

7 I've served in this position since 2008 .

8
Q- Please describe your background and work experience.

Q
.1

A. ACAA is a non-profit organization that advocates on 'beinalf of Comrnunit*y Action i

lG

11 Agencies and the low-income community throughout Arizona. ACA4 works with

12 community partners throughout the state to: educate the community about issues related

-4
n

to poverty, improve public policy, and ensure low-income families have access to the

14
tools needed to become and sustain self-sufficiency.

15

Q» What is the purpose of your testimony today?
16

17 A. The purpose of my testimony today is to ensure that the priorities of low-income

18 customers are considered in the raemaldng aspects of this rate case. Specifically, my

19
testimony today will address:

20

21
Our request that the CARES rates be maintained and the current discount

22 honored, \

23 The eligibility of the CARES rates is expanded to 200% of the Federal Poverty

24
Guideline,

*Lt4_2

The doubling of the mandatory "ired" fees for low-income residential customers
26

27 is rejected, and

28 c The exclusion of the DSM surcharge from CARES rates is maintained.

i
aI

6
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Table 1: CARES Customer 8il1 Impact

Usage

<1<wh>

Current
CARES

bi l l

Monthly
Bi l l

Increase

New RES-01
bill with
CARES

Discount

Percent
Increase

i n
MGnth1y

Bi l l

Annual
increase in
Energy Bill

300 $20.37 $34.02 $13.65 67.004 0 $163.80
600 $45.27

I
F $62.04 81677 37.040 0 $201.25

900 $77.15 $92.06 $14.92 19.33% $178.99
1 'mm QS (M Q:$106.85 $122.08

\ $15.23 14.260 0 $182.82
1500I $135.98 $152.11 $16.13 11.86% $193.51

I
I

1

|
r

1 CARES RATE

2
Q- WHAT CHANGES HAVE BEEN PROPOSED FOR THE CARES RATES ?

Q

A. The company has proposed to freeze the current CARES customer rates and reduce the
4

5
discount to a Hat $10 per month discount.

'o Q. HOW WILL THIS IMPACT Low-1ncomE CUSTOMER'S BILLS?

7 A. The change in CARES discounts will substantially affect low~income customers, with the

8
most egregious elects focused on low-use customers. This is demonstrated in Table 1:

9

10

12 i

|
|
I

1.3.

; 4

15
I

16

-Jv.L

18 As is demonstrated in the table above, by moving from a percentage discount to a flat

19 discount, low-use customers' bills are substantially increased. Low-'mcome customers cm

20
average use less electricity than their more affluent counterparts in order to keep their

21

22
utility bills affordable. To that end, the percentage discount has been useful to encourage

In
2 <

conservation, offering more substantial savings for customers who keep the energy use

24 low. By freezing the current CARES rate aga malting the new CARES discount a flat

25 fate, this incentive to conserve has been removed, and the consequences are laid bare in

26
Table 1. Customers using very little energy MH see a 67% bill increase, while customers

27
|

28
using several times that amount of energy will see a Proportionately smaller increase.

7

5
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Table 2: Customer bill comparison on RES-0] rate

Old
Price

m m
usage

New
Price

Monthly
Increase

Annual
Increase

Percent
Increase

800 $35.14 $44.02i $8.88 $10654 25.260 0
600 $63.30 $72.04 $8.75 $104.95 113.82%
900 $92.95 $102.06 $9.11 $10981

1200 $123.44 $132.08 $8.64 $103.71
1500 $154.34 $162.11 $93.13$7.76 II
1800 $185.25 $192.13 $6.88

I s

E r
i

' Compared to the price increase seen by RES-01 customers, CARES customers w11l1 see.a

"3
. : .

larger total increase at every usage level, and a much larger percentage increase at each
*N
(

.J

level.
4.

i
fIJ

5

6

T
r

8

9

*I C=

$82.55 i

9._8_0% i
7.00% »
1 03%
3.71% I

a a l

i .  n

12 As it stands, the new CARES discount is effectively taken away by the updated rate

;3 design. New CARES customers M11 receive a $10 monthly credit, but the mandatory

; 41
"fixed" fee is being increased by $10, effectively setting the credit to $0. By having their

, »-
l _J

- r
discounts taken away, low~income are being forced into real financial hardship. As was

17
discussed 'm my November 6, 2015 testimony, half of all renters al'e cost-burdened, and

-
5  9 65% of food banc clients report being forced to choose between paying for food and

f~g.L. utilities in the past 12 months. Such an abrupt increase in fixed charges while talking

20
away benefits will only furt&1eI harm these vulnerable families, forcing them into even

4.J.

22
more difficult situations where they're forced to choose between paying for housing, or

23 food, or keeping the lights on.

24 Taking a more granular look at customer usage, we can see that the most i"equent "bill for

ZN
a CARES customer is"1n the 400 kph range, while the most frequent RES-01 bill is in

26

27
the 500 kph range (Figures 1, 2). CARES customers also have lower total bills, and a

28
much tighter concentration 0fbills below 1,000 kph. The savings incentive of the

8

l
Ii I
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:u.r:.en. C ARES rate has Ce"ramJ§ cmntraiwrzed to the t=.ec1d s. : convex-:ai on. and &eszin_g
I

the .:Lucent CARES rate and elirnmaxzng the percentage dasaount would rems e that

mend\ e, 1iLe13 increasing consumption and n1a&lng bills less affordable Md

manageable.
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V
A
.4 IQ. How sons a bill impact iiice ihzis .affect a low-°"mcame eustorner"'s quality of life?

!

3
i
I
3
1
I

2
A. Qme impcuttaant faritor in kaw-income energy consumption is their housing stock. Law- 1

3

.8
mcqme hou4eho3ds often I e in substandard houses vi 181 .door wsulaton af t  rsoim

.:»
.1e=el3;y roofs, and ineffrcienl appiiancex As Such, a éisproparfdunate amount attheir

6 energy is leaking out the walls or being used up by old and inefficient appliances. This

'71 Q can :make -camssrwafusma even mare diffroult, as "Etc energy required Te keep poor housnixrg

8
sick 'wmfxartabie is zg=ea1:c-sr €ha1n the energy required for a newer house in `bletter

g

as
Condition. With that in Mimi, increasing a1oxlv~'mco»mfe customer's bill by as rah as

67% could hay: éisastrfaus wnsequenccs far :flense Mmnilies. As you H call from Jae

.LA testimony Ncwvennlber -6, 2035, Axizona now has the highest qwerty rate in

lite wimpy, and We foaM:-haghesx rate Mresiéents in keep povwry. Energy
'34

H
3_5

can cause food and *increased hcrspifédizaiion names, util ity

`8 J'
4.9

assmanoe prcxguams can améiiarata High uiiiiiy use a primary rirfivesr Ni'

1_ bamelessnesas far families children. In the survey perform by the Federal Reserve

18 . demxonsfmared 217% rwfhcfusehuléé. were unzabke to pay a $400 mnergenqy expense,

8_8
39% said the largest expense tiny could never with cash an $188, while an

20

21
1.
.I

additizaaal 16% ssfid they octuld cover ala expense between $190 a:n8 $206. Thesenew

4.
mes constitute a several .hundred éallar expense two low-incurns houseiaalds are unable

**..4.1 Te avoid must be ablate pay imznedi1a&nc]y. Thous me increase could easily be the

24
crisis 1fh£Lt pusilnes fbcse cover *the edge that was 48eamonrs»tr9pQtE=d by the Federal

2:5

,-..»- I
4.9 ,I

Reserve's reseamim. Law-income discount rates, such asiitle CQQKES rate, can pwvitlea

.27
brsdwarlk against these ner ve consequences. Implementing sud; a raze shock on Inw-

98
httrre/fwumn.ncbi.r\Lm.f:ih.1zov.;"4:>sabrned!'17{J795 3 0

31
§:



I I150% seas
Poverty

GUideline~
Persons in
Family!

Heuseihéld

150% Fbdelral
Poverty

Guideline I
Monthly income

1 s37,655 ,o 3 l,4'71 .25

314991.25I$23,895.40

H

33
3

1 income, low-msc customers will spawn urztoié crises, andit is irresponsible for

'z
L

UNSE to augment its revenue by taking so much f1"on:1 their customers with the very1easi.

<>
at

I:1Q- What do.yourecommend Shovllrild be done for the CARES rate?
4

.83
IA. Tins fame siroudd .wniifozen and the current dizsicount rate shetUid remain

6 available far eligible customers. Lowincome and senior wzusiomers depend on ai'ford~ab1e

elacuicity, effectively removing Thx: CARES discount by setting it to the same valve as

Fe
Tb mandatory fixed fee increase vi 111 make ale tncrty lunch 1es~= atfo table ac customers

9

'g. O
w3:iose lives would be mostéanfraged ff they aan"t access it As was xiescxibed Fm greater

detail in the November 6, 2015 filing,the CARES rate is current] y under-earufalied

1.2 -ucmsicieting the f.vf iihe areas saved by UNSE,UNSE shouié ac>rk withthe I
3.3 orammunity it serves in Mm to increase e ttxtal nlnmiher QECARES czamnmws.

84
CARES ELIGIBILITY

8.5

Q, What is the cuumesmt level for customers?7

16

.L J Currently, customers must be at of braw 158% of the Federal Poverty Guideline

to be eligibleiar Thlzi refsoirs .in 'fine following llmirsf*
w e
$.23

am I

21

22

223
i
1I 5

i24

2
3 i $3Q,13S.U s2,511.:z5

. 4 I $3.6,375.9 ~s3,0:s125 -|
For a &~rnliiy at8a:l@ee Te make init on stmt ws: $2580 amnntii requires sxwemnlely di8culi

25

26
choices abcsut assentaial items can 'be skippedar decreased in the f8Inlily buégét. In I

27 this ocrnteset, t%xeCARES:rare is an izrv8ioéble tool In help stay aif;1o(at.

.338
" S tzls:M;as=;>e.i®?=s.a=.,>c»v;'20*i'8-Dc>v§,§r'av~3n8dei?nes

;1

ii
.I
8»
I

I
I

s
I
9
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Living Wage,
Santa Cruz

County

Lfvmg
W age,

Mshave
Ccnmtv

1 $20,284 $20,270 $23,540
2 $44,363 $43,210 $31,860
3 $56,101 $54,948 $40,180
4 $72,7l1 $70,295 $48,500

l

§Il
ft. Does the CARES discount rate reach all of €he customers who need it?

3

2 8 A
No. According to the MIT Living Wage calculator, the following are the required

incomes for a given household to support itself also included 200% of the Federal
4 t
5

Poverty GuzidelMe as a reference:

6 \
a

1
I
I

i

7

Persons M
Family/

Household

200% F federal
Poverty

Guideline
8 f

I
H

1 0

9

11

"2
As is demonstrated in the table above, most households at 200% of the Federal Poverty

-
. al

'1 4
Guideline do not make a living wage, and as a result have to go without essenti§Es in their

15 flatly lives. EXtending the CARES discount up to 200% of the Federal Poverty Guideline

16 would ensure that these customers have another tool in their arsenal to make ends Meet,

17
tO avoid hardship, and to avoid issues with missed payments and arrearages, which will

18
ultimately benefit the company.

1.9

20
FIXED CHARGES

21 Q- What has UNSE proposed to do with regards to its residential fixed charges?

22 A. UNSE has proposed to increase the "fixed" mandatory 'fees on resideu&d customers by
A "r
4 :J

100%, from $10 per month to $20 per month.
24

Q. How does this affect low-income customers?
23

be A.
I

27

Significantly, disproportionately, and unfairly. Low-income customers, along with

elderly customers, use less energy per bouseheld than the average population. These

28 households do this inorder to control monthly budgets, often in spite of structural

12

I
I

III\IIN



u

I |

,g
J. impediments to energy conservation, such

I as ineJ§cient living spaces nr Eimited control

al

it awe: their home enviranmem_ surveyed, low-'mcqme consumers more
8

Iex diverse and creative strategies for saving energy than other, mare a1'8ue11t households

"5 displayed

£1 Annual kph Per Hausehoild By income .Strata
fn
1 l(\.€311'{' 2

14.so<>

8
1.l.£¥{¥4»*

9 moon

18
woo

11

'8 't>- L
I

641100

was

man

n

13 45254080 sas.mms I s w a m  » w m a  u

5419.990 av-mano 9149.999

Souza: jélm Iianwai, Eiilai£6ndl Gslbszzmcr Law CMM: 3844

988 ]80 .08m

14

15 .Naii4on&13y, low-47~ we hoflasehvoléa *who mdcSless Hnaln 158% of the .Federal Poverty
16

GUideline use 14%less energy than the average of all households. in Arizona, the
»  ' B

a 14L. 4

'i 8
- ' E erencae is even mere s¢8sg=~=sfins, 'wish low-income customers 25% less energy

13+ than fhe average31ousehc>1d. In UNSE s ternary CARES customers use 8% less enet83

20 Evan m§identéisal customs on average. Low-income custmfaers use less pawerbexzause

" f n
¢'..L

it's aM Aubrey can atfard, and because do<=v='a'==i11s usage helps to ccmuai their `t»i11s and
n o .
-/4.

manage bousehrxifl budgets
23

Housemaids headed by a senifar cieiined as a person 65

A
.54

years stage urmcame - similarly use much less energy than the average papuléxiien,

25 Nalielnnlly, houzsehcrlds use 14.2% less energy than non-seNior houseéWlds. In

2 6 Mrizona, senior households use on average 25 1986 less energy iilwraln nisan-seniar

. i f ii
"Qal.

It's not airabout "Green"': Energy Use in Low-lncame Communities

3
*I m
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it
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.4

M 0ou.seho1ds.4 Many seniors are on a fixed income budget, and as such they need to

conserve energy to make ends meet. If their bill increases by $10 per month before
' J

1 the8f've even turned a light on, adding an annual. expense of S120 per year, that could put
4

P
1 w
M J

a real strain on these venerable households' budgets. For reference, an indivl'duaJ at the

6 poverty June makes $11,770 per year, or $981 per month. This additional $120 annual

7 expense represents one percent of their total annual income, which is a significant charge

8
to pay before they've used any electricity. Furthermore, heme energy bills are at the

O
/

10
"top of the st:a»ok" for low-income and elderly hmtseholds 'because the potential

1 1+J~
consequence of not paying tcr household utilities is the risk of losing service. With this

12 \ loss of service, there comes a very real possibility that one will lose their home. The only

13 other expense that is similar is a household's rent or mortgage payment. Given the high

14
priority of utility bills, low-income families face sacrificing other absolute necessities in

-
.

.f order to pay for home energy. Household members slip meals or buy lower quality food,
16

17 they don't take necessary medications or take a dose Rower than prescribed, and d.on't see

18 the doctor when they need id. Other needs such as transportation to wad from work,

19
clothing, and sohosl supplied become a luxury. In this light, the energy burden of" la% for

20
lovv-'mccume households and 19% energy burden for households in extreme poverty

21

22 represent a household crisis, as these bills are much steeper for low-income households

23 than the average population, and not paying them could result in real hardship, including

24 h0IDS1€SSH€TSS.

25
In listing his criteria for a sound rate structure, James Bonbright states an essential

26

27
criterion as "fair-cost apporticrrment objecidve, which invokes the principle that the

28
4 E\A, 2009. Prepared by NCLC.

14
5
I
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burden of meeting the total revenue requirements must be distributed fairly and without

i

5 arbitrariness, capriciousness, and inequities among the service and so as, impossible, to
3

avoid undue discrimination. Tue doubling of mandatory fees constitutes an unfair==5

4

5
apportionment of casts on 1ow~use customers, who overwhelmingly tend to be low-

6 income and elderly, while high-use customers in larger houses avoid paying their fair

7 shoe.

8
Q= What if any impact will increased fixed charges have on residential Customers

9

S21vi.Hg energy?
10

'I  11..L.....
Doubling the fixed charges in low-income households will not only disincentivize saving,

12 but it would lead tecustomers having less control ever their energy bill and more

13
wasteful electricity use.

14
Q» What is the typical load profile of a low-income customer?

i n

16
As a result ofminima1l-cfiscretionary energy use, a majority of low-income custornexs

3_7 have a relatively flat load profile and high load factor. This is explaiNed by households

18 below the poverty line being less likely to have-air conditiordng, primary home heating,

19
and other appliances that contribute to peak load (Figures 3-6).6

20

21

22

23

24

25

26

27

23
5

5
Bonbright, James C. "Principles of Public Utility Rates," 2nd Edition.
EIA HECS Survey,  2009 data
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4.. Air Conditioning Use vs Household income, USA
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Households That Do Not Have or Use Heating
Equipment by Income - USA
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Table 3: Customer bill comparison on RES-01 rate

Qld
Price

kph
usage IY

New
Price

Monthly
Increase

Annual
Increase

Percent
Increase

300 $35.14 $44.02 $888 $106.54 2§8800
600 $63.30 $72.04

\
I$104.95 13.82%$8.75

900 $92.95 $102.06 $9.11 $10981 9.80%
1200 $128.44 s8,64$132.08 $103.71 7.00%
1500 $15484 $162.11 $7.76 $93.13 5.03%
1800 $185.25 $192.13 $6.88 $82.55 fs

3.71%

Table 4: CARES Gustomer Bill Impact

Usage

<1<wh>

Current
CARES

bil l

Monthly
Bill

Increase

New RES~0 I
bill with
CARES

Discount

P percent
Increase

in
Monthly

Bi l l

Annual
Increase in
Energy Bill

300 $20.37 $311.02 $13.65 67.00%
600 $4537 $62.04 $16.77 37.04% $201.25
900 $77.15 $92.06 $14.92 19.3300 $178.99

1200 $106.85 $122.08 $15.23 14.26% 39182.82
1500 $135.98 $152.11 11,860<> $19351

I
IIIl $16.13

I
a

I
r

1

Ei
H According to the testimony of Dallas I. Dukes, custcmears who exhibit higher load

2
factor use the electric system more off; ciently and therefore more cost electively. The

8

updated rates were nomilnaJly designed to read such customers with decreased rates.
4

J
However, in these situations, low-use customers, who we overwhelmingly low-income

6 and elderly, will see a larger overall price increase and a substantially larger percentage

'- I
I' increase in their electric bills (Table 8).

8

9

10

12

13

1 4

15

16
For customers who move from the current CARES rate to the proposed CARES rate, the

1 "7
I

impact iS much starker (Table 4).

18

19

20

21

22 $163.80 II

23

24

25

26

Dr'

28
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1 Because low-income households generally reside in homes Thai are less energy efficient

2
than average residences, in order to lower their energy bills, low-'meome households

3

4

lower their usage by the unwelcome choice of doing without.

Q~ How does the increase in fixed charges affect the public policy goals of energy

»
o efficiency?

7 A. Analysis by the Regulatory Assistance Project shows that the difference between a

8
progressive and recessive design can have a large effect - 15 percent by one estimate,

OJ

but it could "be more - on customer usage. In this case, allocating an increased amount
o

*_1 of revenue recovery 'Lo mandatory fees decreases the incentive for customers to conserve

12 energy, as their usage has less of an effect over doe total bill. High fixed charges deptly

13
reduce incentives for customers to conserve energy by reducing the payback on

14
investments in efficient appliances, insulation, or Qther residential or business

15

16
improvements . They also reduce the ability of customers to control their own bills

17 through their own consumption decisions.

18 As a result, customers are. less likely to take on conservation efforts, which works against
19

the public policy goals of the Energy Efficiency Resaorce Standard, going against the
20

21
public interest.

22 Q- Has the National Association of State Utility Consumer Advocates taken a position

23 on Mandatory "Fixed" Fees?

24 v

A. Yes.

25
Q, What is that position?

26

A. The National Association of State Utility Consumer Advocates (NASUCA) "opposes
27

28 proposals ay utility companies that seek to increase the percentage of revenues recovered

*Q
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"I through the flat, .munfibly customer cimaacges on residential customer utility bills," citing its

2
"Lang tmdirrimn of suqnguort for the universal provision GT least-cost, essential residential

3

if
lg
fl
go
1

gas and electric sewioe for all customers." NASUCA "urges state public service
4 ii
Qv

commissions to rqieci gas and e].e c utility :are design pfropasails that seek to
>

.6 substantially increase the perceziftage of reweuaues recovered tbmuugh the flat, mantthly

7 customer charges an residential cnsnomer utility bills proposals that disproportionaieiy
8

9

and iauegguiiabl increase the names of how usage customers, agnaup that 98am includes

10
. leawineaane, ddlerly aamd minority eustamers, fhraughcrut 'the United .slcafes."

11 Q~ Have other an-ganizartinns publicly opposed increased mandatory "fixed" Tees fur

*
.Le{ residential customers"

a

'..¢....»
Yves . Tm cnisaan Cofafiition of America" and ha AARP" have broth iwmea .statements

15;

15
ngppesing increased maaladaitary fees, citing the need br customers to have control over

18 fheifr energy bibs in ealmdm' to maintain an affordable liousehesid budget

.n "ti  f Q» What rec0nunenda§uns do you have'

18 A. The Gaapuraiiion ConzmisSian sihmitd the mandartury "Fixed" fews ax 81 G per

1 Q-LM

KG

month f<ar CARES custumexs and it should not approve the cornpaluy's pmqaased LIU*/n

increase.
21

82 DSM CHARGE

23 Q, WHAT HAS BEEN PRGPGSED 'HSM CHQXRGE FDR CRES

24 CUSTGMERS9
»;..J

26

27

2:0

THE MATlDNA;L~i4SSC9C4J-\ill8iUN GF $T'ATE Lmuw SQNSGMER AovcacATEs Rascnurrcnz 2915-1, "HPPOSING
AND suscrrac umurv eFFoaTs.T@ INCREASE .DeLnzeRvseRvscs CUSTOMER CHARGES"

s Americans %xneEmoom¢c& Energy Securjtyat Homehrtn v4/arne lcasn'ar¥1 o; roarers cajon eds

9 'QA Higher utility Bill Butane You Even Tum Gm the lights?" .http1.'fb1O§L,a88c0.Qr,'£/'8.'£1}5>"U8."8 li'e\-h'i5g1ner-
uti l i tv-biU-beibre-von-even-tur n -an-tT»e~Ii.2htsf

28
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7 A. UNSE has proposed to eliminate the exclusion of the CARES rate frsrn the DSM

¢~
4

surcharge.
"
*Ral

,,

3

i
I
a

E
E.Q- DO YOU SUPPORT THIS PROPOSAL?

4

5
A. No.

4
i

l,
;

6 )Q- WHY NOT?

7 A. With the exception of the weatherization program, low-inceme customers are unable to
E

i
Z

8
access the benefits and opportunities presented by the Demand Side Management 1

9

program. Low¢ILncome customers sbouldnot be forced to pay into a program from which
10 \

they will1-eceiv; almost no benefit. Furthermore, low-income customers often live in

12
E

I

rsubstandard housing stock, with drain rooms and inefficient appliances. As such, low-

13
income customers use more energy per square foot than households that are not low-

1

14
. 10 . ,. .
income. This makes conservation that much more difficult for vulnerable customers. as 1

'=5

16
decreasing energy consumption to a typical amount, per square foot, could require

17
i

sacrifice and deprivation that Could amount to sacrificing a safe and healthy home to

18 make ends meet.
¢

19
Q- What is your recommendation for the DSM surcharge for CARES custurners?

20

21

22

A. recommend that the Corporation Commission maintain the exclusion of the CARES rate

from the DSM surcharge. Many low-incsme communities haven't recovered from the
1
8

23 financial c;isis of 2008, and there is no reason to exact further charges firm vulnerable

24 communities tO force them to pay for programs in which they won't be able to

25
paNzicipate.

26 i
27 ;

8

28
10 PA 2069 RECS survey

i
5

8
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i
I Q- DGES THIS CONCLUDE YOUR TESTHVIONY?

Yes it does. Thank you.

4

5

6

7

8

9

10

11

2

12

A.
J

13

GM

'I.LE

15
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18

19

20

22

21

23

24

25

26
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BEFORE THE ARIZONA CORPOR.ATION COMMISSION

COMMISSIONERS

1

2

3

4

5

6

DOUG LITTLE, Acting Chairman
BOB STUMP
BOB BURNS
TOM FORESE

I
I
E

i
|
5

7

8

9

10
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)
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)
)

DOCKET n0.E-04204A_15_0142

1 1

REBUTTAL TESTIMONY oF CYNTHIA ZWICK ON
BEHALF OF THE ARIZONA coMMunITy ACTION
ASSOCIATION

12

13 EXHIBIT
14

)

)

)

)

)

)

)15

IN THE MATTER OF THE APPLICATION
OF UNS ELECTRIC, INC. FOR THE
ESTABLISHMENT OF JUST AND
REASONABLE RATES AND CHARGES
DESIGNED To REALIZE A REASONABLE )
RATE OF RETURN ON THE FAIR VALUE
OF THE PROPERTIES OF UNS ELECTRIC,
INC. DEVOTED To ITS OPERATIONS
THROUGHOUT THE STATE OF
ARIZONA, AND FOR RELATED
APPROVALS .

16

17

18

19

REBUTTAL TESTIMONY OF
CYNTHIA ZWICK ON BEHALF OF THE

ARIZONA COMMUNITY ACTION ASSOCIATION
20

21
January 19"', 2016
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1 Q. Please state your name and business address.

2 A. My name is Cynthia Zwick. My business address is 2700 N am St., Ste. 3040, Phoenix, AZ

3
85004.

4
What is your position at the Arizona Community Action Association?Q-

5
I serve as the Executive Director of Arizona Community Action Association (ACAA). i'veA.

6

served 'm this position for over twelve years.
7

8
Q, What is the purpose of your testimony today?

9 A. The purpose of my testimony today is to address issues brought up in Staff" s testimony on rate

10 design, specifically addressing Staffs recommendation on demand charges.

11 Q- What were StamPs recommendations regarding demand charges?

12 A. Staff recommended that all residential customers be migrated from two-part rates to three-part

13
rates, made up of a fixed charge for customer services, a volumetric charge for energy use, and a

14
demand charge calculated from the customer's peak demand in a given billing period.

15
Q- Did Staff suggest that an exemption be provided for vulnerable customers?

16

A. Yes.
17

Q- Are low-income customers vulnerable?
18

19 A. Yes.

20 Q- How so"

21 A. Low-income customers suffer myriad circumstances malting their situations precarious and

22
vulnerable. Over a recent three-year period, almost one-third of all Americans were poor at least

23
8

24

once for two months or more' Nearly one in five Arizonans is in poverty, and nearly thirty

percent of Arizonans are within 150% of the Federal Poverty Line? Of the Arizonans in poverty,
25

35% are children, 15% of those 'm poverty are disabled, and 8% are seniors. The people who find
26

27

28
1 http1//www.census.gov/prod/2014pubs/l070-137.odf
z POVERTY STATUS IN THE PAST 12 MONTHS 2010-2014 American Community Survey 5-year Estimates

6
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1 themselves struggling have stretched their budgets to die limit. According to a recent national

2 survey, 56.3% of Americans have $1 ,000 or less combined in their checldng and savings

3
accounts. Most financial planners recommend having an emergency fund of at least $1 ,000, but a

4
majority of Americans don't have that presently. What's more troublesome is that 24.8% don't

5

6
even have a tenth of that, they have less than $100 combined in their checldng and savings

7
accounts. 3 Additionally, 38 percent of respondents said they would pay less than their full credit

8
card balance this month, and 11 percent said they would make the minimum payment-meaMng

9 they would likely be mired in debt for years and pay more in interest than they originally

10 borrowed.4 Sixty percent of households experienced a financial shock in the previous year,

causing half of them to struggle to make ends meet.5 Low-income households are often unable to

12 access basic financial services, with thirteen percent of Arizonans unbanked and eighteen percent

13
underbanked. These households spend on average $3,029 in fees and interest per year as they are

14
forced to work with alternative financial service providers.6

15

16
In addition to financial poverty, low-income people struggle wide time poverty as well.

17
Decreased commuting time is correlated with escaping poverty and intergenerational mobility at a

18 time when the number off obs within typical commuting distance for residents ofMajor

19 metropolitan areas is fa11ing.7 As poor residents shifted toward suburbs in the 2000s, their

20

21

proximity to jobs fell more than for non-poor residents, and residents of high-poverty

neighborhoods experienced particularly pronounced declines in job proximity Many low-

22
income workers are required to take on multiple jobs, resulting 'm multiple commutes, exacting a

23

24

25

26

27
8

28

3http:/ /www.magnifvmonev.com/blog/consumer-watchdog/store-credit-cards-deferred-interest-holidav-201S-
studv

4http://www.esquire.com/news-politics/news/a41147/half-of-americans-less-than-1000[
5http://www.pewtrusts.org/~/media/assets/2015/11/emereencv-savings-report-2 artfinal.pdf?la=en
6https://www.fdic.gov/householdsurvev/, .

h_ttPI//d3D838PfO7VhM_X.CIOUdfl'OI"IILT!€t/UfQ/IQg3CY_Uj'l[372/SQTD15.QQi14_48061430
7http://equalitv-of-opportur3itv.org[images/nbhds D§p_er.pdf

httu:/[www.brookin_gs.edu/rgsearch/repor;s2/2015/03/24-people-iobs-distance-metropplgan-argaslkjweebonq
Holmes
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'1* profound toll on their daily schedules Typically, these low-wage jobs are part-time with no

2 guaranteed hours, making it difficult for individuals to manage time effectively across work and

3
non-work areas of their lives. Many employers expect workers to be on-call and available if

4
needed, even sometimes for 12-hour shifts without advanced notice.l°

5

Q. In what ways could low-income customers be harmed by a demand charge?
6

A. Demand charges are difficult to understand, and can cause bills to vary wildly. Demand charges
7

8
can lead to overcharging by failing to account for diversity of residential load. Moreover, the

9 means by which low-income customers could decrease demand charges - upgrade to high=tech

10 load control appliances or spreading their electric usage out over a larger period of time -are

11 much less accessible to them than the residential customer base at large, putting them at a further

12 disadvantage .

13
Q- How is a demand charge diiiicult to understand?

14
A. A demand charge, fining a customer for their maximum rate of energy use for a given hoUri a

15
billing period, is a wholly new billing mechanism for most residential customers. A low-income

16

customer doesn't have the means or the time to study their electric bill or to monitor the
17

electricity consumption of every appliance in their home every hour of the day.18

19 When customers in California were asked if they had a demand charge on their bill, 60%said

20 they weren't sure." Given that so many customers don't even low whether they have demand

21 charges on their bill, the notion that customers will be able to optimize their kilowatt demand rate

22 in order to control their bills seems awfully far-fetched. Low-income customers are in theworst

23
position on this, having much tighter time constraints, as was discussed above, they would be

24
especially vulnerable to increased bill volatility from demand charges .

25
Q- How does a demand charge cause bill volatility?

26

27 9

28

http1//scholarworks.wmiglg.gdu/cgj[me_wcontent.cgi?article=27638¢contex1;=issw

10bgp1//pover3y.ucdavis.ggl_q/sites_/mqQ/files/file-§t_tachments/§mith _car_pojicv_brief emplovabHigv.ndf
11httll2//docs.cDuc.ca-HGv/publishedDocs/Efil€/G000/M065/K932/65932012.pDF
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A. A demand charge, as proposed here, would be measured as the customer's maximum one-hour

2 demand in the billing month. A customer has limited control over when appliances run -

3
refrigerators, air conditioning, furnace, and water heaters all cycle automatically. If these are

4
running the same time as a customer needs to do laundry to have clean clothes for work the next

5

day, or needs to prepare dinner for their family, they could see a severe price spike from this
6

7
single electricity use event. Even adding a single kilowatt of demand, by running the microwave

8
at the wrong time, could add $10 to a customer's bill under the current proposal. This could

9 happen regardless of how much capacity is available on UNSE' s grid when the customer is using

10 electricity.

11 Q- How might demand charges overcharge customers'

12 A, Demand charges can overcharge customers by failing to account for diversity of load, On a given

13
distribution system, hundreds of customers may share a distribution feeder. The combined

14
demand of all of the customers affects the size of the distribution system, not the individual non-

15
coincident peak demands of single residential households. Some customers are early risers, using

16

17
significant amounts of hot water and electricity for cooking breakfast. Other customers may be

18 heavier evening users, skipping breakfast, instead making a large family dinner and showering

19 after work. In this case, these customers would be able to share capacity. However, if they were

20 charged for their non-coincident peak demand, they would each be charged separately for the

21 same capacity. Demand charges such as these ignore the diversity in residential customer load,

22

23

charging a customer using power for one off-peak hour per month the same as another customer

using power continuously for every hour of the rnonth.'2 This is most dramatically displayed in
24

apartments, where the utility only sees the combined load of an apartment building, in this case,
25

charging customers for their maximum one-hour demand would resLdt in a significant cost shift
26

27
12 NATURAL GAS & ELECTRICITY,

28
Lazar, Jim. "Use Great Caution in Design of Residential Demand Charges,"
February 2016. Dol 10.1002/ga5.21884

|

I

I

I

I

|

9

l l ll lll11l_l!



1 onto multifamily homes. Low-income families are more likely to live in apartments, meaning

i

i

:

2 that such a demand charge would result in a regressive cross-subsidy firm low-income

3
households to more affluent families. More generally, low-income customers may be cross-

4

5

subsidizing more affluent customers with more efficient appliances. Low-income customers

already use much less energy than average residential consumers, minimizing the number of
6

electronic appliances they use. The best way for them to decrease their total demand would be to
7

8
buy newer, more efficient appliances with lower power demand. Many low-income customers

9 are forced to choose between buying food, prescriptions, or paving their utility bill, they can't

10 buy the latest model air conditioner to shave off a ldlowatt or two. As a result, they're punished

11 for their lack of affluence through increased utility bills, paying higher charges to support larger

12 use customers. This would appear to violate the guiding principle of equity in ratemaldmg.

13
Q- Can low-income customers shift their load to decrease demand"

14
A. Not practically, no. As was discussed above, many low-income people work multiple jobs with

15
erratic schedules and long commutes. These people don't have the luxury of stretching out their

16

energy use to match some complicated rate scheme. They need to feed their families, launder
17

18 their clothes, shower, clean their homes, and they need to do it in the brief time they have

19 between obligations. A worker at a shift job can't show up late because they needed to wait for

= 20 their peak demand time to pass to use cheaper power. The urgency of life at the poverty line

21 means that low-income households lack the time to take advantage of such a rate plan as this.

22
Q- Could low-income customers implement load management technology to decrease demand?

23
A.

24
Not feasibly, no. Upgrading to smart appliances such as smart thermostats, water heaters, or

other devices to automatically adj use load could cost hundreds, if not thousands of dollars. A
25

26
single person at the poverty line has an income of $11,770, such a person couldn't possibly

allocate a significant share of their income to srnaxt appliances when it is so difficult to simply
27

28 keep food on the table and a roof over their head.

10
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1 Q- Are low-income customers vulnerable to demand charges?

2 A. Yes, they're in a position where they can't afford to upgrade to smart appliance to perform

3
automated load control and they lack the flexibility in time to spread out their demand to avoid

4
high fees. They are historically low-use customers, keen on conservation and the ability to save

5

money, but lacking the time and bandwidth to adjust to this new rate scheme.
6

7
Q- How would low-income customers identify as vulnerable to demand charges?

8
A. Enrollment in the CARES rate would demonstrate vulnerability, as would the receipt of bill

9 assistance on their accounts. With the income qualification documented, their vulnerability is

10 unambiguous and easily tracked as the CARES customers and bill assistance payments are

11 already tracked in the current system.

12 Q ,  " What sort of alternative pricing system would be appropriate?

13
A. 5 I believe this is the wrong question to ask about low-income ratepayers. Many are often unable to

14
fully pay off their bills, or must make impossible choices between food and clothes and

15

16
prescriptions every month. To seek "revenue stability" &om low-income customers, either

17
through demand charges or increased fixed charges, is not only deeply regressive but also

18 unlikely to work Increasing charges on customers who can barely afford to pay their bills now

19 will only precipitate greater problems with payments, forcing the company to pay more in

20 collections costs and ultimately writing 08 even more in bad debt. In order to maintain the

21 balance between low-income energy affordability and revenue collection, low-Mwmecustomers

22
must be held harmless in this current pursuit to "modernize" rates.

23
Q- What sort of protections should be in place?

24
A. If any changes are implemented, low-income customers should be offered shadow billing

25

26
services, to show them how much they would have spent on their previous plan. Customers who

27
would have saved money on their previous plan should receive a credit for the difference. Any

28 change in rates should also be accompanied by a greater investment in energy efficiency and

ll
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1 demand response in low-income communities to allow them to better adapt to any changes being

2 implemented.

3
Q- Does this conclude your testimony today?

4
A. Yes, it does. Thank you.

5

6

7

8
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1 Q, Please state your name and business address.

2 A. My name is Cynthia Zwick My business address is 2700 N am St., Ste. 3040, Phoenix, AZ

3
85004.

4
Q- Wllmt is your position at the Arizona Community Action Association?

5

A. I serve as the Executive Director of Arizona Community Action Association (ACAA). I've
6

7
served in this position for over twelve years.

8 Q- What is the purpose of your testimony today?

9 A. The purpose of my testimony is to address the following items brought up in the Company's

r

10 rebuttal testimony: r

1 1 E
CARES eligibility; l

12
• Rules changes regarding residential deposits and CARES customers;

13
The appropriateness of demand rates for low-income customers,

14
• CARES customers being on their own rate;

15

The need to avoid fixed charge increases for low-income customers, and16

17 CARES outreach. , r

18

19 CARES ELIGIBILITY

20
Q- Was the issue of the CARES eligibility rate addressed in UNSE's rebuttal testimony?

21
A. Yes, it was addressed in the testimony ofCraig Jones.

22
Q~ What is the Company's position?

23
A. Mr. Jones said that the Company proposes to keep the eligibility level at 150% of the Federal

24

25
Poverty Guideline. He went on to discuss the potential additional costs to increasing CARES

26 eligibility.

27 Q- Are there also additionzd benefits the company would see by enrolling additional CARES

28 customers by increasing eligibility to 200% of the Federal Poverty Guideline?

4
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1 A. Yes. The company will be able to see reduced collections costs, decreased costs obtaining and

2 paying interest on deposits, less company costs Hom payment plans, decreased bad debt write-off

3
costs, and improved working capital a11owances.1

4
Q- How will collections costs be reduced"

5
A. By providing the CARES discount to a low-income customer not on CARES, their bill will

6

7
decrease signiflcanily. By decreasing their bill, the company increases their ability to pay, The

8
proposed cost to disconnect a customer is $47, with an additional $47 to reconnect, to say nothing

9 of the costs to collect any payments the customer wasn't able to make. Avoiding these costs can

10 have a real impact for the company and the customer.

1 1 Q- .How are deposit maintenance costs reduced?

12 A. When the customer is enrolled in CARES and has a more affordable bill, they are less likely to

13
have trouble paying. This means they would be less likely to need to provide an additional

14
deposit, avoiding further economic distress as well as avoiding costs for the company by

15

16
obviating the need to collect additional deposits and pay interest on those newly collected

17
deposits. Using the company's EIA-861 data, the average bill is $85.24, meaning the average

18 deposit would be twice Thai, $170.48. Paying an interest rate of 0.13% yields an average interest

19 of $6.22 per deposit, not a significant amount, but a cost nonetheless. Additionally, the hourly

20 rate of a UNS Customer Service Representative is $17.23-$23.94, assuming they spend 15

21 minutes collecting a deposit from a customer, the cost would be an average of $5.15"per deposit

22
collected.

23
Q- How can the Company save on payment plans?

24
A. By nnaldng customers' bills more manageable, fewer customers will need to use payment plans to

25

26
pay off their accounts. Enrolling customers in CARES will decrease the company time spent

27
establishing and managing payment plans. This can have the additional effect of receiving

2s
1 Colton, Roger D. "Identifying Savings Arising from Low-Income Programs"

5
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1 revenue sooner, decreasing lost time value in arrears. Again, the hourly rate of a customer

2 service representative for UNS Electric is $17.23- $23.94/hr. Assuming it takes 15 minutes to

3
negotiate and establish a payment plan, the cost to the company could be between $4.31 and

4
$5.99 per payment plan, giving an average cost of $5.15.

5
Q, How are bad debt write-off expenses decreased"

I

6

A. By ensuring that low-income customers are signed up for CARES and have more reasonable
7

8
bills, less debt is incurred which would ultimately be written off as a cost to the company.

9 Q- What is the current discount cost per CARES customer"

10 A. According to the testimony of Craig Jones, in the test year the company spent $581,326.00 on

1 1 discounts for 6,236 CARES customers, resulting in a discount per customer of $93.22.

12
Q , What are the per-customer costs that can be avoided by enrolling a low-income customer in

13
CARES?

14
A. If a low-income customer, by enrolling in CARES, is able to avoid one disconnection, one

15

16
reconnection, one additional deposit, and one payment plan, they are able to avoid $105.00 of

17
additional costs. Even if they are able to simply avoid one shutoff and reconnection, they can

18 avoid $94.49 in costs. Theme will also be additional costs avoided by reducing bad debt expenses

19 and improving working capital allowance which alen't captured in this number. Avoiding these

20 costs benefits the company by allowing it to focus on the provision of electricity to customers

21 who need it, forgoing the time and labor associated with these co11ec¢tion activities. As is

22
demonstrated in this example, if the CARES rate makes the customer's electricity more

23
affordable, the discount can often pay for itself in reduced collections and overhead costs.

24

25

DEPOSITS
26

27 Q. Did the Company respond to ACAA's request to hold handless CARES customers from the

28 deposit rule changes?

6
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1 A . Yes, UNSE witness Denise Smith responded to this request.

2 Q~ What was her response?

3
A. Ms. Smith disagreed with the recommendation to hold CARES customers harmless, she also

4
clarified that "UNS Elecm'c is not proposing to assess 'additional' deposit amounts."

5

Q- Do you agree with her assessment?
6

A. No. Under the current rules, the Company "may require a Customer to establish or reestablish a
7

8
deposit if the Customer became delinquent in the payment of three (3) or more bills within a

9 twelve (12) consecutive month period."2 Under the proposed rules, "[t]he Company may require

10 a residential Customer to establish or reestablish a deposit if the Customer becomes delinquent in

1 1 the payment of two (2) or more bills..."3 Perhaps there's some confusion over the use of the

12 word "addltional," but let me be clear: this proposed rule change will flow the company to

13
collect more dollars in deposits from more customers than they are able to under the current rules .

14
Q- Should this rule be applied to low-income CARES customers?

15
A. No, it should not. Assessing a deposit on a payment-troubled CARES customer will only malce=

16

17
their Financial situation worse and make it harder for them to pay off their original debt. The =_

18 same protection afforded low-income APS customers, "waiving additional security deposits for

19 low-income ratepayers,"4 must be similarly provided to low-income UNS Electric customers,

20

21 DEMAND RATES

22
Q. Have you provided testimony regarding low-income customers and demand charges?

23
A. Yes, I filed testimony on January 19'" stating that demand charges are not in the best interest of

24
- slow-mcome customers.

25

26

27
3

4

28

2 https : / /_www . uesaz_. com/_doc[cus_t:pmer_/ rates /e1_ectri c I_UES - 90_3 .pd
Di rect  Test imony of  Denise Smi th ,  Exhibi t  DAS- 1
Acc Decision 7144 a

s ht to: I/imag_es . docket . acc . gev/docketQdf/0000167848 .pd
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1 Q~ Have you reviewed the rebuttal testimony provided by the company regarding demand

2 charges"

3
A. Yes, I have.

4
Q. Are there any issues the company raised that you would like to address?

5
A. Yes. would like to address Dr. Overcast's recommendations for a demand charge.

6

7
Q- Can you briefly describe Dr. Overcast's recommendations"

8
A. Yes. Dr. Overcast recommended a demand charge with a 100% ratchet on the distribution

9 demand charge, as well as a charge for coincident peak and ro coincident peak. He also

10 recommended that the time frame for measuring a demand charge be 15 minutes.

1 1 Q- What effect would instituting a 100% ratchet on the distribution demand charge have on

12 low-income customers?

13
A. A 100% ratchet would turn the demand charge into a fixed charge. After the peak demand for the

14
year is sd, most likely in the summer, staving off life-threatening heat,6 the customer has no

15

16
incentive to conserve demand below the peak usage. Moreover, the customer will continue to be

17
charged for that peak usage, as if their demand is the same in the summer as it is during the

shoulder months. With this increased charge implemented on the bill, low-income customers18

19 would be less able to control how much they pay for power, stretching their budgets ever-tighter.

20 Q. What justification was given for setting the demand charge range of 15 minutes?

21 A. The rationale given was that "15 minute intervals are more stable over time so customers do

22
not see large swings in their demand measurements."

23
Q- Are there situations where customers may see increased bill volatility due to the 15 minute

24

25
interval?

26

27

28 6 http://www.azdhs.gov/documents/preoaredness/epidemiologv-disease-control/extreme-weather/oubs/heat-
rglated-ijlness-uoda_te-anril-2015.ndf .
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1 A. Yes, an example would be a moderate-use apartment, using approximately 500 kph per month.

2 A customer with that monthly load would have an average demand of 0.7 kw. However, in a 15

3
minute span in the morning, that customer may taupe a shower, get dressed for work, and cook

4
breakfast. This would use the hot water heater (approximately 4.5 kW), the hair dryer (l .5 kW),

5
and the microwave (1 .1 kW). With a l5-minute demand charge calculation, the customer would

6

7
be charged for ten times their average monthly demand. A low-income customer would not be

8
able to bear such a steep charge, and unless they stopped going to work, there's very little that

9 could be done to shift the demand, nualdmmg this an unavoidable fixed charge.

1.0 Q- Does Dr. Overcast cite any utilities that have instituted mandatory demand charges for

1 :L residential customers?

12 A. Yes, Butler Rural Electric Cooperative 'm Kansas implemented a mandatory demand charge for

13
peak use times.

14
Q- Does this cooperative's use of demand charges allay your concerns about demand charges?

i s

A. No.
16

17
Q- Why not?

8.8
A. Very little evidence is provided to show customer adaptation to demand rates. All that is

19 provided in the rebuttal testimony is a Manager's Report from the cooperative saying that

2 o "many... conserved." The report does not say how many or by how much. Additionally, it does

21 not mention if any customers had difficulty with the demand charges, didn't understand how they

22
were implemented, or saw their bills increase as a result. More to the point, there's no mention of

23
how low-income customers were able to negotiate the demand charge, and how their experience

24
compared to the residential customer base.

25

Q- Were any special considerations offered for "vulnerable customer-s""
26

27
A Yes, Craig Jones discussed the possibility of keeping '"vulnerable customers" on transition rates

28 until the next rate case. I believe that the most appropriate transition rate for low-income

9
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1 customers would be to hold them handless in these proceedings and to continue the CARES

2 discount as is.

3
Q- Are low-income customers vulnerable"

4
A. Yes, as I discussed in my testimony on January l9"i, low-income customers are absolutely a

5
vulnerable group, and I believe holding them harmless in these proceedings is the right move.

6

Q- Why so?
7

8
A. First and foremost, low-income customers struggle to pay their bills, experiencing a much higher

9 energy burden than the average residential customer. An average family in Mohave or Santa

10 Cruz County, earning the county median income, has an energy burden of 2.75%. Households

1 1 earning the mean income of the bottom income quintile in Mohave County have an energy

12 burden of 8.3 %, nearly three times the burden of the median household. Families in Santa Cruz

13
earning the mean of the lowest income quintile have an energy burden of 10.4%, more than three

14
and a half times the energy burden of a household earning the median income for the county. The

15
poverty rate for Mohave county is 19.9%, and the poverty rate for Santa Cruz county is 24.4%, so

16

17
the mean income for the bottom quintile represents the average income of households in poverty

in these areas. In order for the bill described in the bill impact section of CAJ-R-2 to be18

19 affordable (to have a comparable energy burden to a household with median income), the low-

20 income household would need a discount of 63% or 70% for Mohave Countyor Santa Cruz

21 County, respectively, in addition to the discount already provided in the CARES demand rate.

22 Holding low-income customers harmless maintaining the current CARES rates and leaving it

23
unfrozen - would keep their energy burdens at 7.5% and 9.3% for Mohave and Santa Cruz

24
counties, respectively. The Commission should pursue truly affordable rates, failing that, low-

25

income customers must be held harmless from increasingly unaffordable bills .
26

27

28 MOVING THE CARES CUSTOMERS TO THE STANDARD DEMAND RATE

10
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1 Q, Do you support the CARES customers being moved to the three part rate along with the
1

2 standard residential customers"

r
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F
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3
A. No. r

4
Q- Vichy not?

5
A. It all comes back to affordability. With the three part rate and Hat percentage discount after the

6

7
fact, CARES customers see an 11% increase in annual rates. Increases in energy costs are

8
associated with Uradeofs between families paying for utilities or food, with an increased risk for

9 nutritional risk for children 'm homes with higher energy b'urdcns.7 Given the substantial effects

10 on health and wellness that increased energy bills have on the most vuhuerable, believe low-

1 1 income customers should be held harmless from these proposed changes.

12

13
FIXED CHARGE INCREASE FOR LOW INCOME CUSTOMERS

14
Q» Was the issue of increased fixed charges for low-Mcomecustomem brought up in the

15
rebuttal testimony?

16

A. Yes, Dr. Overcast discussed the berietits of a higher fixed charge, specifically how it benefits
17

18 higher-use low-income customers .

19 Q- Do you agree that a higher fixed charge is beneidalfor low-income ratepayers ?

20 A. No. Dr. Overcast is right that higher-use customers see a smaller percentage increase with larger

21 fixed charges tlnauu lower-use customers did, M demonstrated in the Bill Impact Analysis in Craig

22
Jones' rebuttal testimony. However, low-usage bills are much more frequent titan high-usage

23
bills among CARES customers. There were 20,000 more bills in the test year below the average

24
kph per bill than there were above the average kph per bill. Even when bills less than 300 kph

25

26
are excluded from the total, the bills less than average outnumber the bills above the average by

27

28

7 Heat or Eat : The Low Income Home Energy Assistance Program and Nutritional
and Health Risks Among Children Less Than 3 Years of Age
http: /_/pediatrics . aappublipatzions . org/content/118/5 /e12 93
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7,000. Maintaining a low ired charge provides more relief for more customers' bills, which puts

2 it squarely in the public interest. Moreover, customer usage rates aren't static, a lower axed

3
Q charge and a higher kph charge incentivizes customers to conserve energy and decrease their

4
bills. If the policy of increased 'fixed charges were pursued, there's no incentive to conserve or

5
take any specific action, as there's no way to reduce the impact of a fixed charge.

6

7
Q- For low-income high-usage customers who are unable to significantly conserve energy, is

8
there a policy action that may benefit them more than increased fixed charges?

9 A. Many low-income households who live in poor housing stock with old and inefficient appliances

10 may not be able to achieve savings due to the inefficiencies in their home. For these customers

1 1 weathemization would provide much more relief titan increased fixed charges; A study conducted

12
by Oak Ridge National Laboratory found that weathemization saves clients $437 per year,

13
providing savings in energy as well as health, safety, and comfort.8

14

15
CARES OUTREACH i.

16

17
Q~ Have you read Denise Smith's rebuttal testimony regarding CARES outreach?

18 A. Yes, I have.

19 Q~ Do you have any additional comments to respond to what she said?

20 A. The primary interest in bringing up the outreach that the Company has done on CARES is to say

21 that it appears that CARES is significantly under-enrolled. After analyzing census data, it

22
appears that approximately 24,000 UNSE customers are eligible for CARES, while only 6,200

23
customers are enrolled. It appears that this gap should be closed widl increased outreach.

24
Q- Does this conclude your testimony?

25
A. Yes, it does. Thaxuk you.

26

27

28
B hmp;//weatherization.ornlgogpdfs/ORnL TM-2010-66.Ddf
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Management Discussion and Analysis

BUSINESS RISK MANAGEM ENT
The following is a s.lmmary of the Corporation's significant business ri§<s.

Regulatory Risk: The Corporation's key business rid< is regulation. Fegulated utility assets comprised approx>dmatdy 93% of total
assets of Fortis as at December 31, 2014 (Deoember 31, 2013 - 90%). Approximately 95% of the Corporation's operating revenue 11) was
derived from regulated utility operations in 2014 (2013 ._ 93%), while approximately 91% of the Corporation's operating earnings"l
were derived from regulated utility operations in 2014 (2013 - 87%). The Corporation operates nine utilities in different jurisdictions in
Canada, the United sates and the Caribbean, with no more than onethird of total assets located in any one regulaoryjurisdiction.

Each of the OorporaioNs regulated utilities is subject to normal regulation that can affect future revenue and earnings. As a result, the
utilities are subject to uncertainties faced by regulated entities, including approval by the respective regulatory authorities of electricity
and gas rates that permit a reasonable opportunity to recover, on a timely basis, the estimated COS including a fair rate of return
on rate base and, in the case of utilities in the Caribbean, the continuation of licenses. Generally, the ability of a utility to recover
the actual OOS and earn the approved ROE and/or K)A depends on achieving the forecasts established in the resetting processes.
When PBR mechanisms are utilized in determining annual revenue requirements and resulting storer rates, a formula is generally
applied that incorporates inf lation and assumed productivity improvements. `lhe use of PBR mechanisms should allow a utility a
reasonable opportunity to recover prudent cost of service and earn its allowed I E

Electricity and gas infrastructure investments require the approval of the regulatory authorities either through the approval of ~pital
expenditure plans or revenue requirements for the purpose of setting electricity and gas rates which include the impact of capital
expenditures on rate base and/or COS There is no awirance that capital projects perceived as required or completed by the
Corporation's regulated utilities will be approved. Capital most overruns may not be recoverable in customer rates.

Fégulaors approve the allowed W B and deemed capital structures. Fair regulatory treatment that allows a utility to earn a fair
risk-adjusted roe of return, comparable to that available on alternative investments of similar risk, is essential for maintaining service
quality, as well as ongoing capital attraction and growth. Me applications establishing revenue requirements may be subject to
negotiated settlement procedures. Failing a negotiated settlement, rate applications may be pursued through a litigated public hearing
proves. There ~n be no assurance that resulting roe orders issued by the regulators will permit the regulated utilities to recover all
mosts actually incurred and to earn the expected or fair rates of return on an appropriate ~pitdization.

A failure to obtain acceptable rate orders, appropriate F{DEs or capital structures as applied for may adversely affect the business
carried on by the regulated utilities, the undertaking or timing of capital expenditures, rings assigned by credit rating agencies,
the issuance of long-term debt and other maters, which may, in turn, have a material adverse effect on the resif ts of operations
and finandai position of the Oorporaion's regulated utilities. In addition, there is no assurance that the regulated utilities will receive
regulatory decisions in a tidy manner and, therefore, mosts may be incurred prior to having an approved revenue requirement.

Significant regulatory uncertainty remains at FortisAlberta associated with the capital tracker mechanism under the FBRformula, which
became defective .January 1, 2013. The final decision on FortisAlberta's combined 2013, 2014 and 2015 Capital Tracker Application is
expected in the first quarter of 2015. in December 2014 the regulator approved, on an interim basis, storer distribution rates for
2015 based on 90% of the applied for capital tracker amounts as compared to 60% approved on an interim basis for 2013 and 2014.
Any adjustment to interim capital tracker amounts will result in an adjustment to revenue. During its FBRterm, FortisAlberta is exposed
to rid<s related to the FBRfcrmula, specifically that: (i) the Company will experience inflationary increases in excess of the inflationary
factor set by the AUC, (ii) the Oompany will be unable to achieve the productivity improvements expected over the PBR term,
(iii) the costs rdaed to Fortis¢\lberta's capital expenditures will be in excess of those provided for in the base formula and excess
capital expenditures will not qualify, or be approved, as a capital tracker where necessary, and (iv) material unforeseen costs will be
incurred that will not qualify or be approved. FortisAlberta's f inal allowed lx)E and capital structure for 2013 through 2015 are also
to be determined, abject to the outcome cf the GCOC FYoceeding, which is also expected in the first quarter of 2015.

As an owner of an electricity distribution network under the Eectric Utilities Act (Alberta), Fortis°tlberta is required to act, or to authorize
a substitute party to act, as a provider of electricity services, inducing the sale of electricity, to eligible wstomers under a regulated
rate and to appoint a retailer as a default supplier to provide electricity services to wstomers otherwise unable to obtain electricity
services. in order to remain solely a distribution utility, FortiMlberta appointed ECOR Energy Services (Alberta) Inc. (" EUOOR' ) as its
regulated-rate provider. As a result of this appointment, 9CORassJmed all of FortisAlberta's rights and obligations in respect of these
services. in the unlikely event that EOOR is unable or unwilling to act as a regulated-rate provider or default supplier, and no other
party is willing to ad in this capacity, FortisAlberta would be required to act as a provider of electricity services to eligible customers

(1) Operating revenue and operating earnings are non-US GAAP measures and refer to total revenue, excluding Corporate and Other segment revenue and inter-segment
eliminations, and net earnings attributable to common equity shareholders, excluding Corporate and Other segment expenses respectively. Operating revenue and
operating earnings are referred to by users of the consolidated Financial abatements in evaluating the performance of the Corporation's operating subsidiaries

42 FORTIS INC.
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Management Discussion and Analysis

At the regulated utilities, the above-noted risks are mitigated as any increase or decrease in future plan funding requirements and/or
net benefit cost is expected to be recovered from, or refunded to, customers in future rates, subject to forecast risk. Additionally, at
the FortisBC Energy companies, UNS Energy, Central Hudson, FortisBC Electric and Newfoundland Power, actual net benefit cost above
or below forecast net benefit cost approved for recovery in customer rates for the year is also subject to deferral account treatment,
subject to regulatory approval. There can be no assurance that the current regulator-approved deferral mechanisms will continue to
exist in the future. An inability to flow through net benefit cost in customer rates could have a material adverse effect on the results
of operations and financial position of the regulated utilities. The defined benefit pension plans at Central Hudson, FortisAlberta,
Newfoundland Power and certain plans at FortisOntario are closed to all new employees. Central Hudson's OPEB plan is also closed
to all new employees.

Jointly Owned and Operated Generating Units: Certain of the generating stations from which TEP receives power are jointly
owned with, or are operated by. third parties. TEP may not have the sole discretion or any ability to affect the management or
operations at such facilities and therefore, may not be able to ensure the proper management of the operations and maintenance
of the plants. Further, TEP may have limited or no discretion on managing the changing regulations which may affect such facilities.
In addition, TEP will not have sole discretion as to how to proceed with environmental compliance requirements which could require
significant capital expenditures or the closure of such generating stations. A divergence in the interests of TEP and the co-owners
or operators, as applicable, of such generating facilities could negatively impact the business and operations of TEP. In particular,
TEP is subject to disagreement and litigation by third party owners with respect to the existing facility support agreement for
Springerville Unit 1. This dispute could result in the refusal of third party owners to pay some or all of their pro rata share of such
Springervifle Unit 1 costs and expenses. For further details, refer to the "Critical Accounting Estimates - Contingencies" section
of this MD&A.

Technology Developments in Distributed Generation and Energy Efficiency: New technology developments n dstrbuted
generation, particularly solar, and energy efficiency products and services, as well as the implementation of renewable energy and
energy efficiency standards, will continue to have a significant impact on retail sales, which could negatively impact ans Energy's
results of operations, net earnings and cash flows. Heightened awareness of energy costs and environmental concerns have increased
demand for products intended to reduce consumers' use of electricity, UNS Energy is promoting demand-side management programs
designed to help customers reduce their energy usage.

Research and development activities are ongoing for new technologies that produce power or reduce power consumption. These
technologies include renewable energy, customer-oriented generation, energy efficiency and more energy efficient appliances and
equipment. Advances in these, or other technologies, could reduce the cost of producing electricity or make the existing facilities of
UNS Energy less economical. In addition, advances in such technologies could reduce electrical demand, which could negatively impact
the results of operations, net earnings and cash flows of TEP and UNS Electric.

Environmental Risks: The Corporation's electric and gas utilities are subject to inherent risks, including fires, contamination of air,
soil or water from hazardous substances, natural gas emissions and emissions from the combustion of fuel required in the generation
of electricity. Risks associated with fire damage are related to weather, the extent of forestation, habitation and third-party facilities
located on or near the land on which the utilities' facilities are situated. The utilities may become liable for fire-suppression costs,
regeneration and timber value costs, and third-party claims in connection with fires on land on which its facilities are located if it is
found that such facilities were the cause of a fire, and such claims, if successful, could be material. Risks also include the responsibility
for remediation of contaminated properties, whether or not such contamination was actually caused by the property owner. The risk
of contamination of air, soil and water at the electric utilities primarily relates to the transportation, handling and storage of large
volumes of fuel, the use and/or disposal of petroleum-based products, mainly transformer and lubricating oil, in the utilities' day-to-day
operating and maintenance activities, and emissions from the combustion of fuel required in the generation of electricity, mainly at
the Corporation's regulated utilities in the Caribbean. The risk of contamination of air, soil or water at the natural gas utilities primarily
relates to natural gas and propane leaks and other accidents involving these substances. Additional risks include environmental
reclamation associated with coal mines that supply generating stations in which the Corporation has an ownership interest.

The management of GHG emissions is a specific environmental concern of the Corporation's regulated gas utilities in Canada and the
United States, primarily due to new and emerging federal, provincial and state GHG laws, regulations and guidelines. In British Columbia,
the Government of British Columbia's Energy Plan, Carbon Tax Act, Clean Energy Act, Greenhouse Gas Reduction (Cap and Trade) Act
and Greenhouse Gas Reduction Targets Act affect, or may potentially affect, the operations of the FortisBC Energy companies
and FortisBC Electric. The Energy Plan contains a strong focus on environmental leadership, energy conservation and efficiency, and
investing in innovation. Many of the principles of the Energy Plan were incorporated into the regulatory framework in British Columbia
upon the British Columbia Legislature passing the Utilities Commission Amendment Act, 2008 and passing the Clean Energy Act. The
Clean Energy Act, which establishes a long-term vision for the province as a leader in clean energy development, came into force in
June 2010. FortisBC Electric and the FortisBC Energy companies continue to assess and monitor the impact the Energy Plan and the
Clean Energy Act may have on future operations. Energy to be produced by the Waneta Expansion in British Columbia, upon its
completion, is consistent with the objective under the CleanEnergy Act to reduce GHG emissions. in 2011 the FortisBC Energy companies

FORTIS INC.
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Mandatorygmrcharges? make reducing electric costs diiflcult

By Dana Marie Kennedy Feb 16,2o16

For many older Arizonans, managing monthly household expenses is not easy. And if Arizona

utilities get their way, it may get even harder.
x

UNS Energy, parent company of Tucson Electric Power and UniSource Energy Services, is currently

asking the Arizona Corporation Commission (ACC) to impose a mandat<6y surcharge o\1

residential consumers that will make it even harder to guess what your power bill will be.

Seniors on limited or fixed incomes already know they did not get a Social Security COLA increase

this year. Seniors also spend a higher percentage of their household income on utilities than

younger age groups and also have much higher medical expenses.

Q
Carondelet Holy Cross. Be wet

When a monthly budget is tight, often seniors try to keep power bills down by turning up the

thermostat in the summer or turning down the heat in the winter, however dangerous, sometimes

folks feel that there is no other choice.

But these energy conservation efforts would be less effective in saving money if utilities like UNS

are allowed to raise the fixed charges of peoples' monthly bill. Fixed charges are owed even before

you turn on a light switch!

UNS has asked the Acc to double the "basic service charge" on ratepayers' electric bills from $10

1 of3
2/29/2016 10:02 AM
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to $20 per month. That's a $120 annual increase.

Still more, UNS is also asking the ACC to allow it to add a brand new mandatory charge called a

"demand charge" on residential customers' monthly bills. This "demand charge" would be based

on a customer's maximum peak demand in a given month.

Utilities may want more revenue stability, but imposing mandatory fees comes at the expense of

consumer control. Neither of these UNS proposed rate changes can be avoided by using less

power.

And if approved by the ACC, demand charges would be difficult for most consumers to

understand. Consumers often don't know when their household is experiencing its maximum

electricity usage. This makes it nearly impossible for ratepayers to keep their electric bill as low as

possible.

A current option available in Arizona is called a "time-of-use plan. It is voluntary and much easier

for consumers to understand. In other words, we know that if we do laundry early on Saturday

morning, it saves us money.

Time-of-use plans have worked well for years and we already know how they work. But demand

charges are untested.

Why should an untested "demand charge" proposal be tested here in the heat of the Arizona

summer? Even more so, no other state utility commission has ever imposed mandatory demand

charges on residential customers.

The Arizona Corporation Commission should follow this national trend and say "no" to these

surcharges as well.

(Kennedy is state director in Arizona for AARP, formerly the American Association of Retired

Persons.)

More from our site
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DEFINITIONS oF CERTAIN TERMS

Certain terms used in this 2015 Annual Information Form are defined below:

"2015 Annual Information Form" means this annual information form of the Corporation in respect
of the year ended December 31, 2015,

"zo15 Audited Consolidated Financial Statements" means the audited consolidated financial
statements of the Corporation as at and for the years ended December 31, 2015 and 2014 and related
notes thereto,

"ACC" means the Arizona Corporation Commission,

"AIgoma Power"means Algoma Power Inc.,

means the Arizona Public Service Company;

"Bc Hydro"

BCUC"

"AUC" means the Alberta Utilities Commission;

means the Be Hydro and Power Authority,

means the British Columbia Utilities Commission,

BECOL" means Belize Electric Company Limited,

means Belize Electricity Limited,

BEPC" means Brilliant Expansion Power Corporation,

Board" means the Board of Directors of the Corporation,

Belize Electrician"

BPCrtmeans Brilliant Power Corporation,

Canadian Niagara Power"

Caribbean UtilitieS"

means Canadian Niagara Power Inc.,

means Caribbean Utilities Company, Ltd.;

CEA"

Central Hudson"

CEPSA"

COPE"

Cornwall Electric"

means the Canadian Electricity Association,

means Central Hudson Gas & Electric Corporation,

means the Capacity and Energy Purchase and Sale Agreement,

CH Energy Group" means CH Energy Group, Inc.,

means the Canadian Office and Professional Employees Union,

means Cornwall Street Railway, Light and Power Company, Limited;

CPC/CBT"

Corporation" means Fortis Inc.,

CPA" means the Canal Plant Agreement,

means Columbia Power Corporation and Columbia Basin Trust;

CUPE"

CPP" means the Clean Power Plan,

means the Canadian Union of Public Employees,

DBRS" means DBRS Limited,

Eastern Canadian Electric Utilities"
Maritime Electric and FortisOntario;

means, collectively, the operations of Newfoundland Power,

2
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"EMS" means environmental management system,

"Energy Nuclear Power" means Energy Nuclear Power Marketing, LLC,

"EPA" means the united States Environmental Protection Agency;

"ERA" means the Electricity Regulatory Authority of the Cayman Islands,

"Ethos Energy" means EthosEnergy Power Plant Services, LLC,

"External Auditor" means the firm of Chartered Professional Accountants registered with the Canadian
Public Accountability Board or its successor and appointed by the shareholders of the Corporation to act
as external auditor of the Corporation,

"FERC" means the United States Federal Energy Regulatory Commission,

"FHI" means FortisBC Holdings Inc., the parent company of FortisBC Energy,

"Fitch" means Fitch Ratings Inc.,

"Fortis" means Fortis Inc.,

"FortisAIberta" means FortisAIberta Inc.,

"FortisBC Electric" means, collectively, the operations of FortisBc Inc. and its parent company,
FortisBC Pacific Holdings Inc., but excludes its wholly owned partnership, Walden Power Partnership,

"FortisBc Energy" means FortisBC Energy Inc.,

"Fortisontario" means, collectively, the operations of Canadian Niagara Power, Cornwall Electric and
Algoma Power,

"Fortis Properties" means Fortis Properties Corporation,

"FortisTcI" means FortisTCI Limited ,

"Fortis Turks and Caicos" means, collectively, FortisTCI and Turks and Caicos Utilities Limited ;

"FortisUs" means FortisUs Inc.,

"FortisUs Holdings" means FortisUs Holdings Nova Scotia Limited ,

means Fortiswest Inc.,

"Four Corners" means Four Corners Generating Station,

"Fortiswest"

"GHG" means greenhouse gas,

"GOB" means the Government of Belize,

"GSMIP" means Gas Supply Mitigation Incentive Plan,

"Gwh" means gigawatt hour(s),

"IBEW" means the International Brotherhood of Electrical Workers,

"IESO" means the Independent Electricity System Operator of Ontario,

"ISO" means International Organization for Standardization,

"ITC" means ITC Holdings Corp.,

"LNG" means liquefied natural gas,

3
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"Management" means, collectively, the senior officers of the Corporation,

"Maritime Electric" means Maritime Electric Company, Limited,

"MATS" means Mercury and Air Toxics Standards,

"MD&A" means the Corporation's Management Discussion and Analysis prepared in accordance with
National Instrument 51-102 - Continuous Disclosure Obligations, in respect of the Corporation's annual
consolidated financial statements for the year ended December 31, 2015,

"MGP"

"NB Power"

means manufactured gas plant,

"Moody's" means Moody's Investors Service, Inc.,

"MW" means megawatt(s),

"Mwh" means megawatt hour(s),

means New Brunswick Power Corporation,

means the National Energy Board ,

"NEPA" means the United States National Environmental Policy Act;

"Newfoundland Hydro" means Newfoundland and Labrador Hydro Corporation,

"Newfoundland Power" means Newfoundland Power Inc.,

"NL PUB" means the Newfoundland and Labrador Board of Commissioners of Public Utilities,

"NEB"

NYISO"

OEB"

OSM"

means the New York Independent System Operator,

means the Ontario Energy Board ,

means the United States Office of Surface Mining,

PBR" means performance-based rate-setting ,

cs" means polychlorinated biphenyl,

PEI" means Prince Edward Island,

II

PNM"

means petajoule(s);

means Public Service Company of New Mexico,

PPFAC"

PRM P"

PPA" means power purchase agreement,

means purchased power and fuel adjustment clause,

means Price-Risk Management Plan,

RO E"means rate of return on common shareholders' equity,

S&P" means Standard & Poor's Financial Services LLC,

SEC"means the United States Securities and Exchange Commission,

SEDAR" means the System for Electronic Document Analysis and Retrieval,

SJCC" means the San Juan Coal Company,

Spectra Energy" means Westcoast Energy Inc. doing business as Spectra Energy Transmission,

4
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1 "SRP"

" Lr

means Salt River Project Agricultural Improvement and Power District,

means transmission and distribution,

"TEP" means Tucson Electric Power Company,

"TransCanada"

"TJ" means terajoule(s),

means Transcanada Pipelines Limited ,

"UNS Electric" "UNSE"

"UUWA"

"TSX" means the Toronto Stock Exchange,

and mean UNS Electric, Inc.,

"UNS Energy" means collectively, the operations of TEP, ans Electric and UNS Gas,

"UNS Gas" means UNS Gas, Inc.,

"US GAAP" means accounting principles generally accepted in the United States,

means the United Utility Workers' Association of Canada,

"Walden" means the Walden Power Partnership,

"Waneta Expansion" means the 335-MW hydroelectric generating facility adjacent to the existing
Waneta Plant on the Pend d'Oreille River in British Columbia,

"Waneta Partnership" means the Waneta Expansion Limited Partnership between CPC/CBT and
Fortis;

means the Waneta Expansion Capacity Agreement,

"WEG" means Wild Earth Guardians, and

"WECA"

"Whistler" means the Resort Municipality of Whistler.
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Ar 1.0 CORPORATE STRUCTURE

The 2015 Annual Information Form has been prepared in accordance with National Instrument
51-102 - Continuous Disclosure Obligations.Financial information has been prepared in accordance with
us GAAP and is presented in Canadian dollars unless otherwise specified.

Except as otherwise stated, the information in the 2015 Annual Information Form is given as of
December 31, 2015.

Fortis includes fonvard-looking information in the 2015 Annual Information Form within the meaning of applicable securities laws in
Canada ("fonrvard-/ooking information'9. The purpose of the forward-looking information is to provide Management's expectations
regarding the CorporationS future growth, results of operations, performance, business prospects and opportunities, and it may not
be appropriate for other purposes. All forward-looking information is given pursuant to the safe Barbour provisions of applicable
Canadian securities legislation. The words "anticipates , "believes , "budgets", "could , "estimates , "expects , "forecasts'j "intends",
"may", "might, "plans", "projects , "schedule , "should'§ "will'j "would" and similar expressions are often intended to identity
forward-looking information, although not all forward-/ooking information contains these identifying words. The forward-looking
information reflects Management's current beliefs and is based on information currently available to the Corporation's Management.
The forward-/ooking information in the 2015 Annual Information Form, including the 2015 MD&A incorporated herein by reference,
includes, but is not limited to, statements regarding: the acquisition of ITC, the expected timing and conditions precedent to the
closing of the acquisition of ITC, including shareholder app ro vo/s of be th ITC and Fortis, regulatory approvals, governmental approvals
and other customary closingconditions; the expectation that Fortis will borrow funds to satisfy its obligation to pay the cash portion
of the purchase price and will issue securities to pay the balance of the purchase price; the impact of the acquisition on the
CorporationS earnings, mid-year rate base, credit rating, estimated enterprise value and compound annual growth rate, the
expectation that the acquisition of ITC will be secretive in the r7rst full year following closing and that the acquisition will support the
average annual dividend growth target of Fortis; the expectation that the Corporation will become an SEC registrant and have its
common snares listed on the New York Stock Exchange in connection with the acquisition; the expectation that Fortis will identify one
or more minority investors to invest in ITC, forecast 2016 to 2020 midyear rate bases for the Corporation and is largest regulated
utilities; the expected timing of filing of regulatory applications and of receipt of regulatory decisions; the Corporations consolidated
forecast gross capita/ expenditures for 2016 and total capita/ spending over the five-year period from 2016 through 2020; the
breakdown of total capita/ spending over the five-year period from 2016 through 2020, various natural gas investment opportunities
that may be available to the Corporation; the nature, timing and expected costsof certain capita/ projects including, without /imitation,
the 77lbury /iqueded natural gas facility expansions, the Residential Solar Program, the Lower Mainland System Upgrade Project,
FortisA/berta's pole replacement program, the Gas Main Replacement Program at Central Hudson, Woodfibre pipe/ine expansion,
New York Transco, LLC at Centra/ Hudson, renewable energy alternatives at UNS Energy, Wataynikaneyap transmission line, the
consolidations of Rural Eleetrihcation Associations and the construction ofa diesel power plant at Caribbean Utilities, the expectation
that the CorporationS significant capita/ expenditure program will support continuing growth in earnings and dividends; the
expectation tat the Corporation's subsidiaries will nave reasonable access to long-term capita/ to fund their 2016 capita/ expenditure
programs, operating and interest costs, and dividend payments; tat TEP and UNS Electric expect to invest in renewable projects in
2016 to meet future renewable energy requirements, the impact of advances in techno/ogy and new energy efficiency standards on
the Corporation's results of operations, the impact of new or revised environmental laws and regulations on the Corporation's results
of operations; the expectation of the Corporation and its subsidiaries to remain compliant with existing, new or revised environmental
laws and regulations; the expectation tat there will be a significant reduction in the use ofcoa/ in certain of UNS Energy's generating
facilities by 2022; and the expectation thatany liability from current legal proceedings will not nave a material adverse effect on the
Corporation's consolidated Hnanclal position and results of operations.

The forecasts and projections that make up the for/ard-looking information are based on assumptions which include, but are not
limited to: the receipt of applicable regulatory approvals and requested rate orders, no material adverse regulatory decisions being
received, and the expectation of regulatory stability; FortisA/bertaS continued recovery of its cost of service and ability to earn its
allowed ROE under performance-based rate-setting, which commenced for a five-year term effective January 1, 2013, no significant
variability in interest rates; no significant operational disruptions or environmental liability due to a catastrophic event or
environmental upset caused by severe weather, other acts of nature or other major events, the continued ability to maintain the
electricity and gas systems to ensure their continued performance, no severe and prolonged downturn in economic conditions; no
significant decline in capita/ spending, suH7cient liquidity and capital resources; the continuation of regulator approved mechanisms
to How through the cost of natural gas and energy supply costs in customer rates; the ability to hedge exposures to Fluctuations in
foreign exchange rates, natural gas prices, electricity prices and foe/ prices; no significant counterparty defaults, the continued
competitiveness of natural gas pricing when compared with electricity and other alternative sources of energy; the continued
availability of natural gas, fuel and electricity supply, continuation and regulatory approval of power supply and capacity purchase
contracts, the ability to fund deaned benefit pension plans, earn the assumed long term rates of return on the related assets and
recover net pension costs in customer rates; no significant changes in government energy plans and environmental laws that may
materially negatively affect the operations and cash flows of the Corporation and its subsidiaries; no material change in public policies
and directions by governments that could materially negatively affect the Corporation and its subsidiaries; new or revised
environmental laws and regulations will not severely affect the results of operations, maintenance of adequate insurance coverage,
the ability to obtain and maintain licences and permits; retention of existing service areas; the ability to report under us GAAP beyond
2018 or the adoption of International Financial Reposing Standards after 2018 that allows for the recognition of regulatory assets
and liabilities, the continued tax deferred treatment of earnings from the CorporationSCaribbean operations; continued maintenance
of information technology infrastructure; continued favorable relations with First Nations; favorable labor relations, that the
Corporation can reasonably accurately assess the merit of and potential liability attributable to ongoing legal proceedings; and
suff'7cient human resources to deliver service and execute the capita/ program.

The for/vard-looking information is subject to risks, uncertainties and other factors that could cause actualrest/G to differ materially
from historical results or results anticipated by the forward-looking information. Risk factors which could cause results or events to
differ from current expectations are detailed under the heading "Business Risk Management" in the MD&A for the year ended
December 31, 2015 and in continuous disclosure materials filed from time to time with Canadian securities regulatory authorities.
Key risk factors for 2016 include, but are not limited to: uncertainty regarding the completion of the acquisition of ITC including but
not limited to the receiptof shareholder approvals of ITC and Fortis, the receipt of regulatory and other government ta/ approvals, the
availability of financing sources at the desired time or at all, on cost-efficient or commercially reasonable terms and the satisfaction
or waiver of certain other conditions to closing; uncertainty related to the realization of some or al/ of the expected benefits of the
acquisition of ITC; uncertainty regarding the outcome of regulatory proceedings of the Corporation 's utilities, uncertainty of the impact
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q that a continuation of a /ow interest rate environment may have on the allowed rate of return on common shareholders' equity at the
CorporationS regulated utilities; the impact of Fluctuations in foreign exchange rates; and risk associated with the impact of less
favorable economic conditions on the CorporationS results of operations.

Al/ for/vard-/ooking information in the 2015 Annual Information Form is qualified in its entirety by the above cautionary statements
and, except as required by law, the Corporation undertakes no obligation to revise or update any forward-looking information as a
result of new information, future events or other/vise after the date hereof

1.1 Name and Incorporation

Fortis is a holding company that was incorporated as 81800 Canada Ltd. under the
Canada Business Corporations Act on June 28, 1977 and continued under the Corporations Act
(Newfoundland and Labrador) on August pa, 1987.

The articles of incorporation of the Corporation were amended to: (i) change its name to Fortis on
October 13, 1987, (ii) set out the rights, privileges, restrictions and conditions attached to the
Common Shares on October 15, 1987, (iii) designate 2,000,000 First Preference Shares, Series A on
September 11, 1990, (iv) replace the class rights, privileges, restrictions and conditions attaching to
the First Preference Shares and the Second Preference Shares on July zz, 1991, (v) designate 2,000,000
First Preference Shares, Series B on December 13, 1995, (vi) designate 5,000,000
First Preference Shares, Series c on May 27, 2003, (vii) designate 8,000,000 First Preference Shares,
Series D and First Preference Shares, Series E on January 23, 2004, (viii) amend the redemption
provisions attaching to the First Preference Shares, Series D on July 15, 2005, (ix) designate 5,000,000
First Preference Shares, Series F on September 22, 2006, (x) designate 9,200,000
First Preference Shares, Series G on May 20, 2008, (xi) designate 10,000,000 First Preference Shares,
Series H and 10,000,000 First Preference Shares, Series I on January 20, 2010, (xii) designate
8,000,000 First Preference Shares, Series J on November 8, 2012, (xiii) designate 12,000,000
First Preference Shares, Series K and 12,000,000 First Preference Shares, Series L on July 11, 2013;
and, (xiv) designate 24,000,000 First Preference Shares, Series M and 24,000,000
First Preference Shares, Series N on September 16, 2014.

Fortis redeemed all of its outstanding First Preference Shares, Series A, First Preference Shares, Series B
and First Preference Shares, Series C on September 30, 1997, December 2, 2002, and
July 10, 2013, respectively. On January 29, 2004, Fortis issued 8,000,000 First Preference Units, each
unit consisting of one First Preference Share, Series D and one Warrant. During 2004, 7,993,500
First Preference units were converted into 7,993,500 First Preference Shares, Series E and 6,500
First Preference Shares, Series D remained outstanding. On September 20, 2005, the 6,500
First Preference Shares, Series D were redeemed by the Corporation. On September 28, 2006, Fortis
issued 5,000,000 First Preference Shares, Series F. On May 23, 2008, Fortis issued 8,000,000
First Preference Shares, Series G and on June 4, 2008 issued an additional 1,200,000
First Preference Shares, Series G, following the exercise of an over-allotment option in connection with
the offering of the 8,000,000 First Preference Shares, Series G. On January 26, 2010, Fortis issued
10,000,000 First Preference Shares, Series H. On November 13, 2012, Fortis issued 8,000,000
First Preference Shares, Series J. On July 18, 2013, Fortis issued 10,000,000 First Preference Shares,
Series K. On September 19, 2014, Fortis issued 24,000,000 First Preference Shares, Series M. On
June 1, 2015, 2,975,154 First Preference Shares, Series H were converted into First Preference Shares,
Series I, and 7,024,846 First Preference Shares, Series H remained outstanding.

The corporate head office and registered office of Fortis are located at Fortis Place, Suite 1100,
5 Springdale Street, P.O. Box 8837, St. John's, NL, Canada, A1B 3TH.
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Principal Subsidiaries

Subsidiary Jurisdiction of Incorporation
Percentage of votes attaching to

voting securities beneficially owned,
controlled or directed by the

Corporation
UNS Energy (U Arizona State, United States 100
Central Hudson (2) New York State, United States 100
FortisBC Energy (3) British Columbia, Canada 100
FortisAlberta (4) Alberta, Canada 100

1 1.2 Inter-Corporate Relationships

Fortis is a leader in the North American electric and gas utility business, with total assets of
approximately $29 billion and fiscal 2015 revenue of $6.7 billion. The Corporation's asset mix is
approximately 96% regulated utilities (70% electric, 26% gas), with the remaining 4% comprised of
long-term contracted hydroelectric operations. The Corporation's regulated utilities serve more than
3 million customers across Canada and in the United States and the Caribbean. In 2015 the
Corporation's electricity distribution systems met a combined peak demand of 9,705 MW and its gas
distribution systems met a peak day demand of 1,323 TJ.

The Corporation's regulated holdings include electric distribution utilities in five Canadian provinces, two
u.s. states and three Caribbean countries and natural gas utilities in the province of British Columbia
and the states of Arizona and New York. As at December 31, 2015, approximately 47% of the
Corporation's assets were located outside of Canada and approximately 49% of the Corporation's
revenue was derived from foreign operations.

The following table lists the principal subsidiaries of the Corporation, their jurisdictions of incorporation
and the percentage of votes attaching to voting securities held directly or indirectly by the Corporation
as at February 17, 2016. This table excludes certain subsidiaries, the total assets of which individually
constituted less than 10% of the Corporation's consolidated assets as at December 31, 2015, or the
total revenue of which individually constituted less than 10% of the Corporation's 2015 consolidated
revenue. The principal subsidiaries together comprise approximately 76% of the Corporation's
consolidated assets as at December 31, 2015 and approximately 71% of the Corporation's
2015 consolidated revenue. FortisBC Electric and Newfoundland Power comprise approximately 7% and
5%, respectively, of the Corporation's consolidated assets as at December 31, 2015 and approximately
5% and 10%, respectively, of the Corporation's 2015 consolidated revenue.

(1)

(2)

(3)

(4)

UNS Energy, an Arizona State corporation, owns al/ of the shares of TEP, UNS Electric and UNS Gas. FortisUS, a
De/aware State corporation, owns all of the shares of UNS Energy. FortisUS Holdings, a Canadian corporation,
owns all of the snares of FortisUS. Fortis owns al/ of the snares of FortisUS Holdings.
CH Energy Group, a New York State corporation, owns all of the shares of Centra/ Hudson. FortisUS, a
De/aware State corporation, owns all of the shares of CH Energy Group. FortisUS Holdings, a Canadian
corporation, owns all of the shares of FortisUS. Fortis owns al/ of the snares of FortisUS Holdings.
FHI, a British Columbia corporation, owns all of the shares of FortisBC Energy. Fortis owns all of the snares of
FHI.
FortisAIberta Holdings Inc., an Alberta corporation, owns all of the shares of FortisAlberta. Fortis West, a
Canadian corporation, owns all of the shares of FortisA/berta Holdings Inc. Fortis owns all of the shares of
FortisWest.

2.0 GENERAL DEVELOPMENT oF THE BUSINESS

2.1 Three-year History

Over the past three years, Fortis has experienced significant growth in its business operations. Total
assets have grown approximately 92% from $15.0 billion as at December 31, 2012 to $28.8 billion as
at December 31, 2015. The Corporation's shareholders' equity has also grown approximately 93% from
$5.4 billion as at December 31, 2012 to $10.4 billion as at December 31, 2015. Net earnings
attributable to common equity shareholders have increased from $315 million in 2012 to $728 million
in 2015.
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if The growth in business operations reflects the Corporation's profitable growth strategy for its principal
regulated electric and gas utilities. This strategy includes a combination of growth from acquisitions
and organic growth through the Corporation's consolidated capital expenditure program.

Over the past three years, Fortis has significantly increased its regulated utility investments through
acquisitions. In June 2013 Fortis acquired CH Energy Group for a purchase price of approximately
US$1.5 billion, including the assumption of US$518 million of debt on closing. CH Energy Group is an
energy delivery company headquartered in Poughkeepsie, New York. Its main business, Central Hudson,
is a regulated T&D utility serving approximately 300,000 electricity customers and 79,000 natural gas
customers in eight counties of New York State's Mid-Hudson River Valley. In August 2014 Fortis acquired
ans Energy for a purchase price of approximately US$4.5 billion, including the assumption of
approximately US$2.0 billion of debt on closing. UNS Energy is a vertically integrated utility services
holding company, headquartered in Tucson, Arizona, engaged through its primary subsidiaries in the
regulated electric generation and energy delivery business, primarily in the State of Arizona, serving
approximately 663,000 electricity and gas customers.

On Apr i l  1, 2015, the Corporation completed construction of  the $900 mil l ion, 335-MW
Waneta Expansion hydroelectric generating facility ahead of schedule and on budget while maintaining
an excellent safety and environmental protection record. Construction of the Waneta Expansion
commenced late in 2010. Fortis has a 51% controlling ownership interest in the Waneta Expansion and
operates and maintains the non-regulated investment. On April 2, 2015, the Waneta Expansion began
generating power, all of which is being sold to Bc Hydro and FortisBC Electric under 40-year contracts.
In 2015, the Waneta Expansion contributed $22 million in earnings to the Corporation.

In June 2015 the Corporation completed the sale of the commercial real estate assets of Fortis Properties
for gross proceeds of $430 million to a subsidiary of Slate Office REIT. As part of the transaction, Fortis
subscribed to trust units of Slate Office REIT for total consideration of approximately $35 million. In
October 2015, the Corporation completed the sale of the hotel assets of Fortis Properties for gross
proceeds of $365 million to a private investor group.

In June and July of 2015, the Corporation completed the sale of its non-regulated generation assets in
Upstate New York and Ontario, respectively, for gross proceeds of approximately $93 million.

In August 2015 the Corporation announced that it had reached terms of settlement with the GOB
regarding the expropriation of the Corporation's approximate 70% interest in Belize Electricity in
June 2011. The terms of the settlement included a one-time US$35 million cash payment to Fortis from
the GOB and an approximate 33% equity investment in Belize Electricity.

In December 2015 the Corporation, through an indirect wholly owned subsidiary, entered into a
definitive share purchase and sale agreement with Chevron Canada Properties Ltd. to acquire its share
of the Aitken Creek Gas Storage Facility, the largest gas storage facility in British Columbia, with a total
working gas capacity of 77 billion cubic feet for approximately US$266 million. The acquisition is subject
to regulatory approval, and is expected to close in the first half of 2016.

The Corporation's gross consolidated capital expenditures for 2015 were approximately $2.2 billion, up
approximately 30% from 2014. Over the past three years, including 2015, gross consolidated capital
expenditures totaled $5.1 billion. Organic asset growth at the regulated utilities has been driven by the
capital expenditure programs in western Canada. Total assets at FortisAlberta and the FortisBC gas and
electric utilities have grown by approximately 27% and 9%, respectively, over the past three years.
Organic growth at non-regulated operations has been driven by the construction of  the
Waneta Expansion.

2.2 Pending Acquisition of mc

On February 9, 2016, Fortis and ITC entered into an agreement and plan of merger pursuant to which
Fortis will acquire ITC in a transaction valued at approximately US$11.3 billion, based on the closing
price for Fortis common shares and the foreign exchange rate on February 8, 2016. Under the terms
of the transaction, ITC shareholders will receive US$22.57 in cash and 0.7520 Fortis common shares
per ITC common share, representing total consideration of approximately US$6.9 billion, and Fortis will
assume approximately US$4.4 billion of ITC consolidated indebtedness.

ITC is the largest independent pure-play electric transmission company in the United States. ITC owns
and operates high-voltage transmission facilities in Michigan, Iowa, Minnesota, Illinois, Missouri, Kansas
and Oklahoma, serving a combined peak load exceeding 26,000 MW along approximately 15,600 miles
of transmission line. In addition, ITC is a public utility and independent transmission owner in Wisconsin.
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ITC's tariff rates are regulated by FERC, which has been one of the most consistently supportive utility
regulators in North America providing reasonable returns and equity ratios. Rates are set using a
forward-looking rate-setting mechanism with an annual true-up, which provides timely cost recovery
and reduces regulatory lag.

The closing of the acquisition is subject to ITC and Fortis shareholder approvals, the satisfaction of other
customary closing conditions, and certain regulatory, state and federal approvals including, among
others, those of FERC, the Committee on Foreign Investment in the United States, and the United States
Federal Trade Commission/Department of Justice under the Hart-Scott Rodi ro Antitrust
Improvement Act. The closing of the Acquisition is expected to occur in late 2016.

The pending acquisition is in alignment with the Corporation's business model and acquisition strategy,
and is expected to provide approximately 5% accretion to earnings per common share in the first full
year following closing, excluding one-time acquisition-related expenses and assuming a stable currency
exchange environment. The acquisition represents a singular opportunity for Fortis to significantly
diversify its business in terms of regulatory jurisdictions, business risk profile and regional economic
mix. On a pro forma basis, 2016 forecast midyear rate base of Fortis is expected to increase by
approximately $8 billion to approximately $26 billion, as a result of the acquisition.

The financing of the acquisition has been structured to allow Fortis to maintain investment-grade credit
ratings and is consistent with the Corporation's existing capital structure. Financing of the cash portion
of the acquisition will be achieved primarily through the issuance of approximately US$2 billion of Fortis
debt and the sale of up to 19.9% of ITC to one or more infrastructure-focused minority investors. In
addition, Fortis has obtained commitments of US$2.0 billion from Goldman Sachs Bank use to bridge
the long-term debt financing and US$1.7 billion from The Bank of Nova Scotia to primarily bridge the
sale of the minority investment in ITC. These non-revolving term credit facilities are repayable in full on
the first anniversary of their advance, although syndication is not required, Fortis expects that these
bridge facilities will be syndicated.

Upon completion of the acquisition, ITC will become a subsidiary of Fortis and approximately 27% of
the common shares of Fortis will be held by ITC shareholders. In connection with the acquisition, Fortis
will become a registrant with the SEC and will apply to list its common shares on the New York Stock
Exchange and will continue to have its shares listed on the TSX.

2.3 OuHook

Fortis is focused on closing the acquisition of ITC by the end of 2016. The acquisition is in alignment
with the Corporation's business model and acquisition strategy, and is expected to provide
approximately 5% accretion to earnings per common share in the first full year following closing,
excluding one-time acquisition-related expenses and assuming a stable currency exchange
environment. The acquisition represents a singular opportunity for Fortis to significantly diversify its
business in terms of regulatory jurisdictions, business risk profile and regional economic mix.

Substantially all of Fortis' assets are low-risk, regulated utilities and long-term contracted energy
infrastructure. No single regulatory jurisdiction comprises more than one third of total assets. Over the
five-year period through 2020, excluding the acquisition of ITC, the Corporation's highly executable
capital program is expected to be approximately $9 billion. This investment in energy infrastructure is
expected to increase rate base to almost $21 billion in 2020 and produce a five-year compound annual
growth rate in rate base of approximately 5%.

On a pro forma basis, 2016 forecast midyear rate base of Fortis is expected to increase by approximately
$8 billion to approximately $26 billion, as a result of the acquisition of ITC. Following the acquisition,
Fortis will be one of the top 15 North American public utilities ranked by enterprise value, with an
estimated enterprise value of $42 billion. Additionally, ITC's midyear rate base, including construction
work in progress, is expected to increase at a compound annual growth rate of approximately 7.5%
through 2018, based on ITC's planned capital expenditure program.

Fortis continues to target 6% average annual dividend growth through 2020. This dividend guidance
takes into account many factors, including the expectation of reasonable outcomes for regulatory
proceedings at the Corporation's utilities, the successful execution of the five-year capital expenditure
plan, and management's continued confidence in the strength of the Corporation's diversified portfolio
of assets and record of operational excellence. The pending acquisition of ITC further supports this
dividend guidance.
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Forecast Gross Consolidated Capital Expenditures
Year Ending December 31, 2016

($ mi//ions)
ans Energy (2) 485
Central Hudson (2) 228
FortisBC Energy 349
FortisAlberta 441
FortisBc Electric 79
Eastern Canadian Electric utilities 174
Regulated Electric Utilities - Caribbean (2) 127
Non-Regulated - Fortis Generation 15
Non-Regulated - Non-Utility (3) 3
Total 1,901

Q

4 Fortis expects long-term sustainable growth in rate base, assets and earnings resulting from strategic
acquisitions and investment in its existing utility operations. The Corporation is also committed to
identifying and executing on opportunities for incremental rate base and earnings growth through
additional investments in existing service territories and in new franchise areas.

The approximate breakdown of the capital spending expected to be incurred over the five-year period
from 2016 to 2020, excluding the acquisition of ITC, is as follows: 40% at Regulated Gas & Electric
utilities in the United States; 37% at Canadian Regulated Electric Utilities, driven by FortisAlberta; 17%
at Canadian Regulated Gas Utilities, 5% at Caribbean Regulated Electric Utilities, and the remaining 1%
at non-regulated operations. Capital expenditures at the regulated utilities are subject to regulatory
approval. Over the five-year period, on average annually, the approximate breakdown of the total
capital spending to be incurred is as follows: 35% to meet customer growth, 50% to ensure continued
and enhanced performance, reliability and safety of generation and T&D assets (i.e. sustaining capital
expenditures), and 15% for facilities, equipment, vehicles, information technology and other assets.

Gross consolidated capital expenditures for 2016 are expected to be approximately $1.9 billion, as
summarized in the following table. Planned capital expenditures are based on detailed forecasts of
energy demand, weather, cost of labor and materials, as well as other factors, including economic
conditions and foreign exchange rates, which could change and cause actual expenditures to differ from
those forecast.

(1)

(2)

(3)

Re/ates to forecast cash payments to acquire or construct utility capital assets and intangible assets, aswould
be reflected on the consolidated statement ofcash flows. Excludes the non-cash equity component of allowance
for funds used during construction.
Forecast capital expenditures are based ona forecastexchange rate of US$1.00 = CAD$1.38.
Includes forecast capital expenditures of approximately $3 million at FortisBC Alternative EnergyServices Inc.,
which is reported in the Corporate and Other segment of the Corporation's2015Audited Consolidated Financial
Statements.

The most significant capital projects forecast for 2016 include:

the Residential Solar Program at UNS Energy, consisting of the installation of rooftop solar
systems for residential customers, for US$82 million, with forecast expenditures of
US$16 million expected in 2016;
the Gas Main Replacement Program at Central Hudson, a 15-year replacement program to
eliminate and replace leakage-prone pipes throughout the gas distribution system with forecast
expenditures of US$21 million expected in 2016 and US$98 million from 2017 through 2020
with the majority of spending expected post-2020;
the ongoing Tilbury LNG facility expansion by FortisBC Energy, which includes the construction
of a second LNG tank and a new liquefier, both to be in service by the end of 2016 at a total
project cost of approximately $440 million with $326 million of project costs incurred to the end
of 2015 and forecast expenditures of $105 million in 2016;
the Lower Mainland System Upgrade project at FortisBC Energy, which is in place to address
system capacity and pipeline condition issues for the gas supply system in the Lower Mainland
area of British Columbia, to be completed in 2018 for an estimated project cost of $427 million
with forecast expenditures of $50 million expected in 2016;
the replacement of vintage poles under FortisAlberta's Pole-Management Program is expected
to cost $336 million through 2020 with forecast expenditures of $42 million expected in 2016;
and
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Midyear Rate Base
($bi//ions)

Actual 2015 Forecast 2016
UNS Energy (1) 4.1 4.8
Central Hudson (1) 1.4 1.6
FortisBc Energy 3.7 3.7
FortisAlberta 2.7 3.0
FortisBC Electric 1.3 1.3
Eastern Canadian Electric Utilities 1.6 1.7
Regulated Electric Utilities - Caribbean (1) 0.8 0.9
Waneta Expansion 0.8 0.8
Total 16.4 17.8

4

I the purchase and turnkey installation of two 18.5 MW diesel-generating units, one 2.7 MW waste
heat recovery steam turbine and associated auxiliary equipment at Caribbean Utilities. The
project cost is estimated to be US$85 million, with approximately US$48 million spent in 2015
and US$25 million forecast to be spent in 2016. The plant is expected to be commissioned in
Mid-2016.

FortisBC Energy is also pursuing additional LNG investment opportunities including a $600 million
pipeline expansion for the proposed Woodfibre LNG site in British Columbia and further expansion of the
Tilburg site that would include additional liquefaction, which investment opportunities are not included
in the current capital expenditures forecast set forth in the table above.

Other potential projects that have not yet been included in the Corporation's capital expenditure forecast
include, but are not limited to, the New York Transco, LLC at Central Hudson to address transmission
constraints in New York, renewable energy alternatives at UNS Energy, Wataynikaneyap transmission
line to connect remote First Nations communities at FortisOntario, further gas infrastructure
opportunities at FortisBC Energy, and consolidation of Rural Electrification Associations at FortisAlberta.

The Corporation's subsidiaries expect to have reasonable access to long-term capital in 2016 to fund
their capital expenditure programs.

Actual 2015 and forecast 2016 midyear rate base for the Corporation's reporting utility segments, as
well as the Waneta Expansion, is provided in the following table.

(1) Actual midyear rate base for 2015 is basedon the actual average exchange rate of US$1.00=CAD$1.28 and
forecast midyear rate base for 2016 is based on a forecast exchange rate of US$1.00=CAD$1 .38.

3.0 DESCRIPTION oF THE BUSINESS

Fortis is principally an electric and gas utility holding company. Fortis segments its utility operations by
franchise area and, depending on regulatory requirements, by the nature of the assets. Fortis also holds
investments in non-regulated generation assets, which is treated as a separate segment. The
Corporation's reporting segments allow Management to evaluate the operational performance and
assess the overall contribution of each segment to the long-term objectives of Fortis. Each entity within
the reporting segments operates with substantial autonomy, assumes profit and loss responsibility and
is accountable for its own resource allocation.

The business segments of the Corporation are: (i) Regulated Electric & Gas Utilities - United States,
(ii) Regulated Gas Utility - Canadian; (iii) Regulated Electric Utilities - Canadian; (iv) Regulated Electric
Util it ies - Caribbean, (v) Non-Regulated - Fortis Generation; (vi) Non-regulated - Non-Util i ty, and
(vii) Corporate and Other.

The following sections
reportable segments.

describe the operations included in each of the Corporation's
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1UNS Energy
Revenue and Electricity & Gas Sales by Customer Class

Revenue

(%>

GWh Sales

(%)

PJ Volumes

(%)
2015 2014 2015 2014 2015 2014

Residential 37.3 36.2 29.8 31.2 55.1 53.8
Commercial 22.5 22.5 17.7 19.1 23.7 24.1
Industrial 17.0 16.9 21.8 23.9 2.0 2.1
Other (2) 23.2 24.4 30.7 25.8 19.2 20.0
Tota I 1oo.o 100.0 100.0 100.0 1oo.o 100.0

| ll
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wt 3.1 Regulated Electric & Gas Utilities - United States

3.1.1 UNS Energy

UNS Energy is a vertically integrated utility services holding company, headquartered in Tucson, Arizona,
engaged through its primary subsidiaries in the regulated electric generation and energy delivery
business, primarily in the State of Arizona, serving approximately 663,000 electricity and gas customers.
UNS Energy was acquired by Fortis in August 2014.

UNS Energy is primarily comprised of three wholly owned regulated utilities: TEP, ans Electric and
UNS Gas.

TEP, UNS Energy's largest operating subsidiary, is a vertically integrated regulated electric utility. TEP
serves approximately 417,000 retail customers in a territory comprising approximately 2,991 square
kilometres in southeastern Arizona, including the greater Tucson metropolitan area in Pima County, as
well as parts of Cochise County. TEP's service area covers a population of approximately
1,000,000 people. TEP also sells wholesale electricity to other entities in the western United States.

UNS Electric is a vertically integrated regulated electric utility that generates, transmits and distributes
electricity to approximately 94,000 retail customers in Arizona's Mohave and Santa Cruz counties, which
have a combined population of approximately 250,000.

TEP and ans Electric currently own generation resources with an aggregate capacity of 2,799 MW,
including 54 MW of solar capacity. Several of the generating assets in which TEP and UNS Electric have
an interest are jointly owned. TEP has sufficient generating capacity that, together with existing PPAs
and expected generation plant additions, should satisfy the requirements of its customer base and meet
future peak demand requirements. As at December 31, 2015, approximately 43% of the generating
capacity was fuelled by coal.

UNS Gas is a regulated gas distribution utility that serves approximately 152,000 retail customers in
Arizona's Mohave, Yavapai, Coconino, Navajo and Santa Cruz counties, which have a combined
population of approximately 700,000.

Market and Sales

UNS Energy's electricity sales were 15,366 GWh for 2015, compared to 14,560 GWh for the full year in
2014. Earnings for UNS Energy's electric utilities are generally highest in the second and third quarters
due to the use of air conditioning and other cooling equipment. Gas volumes were 13 PJ for 2015,
comparable with the full year in 2014. Revenue was US$1,588 million for 2015, compared to
US$1,560 million for the full year in 2014.

The following table provides the composition of UNS Energy's 2015 and 2014 revenue, electricity sales,
and gas volumes by customer class.

(1)

(2)

The 2014 information presented is for the year ended December 31,2014. UNS Energy was acquired by Fortis
in August 2014; therefore, only financialresults from the date of acquisition, August 15, 2014, are reHected in
the comparatives of the Corporation's 2014 Audited Consolidated FinancialStatements.
Includes electricity sales and gas volumes to other entities for resale and revenue from sourcesother than from
the sale of electricity andgas.
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Generating Source unit
no. Location Date in

Service
Resource

Type

Total
Capacity

(MW)

Operating
Agent

TEP'S
Share
(°/°)

TEP's
Share
(MW)

Springerville Station 1 Springerville, Az 1985 Coal 387 TEP 49.5 192

Springerville Station 2 Springerville, Az 1990 Coal 406 TEP 100.0 406

San Juan Station 1 Farmington, NM 1976 Coal 340 PNM 50.0 170

San Juan Station 2 Farmington, NM 1973 Coal 340 PNM 50.0 170

Navajo Station 1 Page, Az 1974 Coal 750 SRP 7.5 56

Navajo Station z Page, Az 1975 Coal 750 SRP 7.5 56

Navajo Station 3 Page, Az 1976 Coal 750 SRP 7.5 56

Four Corners Station 4 Farmington, NM 1969 Coal 785 APS 7.0 55

Four Corners Station 5 Farmington, NM 1970 Coal 785 APS 7.0 55

Gila River Power
Station (1)

3 Gila Bend, Az 2003 Gas 550 Ethos
Energy

75.0 413

Luna Generating
Station

1 Deming, NM 2006 Gas 555 PNM 33.3 185

Sundt Station 1 Tucson, Az 1958 Gas/Oil 81 TEP 100.0 81

Sundt Station 2 Tucson, Az 1960 Gas/oil 81 TEP 100.0 81

Sundt Station 3 Tucson, Az 1962 Gas/oil 104 TEP 100.0 104

Sundt Station (2) 4 Tucson, As 1967 Gas 156 TEP 100.0 156

Sundt Internal
Combustion Turbines

Tucson, As 1972-1973 Gas/Oil 50 TEP 100.0 50

DeMoss Petrie Tucson, Az 2001 Gas 75 TEP 100.0 75

North Loop Tucson, Az 2001 Gas 94 TEP 100.0 94

Springerville Solar
Station

Springerville, As 2002-2014 Solar 16 TEP 100.0 16

Tucson Solar Projects Tucson, Az 2010-2014 Solar 13 TEP 100.0 13

Ft. Huachuca Project Ft. Huachuca, As 2014 Solar 17 TEP 100.0 17

Total Capacity (J) 2,501

5

Lr Power Supply

TEP meets the electricity supply requirements of its retail and wholesale customers with its owned
electrical generating capacity of 2,501 MW and its transmission and distribution system consisting of
approximately 15,654 kilometres of line. In 2015, TEP met a peak demand of 2,860 MW which includes
firm sales to wholesale customers. TEP is a member of a regional reserve-sharing organization and has
reliability and power sharing relationships with other utilities.

At December 31, 2015, TEP owned 2,501 MW of generating capacity, as set forth in the following table :

(1)

(2)

(3)

In December 2014, TEP and UNS Electric together completed the acquis it ion of  Unit  3 of  the Gila River Power
Stat ion,  a 550 MW gas-f i red combined-cyc le uni t  for US$219 mi l l ion.  Both TEP and UNS Elec t r ic  rely  on a
portfol io of long-term, medium-term and short - term PPAs to meet  customer load requirements.
In August 2015, TEP exhausted its exist ing coal supply at Sundt Stat ion and has been operat ing Sundt Stat ion
with natural gas as a primary fuel source. TEP expects to ret i re the Sundt Stat ion earlier than expected, and has
requested to apply excess depreciat ion reserves against the unrecovered net book value in its 2015 rate case.
Ex c ludes  913 MW of  add i t i ona l  genera t i on  res ourc es ,  wh ic h  c ons i s t  o f  c er t a in  c apac i t y  purc has es  and
interruptible retail  load.

UNS Electric meets the electricity supply requirements of its retail customers through a mix of its own
generation and power purchase contracts. UNS Electric owns and operates several gas and
diesel-fuelled generating plants, with a collective electrical generating capacity of 298 MW, which
provided approximately 73% of its 407 MW 2015 peak capacity needs.
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Generating
Source

Unit
No. Location Date

In Service
Resource

Type

Total
Capacity

(M w)

Operating
Agent

UNSE's
Share
(°/°)

UNSE'S
Share
(M w)

Black Mountain 1 Kingman, Az 2011 Gas 45 UNSE 100.0 45
Black Mountain 2 Kingman, Az 2011 Gas 45 UNSE 100.0 45
Valencia 1 Nogales, Az Purchased 2003 Gas/oil 14 UNSE 100.0 14
Valencia 2 Nogales, Az Purchased 2003 Gas/oil 14 UNSE 100.0 14
Valencia 3 Nogales, Az Purchased 2003 Gas/oil 14 UNSE 100.0 14
Valencia 4 Nogales, Az Purchased 2003 Gas/oil 21 UNSE 100.0 21
Gila River Power
Station

3 Gila Bend, Az 2003 Gas 550 Ethos
Energy

25.0 137

La Senita Kingman, Az 2011 Solar 1 UNSE 100.0 1

Rio Rico Rio Rico, Az 2014 Solar 7 UNSE 100.0 7
Total Capacity 298

an

UNS Elec t r ic 's  generat ing capac i ty as  of  December  31,  2015 is  set  f or th in  the f ol lowing table :

Each of TEP and UNS Electric are subject to government-mandated renewable energy requirements.
TEP satisfies these requirements through its 46 MW of owned photovoltaic solar generating capacity and
PPAs for capacity from solar resources (175 MW), wind resources (80 MW) and a landfill gas generation
plant (4 MW). ans Electric satisfies its respective requirements through its 8 MW of owned photovoltaic
solar generating capacity and PPAs for capacity from solar resources (10 MW) and wind resources
(10 MW). TEP and ans Electric expect to spend US$64 million on renewable projects in 2016 to meet
future renewable energy requirements which are recoverable through rates.

Gas Purchases

UNS Gas directly manages its gas supply and transportation contracts. The price for gas varies based
on market conditions, which include weather, supply balance, economic growth rates, and other factors.
UNS Gas hedges its gas supply prices by entering into fixed-price forward contracts, collars, and financial
swaps from time to time, up to three years in advance, with a view to hedging at least 70% of expected
monthly gas consumption with fixed prices prior to the beginning of each month.

UNS Gas purchases the majority of its gas supply from the San Juan Basin. The gas is delivered on the
El Paso Natural Gas, L.L.C. and Transwestern pipeline Company interstate pipeline systems under firm
transportation agreements with combined capacity sufficient to meet the demands of
UNS Gas' customers.

Legal Proceedings

Springervi//e Generating Station, Unit 1
In November 2014 the Springerville Unit 1 third-party owners filed a complaint against TEP with FERC,
alleging that TEP had not agreed to wheel power and energy for the third-party owners in the manner
specified in the existing Springerville unit 1 facility support agreement between TEP and the
third-party owners and for the cost specified by the third-party owners. The third-party owners
requested an order from FERC requiring such wheeling of the third-party owners' energy from their
Springerville Unit 1 interests beginning in January 2015 for the price specified by the third-party owners.
In February 2015 FERC issued an order denying the third-party owners' complaint. In March 2015 the
third-party owners filed a request for rehearing in the FERC action, which FERC denied in October 2015.
In December 2015 the third-party owners appealed FERC's order denying the third party-owners'
complaint to the u.s. Court of Appeals for the Ninth Circuit. In December 2015 TEP filed an unopposed
motion to intervene in the Ninth Circuit appeal.

In December 2014 the third-party owners filed a complaint against TEP in the Supreme Court of the
State of New York, New York County. In response to motions filed by TEP to dismiss various counts and
compel arbitration of certain of the matters alleged and the court's subsequent ruling on the motions,
the third-party owners have amended the complaint three times, dropping certain of the allegations and
raising others in the New York action and in the arbitration proceeding described below. As amended,
the New York action alleges, among other things, that TEP failed to properly operate, maintain, and
make capital investments in Springerville Unit 1 during the term of the leases, and that TEP breached
the lease transaction documents by refusing to nay certain of the third-party owners' claimed expenses.
The third amended complaint seeks US$71 million in liquidated damages and direct and consequential
damages in an amount to be determined at trial. The third-party owners have also agreed to stay their
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Ur claim that TEP has not agreed to wheel power and energy as required pending the outcome of the FERC
action. In November 2015 the third-party owners filed a motion for summary judgment on their claim
that TEP failed to pay certain of the third-party owners' claimed expenses.

In December 2014 and January 2015, Wilmington Trust Company, as owner trustees and lessors under
the leases of the third-party owners, sent notices to TEP that alleged that TEP had defaulted under the
third-party owners' leases. The notices demanded that TEP pay liquidated damages totaling
approximately US$71 million. In letters to the owner trustees, TEP denied the allegations in the notices.

In April 2015 TEP filed a demand for arbitration with the American Arbitration Association seeking an
award of the owner trustees and co-trustees' share of unreimbursed expenses and capital expenditures
for Springerville Unit 1. In June z015 the third-party owners filed a separate demand for arbitration with
the American Arbitration Association alleging, among other things, that TEP has failed to properly
operate, maintain and make capital investments in Springerville Unit 1 since the leases have expired.
The third-party owners' arbitration demand seeks declaratory judgments, damages in an amount to be
determined by the arbitration panel and the third-party owners' fees and expenses. TEP and the
third-party owners have since agreed to consolidate their arbitration demands into one proceeding.
In August 2015 the third-party owners filed an amended arbitration demand adding claims that TEP has
converted the third-party owners' water rights and certain emission reduction payments and that TEP
is improperly dispatching the third-party owners' unscheduled Springerville Unit 1 power and capacity.

In October 2015 the arbitration panel granted TEP's motion for interim relief, ordering the third-party
trustees and co-trustees to pay TEP their pro-rata share of unreimbursed expenses and capital
expenditures for Springerville Unit 1 during the pendency of the arbitration. The arbitration panel also
denied the third-party owners' motion for interim relief, which had requested that TEP be enjoined from
dispatching the third-party owners' unscheduled Springerville unit 1 power and capacity. TEP has been
scheduling the third-party owners' entitlement share of power from Springerville Unit 1, as permitted
under the Springerville Unit 1 facility support agreement, since June 2015. The arbitration hearing is
scheduled for July 2016.

In November 2015 TEP filed a petition to confirm the interim arbitration order in the Supreme Court of
the State of New York naming the owner trustee and co-trustee as respondents. The petition seeks an
order from the court confirming the interim arbitration order under the Federal Arbitration Act.
In December 2015 the owner trustees filed an answer to the petition and a cross-motion to vacate the
interim arbitration order.

As of December 31, 2015 TEP billed the third-party owners approximately US$23 million for their
pro-rata share of Springerville Unit 1 expenses and US$4 million for their pro-rata share of capital
expenditures, none of which had been paid as of February 17, 2016.

TEP cannot predict the outcome of the claims relating to Springerville Unit 1 and, due to the general
and non-specific scope and nature of the claims, TEP cannot determine estimates of the range of loss,
of any, at this time and, accordingly, no amount has been accrued in the 2015 Audited Consolidated
Financial Statements. TEP intends to vigorously defend itself against the claims asserted by the
third-party owners and to vigorously pursue the claims it has asserted against the third-party owners.

TEP and the third-party owners have agreed to stay these l i t igation matters relating to
Springerville unit 1 in furtherance of settlement negotiations. However, there is no assurance that a
settlement will be reached or that the litigation will not continue.

Navajo Generating Station Lease Extension
Navajo Generating Station is located on a site that is leased from the Navajo Nation with an initial lease
term through 2019. The Navajo Nation signed a lease amendment in 2013 that would extend the lease
from 2019 through 2044. The participants in Navajo Generating Station, including TEP, have not signed
the lease amendment because certain participants have expressed an interest in discontinuing their
participation in Navajo Generating Station. Negotiations between the participants are ongoing, and all
parties will likely agree to the terms. To become effective, this lease amendment must be signed by all
of the participants, approved by the u.s. Department of the Interior, and is subject to environmental
reviews. Once the lease amendment becomes effective, the participants will be responsible for additional
lease costs from the date the Navajo Nation signed the lease amendment. TEP owns 7.5% of Navajo
Generating Station. In 2015, TEP recorded additional estimated lease expense of approximately
US$1 mill ion with the expectation that the lease amendment wil l become effective. As at
December 31, 2015 a total liability of US$3 million (December 31, 2014 - US$2 million) was recognized.
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Environmental Contingencies

San Juan Generating Station
In August 2013, the U.S. Bureau of Land Management proposed regulations that, among other things,
redefine the term "underground mine" to exclude high-wall mining operations and impose a higher
surface mine coal royalty on high-wall mining. SJCC utilized high-wall mining techniques at its surface
mines prior to beginning underground mining operations in January 2003. If the proposed regulations
become effective, SJCC may be subject to additional royalties on coal delivered to San Juan between
August 2000 and January 2003 totaling approximately US$5 million of which TEP's proportionate share
would approximate US$1 million. TEP owns 50% of Units 1 and 2 at San Juan, which represents
approximately 20% of the total generation capacity at San Juan, and is responsible for its share of any
settlements. TEP cannot predict the final outcome of the Bureau of Land Management's proposed
regulations.

In February 2013 WEG filed a petition for Review in the U.S. District Court of Colorado against the OSM
challenging federal administrative decisions affecting seven different mines in four states issued at
various times from 2007 through 2012. In its petition, WEG challenges several unrelated mining plan
modification approvals, which were each separately approved by OSM. of the fifteen claims for relief in
the WEG Petition, two concern SJCC's San Juan mine. WEG's allegations concerning the San Juan mine
arise from OSM administrative actions in 2008. WEG alleges various NEPA violations against OSM,
including, but not limited to, OSM's alleged failure to provide requisite public notice and participation,
alleged failure to analyze certain environmental impacts, and alleged reliance on outdated and
insufficient documents. WEG's petition seeks various forms of relief, including a finding that the federal
defendants violated NEPA by approving the mine plans; voiding, reversing, and remanding the various
mining modification approvals, enjoining the federal defendants from re-issuing the mining plan
approvals for the mines until compliance with NEPA has been demonstrated; and enjoining operations
at the seven mines. SJCC intervened in this matter. SJCC was granted its motion to sever its claims
from the lawsuit and transfer venue to the u.s. District Court for the District of New Mexico, where this
matter is now proceeding. The parties have requested the court to stay this matter until April 2016 in
furtherance of settlement negotiations. If WEG ultimately obtains the relief it has requested, such a
ruling could require significant expenditures to reconfigure operations at the San Juan mine, impact the
production of coal, and impact the economic viability of the San Juan mine and San Juan. TEP cannot
currently predict the outcome of this matter or the range of its potential impact.

Four Corners Generating Station
In October 2011 EarthJustice, on behalf of several environmental organizations, filed a lawsuit in the
u.s. District Court for the District of New Mexico against APS and the other Four Corners Generating
Station participants alleging violations of the prevention of significant deterioration provisions of the
Clean Air Act at Four Corners Generating Station. In January 2012 EarthJustice amended their complaint
alleging violations of New Source Performance Standards resulting from equipment replacements at
Four Corners Generating Station. Among other things, the plaintiffs sought to have the court issue an
order to cease operations at Four Corners Generating Station until any required prevention of significant
deterioration permits are issued and order the payment of civil penalties, including a beneficial mitigation
project. In April 2012, APS filed motions to dismiss with the court for all claims asserted by EarthJustice
in the amended complaint.

TEP owns 7% of Four Corners Generating Station Units 4 and 5 and is liable for its share of any resulting
liabilities. In June 2015 Aps, the operator of Four Corners Generating Station, announced a settlement
with the EPA for outstanding environmental issues related to New Source Review provisions under the
Clean Air Act. The settlement calls for environmental upgrades including selective catalytic reduction
upgrades already planned for under the Regional Haze regulation, environmental mitigation projects,
and civil penalties. A consent decree reflecting terms of the settlement was entered by the court in
August 2015, effectively closing the case. TEP's share of the additional capital, excluding the selective
catalytic reduction upgrades, is approximately US$2 million over the three year period it will take to
construct the upgrades. TEP's share of the annual operations and maintenance expenses is
approximately US$1 million. In addition, TEP recorded less than US$1 million for its share of the
one-time charges for environmental mitigation projects and civil penalties.

In May 2013 the New Mexico Taxation and Revenue Department issued a notice of assessment for coal
severance tax, penalties, and interest totaling US$30 million to the coal supplier at Four Corners. TEP's
share of the assessment is US$1 million based on its ownership percentage. In December 2013, the
coal supplier and Four Corners Generating Station's operating agent filed a claim contesting the validity
of the assessment on behalf of the participants in Four Corners Generating Station, who will be liable
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for their share of any resulting liabilities. In June 2015 the U.S. District Court ruled in favor of the Four
Corners Generating Station's participants. The New Mexico Taxation and Revenue Department filed an
appeal of the decision in August 2015. TEP cannot predict the final outcome or timing of resolution of
these claims.

Mine Reclamation Costs
TEP pays ongoing reclamation costs related to coal mines that supply generating stations in which TEP
has an ownership interest but does not operate. TEP is liable for a portion of final reclamation costs
upon closure of the mines servicing the San Juan, Four Corners and Navajo generating stations. TEP's
share of reclamation costs at all three mines is expected to be US$43 million upon expiration of the coal
supply agreements, which expire between 2019 and 2031. The mine reclamation liability recorded as at
December 31, 2015 was US$25 million (December 31, 2014 - US$22 million), and represents the
present value of the estimated future liability.

Amounts recorded for final reclamation are subject to various assumptions, such as estimations of
reclamation costs, the dates when final reclamation will occur, and the expected inflation rate. As these
assumptions change, TEP will prospectively adjust the expense amounts for final reclamation over the
remaining coal supply agreements' terms. TEP does not believe that recognition of its final reclamation
obligations will be material to TEP in any single year because recognition will occur over the remaining
terms of its coal supply agreements. TEP is permitted to fully recover these costs from retail customers
and, accordingly, these costs are deferred as a regulatory asset.

Human Resources

As at December 31, 2015: (i) TEP employed approximately 1,478 employees, of whom 688 are
represented by IBEW under a collective agreement expiring in January 2019; (ii) UNS Electric employed
145 approximately' employees, of whom 111 are represented by IBEW under collective agreements
expiring in June 2016 and February 2017; and (iii) ans Gas employed approximately 184 employees,
of whom 111 are represented by IBEW under collective agreements expiring February 2017 and
June 2018. UniSource Energy Services Inc., another wholly owned subsidiary of ans Energy, employed
approximately 208 employees, of whom 199 are represented by IBEW under collective agreements
expiring in May 2016, July 2016 and December 2016.

3.1.2 Central Hudson

Central Hudson is a regulated T&D utility serving approximately 300,000 electricity customers and
79,000 natural gas customers in eight counties of New York State's Mid-Hudson River vaIIey.
Central Hudson was acquired by Fortis as part of the acquisition of CH Energy Group in June 2013.

Central Hudson serves a territory comprising approximately 6,734 square kilometres in the
Hudson Valley. Electric service is available throughout the territory, and natural gas service is provided
in and about the cities of Poughkeepsie, Beacon, Newburgh, and Kingston, New York, and in certain
outlying and intervening territories.

Central Hudson's electric transmission system consists of approximately 1,000 kilometres of line.
Central Hudson's electric distribution system consists of approximately 11,600 kilometres of overhead
lines and 2,400 trench kilometres of underground lines, as well as customer service lines and meters.
Central Hudson's electricity system met a peak demand of 1,059 MW in 2015.

Central Hudson's natural gas system consists of approximately 300 kilometres of transmission pipelines
and 2,000 kilometres of distribution pipelines, as well as customer service lines and meters. In 2015
Central Hudson's natural gas system met a peak day demand of 140 TJ.

Market and Sales

Central Hudson's electricity sales were 5,132 GWh for 2015, compared to 5,075 GWh for 2014. Natural
gas sales volumes for 2015 were 24 PJ, compared to 23 PJ for 2014. Revenue was US$691 million for
2015, compared to US$743 million in 2014.
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Central Hudson
Revenue and Electricity Sales by Customer Class

Revenue

(%)

GWh Sales

(%)
2015 2014 2015 2014

Residential 61.0 60.9 40.6 40.3

Commercial 26.4 28.0 38.0 37.8

Industrial 4.0 4.1 19.7 20.1

Other 7.9 6.2 0.7 0.7

Sales for Resale 0.7 0.8 1.0 1.1

Tota | 100.0 100.0 1oo.o 100.0

Central Hudson
Revenue and Gas Volumes by Customer Class

Residential

Revenue

(°/°)

PJ Volumes

(%>
2015 2014 2015 2014

52.9 53.5 26.1 27.1

Commercial 26.5 29.0 33.1 33.9

Industrial 8.3 4.8 20.2 17.2

Other 3.1 1.1 7.7 7.8

Sales for Resale 9.2 11.6 12.9 14.0

Tota | 1oo.o 100.0 1oo.o 100.0

9

¢ The following tables compare the composition of Central Hudson's 2015 and 2014 revenue, electricity
sales and gas volumes by customer class.

Power Supply

Central Hudson relies on purchased capacity and energy from third-party providers, together with its
own minimal generating capacity, to meet the demands of its full-service customers.

Central Hudson is obligated to supply electricity to its retail electric customers. Central Hudson, the
staff of the New York State Public Service Commission and others entered into a settlement agreement
in 1998 with respect to the auction of fossil-fuel generation plants owned by Central Hudson. Under the
settlement agreement, Central Hudson's retail customers may elect to procure electricity from
third-party suppliers or may continue to rely on Central Hudson. As part of its requirement to supply
customers who continue to rely on Central Hudson for their energy supply, Central Hudson entered into
a 10-year revenue sharing agreement with Constellation Energy Group, Inc. in 2011, pursuant to which
Central Hudson shares in a portion of the power sales revenue attributable to Unit No. 2 of the Nine Mile
Point Nuclear Generating Station.

During 2015 Central Hudson entered into agreements to purchase electricity on a unit-contingent basis
at defined prices during peak load periods from June 2015 through August 2016, replacing existing
contracts which expired in March 2015.

In June 2014 Central Hudson entered into a PPA to purchase capacity from the Danskammer Generating
Facility from October 2014 through August 2018, with approximately US$76 million in purchase
commitments remaining as at December 31, 2015.

In November 2013 Central Hudson entered into a PPA to purchase 200 MW of installed capacity from
the Roseton Generating Facility from May 2014 through April 2017, with approximately US$14 million
in purchase commitments remaining as at December 31, 2015.
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1 Costs of electric and natural gas commodity purchases are recovered from customers, without earning
a profit on these costs. Rates are reset monthly based on Central Hudson's actual costs to purchase
the electricity and natural gas needed to serve its full-service customers.

Other Contractual Obligations

CH Energy Group is party to an investment to develop, own and operate electric transmission projects
in New York State. In December 2014 an application was filed with FERC for the recovery of the cost
of, and return on, f ive high-voltage transmission projects totaling US$1.7 bill ion, of which
CH Energy Group's maximum commitment is US$182 million. CH Energy Group issued a parental
guarantee to assure the payment of its maximum commitment. As at December 31, 2015, no payment
obligation was expected under this guarantee.

Litigation

Asbestos Litigation
Prior to and after its acquisition by Fortis, various asbestos lawsuits had been brought against
Central Hudson. While a total of 3,350 asbestos cases have been raised, 1,167 remained pending as at
December 31, 2015. Of the cases no longer pending against Central Hudson, 2,027 have been dismissed
or discontinued without payment by Central Hudson, and it has settled the remaining 156 cases. The
company is presently unable to assess the validity of the remaining asbestos lawsuits, however, based
on information known to Central Hudson at this time, including the Company's experience in the
settlement and/or dismissal of asbestos cases, Central Hudson believes that the costs which may be
incurred in connection with the remaining lawsuits will not have a material effect on its financial position,
results of operations or cash flows and, accordingly, no amount has been accrued in 2015 Audited
Consolidated Financial Statements.

Environmental Contingencies

Former MGP Facilities
Central Hudson and its predecessors owned and operated MGPs to serve their customers' heating and
lighting needs. These plants manufactured gas from coal and oil beginning in the mid to late 1800s with
all sites ceasing operations by the 1950s. This process produced certain by-products that may pose risks
to human health and the environment.

The New York State Department of Environmental Conservation, which regulates the timing and extent
of remediation of MGP sites in New York State, has notified Central Hudson that it believes the company
or its predecessors at one time owned and/or operated MGPs at seven sites in Central Hudson's franchise
territory. The New York State Department of Environmental Conservation has further requested that
the company investigate and, if necessary, remediate these sites under a Consent Order, Voluntary
Clean-up Agreement or Brownfield Clean-up Agreement. Central Hudson accrues for remediation costs
based on the amounts that can be reasonably estimated. As at December 31, 2015, an obligation of
US$92 million (December 31, 2014 - US$105 million) was recognized in respect of MGP remediation
and, based upon cost model analysis completed in 2014, it is estimated, with a 90% confidence level,
that total costs to remediate these sites over the next 30 years will not exceed US$169 million.

Central Hudson has notified its insurers and intends to seek reimbursement from insurers for
remediation, where coverage exists. Further, as authorized by the New York State Public Service
Commission, Central Hudson is currently permitted to defer, for future recovery from customers,
differences between actual costs for MGP site investigation and remediation and the associated rate
allowances, with carrying charges to be accrued on the deferred balances at the authorized pre-tax rate
of return.

Human Resources

As at December 31, 2015, Central Hudson employed approximately 966 employees, of whom 566 are
represented by IBEW under a collective agreement expiring April 30, 2017.
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FortisBC Energy
Revenue and Gas Volumes by Customer Class

Revenue

(°/°)

PJ Volumes

(°/°)
2015 2014 2015 2014

Residential 56.8 56.2 36.0 36.9

Commercia I 29.1 30.2 23.1 23.1

Industrial 1.7 2.7 1.6 2.1

Transportation 7.8 6.8 33.9 31.8

Other (1) 4.6 4.1 5.4 6.1

Tota | 1oo.o 100.0 1oo.o 100.0

q

1 3.2 Regulated Gas utility - Canadian

3.2.1 FortisBC Energy

FortisBC Energy is the largest distributor of natural gas in British Columbia, serving approximately
982,000 residential, commercial and industrial and transportation customers in more than 135
communities. Major areas served by FortisBC Energy include the Lower Mainland, Vancouver Island and
Whistler regions of British Columbia.

In addition to providing T&D services to customers, FortisBC Energy also obtains natural gas supplies
on behalf of most residential, commercial and industrial customers.

FortisBc Energy owns and operates approximately 48,000 kilometres of natural gas pipelines and met
a peak day demand of 1,074 TJ in 2015.

Market and Sales

FortisBc Energy's natural gas sales volumes were 186 PJ in 2015, compared to 195 PJ in 2014.
Revenue decreased from $1,435 million in 2014 to $1,295 million in 2015.

The following table compares the composition of FortisBC Energy's 2015 and 2014 revenue and natural
gas volumes by customer class.

Zu Includes amounts under Fixed-revenue contracts and revenue from sources other than from the sale of
natural gas.

Gas Purchase Agreements

In order to ensure supply of adequate resources to provide reliable natural gas deliveries to its
customers, FortisBc Energy purchases natural gas supply from counterparties, including producers,
aggregators and marketers. These counterparties adhere to standards of counterparty creditworthiness
and contract execution and/or management policies. FortisBC Energy contracts for approximately 136 PJ
of caseload and seasonal supply, of which the majority is sourced in north east British Columbia and
transported on Spectra Energy's Westcoast Pipeline Transmission-South pipeline system. The remainder
is sourced in Alberta and transported on Transcanada's pipeline transportation system.

FortisBC Energy procures and delivers natural gas directly to core market customers. Transportation
only customers are responsible to procure and deliver their own natural gas to the FortisBc Energy
system and FortisBC Energy then delivers the gas to the operating premises of these customers.
FortisBC Energy contracts for transportation capacity on third party pipelines, such as Spectra and
TransCanada, to transport gas supply from various market hubs to FortisBc Energy's system. These
third-party pipelines are regulated by the NEB. FortisBC Energy pays both fixed and variable charges
for the use of transportation capacity on these pipelines, which are recovered through rates paid by
FortisBC Energy's core market customers. FortisBc Energy contracts for firm transportation capacity in
order to ensure it is able to meet its obligation to supply customers within its broad operating region
under all reasonable demand scenarios.
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Gas Storage and Peak-Shaving Arrangements

FortisBC Energy incorporates peak shaving and gas storage facilities into its portfolio to:

(0

(ii)
(iii)
(iv)

supplement contracted caseload and seasonal gas supply in the winter months while injecting
excess caseload supply to refill storage in the summer months,
mitigate the risk of supply shortages during cooler weather and a peak day,
manage the cost of gas during the winter months, and
balance daily supply and demand on the distribution system during periods of peak use that
occur over the course of the winter months.

FortisBc Energy holds approximately 35.3 PJs of total storage capacity. FortisBC Energy owns Tilbury
and Mount Hayes LNG peak shaving facilities, which provide on-system storage capacity and
deliverability. FortisBC Energy also contracts for underground storage capacity and deliverability from
third parties in north east British Columbia, Alberta and the Pacific Northwest of the United States. On
a combined basis, FortisBC Energy's Tilbury and Mount Hayes facilities, the contracted storage facilities,
and other peaking arrangements can deliver up to 0.74 PJs per day of supply to FortisBc Energy on the
coldest days of the heating season. The heating season typically occurs during the December through
February period.

Off-system Sales

FortisBC Energy engages in off-system sales activities that allow for the recovery or mitigation of costs
of any unutilized supply and/or pipeline and storage capacity that is available once customers' daily load
requirements are met.

Under the GSMIP revenue sharing model, which is approved by the BCUC, FortisBC Energy can earn an
incentive payment for mitigation activities. Historically, FortisBC Energy has earned approximately
$1.0 million annually through GSMIP, while the remaining savings are credited back to customers
through reduced rates. Subject to the BCUC's approval, FortisBc Energy earned an incentive payment
of approximately $2.0 million in respect of the gas contract year ended October 31, 2015.

The current GSMIP program was approved by the BCUC following a comprehensive review in 2011. In
2013, the BCUC approved an extension of the program until October 31, 2016.

Price-Risk Management Plan

FortisBC Energy engages in price-risk management activities to mitigate the impact to customer rates
of fluctuations in natural gas prices. These activities include physical gas purchasing and storage
strategies as well as FortisBc Energy's current quarterly commodity rate-setting and deferral account
mechanism. Prior to 2010, FEI also typically included the use of derivative instruments which were
implemented pursuant to an annual price risk management plan reviewed and approved by the BCUC.
Following a comprehensive review process, in July 2011 the BCUC directed FEI to suspend the majority
of its natural gas commodity hedging activities. All hedges that had been in place from previously
approved PRMPs prior to the suspension of the hedging strategy, expired in 2014.

During 2015, FortisBC Energy conducted a series of workshops with stakeholders to provide background
and education and obtain feedback regarding FortisBC Energy's current price-risk management activities
and possible strategies and options it could pursue in the future. Subsequently, FortisBC Energy filed
the 2015 Price-Risk Management Application on December 23, 2015 with the BCUC which included
FortisBC Energy's request to implement a medium-term hedging program and commodity rate-setting
enhancements. FortisBC Energy is currently awaiting the BCUC's determination regarding the review
process for this application.

Unbundling

A Customer Choice program at FortisBc Energy allows eligible commercial and residential customers a
choice to buy their natural gas commodity supply from FortisBC Energy or directly from third-party
marketers. FortisBc Energy continues to provide the delivery service of the natural gas to all its
customers.
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The program has been in place since November 2004 for commercial customers and November 2007
for residential customers. For the year ended December 31, 2015, approximately 4% of eligible
commercial customers and 3% of eligible residential customers participated in the program by
purchasing their commodity supply from alternate providers.

Legal Proceedings

In April 2013 FHI, the parent of FortisBC Energy, and Fortis were named as defendants in an action in
the B.C. Supreme Court by the Cold water Indian Band. The claim is in regard to interests in a pipeline
right of way on reserve lands. The pipeline on the right of way was transferred by FHI
(then Terasen Inc.) to Kinder Morgan Inc. in April 2007. The Coldwater Indian Band seeks orders
cancelling the right of way and claims damages for wrongful interference with its use and enjoyment of
reserve lands. The outcome cannot be reasonably determined and estimated at this time and,
accordingly, no amount has been accrued in the consolidated financial statements.

Human Resources

As at December 31, 2015, FortisBc Energy had approximately 1,620 full-time equivalent employees.
Approximately 70% of the employees are represented by IBEW and COPE under collective agreements.
The IBEW collective agreement came into effect on April 1, 2015 and expires on March 31, 2019. There
are two collective agreements between COPE and FortisBC Energy which expire March 31, 2017 and
March 31, 2018, respectively.

3.3 Regulated Electric Utilities - Canadian

FortisAIberta3.3.1

FortisAlberta is a regulated electricity distribution utility operating in Alberta. Its business is the
ownership and operation of regulated electricity distribution facilities that distribute electricity,
generated by other market participants, from high-voltage transmission substations to end-use
customers. FortisAlberta is not involved in the generation, transmission or direct sale of electricity.
FortisAlberta operates the electricity distribution system in a substantial portion of southern and central
Alberta, totaling approximately 121,000 kilometres of distribution lines. Many of FortisAlberta's
customers are located in rural and suburban areas around and between the cities of Edmonton and
Calgary. FortisAlberta's distribution network serves approximately 539,000 customers, comprising
residential, commercial, farm, oil and gas and industrial consumers, and met a peak demand of
2,733 MW in 2015.

Market and Sales

FortisAlberta's annual energy deliveries decreased from 17,372 GWh in 2014 to 17,132 GWh in 2015.
Revenue was $563 million in 2015 compared to $518 million in 2014.

As a significant portion of FortisAlberta's distribution revenue is derived from fixed or largely fixed billing
determinants, changes in quantities of energy delivered are not entirely correlated with changes in
revenue. Revenue is a function of numerous variables, many of which are independent of actual
energy deliveries.
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FortisAIberta
Revenue and Energy Deliveries by Customer Class

Revenue

(°/°)
1)GWh Deliveries

(°/°)
2015 2014 2015 2014

Residential 29.4 30.5 17.5 17.1

Large commercial, industrial and
oil field 21.9 21.5 60.7 61.3

Farms 13.5 11.8 7.9 7.5

Small commercial 12.0 10.8 s.o 8.0

Small oil field 9.6 8.1 5.5 5.7

Other (2) 13.6 17.3 0.4 0.4

Total 1oo.o 100.0 1oo.o 100.0

1 The following table compares the composition of FortisAlberta's 2015 and 2014 revenue and energy
deliveries by customer class.

(1)

(2)

GWh percentages exclude FortisAlberta's GWh deliveries to "transmission-eonnected" customers. These
deliveries were 6,663 GWh in 2015 and 7,076 GWh in 2014, based on interim settlement tat is expected to be
Finalized inMay 2016, and consisted primarily of energy deliveries to large-scale industrial customers directly
connected to the transmission grid.
Includes revenue from sources other tan the delivery of energy, including that related to street-lighting
services, rate riders, deferrals and adjustments.

Franchise Agreements

FortisAIberta serves customers residing within various municipalities throughout its service areas. From
time to time, municipal governments in Alberta give consideration to creating their own electric
distribution utilities by purchasing the assets of FortisAlberta located within their municipal boundaries.
Upon the termination, or in the absence, of a franchise agreement, a municipality has the right, subject
to AUC approval, to purchase FortisAlberta's assets within its municipal boundaries pursuant to the
Municipal Government Act (Alberta), with the price to be as agreed by FortisAlberta and the municipality,
failing which it is to be determined by the AUC. Additionally, under the Hydro and Electric Energy Act
(Alberta), if a municipality that owns an electric distribution system expands its boundaries, it can
acquire FortisAlberta's assets in the annexed area. In such circumstances, the Hydro and Electric Energy
Act (Alberta) provides that the AUC may determine that the municipality should pay compensation to
FortisAlberta for any facilities transferred on the basis of replacement cost less depreciation. Given the
historical population and economic growth of Alberta and its municipalities, FortisAlberta is affected by
transactions of this type from time to time.
FortisAlberta holds franchise agreements with 156 municipalities within its service area. The franchise
agreement template includes a 10-year term with an option that will permit the agreement to
automatically renew for a further five years. To date, FortisAlberta has converted over 90% of the
municipalities within its service area to the new franchise agreement. The current 10-year terms will
not expire until 2023 and beyond.

Human Resources

As at December 31, 2015, FortisAlberta had approximately 1,162 full-time equivalent employees.
Approximately 80% of the employees of FortisAlberta are members of the uuwA and represented by
a collective agreement that expires on December 31, 2017.

3.3.2 FortisBc Electric

FortisBC Electric is an integrated electric utility that owns hydroelectric generating plants, high voltage
transmission lines, and a large network of distribution assets, all of which are located in the southern
interior of British Columbia. FortisBC Electric serves a diverse mix of approximately 168,000 customers,
of whom approximately 132,000 are served directly by FortisBC Electric in Kelowna, Oliver, Osoyoos,
Trail, Castlegar, Creston and Rossland, while the remainder are served through the wholesale supply of
power to municipal distributors in the communities of Summerland, Penticton, Grand Forks and Nelson,
as well as to Bc Hydro. In 2015, FortisBc Electric met a peak demand of 624 MW. Residential customers
represent the largest customer class of the company. FortisBC Electric's T&D assets include
approximately 7,200 kilometres of T&D lines and 65 substations.
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FortisBC Electric
Revenue and Electricity Sales by Customer Class

Revenue

(°/°)

GWh Sales

(°/°)
2015 2014 2o15 2014

Residential 45.3 48.4 40.2 41.2

Commercial 24.0 24.7 29.1 28.9

Wholesale 12.2 13.0 18.6 18.1

Industrial 8.3 9.0 12.1 11.8

Other (1) 10.2 4.9

Total 1oo.o 100.0 1oo.o 100.0

Plant Capaciw (MW) Owners

Canal Plant 580 Be Hydro

Waneta Dam 256 Be Hydro

Waneta Dam 237 Teck Metals Ltd.

Waneta Expansion 335 Waneta Partnership

Kootenay River System 225 FortisBC Electric

Brilliant Dam 149 BPC

Brilliant Expansion 120 BEPC

Total 1,9oz

FortisBC Electric also includes the operating, maintenance and management services relating to the
493-MW Waneta hydroelectric generating facility owned by Teck Metals Ltd. and Bc Hydro,
the 335-MW Waneta Expansion, owned by Fortis and CPC/CBT, the 149-MW Brilliant hydroelectric plant
and the 120-MW Brilliant hydroelectric expansion plant, both owned by CPC/CBT, and the 185-MW
Arrow Lakes hydroelectric plant owned by CPC/CBT.

Market and Sales

FortisBC Electric has a diverse customer base composed of residential, commercial, industrial and
municipal wholesale, and other industrial customers. Electricity sales were 3,116 GWh in 2015,
compared to 3,179 GWh in 2014. Revenue increased to $360 million in 2015 from $334 million in 2014.

The following table compares the composition of FortisBc Electric's 2015 and 2014 revenue and
electricity sales by customer class.

(1) Includes revenue from sources other than from the sale of electricity, including revenue of
FortisBC Pacific Holdings Inc. associated with non-regulated operating, maintenance and managementservices.

Generation and Power Supply

FortisBc Electric meets the electricity supply requirements of its customers through a mix of its own
generation and power purchase contracts. The company owns four regulated hydroelectric generating
plants on the Kootenay River with an aggregate capacity of 225 MW, which provide approximately 45%
of the company's energy needs and 30% of its peak capacity needs. FortisBC Electric meets the balance
of its requirements through a portfolio of long-term and short-term PPAs.

FortisBC Electric's four hydroelectric generating facilities are governed by the multi-party CPA that
enables the six separate owners of nine major hydroelectric generating plants, with a combined capacity
of approximately 1,900 MW and located in relatively close proximity to each other, to coordinate the
operation and dispatch of their generating plants.

The following table lists the plants and their respective capacity and owner.
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i BPC, BEPC, Teck Metals Ltd. and FortisBC Electric are collectively defined in the CPA as the
entitlement parties. The CPA enables Be Hydro and the entitlement parties to generate more power
from their respective generating plants than they could if they operated independently through
coordinated use of water flows, subject to the 1961 Columbia River Treaty between Canada and the
United States, and coordinated operation of storage reservoirs and generating plants. Under the CPA,
BC Hydro takes into its system all power actually generated by the plants listed in the table above. In
exchange for permitting Bc Hydro to determine the output of these facilities, each of the
entitlement parties is contractually entitled to a fixed annual entitlement of capacity and energy from
Bc Hydro, which is based on 50-year historical water flows. The entitlement parties receive their defined
entitlements irrespective of actual water flows to the entitlement parties' generating plants. Bc Hydro
enjoys the benefits of the additional power generated through coordinated operation and optimal use of
water flows. The entitlement parties benefit by knowing years in advance the amount of power that they
will receive from their generating plants and therefore do not face hydrology variability in generation
supply planning. However, FortisBc Electric retains rights to its original water licenses and flows in
perpetuity. Should the CPA be terminated, the output of FortisBc Electric's Kootenay River system plants
would, with the water and storage authorized under its existing licences and on a long-term average,
be approximately the same power output as FortisBc Electric receives under the CPA. The CPA does
not affect FortisBC Electric's ownership of its physical generation assets. The CPA continues in force
until terminated by any of the parties by giving no less than five years' notice at any time on or after
December 31, 2030.

FortisBC Electric's remaining electricity supply is acquired through the following power purchase
contracts:

i. a 149-MW long-term PPA with BPC terminating in 2056 (Brilliant PPA);
ii. a 200-MW PPA with BC Hydro terminating in 2033 (BC Hydro PPA);
iii. a capacity and energy purchase agreement with CPC, for a total of 78,500 MWh from 2013

through 2017 (Brilliant Expansion Capacity and Energy Purchase Agreement);
iv. a number of small power purchase contracts with independent power producers;
v. spot market and contracted capacity purchases, and
vi. a 40-year agreement to purchase 234 MW of capacity from the WECA.

These purchase contracts have been accepted by the BCUC and prudently incurred costs thereunder
flow through to customers through FortisBc Electric's electricity rates.

Brilliant PPA
Under the Brilliant PPA, FortisBc Electric has agreed to purchase from BPC, on a long-term basis: (i) the
entitlement allocated to the Brilliant hydroelectric plant; and (ii) after the expiration of the CPA, the
actual electrical output generated by the Brilliant hydroelectric plant. While the total entitlement is
985,000 Mwh, FortisBC Electric does not purchase the approximate 60,000 MWh of regulated flow
upgrade entitlement under the Brilliant PPA. However, FortisBc Electric has entered into another
agreement with CPC for this energy over a five-year period, as discussed below. The Brilliant PPA uses
a take-or-pay contract structure, which requires that FortisBc Electric pay for the Brilliant hydroelectric
plant's entitlement, irrespective of whether FortisBc Electric actually takes Ir. FortisBC Electric does not
foresee any circumstances under which FortisBC Electric would be required to pay for power that it does
not require. During the first 30 years of the Brilliant PPA term, FortisBC Electric pays to BPC an amount
that covers the operation and maintenance costs of the Brilliant hydroelectric plant and provides a return
on capital, including original purchase costs, sustaining capital costs and any life-emension investments.
During the second 30 years of the Brilliant PPA term, commencing in 2026, an adjustment using a
market-price mechanism based on the depreciated value of the Brilliant hydroelectric plant and
then-prevailing operating costs will be made to the amounts payable by FortisBC Electric.
The Brilliant PPA provided FortisBC Electric with approximately 27% of its energy requirements in 2015.

BC Hydro PPA
FortisBC Electric is a party to the Be Hydro PPA, which provides FortisBC Electric with additional
electricity for purposes of supplying its load requirements, up to a maximum demand of 200 MW. Energy
bought pursuant to the Bc Hydro PPA provided approximately 15% of FortisBC Electric's energy
requirements in 2015. The current Bc Hydro PPA was approved by the BCUC in May 2014 and expires
in September 2033.
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Brilliant Expansion Capacity and Energy Purchase Agreement
In November 2012, FortisBc Electric entered into an agreement to purchase CPC's unused capacity and
energy entitlements from 2013 to 2017. The entitlements are from the Brilliant hydroelectric plant and
the Brilliant hydroelectric expansion plant, including the 60,000 MWh from the Brilliant hydroelectric
plant that is not included in the Brilliant PPA. The agreement is for a total of 78,500 MWh and provided
approximately 2% of FortisBc Electric's energy requirements in 2015.

Smal/ Power Purchase Contracts
FortisBc Electric has a number of small power purchase contracts with independent power producers,
which collectively provided less than 1% of FortisBc Electric's energy supply requirements in 2015.
The majority of these contracts have been accepted by the BCUC.

Spot Market and Contracted Capacity Purchases
During 2014, FortisBc Electric purchased capacity and energy from the market to meet its peak energy
requirements and optimize its overall power supply portfolio. To facilitate market transactions going
forward, FortisBC Electric entered into the CEPSA with Powerex Corp. which was approved by the BCUC
in April 2015. The CEPSA is a master agreement that sets the terms and conditions for future market
transactions entered into by FortisBc Electric with Powerex Corp. The CEPSA became effective
May 1, 2015 and expires on September 30, 2018, unless extended by a mutual agreement. Spot market
and contracted purchases provided approximately 8% of FortisBC Electric's energy supply requirements
in 2015.

WECA
The Corporation entered into the WECA to purchase capacity from the Waneta Expansion.
The Waneta Expansion is owned and operated by a limited partnership, the limited partners of which
are Fortis, which owns a 51% interest, and a wholly owned subsidiary of each of CPC/CBT. The WECA,
which was approved by the BCUC in May 2012, allows FortisBC Electric to purchase capacity over a
40 year period as of April 2, 2015.

Legal Proceedings

The Government of British Columbia filed a claim in the B.C. Supreme Court in June 2012 claiming on
its behalf, and on behalf of approximately 17 homeowners, damages suffered as a result of a landslide
caused by a dam failure in Oliver, British Columbia in 2010. The Government of British Columbia alleges
in its claim that the dam failure was caused by the defendants', which include FortisBC Electric, use of
a road on top of the dam. The Government of British Columbia estimates its damages and the damages
of the homeowners, on whose behalf it is claiming, to be approximately $15 million. While
FortisBC Electric has notified its insurers, it has been advised by the Government of British Columbia
that a response to the claim is not required at this time. The outcome cannot be reasonably determined
and estimated at this time and, accordingly, no amount has been accrued in the 2015 Audited
Consolidated Financial Statements.

Human Resources

As at December 31, 2015, FortisBC Electric had approximately 507 full-time equivalent employees.
Approximately 70% of the employees are represented by IBEW and COPE. The IBEW collective
agreement expires January 31, 2018. FortisBc Electric's two COPE collective agreements expire
March 31, 2017 and December 31, 2018.

3.3.3 Eastern Canadian Electric Utilities

Eastern Canadian Electric Utilities are comprised
Maritime Electric and FortisOntario.

of the operations of Newfoundland Power,

Newfoundland Power is an integrated electric utility and the principal distributor of electricity on the
island portion of Newfoundland and Labrador, serving approximately 262,000 customers in
approximately 600 communities. Newfoundland Power has installed generating capacity of 139 MW and
met a peak demand of 1,359 MW in 2015. Newfoundland Power owns and operates approximately
12,000 kilometres of T&D lines.

The Corporation, through Fortiswest, holds all of the common shares of Maritime Electric, an integrated
electric utility and the principal distributor of electricity on PEI, serving approximately 78,000 customers,
constituting approximately 90% of electricity consumers on PEI. Maritime Electric purchases most of the
energy it distributes to its customers from NB Power, a New Brunswick Crown corporation, through
various energy purchase agreements. Maritime Electric owns and operates on-Island generating plants

27

I' l l  I



Eastern Canadian Electric Utilities
Revenue and Electrician Sales by Customer Class

Revenue

(°/0)
GWh Sales

(°/°)
2015 2014 2o15 2014

Residential 56.6 56.1 56.9 56.4
Commercial and Industrial 40.1 41.1 43.0 43.5
Other (1) 3.3 2.8 0.1 0.1
Total 1oo.o 100.0 1oo.o 100.0

4

with a combined capacity of 150 MW on PEI and met a peak demand of 264 MW in 2015.
Maritime Electric owns and operates approximately 5,800 kilometres of T&D lines.

FortisOntario provides integrated electric utility service to approximately 65,000 customers in Fort Erie,
Cornwall, Gananoque, Port Colborne and the District of Algoma in Ontario. FortisOntario's operations
are comprised of Canadian Niagara Power, Cornwall Electric and Algoma Power. FortisOntario also owns
a 10% interest in certain regional electric distribution companies serving approximately
40,000 customers. FortisOntario met a combined peak demand of 260 MW in 2015. FortisOntario owns
and operates approximately 3,600 kilometres of T&D lines.

Market and Sales

Electricity sales attributable to the Eastern Canadian Electric Utilities were 8,403 GWh in 2015 compared
to 8,376 GWh in 2014. Revenue was $1,033 million in 2015 compared to $1,008 million in 2014.

The following table compares the composition of revenue and electricity sales by customer class at
Eastern Canadian Electric Utilities in 2015 and 2014.

(1) Includes revenue from sources other than from the sale of electricity.

Power Supply

Newfoundland Power
Approximately 93% of Newfoundland Power's energy requirements are purchased from
Newfoundland Hydro. The principal terms of the supply arrangements with Newfoundland Hydro are
regulated by the NL PUB on a basis similar to that upon which Newfoundland Power's service to its
customers is regulated.

The purchased power rate structure is the basis upon which Newfoundland Hydro charges
Newfoundland Power for purchased power and includes charges for both demand and energy purchased.
The demand charge is based on applying a rate to the peak-billing demand for the most recent winter
season. The energy charge is a two-block charge with a higher second-block charge set to reflect
Newfoundland Hydro's marginal cost of generating electricity.

Newfoundland Hydro has a general rate application before the NL PUB which will establish a new
wholesale rate for Newfoundland Power. The outcome of this application, and future changes in supply
costs, including costs associated with Nalcor Energy's Muskrat Falls hydroelectric generation
development and associated transmission assets, may affect electricity prices in a manner that affects
Newfoundland Power's sales. The recovery of Muskrat Falls development costs are expected to materially
increase customer electricity rates.

Newfoundland Power experienced losses of electricity supply from Newfoundland Hydro in January 2013
and January 2014, which disabled Newfoundland Power from meeting all of its customers' requirements.
The NL PUB is conducting an inquiry and hearing into these system supply issues and power
interruptions. To the extent it is able, Newfoundland Power intends to participate in these reviews in
2016. The NL PUB's final report on the adequacy and reliability of the Island Interconnected system until
interconnection with Muskrat Falls is currently outstanding. A consideration of longer term issues
associated with adequacy and reliability on the Island Interconnected system after interconnection with
Muskrat Falls is ongoing. The Government of Newfoundland and Labrador has engaged consultants to
complete an independent review of the electricity system in Newfoundland and Labrador. The
consultant's report, released on October 30, 2015, indicated that Newfoundland Power's operations were
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substantially in compliance with industry best practice and that the NL PUB's oversight of the company
appears to provide regulatory predictability and certainty.

Newfoundland Power operates 28 small generating facilities, which generate approximately 7% of the
electricity sold by the company. Newfoundland Power's hydroelectric generating plants have a total
capacity of 97 MW. The diesel plants and gas turbines have a total capacity of approximately 5 MW and
37 MW, respectively.

Maritime Electric
Maritime Electric purchased 75% of the electricity required to meet its customers' needs from NB Power
in 2015. The balance was met through the purchase of wind energy produced on PEI by facilities owned
by the PEI Energy Corporation and from company-owned on-Island generation. Maritime Electric's
on-Island generation facilities are used primarily for peaking, submarine-cable loading issues and
emergency purposes.

Maritime Electric has two take-or-pay contracts for the purchase of either energy or capacity: (i) a fixed
pricing contract with NB Power expiring February 28, 2019, and (ii) a transmission capacity contract
allowing Maritime Electric to reserve 30 MW of capacity to PEI expiring November 2032. As well,
Maritime Electric has an Energy Purchase Agreement with NB Power expiring in February 2019.

Maritime Electric has entitlement to approximately 4.55% of the output from NB Power's Point Lepreau
Nuclear Generating Station for the life of the unit and as part of its entitlement is required to pay its
share of the capital and operating costs of the unit.

Fortisontario
The power requirements of FortisOntario's service areas are provided from various sources.
Canadian Niagara Power purchases its power requirements for Fort Erie and Port Colborne from IESO.
Canadian Niagara Power purchases approximately 80% of energy requirements for Gananoque through
monthly energy purchases from Hydro One Networks Inc. and the remaining 20% is purchased, through
the Hydroelectric Contract Initiative, from the five hydroelectric generating plants of  the
EO Generation LP. Algoma Power purchases 100% of its energy from IESO.

Under the Standard Supply Code of the OEB, Canadian Niagara Power and Algoma Power are obliged to
provide Standard Service Supply to all its customers who do not choose to contract with an electricity
retailer. This energy is provided to customers at either regulated or market prices.

Cornwall Electric purchases substantially all of its power requirements from Hydro-Québec Energy
Marketing under two fixed-term contracts. The first contract provides approximately 237 GWh of energy
per year and up to 45 MW of capacity at any one time. The second contract provides 100 MW of capacity
and energy and provides a minimum of 300 GWh of energy per year. Both contracts expire in
December 2019.

Human Resources

Newfoundland Power
As at December 31, 2015, Newfoundland Power had approximately 653 full-time equivalent employees,
and approximately 49% of its employees were represented by IBEW under two collective agreements
expiring September 30, 2017. One bargaining unit is composed predominately of clerical employees and
the other predominately of skilled trade workers.

Maritime Electric
As at December 31, 2015, Maritime Electric had approximately 182 full-time equivalent employees, of
whom approximately 70% were represented by IBEW under a collective agreement expiring
December 31, 2018.

FortisOntario
As at December 31, 2015, FortisOntario had approximately 198 full-time equivalent employees, of whom
approximately 58% were represented by CUPE, in Cornwal l ,  IBEW  in the Niagara region and
Gananoque, and Power Workers Union, a CUPE affil iate, in the Algoma region. The expiry dates of
the collective agreements are April 30, 2016, February 29, 2016 and July 31, 2016, and
December 31, 2016, respectively.
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Regulated Electric Utilities - Caribbean 1
Revenue and Electricity Sales by Customer Class

Revenue

(°/°)

GWh Sales
(%)

2015 2014 2015 2014

Residential 42.9 44.0 43.0 42.6

Commercial and Industrial 56.2 54.9 57.0 57.4

Other (2) 0.9 1.1 -

Total 100.0 100.0 1oo.o 100.0

41 3.4 Regulated Electric Utilities - Caribbean

The Regulated Electric Utilities - Caribbean segment includes Caribbean Utilities,
Fortis Turks and Caicos, and the Corporation's 33% equity investment in Belize Electricity.

Caribbean Utilities is an integrated electric utility and the sole provider of electricity on Grand Cayman,
Cayman Islands, serving approximately 28,000 customers. The company met a peak demand of
101 MW in 2015. Caribbean Utilities owns and operates more than 700 kilometres of T&D lines,
including 24 kilometres of submarine cable. Fortis holds an approximate 60%
(December 31, 2014 - 60%) controlling ownership interest in the utility. Caribbean Utilities is a public
company traded on the TSX (TSX:CUP.U).

Fortis Turks and Caicos is comprised of two integrated electric utilities serving approximately
14,000 customers on certain islands in Turks and Caicos. The utilities met a combined peak demand of
approximately 38 MW in 2015. Fortis Turks and Caicos owns and operates approximately
600 kilometres of T&D lines.

Market and Sales

Electricity sales of Regulated Electric Utilities - Caribbean were 802 GWh in 2015, compared to 771 GWh
in 2014. Revenue was $321 million in both 2015 and 2014.

The following table compares the composition of revenue and electricity sales by customer class at the
Regulated Electric Utilities - Caribbean for 2015 and 2014.

?1)

(2)
Excludes Belize Electricity.
Includes revenue from sourcesother than from the sale of electricity.

Power Supply

Caribbean Utilities relies upon in-house diesel-powered generation to produce electricity for
Grand Cayman. Grand Cayman has neither hydroelectric potential nor inherent thermal resources and
it must rely upon diesel fuel imported to Grand Cayman primarily from refineries in the Caribbean and
the Gulf of Mexico. Caribbean Utilities has an installed diesel-powered generating capacity of
approximately 132 MW.

Caribbean Utilities is party to primary and secondary fuel supply contracts with two different suppliers
and is committed to purchasing approximately 60% and 40%, respectively, of Caribbean Utilities' diesel
fuel requirements for the operation of its diesel-powered generating plant. Each contract was renewed
for an additional 18-month term in September 2014 and is under negotiation for renewal in March 2016.
The approximate combined quantity under the contracts for 2016 is 20 million imperial gallons. These
contracts enable Caribbean utilities to purchase fuel from the suppliers on what it believes to be
competitive terms and pricing. The fuel contracts include disaster recovery and business continuity plans
in the event of foreseeable disruptions to fuel supplies to reduce the impact on
Caribbean Utilities' operations.

In October 2014 the ERA announced that Caribbean Utilities was the successful bidder for new
generation capacity. Caribbean Utilities will develop and operate a new 39.7 MW diesel power plant,
including two 18.5 MW diesel-generating units and a 2.7 MW waste heat recovery steam turbine and
associated auxiliary equipment. The project cost is estimated at US$85 million and the plant is expected
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Non-Regulated - Fortis Generation
Assets

Location Plants Fuel Capacity (MW)
Belize 3 hydro 51
British Columbia 2 had ro 351

Ontario 1 thermal 5

Total 6 407

* to be commissioned mid-2016. Subsequently, in November 2014 the ERA issued a new non-exclusive
Electricity Generation License to Caribbean Utilities for a term of 25 years, expiring in November 2039.

Fortis Turks and Caicos relies upon in-house diesel-powered generation, with an installed generating
capacity of 82 MW, to produce electricity for its customers. In September 2015 the third Wartsila
generating unit was placed into commercial production.

Fortis Turks and Caicos has a renewable contract with a major supplier for all of its diesel fuel
requirements associated with the generation of electricity. The approximate fuel requirements under
this contract are 12 million imperial gallons per annum.

Human Resources

As at December 31, 2015, Regulated Electric Utilities - Caribbean employed approximately 356 full-time
equivalent employees. The 201 employees at Caribbean Uti l i t ies and 155 employees at
Fortis Turks and Caicos are non-unionized.

3.5 Non-Regulated - Fortis Generation

The following table summarizes the Corporation's non-regulated generation assets by location.

The hydroelectric generation operations in Belize are conducted through the Corporation's indirectly
wholly owned subsidiary BECOL under a franchise agreement with the GOB. The non-regulated
generation operations of BECOL consist of the 25-MW Mollejon, 7-MW Chalillo and 19-MW Vaca
hydroelectric generating facilities. All of the output of these facilities is sold to Belize Electricity under
50-year PPAs expiring in 2055 and 2060.

The non-regulated generation operations of FortisBC Inc. include the 16-MW run-of-river
Walden hydroelectric generating facility near Lillooet, British Columbia. All of the output of the facility is
sold to Bc Hydro under a long-term contract that cannot be terminated prior to 2024. As at
December 31, 2015, the Walden hydroelectric generating facility has been classified as held for sale.

Non-regulated generation operations in British Columbia also include the Corporation's 51% controlling
ownership interest in the Waneta Partnership, with CPC/CBT holding the remaining 49% interest.
Construction of the $900 million, 335-MW Waneta Expansion was completed on April 1, 2015, ahead of
schedule and on budget. Construction of the Waneta Expansion, which is adjacent to the Waneta Dam
and powerhouse facilities on the Pend d'oreille River, south of Trail, British Columbia, commenced late
in 2010. The expansion added a second powerhouse, immediately downstream of the Waneta Dam on
the Pend d'Oreille River; that shares the existing hydraulic head and generates clean, renewable,
cost-effective power from water that would otherwise be spilled. The project also included construction
of a 10-kilometre, 230-kilovolt transmission line. On April 2, 2015, the Waneta Expansion began
generating power all of which is being sold to Bc Hydro and FortisBc Electric under 40-year contracts.
FortisBc Electric operates and maintains the non-regulated investment.

Non-regulated generation operations of FortisOntario are comprised of the operation of a
5-MW gas-powered cogeneration plant in Cornwall. All thermal energy output of this plant is sold to
external third parties, while the electricity output is sold to Cornwall Electric.

In June 2015 and July 2015 the Corporation sold its non-regulated hydro generation assets in
Upstate New York and Ontario, respectively.
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Non-Regulated - Fortis Generation
Revenue and Energy Sales by Location

Revenue

(°/°)
GWh Sales

(°/°)
2015 2014 2015 2014

Belize 28.1 71.0 26.8 60.3
Ontario 3.6 13.2 4.1 13.2
British Columbia 67.4 5.5 65.6 8.3
Upstate New York 0.9 10.3 3.5 18.2

Total 1oo.o 100.0 100.0 100.0

Market and Sales

Energy sales from non-regulated generation assets were 844 GWh in 2015 compared to 407 GWh in
2014. Revenue was $107 million in 2015 compared to $38 million in 2014. Energy sales and revenue
in 2015 were impacted by the completion of Waneta Expansion and the sale of the non-regulated hydro
generation assets in Upstate New York and Ontario.

The following table compares the composition of Fortis Generation's 2015 and 2014 revenue and energy
sales by location.

Human Resources

As at December 31, 2015, BECOL employed approximately 34 full-time employees, none of whom
participate in a collective agreement. Non-regulated generation operations in Ontario and
British Columbia are staffed by employees of FortisOntario and FortisBc Inc., respectively.

3.6 Non-Regulated - Non-Utility

The Non-Utility segment previously included Fortis Properties and Griffith Energy Services, Inc. The
Corporation completed the sale of the commercial real estate assets of Fortis Properties in June 2015
and the hotel assets of Fortis Properties in October 2015. Griffith Energy Services, Inc. was sold in March
2014.

Fortis Properties' revenue was $171 million in 2015 compared to $249 million in 2014.

4.0 REGULATION

The Corporation's utilities primarily operate under a cost of service regulation and, in certain
circumstances, performance-based rate-setting mechanisms, and are regulated by the regulatory body
in their respective operating jurisdiction. with regulated utilities in nine different jurisdictions, Fortis has
significant regulatory expertise.

For information with respect to the nature of regulation and material regulatory decisions and
applications associated with each of the Corporation's electric and gas utilities, refer to the
"Regulatory Highlights" section of the Corporation's MD&A and to Note 8 of the Corporation's 2015
Audited Consolidated Financial Statements.
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5.0 ENVIRONMENTAL MATTERS

The Corporation and its subsidiaries are subject to various federal, provincial, state and municipal laws,
regulations and guidelines relating to the protection of the environment including, but not limited to,
wildlife, water and land protection, emissions and the proper storage, transportation, recycling and
disposal of hazardous and non-hazardous substances. In addition, federal, provincial and state
governments have environmental assessment legislation, which is designed to foster better land-use
planning and environmental protection through the identification and mitigation of potential
environmental impacts of projects or undertakings prior to and after their commencement. The constant
evolution of environmental legislation results in ongoing risks to the Corporation, as its subsidiaries
must adjust their business operations to comply.

Several key Canadian federal environmental laws and regulations affecting the operations of the
Corporation's Canadian subsidiaries include, but are not limited to, the: (i)Canadian Environmental
Assessment Act, 2012, (ii) Canadian Environmental Protection Act, 1999, (iii) Transportation of
Dangerous Goods Act and Regulations; (iv) Hazardous Products Act; (v) Canada Wildlife Act;
(vi) Navigation Protection Act; (vii) Canada National Parks Act; (viii) Fisheries Act; (ix)Canada Water
Act; (x) National Fire Code of Canada; (xi) Pest Control Products Act and Regulations;
(xii)PCB Regulations; (xiii) Species at Risk Act; (xiv)Ozone Depleting Substances Regulations;
(xv) IndianAct and the duty to consult and accommodate, (xvi) International River Improvements Act,
and (xvii) Migratory Birds Convention Act, 1994.

Several key u.s. federal environmental laws and regulations affecting the operations of UNS Energy and
Central Hudson include, but are not limited to, the: (i) C/ean Water Act, (ii) Safe Drinking Water Act,
(iii) C/ean Air Act; (iv) Endangered Species Act; (v) Resource Conken/ation & Recovery Act;
(vi)ToxicSubstances Control Act, (vii) Comprehensive Environmental Response, Compensation, and
Liability Act; (viii) National Environmental Po/icy Act; (ix) Emergency Planning & Community Right to
Know Act, and (x) Pollution Prevention Act of 1990.

Environmental risks affecting the Corporation's utility operations include, but are not limited to:
(i) hazards associated with the transportation, storage and handling of large volumes of fuel for
fuel-powered electricity generating plants, including leaching of the fuel and other operational
by-products into the soil, groundwater, nearby watershed areas and open waters, (ii) risk of spills or
leaks of petroleum-based products, including PCB-contaminated oil, which are used in the cooling and
lubrication of transformers, capacitors and other electrical equipment, (iii) risk related to natural gas
discharges; (iv) risk of spills or releases into the environment arising from the improper transportation,
storage, handling and disposal of other hazardous substances, (v) GHG and other fuel gas emissions,
including natural gas and propane leaks and spills and emissions from the combustion of fuel required
to generate electricity; (vi) risk of fire; (vii) risk of disruption to vegetation; (viii) risk of contamination
of soil and water near chemically treated poles, (ix) risk of disruption to fish, animals and their habitat
as a result of the creation of artificial water flows and levels associated with hydroelectric water storage
and utilization, and (x) risk of responsibility for remediation of contaminated properties, whether or not
such contamination resulted from the Corporation's utility operations.

Air Emissions

In addition to changing air emission standards, the management of GHG emissions is a specific
environmental concern of the Corporation's Regulated Utilities in Canada and the united States,
primarily due to the uncertainties relating to new and emerging federal, provincial and state GHG laws,
regulations and guidelines in Canada and the United States. Governmental policy direction is unfolding ,
however, it remains to be determined whether a GHG air emissions cap or limit may be imposed and to
what extent it will impact the Corporation's utilities. Canada has committed to reduce GHG emissions to
30% below 2005 levels by 2030, and the United States has committed to reduce GHG emissions to
32% below zoos levels by 2030. Both countries are in the process of imposing sectoral requirements,
yet it is not certain how the Corporation's subsidiaries will be impacted.

Regulated Utilities - Canada
In British Columbia, the Carbon Tax Act, Clean Energy Act, Greenhouse Gas Industrial Reporting and
Control Act and Greenhouse Gas Reduction Targets Act and anticipated cap-and-trade regulations
specifically affect, or may potentially affect, the operations of FortisBC Energy and FortisBC Electric. To
help mitigate uncertainty, FortisBc Energy participates in sector and industry groups in order to monitor
the development of emerging regulation and policy.

33

lllmlw |



The Government of British Columbia's Energy Plan and GHG reduction targets present risks and
opportunities to FortisBc Energy and, to a lesser degree, FortisBc Electric. These government initiatives
continue to place pressure on natural gas consumption and its contribution to GHG emissions.
The energy and emissions policy in British Columbia also presents opportunities for FortisBC Energy by
creating support for incentives to expand the use of renewable energy (such as biogas), transportation
related incentives (LonG/compressed natural gas refelling) and to expand the Energy Efficiency and
Conservation program. In addition, the Renewable and Low Carbon Fuel Requirements Regulation under
the Greenhouse Gas Reduction (Renewable and Low Carbon Fuel Requirement) Act provides
FortisBC Energy the opportunity to sell low carbon fuel credits generated from customer offerings. The
Carbon Tax Act improves the position of natural gas relative to other fossil energy, as the tax is based
on the amount of carbon dioxide equivalent emitted per unit energy. Natural gas, therefore, has a lower
tax rate than oil or coal products.

In 2011 FortisBC Energy began reporting its GHG emissions pursuant to the reporting regulation under
the Greenhouse Gas Reduction (Cap and Trade) Act. The Greenhouse Gas Reduction (Cap and Trade)
Act was repealed effective January 1, 2016 and was replaced by the Greenhouse Gas Industrial
Reporting and Control Act. FortisBC Energy will continue to report its GHG emissions pursuant to the
Greenhouse Gas Emission Reporting Regulation under the Greenhouse Gas Industrial Reporting and
Control Act. In addition, FortisBC Energy continues to report its GHG emissions under Environment
Canada's GHG Program. FortisBc Energy has developed capabilities that will support the management
of compliance requirements in an upcoming GHG emissions' trading environment, as government policy
in that area evolves.

British Columbia continues to be a participant in the Western Climate Initiative, which expects to
implement a cap-and-trade program to reduce GHG emissions. FortisBc Energy is expected to be
covered under the program. If implemented, the cap-and-trade program is expected to have a declining
cap on emissions that all applicable facilities must meet, either by reducing emissions internally or by
purchasing allowances from other facilities for release of GHG emissions over the capped amounts.

The impact of GHG emissions is lower at the Corporation's Canadian regulated electric utilities because
their primary business is the distribution of electricity. with respect to FortisAlberta, its operations
involve only the distribution of electricity. Additionally, all in-house generating capacity at
FortisBc Electric, about 70% at Newfoundland Power, and most of the Corporation's non-regulated
generating capacity is hydroelectric, a clean energy source. The 335-MW Waneta Expansion is a clean
renewable hydroelectric energy source and came into service in April 2015. Only a small portion of
in-house generation at Canadian regulated electric utilities uses diesel fuel. The Corporation's Canadian
regulated electric utilities are indirectly impacted, however, by GHG emissions through the purchase of
power generated by suppliers using combustible fuel. Such power suppliers are responsible for
compliance with carbon dioxide emissions standards and the cost of compliance with such standards is
generally flowed through to end-use consumers.

Regulated Utilities - United States
UNS Energy and Central Hudson are subject to regulation by United States federal, state and local
authorities related to the environmental effects of their operations. The impact of GHG emissions is
lower at Central Hudson because it owns minimal generating capacity and relies on purchased capacity
and energy from third-party providers.

UNS Energy owns significant generating assets. In August 2015, the EPA issued carbon emission
regulations for existing power plants called the CPP. The CPP targets carbon emissions reductions for
existing facilities by 2030 and establishes interim goals that begin in 2022. States are required to
develop and submit a final compliance plan, or an initial plan with an extension request, to the EPA by
September 2016. TEP will continue to work with other Arizona and New Mexico utilities, as well as the
appropriate regulatory agencies, to develop the state compliance plans. TEP is unable to determine how
the final CPP rule will impact its facilities until state plans are developed and approved by the EPA.

The EPA incorporated the compliance obligations for existing power plants located on Indian nations,
like the Navajo Nation, in the existing sources rule and a newly proposed Federal Plan using a compliance
method similar to that of the states. The proposed Federal Plan would be implemented for any Indian
nation and/or state that does not submit a plan or that does not have an EPA or approved state plan.
TEP will work with the participants at Four Corners and Navajo to determine how this revision may
impact compliance and operations at both facilities. TEP has submitted comments on the proposed
Federal Plan impacting its facilities, including Four Corners and Navajo stating, among other things, that
the EPA should not regulate the greenhouse gases on the Navajo Nation because it is not appropriate
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J or necessary. The reduction of greenhouse gases achieved due to the shutdowns resulting from Regional
Haze compliance will be equivalent to those required under the CPP rule. TEP cannot predict the ultimate
outcome of these matters.

The Company's compliance requirements under the CPP are subject to the outcomes of potential
proceedings and litigation challenging the rule. In February 2016 the United States Supreme Court
granted a stay effectively ordering the EPA to stop CPP implementation efforts until legal challenges to
the regulation have been resolved. The ruling introduces uncertainty as to whether and when the states
and utilities will have to comply with the pp. UNS Energy will continue to work with the Arizona
Department of Environmental Quality to determine what, if any, actions need to be taken in light of the
ruling. UNS Energy anticipates that the ruling will likely delay the requirement to submit a plan or
request an extension under the CPP by September 2016.

In 2012 the EPA issued final rules for the control of mercury emissions and other hazardous air pollutants
from power plants. TEP's Navajo and Springerville plants must be compliant with these rules by
April 2016. TEP is proceeding with its compliance activity at each of its facilities.

In June 2015, the u.s. Supreme Court reversed and remanded the D.C. Circuit Court of Appeals decision
in Michigan v. EPA to uphold the MATS rules requiring power plants to control mercury and other
emissions. The Supreme Court held that the EPA did not adequately consider "costs" before determining
that the rules were "appropriate and necessary." At this time, the rules remain in force and effect. TEP
will proceed with its planned MATS compliance activity at each of its facilities, which ensures compliance
with both the federal and state rule, as applicable.

The EPA's Regional Haze Rules impose emission controls on facilities emitting air pollutants that reduce
visibility in national parks and wilderness areas. Complying with the EPA's findings, and with other future
environmental rules, may make it economically impractical to continue operating all or a portion ofTEn's
coal-fired generating facilities or for individual joint owners to continue to participate in the units they
own at these power plants.

In April 2015, the EPA issued a final rule requiring all coal ash and other coal combustion residuals to
be treated as a solid waste under Subtitle D of the Resource Conservation and Recovery Act for disposal
in landfills and/or surface impoundments while allowing for the continued recycling of coal ash. TEP does
not own or operate any impoundments. Under the rule, the Springerville ash landfill is classified as an
existing landfill and is not subject to the lateral expansion requirements. However, TEP will incur
additional costs for site preparation and monitoring at Springewille to be fully compliant with the rule.
TEP's share of the cost at Springerville is estimated to be US$2 million, the majority of which is expected
to be capital expenditures. TEP currently estimates its share of the costs to be US$5 million at
Four Corners, US$3 million at Navajo, and less than US$1 million at San Juan, the majority of which are
expected to be capital expenditures.

Regulated Utilities - Caribbean
While there are environmental laws, regulations and guidelines affecting the Corporation's operations in
Grand Cayman and Turks and Caicos Islands, they are less extensive than the laws, regulations and
guidelines in Canada and the United States. The United Kingdom's ratification of the United Nations
Framework Convention on Climate Change and its Kyoto Protocol were extended to the Cayman Islands
in 2007. This framework aims to reduce GHG emissions produced by certain industries. Under the
Kyoto Protocol, the United Kingdom is legally bound to reduce its GHG emissions. As an overseas
territory, the Cayman Islands are not required to set a target for emissions reduction but are required
to give available national statistics on an annual basis to the United Kingdom which will be added to its
inventory and reported to the United Nations Framework Convention on Climate Change Secretariat.
Caribbean Utilities continues to supply the Cayman Islands Government with data for the national GHG

All of the energy requirements of Caribbean Utilities and Fortis Turks and Caicos are sourced from in
house diesel-powered generation. The more recently installed generators at Caribbean Utilities and
Fortis Turks and Caicos have also been designed to provide an increased output per gallon consumed
over the older generators, which generate electricity in a more efficient and environmentally friendly
manner. Further, exhaust stacks have been designed and installed so as to maximize sound attenuation
and optimize exhaust plume dispersion, thereby improving local air quality in accordance with what the
utilities believe to be the best industry practice. The use of diesel oil versus heavy fuel oil also results
in significantly lower levels of exhaust emissions.
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l Enterprise Risk Management

The key focus of the utilities is to provide reliable cost-effective service with full regard for the safety of
employees and the public while operating in an environmentally responsible manner. A focus on safety
and the environment is, therefore, an integral and continuing component of the Corporation's
operating activities.

Each of the Corporation's utilities has either an EMS or comprehensive environmental protocols. Through
an EMS and environmental protocols, documented procedures are in place to control activities that can
affect the environment. Common elements of the utilities' EMS and environmental protocols include:
(i) regular inspections of fuel and oil-filled equipment in order to identify and correct for potential spills,
and spill response systems to ensure that all spills are addressed, and the associated cleanup is
conducted in a prompt and environmentally responsible manner, (ii) GHG emissions management,
(iii) procedures for handling, transporting, storing and disposing of hazardous substances, including
chemically treated poles, asbestos, lead and mercury, where applicable, (iv) programs to mitigate
fire-related incidents, (v) programs for the management and/or elimination of PCBs, where applicable,
(vi) vegetation management programs, (vii) training and communicating of environmental policies to
employees to ensure work is conducted in an environmentally responsible manner, (viii) review of work
practices that affect the environment and implementation of environmental protection measures,
(ix) waste management programs, (x) environmental emergency response procedures,
(xi) environmental site assessments, and (xii) environmental incident reporting procedures.
Additionally, Newfoundland Power's EMS addresses water control and dam structure, as well as
hydroelectric generating facility operations and the impact of such on fish and the surrounding habitat.
FortisBC Electric's EMS addresses the environmental impacts associated with water flows including
impacts on fisheries and critical habitats.

FortisBC Energy, FortisAlberta, FortisBC Electric, Newfoundland Power, Maritime Electric and
FortisOntario have developed their respective EMSs consistent with the guidelines of Isa 14001, an
internationally recognized standard for EMSs. Caribbean Utilities operates an EMS associated with its
generation operations, which is Isa 14001 certified, and uses an EMS for its T&D operations, which is
consistent with Isa 14001 guidelines. Fortis Turks and Caicos' EMS is also expected to be Isa 14001
certified. External and/or internal audits of the EMSs and protocols are performed on a periodic basis.
Based on audi ts last  completed, the EMSs cont inue to be ef fect ive,  properly implemented and
maintained, and materially consistent with Isa 14001 guidelines.

Environmental policies form the cornerstone of the EMSs and ans Energy and Central Hudson's
environmental protocols, and outline the following commitments by each utility and its employees with
respect to conducting business in a safe and environmentally responsible manner: (i) meet and comply
with all applicable laws, legislation, policies, regulations and accepted standards of environmental
protection, (ii) manage activities consistent with industry practice and in support of the environmental
policies of all levels of government, (iii) identify and manage risks to prevent or reduce adverse
consequences from operations, including preventing pollution and conserving natural resources,
(iv) regularly conduct environmental monitoring and audits of the EMSs and environmental protocols,
and strive for continual improvement in environmental performance; (v) regularly set and review
environmental objectives, targets and programs, (vi) communicate openly with stakeholders including
making available the utility's environmental policy and knowledge of environmental issues to customers,
employees, contractors and the general public, (vii) support and participate in community based
projects that focus on the environment, (viii) provide training for employees and those working on
behalf of the utility to enable them to fulfill their duties in an environmentally responsible manner, and
(ix) work with industry associations, government and other stakeholders to establish standards for the
environment appropriate to the utility's business.

Non-Regulated Generation

Environmental risks associated with the Corporation's non-regulated generation operations are
addressed in a similar manner as the Corporation's regulated electric utilities that operate in the same
jurisdiction as the non-regulated generation operations.
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u Remediation and Asset Retirement Obligations

Central Hudson is exposed to environmental contingencies associated with MGPs that it and its
predecessors owned and operated to serve their customers' heating and lighting needs from the
mid to late 1800s to the 1950s. The New York State Department of Environmental Conservation
regulates the t iming and extent of  remediat ion of  MGP si tes in New York State. As at
December 31, 2015, Central Hudson has recognized approximately US$92 million in associated
MGP environmental remediation liabilities. As approved by the New York State Public Service
Commission, the company is currently permitted to recover MGP site investigation and remediation costs
in customer rates. For additional information, refer to the "3.1.2 Central Hudson" section of this 2015
Annual Information Form.

The Corporation has asset retirement obligations as disclosed in the notes to its
2015 Audited Consolidated Financial Statements. As at December 31, 2015, a liability of $49 million in
asset retirement obligations at UNS Energy, Central Hudson and FortisBc Electric has been recognized.
with the exception of those asset retirement obligations recognized at UNS Energy, Central Hudson and
FortisBC Electric, liabilities with respect to asset retirement obligations associated with the removal of
PcB-contaminated oil from electrical equipment at Central Hudson, FortisAlberta, Newfoundland Power,
FortisOntario and Maritime Electric have not been recorded in the Corporation's 2015 Audited
Consolidated Financial Statements, as they were determined to be immaterial to the Corporation's
consolidated results of operations, cash flows or financial position. The utilities have ongoing programs
to identify and replace transformers which are at risk of spillage of oil, and PCBs continue to be removed
from service and safely disposed of in compliance with applicable laws and regulations.

Costs and Oversight

Costs associated with environmental protection initiatives (including the development, implementation
and maintenance of EMSs and protocols), compliance with environmental laws, regulations and
guidelines, and environmental damage die not have a material impact on the Corporation's consolidated
results of operations, cash flows or financial position during 2015 and, based on current laws, facts and
circumstances, are not expected to have a material effect in 2016. Many of the above costs, however,
are embedded in the utilities' operating, maintenance and capital programs and are, therefore, not
readily identifiable. At the Corporation's regulated utilities, prudently incurred operating and capital
costs associated with environmental protection initiatives, compliance with environmental laws,
regulations and guidelines, and environmental damage are eligible for recovery in customer rates. Fortis
believes that the Corporation and its subsidiaries are materially compliant with the environmental laws
and regulations applicable to them in the various jurisdictions in which they operate.

TEP has in place an Environmental Compliance Adjustor, as approved by the Acc, which allows for the
recovery of certain capital carrying costs to comply with government-mandated environmental
regulations between rate cases.

Oversight of environmental matters is performed at the subsidiary level with regular reporting of
environmental matters to the respective subsidiary's Board of Directors.

Sustainability and Efficiency Initiatives

The Fortis utilities have various initiatives focused on clean energy to reduce GHG emissions, including
hydroelectric, solar power, wind energy, natural gas and renewable natural gas. Each utility also has
implemented energy efficiency programs directed at customers, which help in reducing air emissions
and water usage. Further information on how Fortis is managing its impact on the environment will be
contained in the Corporation's Environmental Report to be dated on or about March 31, 2016 and
published on the Corporation's website at www.fortisinc.com.

Each of the Corporation's Canadian Regulated Electric Utilities that is a member of the CEA is an active
participant in the CEA's Sustainable Electricity Program, which was launched in 2009. Participants in the
program commit to continuous improvement of their environmental management and performance
including reporting annually on environmental and other performance indicators.

For further information on the Corporation's environmental risk factors, refer to the "Business Risk
Management - Environmental Risks" section of the Corporation's MD&A.
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Share Capital
Issued and
Outstanding

(1)Votes per Share

Common Shares 281,854,344 One

First Preference Shares, Series E 7,993,500 None

First Preference Shares, Series F 5,000,000 None

First Preference Shares, Series G 9,200,000 None

First Preference Shares, Series H (2) 7,024,846 None

First Preference Shares, Series I (2) 2,975,154 None

First Preference Shares, Series J 8,000,000 None

First Preference Shares, Series K 10,000,000 None

First Preference Shares, Series M 24,000,000 None

6.0 RISK FACTORS

For information with respect to the Corporation's
"Business Risk Management" section of the Corporation's MD&A.

business risks, refer to the

7.0 GENERAL DESCRIPTION oF SHARE CAPITAL STRUCTURE

The authorized share capital of the Corporation consists of the following :

(a)
(b)
(c)

an unlimited number of Common Shares without nominal or par value;
an unlimited number of First Preference Shares without nominal or par value, and
an unlimited number of Second Preference Shares without nominal or par value.

As at February 17, 2016, the following Common Shares and First Preference Shares were issued
and outstanding.

(1)

(2)

The FirstPreference Sharesdo not have voting rights unless and until Fortis failsto pay eightquarterly dividends,
whether or not consecutive, and whether or not such dividends have been declared.
On June 1, 2015, 2,975,154 of the 10,000,000 First Preference Shares, Series H were converted on a
one-for-onebasis into First Preference Shares, Series1. As a result of the conversion, Fortis has issued and
outstanding 7,024,846 FirstPreference Shares, SeriesH and 2,975,154 First Preference Shares, Series 1.
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Dividends Declared
(per share)

Share Capital 2015 2014 2013
Common Shares $1.43 $1.30 $1.25
First Preference Shares, Series C (1) - $0.4862
First Preference Shares, Series E $1.2250 $1.2250 $1.2250
First Preference Shares, Series F $1.2250 $1.2250 $1.2250
First Preference Shares, Series G(2) $0.9708 $0.9708 $1.1416
First Preference Shares, Series H (3) $0.7344 $1.0625 $1.0625
First Preference Shares, Series I (3) $0.3637
First Preference Shares, Series J $1.1875 $1.1875 $1.1875
First Preference Shares, Series K(4) $1.0000 $1.0000 $0.6233
First Preference Shares, Series M(5) $1.0250 $0.4613

w Dividend Po/icy
Fortis has targeted annual average dividend growth of 6% through 2020. This dividend guidance takes
into account many factors, including the expectation of reasonable outcomes for regulatory proceedings
at the Corporation's utilities, the successful execution of the five-year capital expenditure plan, and
management's continued confidence in the strength of the Corporation's diversified portfolio of assets
and record of operational excellence. The pending acquisition of ITC further supports this dividend
guidance. The following table summarizes the cash dividends declared per share for each of the
Corporation's class of shares for the past three years.

(1)

(2)

(3)

(4)

(5)

In July 2013 the Corporation redeemed all of the issued and outstanding First Preference Shares, Series c.
The annual hied dividend per share for the First Preference Shares,Series G was resetfrom $1.3125 to $0.9708
for the Have-year period from and including September 1, 2013 to but excluding September 1, 2018.
The annualFixeddividend persharefor the First Preference Shares,Series H was resetfrom $1 .0625 to $0.6250
for the Have-year period from and including June 1, 2015 to but excluding June 1, 2020. The First Preference
Shares, Series I are entitled to receive floating rate cumulative dividends, which rate wt/I be resetevery quarter
based on the then current three-month Government of Canada Treasury Bill rate plus1.45%.
The FixedRate Reset First Preference Shares, Series K were issued in July 2013 at $25.00 per share and are
entitled to receive cumulative dividends in the amount of $1.0000 per share per annum for the Hrst six years.
The FixedRate ResetFirst PreferenceShares, Series M were issued inSeptember2014 at $25.00 per share and
are entitled to receive cumulative dividends in the amount of $1.0250 per share per annum for the
first five years.

For purposes of the enhanced dividend tax credit rules contained in the Income Tax Act (Canada) and
any corresponding provincial and territorial tax legislation, all dividends paid on Common and
Preferred Shares after December 31, 2005 by Fortis to Canadian residents are designated as
"eligible dividends". Unless stated otherwise, all dividends paid by Fortis hereafter are designated as
"eligible dividends" for the purposes of such rules.

In September 2015 Fortis increased its dividend per common share over 10% to $0.375 per share, or
$1.50 on an annualized basis. In December 2015 the Board declared a fourth quarter 2015 dividend on
the Common Shares and the First Preference Shares, Series E, F, G, H, I, J, K and M in accordance with
the applicable annual prescribed rate to be paid on March 1, 2016 to holders of record as of
February 17, 2016.

Common Shares
Dividends on Common Shares are declared at the discretion of the Board. Holders of Common Shares
are entitled to dividends on a pro rata basis of, as, and when declared by the Board. Subject to the
rights of the holders of the First Preference Shares and Second Preference Shares and any other class.
of shares of the Corporation entitled to receive dividends in priority to or ratably with the holders of the
Common Shares, the Board may declare dividends on the Common Shares to the exclusion of any other
class of shares of the Corporation.

On the liquidation, dissolution or winding-up of Fortis, holders of Common Shares are entitled to
participate ratably in any distribution of assets of Fortis, subject to the rights of holders of
First Preference Shares and Second Preference Shares and any other class of shares of the Corporation
entitled to receive the assets of the corporation on such a distribution in priority to or ratably with the
holders of the Common Shares.
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1 Holders of the Common Shares are entitled to receive notice of and to attend all annual and special
meetings of the shareholders of Fortis, other than separate meetings of holders of any other class or
series of shares, and are entitled to one vote in respect of each Common Share held at such meetings.

First Preference Shares, Series E
Holders of the 7,993,500 First Preference Shares, Series E are entitled to receive fixed cumulative
preferential cash dividends at a rate of $1.2250 per share per annum. The Corporation may, at its
option, redeem all, or from time to time any part of, the outstanding First Preference Shares, Series E
by the payment in cash of a sum per redeemed share equal to $25.25 if redeemed during the 12 months
commencing June 1, 2015, and $25.00 if redeemed on or after June 1, 2016 plus, in each case, all
accrued and unpaid dividends up to but excluding the date fixed for redemption. The Corporation may,
at its option, convert all, or from time to time any part of the outstanding First Preference Shares,
Series E into fully paid and freely traceable Common Shares of the Corporation. The number
of Common Shares into which each Preference Share may be so converted will be determined by
dividing the then-applicable redemption price per First Preference Share, Series E, together with all
accrued and unpaid dividends up to but excluding the date fixed for conversion, by the greater of $1.00
and 95% of the then-current market price of the Common Shares at such time. On or after
September 1, 2016, each First Preference Share, Series E will be convertible at the option of the holder
on the first business day of September, December, March and June of each year, into fully paid and
freely traceable Common Shares determined by dividing $25.00, together with all accrued and unpaid
dividends up to but excluding the date fixed for conversion, by the greater of $1.00 and 95% of the
then-current market price of the Common Shares. If a holder of First Preference Shares, Series E elects
to convert any of  such shares into Common Shares, the Corporation can redeem such
First Preference Shares, Series E for cash or arrange for the sale of those shares to other purchasers.

First Preference Shares, Series F
Holders of the 5,000,000 First Preference Shares, Series F are entitled to receive fixed cumulative
preferential cash dividends at a rate of $1.2250 per share per annum. The Corporation may, at its
option, redeem for cash the First Preference Shares, Series F, in whole at any time or in part from time
to time at $25.00 per share if redeemed on or after December 1, 2015 plus all accrued and unpaid
dividends up to but excluding the date fixed for redemption.

First Preference Shares, Series G
Holders of the 9,200,000 First Preference Shares, Series G were entitled to receive fixed cumulative
preferential cash dividends at a rate of $1.3125 per share per annum for each year up to and including
August 31, 2013. The annual fixed dividend rate per share for the First Preference Shares, Series G
was reset to $0.9708 per share per annum for the f ive-year period f rom and including
September 1, 2013 to but excluding September 1, 2018. For each five-year period after that date, the
holders of First Preference Shares, Series G are entitled to receive reset fixed cumulative preferential
cash dividends. The reset annual div idends per share wil l  be determined by multiplying
$25.00 per share by the annual fixed dividend rate, which is the sum of the five-year Government of
Canada bond yield on the applicable reset date plus 2.13%. On September 1, 2018, and on
September 1 every five years thereafter, the Corporation has the option to redeem for cash the
outstanding First Preference Shares, Series G, in whole at any time, or in part from time to time, at a
price of $25.00 per share plus all accrued and unpaid dividends up to but excluding the date fixed for
redemption.

First Preference Shares, Series H
Holders of the 7,024,846 First Preference Shares, Series H are entitled to receive fixed cumulative
preferential cash dividends at a rate of $0.6250 per share per annum for each year up to but excluding
June 1, 2020. For each five-year period after that date, the holders of First Preference Shares, Series H
are entitled to receive reset fixed cumulative preferential cash dividends. The reset annual dividends
per share will be determined by multiplying $25.00 per share by the annual fixed dividend rate, which
is the sum of the five-year Government of Canada bond yield on the applicable reset date plus 1.45%.

On each Series H Conversion Date, being June 1, 2015, and June 1 every five years thereafter, the
Corporation has the option to redeem for cash all or any part of the outstanding First Preference Shares,
Series H, at a price of $25.00 per share plus all accrued and unpaid dividends up to but excluding the
date fixed for redemption. On each Series H Conversion Date, the holders of First Preference Shares,
Series H, have the option to convert any or all of their First Preference Shares, Series H into an equal
number of cumulative redeemable floating rate First Preference Shares, Series 1.
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4 On any First Preference Shares, Series H Conversion Date, if the Corporation determines that there
would be less than 1,000,000 First Preference Shares, Series H outstanding, such remaining
First Preference Shares, Series H will automatically be converted into an equal number of
First Preference Shares, Series 1.

First Preference Shares, Series I
Holders of the 2,975,154 First Preference Shares, Series I are entitled to receive floating rate cumulative
preferential cash dividends, as and when declared by the Board of Directors of the Corporation, in the
amount per share determined by multiplying the applicable floating quarterly dividend rate by $25.00,
for the five-year period beginning after June 1, 2015. The floating quarterly dividend rate will be reset
every quarter based on the then current three-month Government of Canada Treasury Bill rate
plus 1.45%.

On each First Preference Shares, Series I Conversion Date, being June 1, 2020, and June 1 every five
years thereafter, the Corporation has the option to redeem for cash all or any part of the outstanding
First Preference Shares, Series I at a price of $25.00 per share plus all accrued and unpaid dividends up
to but excluding the date fixed for redemption. On any date after June 1, 2015, that is not a
First Preference Shares, Series I Conversion Date, the Corporation has the option to redeem for cash all
or any part of the outstanding First Preference Shares, Series I at a price of $25.50 per share plus all
accrued and unpaid dividends up to but excluding the date fixed for redemption. On each
First Preference Shares, Series I Conversion Date, the holders of First Preference Shares, Series I have
the option to convert any or all of their First Preference Shares, Series I into an equal number of
First Preference Shares, Series H.

On any First Preference Shares, Series I Conversion Date, if the Corporation determines that there would
be less than 1,000,000 First Preference Shares, Series I outstanding, such remaining
First Preference Shares, Series I will automatically be converted into an equal number of
First Preference Shares, Series H. However, if such automatic conversions would result in less than
1,000,000 First Preference Shares, Series I or less than 1,000,000 First Preference Shares, Series H
outstanding then no automatic conversion would take place.

First Preference Shares, Series J
Holders of the 8,000,000 First Preference Shares, Series J are entitled to receive fixed cumulative
preferential cash dividends at a rate of $1.1875 per share per annum. On or after December 1, 2017,
the Corporation may, at its option, redeem for cash the First Preference Shares, Series J, in whole at
any time or in part from time to time, at $26.00 per share if redeemed before December 1, 2018, at
$25.75 per share if redeemed on or after December 1, 2018 but before December 1, 2019; at $25.50 per
share if redeemed on or after December 1, 2019 but before December 1, 2020, at $25.25 per share if
redeemed on or after December 1, 2020 but before December 1, 2021, and at $25.00 per share if
redeemed on or after December 1, 2021 plus, in each case, all accrued and unpaid dividends up to but
excluding the date fixed for redemption.

First Preference Shares, Series K
Holders of the 10,000,000 First Preference Shares, Series K are entitled to receive fixed cumulative
preferential cash dividends at a rate of $1.0000 per share per annum for each year up to but excluding
March 1, 2019. For each five-year period after that date, the holders of First Preference Shares, Series K
are entitled to receive reset fixed cumulative preferential cash dividends. The reset annual dividends
per share will be determined by multiplying $25.00 per share by the annual fixed dividend rate, which
is the sum of the five-year Government of Canada bond yield on the applicable reset date plus 2.05%.

On each Series K Conversion Date, being March 1, 2019, and March 1 every five years thereafter, the
Corporation has the option to redeem for cash all or any part of the outstanding First Preference Shares,
Series K, at a price of $25.00 per share plus all accrued and unpaid dividends up to but excluding the
date fixed for redemption. On each Series K Conversion Date, the holders of First Preference Shares,
Series K have the option to convert any or all of their First Preference Shares, Series K into an equal
number of cumulative redeemable floating rate First Preference Shares, Series L.

Holders of the First Preference Shares, Series L will be entitled to receive floating rate cumulative
preferential cash dividends in the amount per share determined by multiplying the applicable floating
quarterly dividend rate by $25.00. The floating quarterly dividend rate will be equal to the sum of the
average yield expressed as a percentage per annum on three-month Government of Canada treasury
bills plus 2.05°/o.
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On each First Preference Shares, Series L Conversion Date, being March 1, 2024, and March 1 every
five years thereafter, the Corporation has the option to redeem for cash all or any part of the outstanding
First Preference Shares, Series L at a price of $25.00 per share plus all accrued and unpaid dividends
up to but excluding the date fixed for redemption. On any date after March 1, 2019, that is not a
First Preference Shares, Series L Conversion Date, the Corporation has the option to redeem for cash
all or any part of the outstanding First Preference Shares, Series L at a price of $25.50 per share plus
all accrued and unpaid dividends up to but excluding the date fixed for redemption. On each
First Preference Shares, Series L Conversion Date, the holders of First Preference Shares, Series L have
the option to convert any or all of their First Preference Shares, Series L into an equal number of
First Preference Shares, Series K.

On any First Preference Shares, Series K Conversion Date, if the Corporation determines that there
would be less than 1,000,000 First Preference Shares, Series K outstanding, such remaining
First Preference Shares, Series K will automatically be converted into an equal number of
First Preference Shares, Series L. On any First Preference Shares, Series L Conversion Date, if the
Corporation determines that there would be less than 1,000,000 First Preference Shares, Series L
outstanding, such remaining First Preference Shares, Series L will automatically be converted into an
equal number of First Preference Shares, Series K. However, if such automatic conversions would result
in less than 1,000,000 First Preference Shares, Series L or less than 1,000,000 First Preference Shares,
Series K outstanding then no automatic conversion would take place.

First Preference Shares, Series M
Holders of the 24,000,000 First Preference Shares, Series M are entitled to receive fixed cumulative
preferential cash dividends at a rate of $1.0250 per share per annum for each year up to but excluding
December 1, 2019. For each five-year period after that date, the holders of First Preference Shares,
Series M are entitled to receive reset fixed cumulative preferential cash dividends. The reset annual
dividends per share will be determined by multiplying $25.00 per share by the annual fixed dividend
rate, which is the sum of the five-year Government of Canada bond yield on the applicable reset date
plus 2.48%.

On each Series M Conversion Date, being December 1, 2019, and December 1 every five years
thereafter, the Corporation has the option to redeem for cash all or any part of the outstanding
First Preference Shares, Series M, at a price of $25.00 per share plus all accrued and unpaid dividends
up to but excluding the date fixed for redemption. On each Series M Conversion Date, the holders of
First Preference Shares, Series M have the option to convert any or all of their First Preference Shares,
Series M into an equal number of cumulative redeemable floating rate First Preference Shares, Series n.

Holders of the First Preference Shares, Series N will be entitled to receive floating rate cumulative
preferential cash dividends in the amount per share determined by multiplying the applicable floating
quarterly dividend rate by $25.00. The floating quarterly dividend rate will be equal to the sum of the
average yield expressed as a percentage per annum on three-month Government of Canada treasury
bills plus 2.48%.

On each First Preference Shares, Series N Conversion Date, being December 1, 2024, and December 1
every five years thereafter, the Corporation has the option to redeem for cash all or any part of the
outstanding First Preference Shares, Series N at a price of $25.00 per share plus all accrued and unpaid
dividends up to but excluding the date fixed for redemption. On any date after December 1, 2019, that
is not a First Preference Shares, Series N Conversion Date, the Corporation has the option to redeem
for cash all or any part of the outstanding First Preference Shares, Series N at a price of $25.50 per share
plus all accrued and unpaid dividends up to but excluding the date fixed for redemption. On each
First Preference Shares, Series N Conversion Date, the holders of First Preference Shares, Series N have
the option to convert any or all of their First Preference Shares, Series N into an equal number of
First Preference Shares, Series M.

On any First Preference Shares, Series M Conversion Date, if the Corporation determines that there
would be less than 1,000,000 First Preference Shares, Series M outstanding, such remaining
First Preference Shares, Series M will automatically be converted into an equal number of
First Preference Shares, Series n. On any First Preference Shares, Series N Conversion Date, if the
Corporation determines that there would be less than 1,000,000 First Preference Shares, Series N
outstanding, such remaining First Preference Shares, Series N will automatically be converted into an
equal number of First Preference Shares, Series M. However, if such automatic conversions would result
in less than 1,000,000 First Preference Shares, Series N or less than 1,000,000
First Preference Shares, Series M outstanding then no automatic conversion would take place.
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Debt Covenant Restrictions on Dividend Distributions
The Trust Indenture pertaining to the Corporation's $200 million Senior Unsecured Debentures contains
a covenant which provides that Fortis shall not declare or pay any dividends (other than stock dividends
or cumulative preferred dividends on preferred shares not issued as stock dividends) or make any other
distribution on its shares or redeem any of its shares or prepay subordinated debt if, immediately
thereafter, its consolidated funded obligations would be i n  ex cess o f  75% o f  i t s  t o t a l
consolidated capitalization.

The Corporation has a $1 billion unsecured committed revolving corporate credit facility, maturing in
July 2020, that is available for general corporate purposes. The Corporation has the ability to increase
this facility to $1.3 billion. As of December 31, 2015, the Corporation has not yet exercised its option
for the additional $300 million. The credit facility contains a covenant which provides that Fortis shall
not declare or pay any dividends or make any other restricted payments if, immediately thereafter,
consolidated debt to consolidated capitalization ratio would exceed 65% at any time.

As at December 31, 2015 and 2014, the Corporation was in compliance with its debt covenant
restrictions pertaining to dividend distributions, as described above.
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Fortis
Credit Ratings

Company DBRS S&P Moody's

Fortis (1)
A (low), Under Review

Negative
(unsecured debt)

BBB+, Negative
(unsecured debt) N/A

Caribbean Utilities (2)
A (low), Stable

(senior unsecured debt)
A-, Negative

(senior unsecured debt)
N/A

Central Hudson (2) (3) N/A
A, Negative

(unsecured debt)
As, Stable

(unsecured debt)

FortisBC Energy
A, Stable

(secured & unsecured debt)
N/A

A1/A3, Stable
(secs red/unsecu red

debt)

FortisAlberta (2)
A (low), Stable

(senior unsecured debt)
A-, Negative

(senior unsecured debt) N/A

FortisBC Electric
A (low), Stable

(secured & unsecured debt)
N/A Baal, Stable

(unsecured debt)

Fortis Turks and
Caicos

N/A
BBB, Stable

(senior unsecured debt) N/A

Maritime Electric (2) N/A
A, Negative

(senior secured debt) N/A

Newfoundland Power
A, Stable

(first mortgage bonds) N/A As, Stable
(first mortgage bonds)

TEP (2) N/A
BBB+, Negative

(unsecured debt)
A3, Stable

(senior unsecured debt)

UNS Energy N/A N/A
Baal, Stable

(senior secured debt)

ila

1 8.0 CREDIT RATINGS

Securities issued by Fortis and its utilities, that are currently rated, are rated by one or more credit
rating agencies, namely, DBRS, S&P and/or Moody's. The ratings assigned to securities issued by Fortis
and its utilities are reviewed by the agencies on an ongoing basis. Credit ratings and stability ratings
are intended to provide investors with an independent measure of credit quality of an issue of securities
and are not recommendations to buy sell or hold securities. Ratings may be subject to revision or
withdrawal at any time by the rating organization. The following table summarizes the Corporation's
debt credit ratings as at February 17, 2016.

in In February 2016, after the announcement by Fortis that if had entered into an agreement to acquire ITC,
S&P affirmed the Corporation's corporate credit rating off-, revised its unsecured debt credit rating to BBB+
from A-, and revised its out/ook on the Corporation to negative from stable. Similarly, in February 2016 DBRS
placed the Corporation "s corporate credit rating under review with negative implications.

(2) In February 2016, after the announcement by Fortis that it had entered into an agreement to acquire ITC,
S&P revised its outlook on TFP, Central Hudson, FortisAlberta, Maritime Electric and Caribbean Utilities to
negative from stable.

(3) Central Hudson's senior unsecured debt is also rated by Fitch at 'A-, Stable'
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DBRS rates debt instruments by rating categories ranging from AAA to D, which represents the range
from highest to lowest quality of such securities. DBRS states that: (i) its long-term debt ratings are
meant to give an indication of the risk that the borrower will not fulfill its obligations in a timely manner
with respect to both interest and principal commitments, (ii) its ratings do not take factors such as
pricing or market risk into consideration and are expected to be used by purchasers as one part of their
investment decision, and (iii) every rating is based on quantitative and qualitative considerations that
are relevant for the borrowing entity. According to DBRS, a rating of A by DBRS is in the middle of three
subcategories within the third highest of nine major categories. Such rating is assigned to debt
instruments considered to be of satisfactory credit quality and for which protection of interest and
principal is still substantial, but the degree of strength is less than with AA rated entities. Entities rated
in the BBB category are considered to have long-term debt of adequate credit quality. Protection of
interest and principal is considered acceptable, but the entity is fairly susceptible to adverse changes in
financial and economic conditions, or there may be other adverse conditions present which reduce the
strength of the entity and its rated securities. The assignment of a (high) or (low) modifier within each
rating category indicates relative standing within such category.

S&P long-term debt ratings are on a ratings scale that ranges from AAA to D, which represents the
range from highest to lowest quality of such securities. S&P uses '+' or '-' designations to indicate the
relative standing of securities within a particular rating category. S&P states that its credit ratings are
current opinions of the financial security characteristics with respect to the ability to pay under contracts
in accordance with their terms. This opinion is not specific to any particular contract, nor does it address
the suitability of a particular contract for a specific purpose or purchaser. An issuer rated A is regarded
as having financial security characteristics to meet its financial commitments but is somewhat more
susceptible to the adverse effects of changes in circumstances and economic conditions than those in
higher-rated categories.

Moody's long-term debt ratings are on a rating scale that ranges from Aaa to C, which represents the
range from highest to lowest quality of such securities. In addition, Moody's applies numerical modifiers
1, 2 and 3 in each generic rating classification from Aa to Caa to indicate relative standing within such
classification. The modifier 1 indicates that the security ranks in the higher end of its generic rating
category, the modifier 2 indicates a mid-range ranking and the modifier 3 indicates that the security
ranks in the lower end of its generic rating category. Moody's states that its long-term debt ratings are
opinions of relative risk of fixed-income obligations with an original maturity of one year or more and
that such ratings reflect both the likelihood of default and any financial loss suffered in the event of
default. According to Moody's, a rating of Baa is the fourth highest of nine major categories and such
a debt rating is assigned to debt instruments considered to be of medium-grade quality. Debt
instruments rated Baa are subject to moderate credit risk and may possess certain speculative
characteristics. Debt instruments rated A are considered upper-medium grade and are subject to low
credit risk.

Fitch's long-term debt rating are on a rating scale that ranges from AAA to C, which represents the
range from highest to lowest qualify of such securities. Fitch uses '+' or 1-1 designations to indicate the
relative standing of securities within a particular rating category. Such modifiers are not added to the
AAA rating or to ratings below B. Fitch states that its credit ratings provide an opinion on the relative
ability of an entity to meet financial commitments, such as interest, preferred dividends, repayment of
principal, insurance claims or counterparty obligations. Fitch's credit ratings do not directly address any
risk other than credit risk. A rating of 'A' denotes expectation of low default risk, with strong capacity
for payment of financial commitments. A rating of 'BBB' denotes current expectations of low default
risk, with adequate capacity for the payment of financial commitments.

The Corporation pays each of DBRS, S&P and Moody's an annual monitoring fee and a one-time fee in
connection with each rated issuance. In 2015, Fortis also paid fees to S&P and Moody's in respect of
certain advisory services provided in connection with the pending acquisition of ITC. No such fees were
paid in 2014.
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Fortis
2015 Trading Prices and Volumes

Common Shares First Preference Shares, Series E
Month High Low Volume High Low Volume
January 42.23 38.77 14,559,158 26.08 25.75 20,889
February 42.23 38.32 15,673,004 26.04 25.58 25,379
March 40.29 38.36 18,477,567 25.86 25.63 54,230
April 39.90 38.05 9,767,559 25.80 25.60 54,105
May 39.49 37.12 11,546,629 25.90 25.59 24,900
June 38.49 34.45 15,119,531 25.80 25.55 16,200

July 38.46 35.08 11,661,513 25.75 25.45 18,387

August 38.75 34.16 14,095,079 25.69 25.20 16,415

September 38.17 34.20 17,476,551 25.47 25.18 95,148

October 40.14 37.18 15,692,958 25.47 25.30 128,932
November 38.60 36.35 12,504,209 25.49 25.06 32,705
December 38.26 35.51 15,464,056 25.35 25.16 360,105

s

*r 9.0 MARKET FOR SECURITIES

The Com m on Shares,  Fi rs t  Preference Shares,  Ser ies E, First Preference Shares, Series F,
First Preference Shares, Series G, First Preference Shares, Series H, First Preference Shares, Series I,
First Preference Shares, Series J, First Preference Shares, Series K and First Preference Shares, Series M
of Fortis are listed on the TSX under the symbols FI'S, FTS.PR.E, FI'S.PR.F, Frs.pR.G, FI'S.PR.H,
FI'S.PR.I, Frs.pR.J, Frs.pR.K and Frs.pR.M, respectively.

The fol lowing tables set forth the reported high and low trading prices and trading volumes for
the Common Shares, First Preference Shares, Series E, First Preference Shares, Series F,
First Preference Shares, Series G, First Preference Shares, Series H, First Preference Shares, Series I,
First Preference Shares, Series J, First Preference Shares, Series K, and First Preference Shares,
Series M on a monthly basis for the year ended December 31, 2015.
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Fortis
2015 Trading prices and Volumes

First Preference Shares, Series F First Preference Shares, Series G
Month High Low Volume High Low Volume
Janua 25.22 24.51 38,138 25.46 23.26 70,820
Februa 25.68 24.86 30,672 24.18 23.06 81,535
March 25.24 24.84 48,096 24.47 23.53 248,758
April 25.10 24.36 71,811 23.71 20.84 192,548
May 25.00 24.11 63,091 22.50 21.36 170,316
June 24.51 23.20 55,565 22.17 21.35 94,522
July 24.30 23.52 64,713 21.94 19.95 83,440

August 23.97 21,64 54,337 20.36 16.62 137,163
September 23.07 21.60 210,994 19.26 16.37 280,932

October 22.74 21.20 92,747 19.19 15.90 282,181
November 23.55 21.95 128,647 19.96 17.78 280,941
Decent be r 23.71 21.65 87,471 18,49 15.57 374,203

(1First Preference Shares, Series H (1)First Preference Shares, Series I
Month High $) Low Volume High ($) Low $) Volume
Janua 19.59 16.84 405,862
Februa 17.29 16.50 219,928

March 16.97 16.05 402,886
April 16.80 15.20 892,668
May 17.10 15.90 233,282
June 17.00 16,05 204,409 17,16 15.61 31,999
July 17.23 16,09 343,502 17.00 15.50 18,950

August 16.55 14.01 293,047 16.10 13.00 20,650
September 15.64 13.00 76,007 14,26 12.10 35,030

October 14.70 13.60 138,311 13.35 12.00 49,072
November 15.70 13.95 110,962 13.75 12.00 75,755
Decent be r 14.81 12.75 145,156 13.00 10.92 101,208

First Preference Shares, Series J First Preference Shares, Series K
Month High Low Volume )High Low Volume
Janua 25.13 24.16 117,712 25.53 23.30 89,307
Februa 25.50 24.80 130,658 24.49 23.15 153,649

March 25.37 24.75 123,776 24.z0 23.54 175,640
April 25.12 24.25 168,938 23.90 20.19 219,961
May 25.05 24.00 113,793 22.98 21.48 113,621
June 24.55 23.29 74,548 22.00 20.81 155,165
July 24.40 23.29 58,285 21.90 20.84 158,790

August 23.23 21.20 64,228 21.65 17.90 142,852
September 22.49 21.00 67,129 19.98 15.92 368,777

October 22.45 20.58 78,940 20.04 16.01 340,911
November 22.85 21.23 112,115 20.49 18.52 404,180
December 23.00 20.80 76,388 19.39 16.56 314,369

First Preference Shares, Series M
Month High Low ($) Volume
January 25.75 24.26 435,010
Februa 25.30 24.50 245,579

March 25.34 24.60 331,494
April 25.05 23.26 1,095,659
May 25.46 24.51 550,788
June 24.80 23.48 375,183
July 24.06 22.38 297,623

August 23.77 19.63 178,882
September 22.40 19.40 310,304

October 21.72 17.18 401,744
November 22.83 19.85 311,587
December 21.19 17.90 792,543

d

(1) 2,975,154 of the 10,000,000 First Preference Shares, Series H were converted on a one-for-one basis into
First Preference Shares, Series I on June 1, 2015. As a result of the conversion, Fortis has issued and outstanding
7,024,846 First Preference Shares, Series H and 2,975,154 First Preference Snares, Series I.
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Fortis Directors

Name Principal Occupations within Five Precedlng Years
(1)TRACEY c. BALL

Edmonton, Alberta
Ms. Ball, 58, joined the Fortis Board in May 2014. She retired in
September 2014 as Executive Vice President and Chief Financial Officer
of Canadian Western Bank Group. Prior to joining a predecessor bank
to Canadian Western Bank in 1987, she worked in public accounting
and consulting. Ms. Ball has served on several private and public sector
boards, including the Province of Alberta Audit Committee and the
Financial Executives Institute of Canada. She currently serves on the
City of Edmonton LRT Governance Board. Ms. Ball graduated from
Simon Fraser University with a Bachelor of Arts (Commerce). She is a
member of the Chartered professionals Accountants of Canada, the
Institute of Chartered Accountants of Alberta, and the Association of
Chartered Professional Accountants of British Columbia. Ms. Ball holds
an ICD.D designation from the Institute of Corporate Directors. She
serves as a director of FortisAlberta and is Chair of that company's
Audit Committee. She does not serve as a director of any other
reporting issuer.

(3)PIERRE J. BLOUIN
Ile Bizard, Quebec

Mr. Blouin, 58, joined the Fortis Board in May 2015. He was Chief
Executive Officer of Manitoba Telecom Services, Inc. until his
retirement in December 2014. Prior to joining Manitoba Telecom
Services, Inc. as its Chief Executive Officer in 2005, Mr. Blouin held
various executive positions in the Bell Canada group of companies,
including Group President, Consumer Markets for Bell Canada, Chief
Executive Officer of BCE Emergis, Inc. and CEO of Bell Mobility.
Mr. Blouin graduated from Hautes Etudes Commerciales with a
Bachelor of Commerce in Business Administration. He is a Fellow of
Purchasing Management Association of Canada and a Fellow of the
Institute of Bankers (Canada). Mr. Blouin was appointed to the Human
Resources Committee on May 7, 2015. He does not serve as a director
of any other reporting issuer.

(1) (2)PETER E. CASE
Kingston, Ontario

Mr. Case, 61, a Corporate Director, retired in February 2003 as
Executive Director, Institutional Equity Research at CIBC World
Markets. During his 17-year career as senior investment analyst with
CIBC World Markets and BMO nesbitt Burns and its predecessors,
Mr. Case's coverage of Canadian and selected u.s. pipeline and energy
utilities was consistently rated among the top rankings. Mr. Case was
awarded a Bachelor of Arts and an MBA from Queen's University and a
Master of Divinity from Wycliffe College, University of Toronto. He was
first elected to the Board in May 2005 and has been Chair of the
Audit Committee of the Board since March 2011. Mr. Case was a
Director of FortisOntario from 2003 through 2010 and served as Chair
of the Fortisontario Board from 2009 through 2010. He does not serve
as a director of any other reporting issuer.

10.0 DIRECTORS AND OFFICERS

The Board has governance guidelines which cover various items, including director tenure. The
governance guidelines provide that Directors of the Corporation are to be elected for a term of one year
and, except in appropriate circumstances determined by the Board, be eligible for re-election until the
annual meeting of shareholders next following the date on which they achieve age 72 or the 12th
anniversary of their initial election to the Board.

The following chart sets out the name and municipality of residence of each of the Directors of Fortis as
of February 17, 2016, and indicates their principal occupations within the five preceding years.
Each Director's current term expires at the close of the May 5, 2016 annual meeting of shareholders.
Paul J. Bonavia, who was elected to the Board of the Corporation in May 2015, resigned from the Board
effective February 8, 2016 in order to remain in compliance with the rules of another entity of which he
is a director. These rules would not permit Mr. Bonavia to serve as a director of Fortis following the
announcement by the Corporation that it has entered into an agreement to acquire ITC.
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Fortis Directors (continued)

Name Principal Occupations Within Five Precedlng Years
1)MAURA J. CLARK

New York, New York
Ms. Clark, 57, joined the Fortis Board in May 2015. She retired from
Direct Energy, a subsidiary of Centrica plc, in March 2014 where she
was President of Direct Energy Business, a leading energy retailer in
Canada and the United States, from 2007. Previously Ms. Clark was
Executive Vice President of North American Strategy and Mergers and
Acquisitions for Direct Energy. Ms. Clark's prior experience includes
investment banking and serving as chief Financial Officer of an
independent oil refining and marketing company. Ms. Clark
graduated from Queen's University with a Bachelor of Arts in
Economics. She is a member of the Association of Chartered
Professional Accountants of Ontario. Ms. Clark was appointed to the
Audit Committee in May 2015 upon her election to the Board.
Ms. Clark also serves as a director of Elizabeth Arden, Inc.

(2) (3)IDA J. GOODREAU
Bowen Island, British
Columbia

Ms. Goodreau, 64, is a past President and Chief Executive Officer of
Life Labs. Prior to joining Life Labs in March 2009, she served as
President and Chief Executive Officer of Vancouver Coastal Health
Authority from 2002. Ms. Goodreau has held senior leadership roles
in several Canadian and international pulp and paper and natural gas
companies. She was awarded an MBA and a Bachelor of Commerce,
Hof ours, degree from the University of Windsor and a Bachelor of
Arts (English and Economics) from the University of Western Ontario.
She has served on numerous private and public sector boards and
has been a director of FortisBc Energy and FortisBC Inc. since 2007
and 2010, respectively. Ms. Goodreau serves as Chair of the
Governance Committee of FortisBC Energy and FortisBC Inc.
She was first elected to the Board in May 2009. Ms. Goodreau does
not serve as a director of any other reporting issuer.

(1) (3)DOUGLAS J. HAUGHEY
Calgary, Alberta

Mr. Haughey, 59, from August 2012 through May 2013, was
chief Executive Officer of The Churchill Corporation, a commercial
construction and industrial services company focused on the western
Canadian market. From 2010 through its successful sale to Pembina
Pipeline in April 2012, he served as President and Chief Executive
Officer of Provident Energy Ltd., an owner/operator of natural gas
liquids midstream facilities. From 1999 through 2008, he held several
executive roles with Spectra Energy and predecessor companies.
Mr. Haughey had overall responsibility for its western Canadian
natural gas midstream business, was President and chief Executive
Officer of Spectra Energy Income Fund and also led Spectra's
strategic development and mergers and acquisitions teams based in
Houston, Texas. He graduated from the University of Regina with a
Bachelor of Administration and from the University of Calgary with
an MBA. Mr. Haughey also holds an ICD.D designation from the
Institute of Corporate Directors. He was first elected to the Board in
May 2009. Mr. Haughey became a director of FortisAlberta in 2010,
and serves as Chair of that Board. Mr. Haughey was appointed Chair
of the Human Resources Committee in March 2015. Mr. Haughey is
also lead director of Keyera Corporation.

(2)R. HARRY MCWATTERS
Summerland, British
Columbia

Mr. Mcwatters, 70, is President of Vintage Consulting Group Inc.,
Harry Mcwatters Inc., and TIME Estate Winery, all of which are
engaged in various aspects of the British Columbia wine industry. He
is the founder and past President of Sumac Ridge Estate Wine Group.
Mr. McWattels was first elected to the Board in May 2007. He was a
Director of FHI and FortisBc Inc., where he served as Chair from 2006
through 2010. Mr. Mcwatters does not serve as a director of any
other reporting issuer.



Fortis Directors (continued)

Name Principal Occupations Within Five Preceding Years
(2) (3)R O N A L D  D .  M U N K L E Y

Mis s i s s auga,  Ont a r i o
M r .  M u n k l e y ,  7 0 ,  a  C o r p o r a t e  D i r e c t o r ,  r e t i r e d  i n  A p r i l  2 0 0 9  a s
V i c e  C h a i r m a n  a n d  H e a d  o f  t h e  P o w e r  a n d  u t i l i t y  B u s i n e s s  o f
CI B C Wor l d  Mark e t s .  Wh i l e  t he re  he  ac t ed  as  l ead  adv i s o r  on  ov er  175
c a p i t a l  m a r k e t s  a n d  s t r a t e g i c  a n d  a d v i s o r y  a s s i g n m e n t s  f o r  N o r t h
A m er i c an  u t i l i t y  c l i en t s .  P r i o r  t o  t ha t  he  was  c oo  a t  E nb r i dge  I nc .  and
Cha i rman o f  E nbr i dge  Cons umer  Gas .  P rev ious l y  he  was  P res iden t  and
CE O o f  Cons um er  Gas  where  he  l ed  t he  c om pany  t h rough  de regu l a t i on
and  res t ruc t u r i ng i n  t he  1990s .  He  gradua t ed  f r om  Queen ' s  Un i v e rs i t y
w i t h  a  B a c h e l o r  o f  S c i e n c e  ( E n gi n e e r i n g) ,  Ho f  o u r s .  M r .  M u n k l e y  i s  a
p r o f e s s i o n a l  e n g i n e e r  a n d  h a s  c o m p l e t e d  t h e  E x e c u t i v e  a n d  S e n i o r
E x e c u t i v e  P r o g r a m s  o f  t h e  U n i v e r s i t y  o f  W e s t e r n  O n t a r i o  a n d  t h e
P a r t n e r s ,  D i r e c t o r s  a n d  S e n i o r  O f f i c e r s  C e r t i f i c a t e  o f  t h e  C a n a d i a n
S e c u r i t i e s  I n s t i t u t e .  H e  w a s  f i r s t  e l e c t e d  t o  t h e  B o a r d  i n  M a y  2 0 0 9 .
M r .  M unk l ey  a l s o  s e rv es  as  a  d i rec t o r  o f  B i rd  Cons t ruc t i on  I nc .

(1) (2) (3)DAVID G. NORRIS
st. John's, Newfoundland
and Labrador

M r .  No r r i s ,  68 ,  a  Co rpo ra t e  D i rec t o r ,  was  a  f i nanc i a l  and  m anagem en t
c o n s u l t a n t  f r o m  2 0 0 1  u n t i l  h i s  r e t i r e m e n t  i n  D e c e m b e r  2 0 1 3 .  P r i o r  t o
t h a t  h e  w a s  E x e c u t i v e  V i c e P r e s i d e n t ,  F i n a n c e  a n d Bus iness
Dev e l opm ent  o f  F i s he ry  P roduc t s  I n t e rna t i ona l  L i m i t ed .  P rev i ous l y ,  he
h e l d  D e p u t y  M i n i s t e r  p o s i t i o n s  w i t h  t h e  D e p a r t m e n t  o f  F i n a n c e  a n d
T r e a s u r y  B o a r d  o f  t h e  G o v e r n m e n t  o f  N e w f o u n d l a n d  a n d  L a b r a d o r .
M r .  N o r r i s  g r a d u a t e d  w i t h  a  B a c h e l o r  o f  C o m m e r c e ,  H o n  o u r s ,  f r o m
M e m o r i a l  U n i v e r s i t y  o f  N e w f o u n d l a n d  a n d  a n  M B A  f r o m  M c M a s t e r
U n i v e r s i t y .  H e  w a s  f i r s t  e l e c t e d  t o  t h e  B o a r d  i n  M a y  2 0 0 5  a n d  w a s
appo i n t ed  Cha i r  o f  t he  B oa rd  i n  Dec em ber  2010 .  M r .  No r r i s  s e r v ed  as
C h a i r  o f  t h e  A u d i t  C o m m i t t e e  o f  t h e  B o a r d  f r o m  M a y  2 0 0 6  t h r o u g h
M a r c h  2 0 1 1 .  H e  w a s  a  d i r e c t o r  o f  N e w f o u n d l a n d  P o w e r  f r o m  2 0 0 3
t h r o u gh  2 0 1 0  a n d  s e r v e d  a s  C h a i r  o f  t h a t  B o a r d  f r o m  2 0 0 6  t h r o u gh
2 0 1 0 .  M r .  N o r r i s  s e r v e d  a s  a  d i r e c t o r  o f  F o r t i s  P r o p e r t i e s  f r o m  2 0 0 6
t h r o u gh  2 0 1 0 .  H e  d o e s  n o t  s e r v e  a s  a  d i r e c t o r  o f  a n y  o t h e r  r e p o r t i n g
issuer .

B A R R Y  v .  P E R R Y
s t .  J o h n ' s ,  Ne wf o u n d l a n d
a n d  L a b r a d o r

M r .  P e r r y ,  5 1 ,  i s  P r e s i d e n t  a n d  C h i e f  E x e c u t i v e  O f f i c e r  o f  t h e
C o r p o r a t i o n .  P r i o r  t o  h i s  c u r r e n t  p o s i t i o n  a t  F o r t i s ,  h e  s e r v e d  a s
P r e s i d e n t  f r o m  J u n e  3 0 ,  2 0 1 4  t o  De c e m b e r  3 1 ,  2 0 1 4  a n d  p r i o r  t o  t h a t
s e r v e d  a s  V i c e  P r e s i d e n t ,  F i n a n c e  a n d  C h i e f  F i n a n c i a l  O f f i c e r  o f  t h e
C o r p o r a t i o n .  M r .  P e r r y  j o i n e d  t h e  F o r t i s  o r g a n i z a t i o n  i n  2 0 0 0  a s
V i c e  P r e s i d e n t ,  F i n a n c e  a n d  Ch i e f  F i n a n c i a l  O f f i c e r  o f  Ne w f o u n d l a n d
P o w e r .  H e  e a r n e d  a  B a c h e l o r  o f  C o m m e r c e  f r o m  M e m o r i a l  U n i v e r s i t y
o f  N e w f o u n d l a n d  a n d  i s  a  m e m b e r  o f  t h e  A s s o c i a t i o n  o f  C h a r t e r e d
P r o f e s s i o n a l  A c c o u n t a n t s  o f  N e w f o u n d l a n d  a n d  L a b r a d o r .  M r .  P e r r y
s e r v e s  o n  t h e  B o a r d s  o f  F o r t i s  u t i l i t i e s  i n  B r i t i s h  C o l u m b i a ,  A l b e r t a ,
A r i z o n a  a n d  N e w  Y o r k .  M r .  P e r r y  w a s  a p p o i n t e d  t o  t h e  B o a r d  o n
J a n u a r y  1 ,  2 0 1 5 ,  c o n c u r r e n t  w i t h  h i s  a p p o i n t m e n t  a s  P r e s i d e n t  a n d
Ch i e f  E x ec u t i v e  O f f i c e r  o f  t he  Corpora t i on .

A

(1)

(2)

(3)

Serves on the Audit  Committee.
Serves on the Governance and Nominat ing Committee.
Serves on the Human Resources Committee.
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Fortis Officers

Name and Municipality of Residence Office Held

Bare V. Perry
st. John's, Newfoundland and Labrador

President and chief Executive Officer (1)

Karl w. Smith
St. John's, Newfoundland and Labrador

Executlve Vice President, chief Financial Officer (2)

Nora M. Duke
st. John's, Newfoundland and Labrador

Executive Vice President, Corporate Services and Chief
Human Resource Officer (3)

Earl A. Ludlow
Paradise, Newfoundland and Labrador

Eastern Canadian andExecutive vice President,
Caribbean Operations (4)

David c. Bennett
st. John's, Newfoundland and Labrador

CorporateVice President, Chief Legal Officer and
Secretary (5)

James D. Spinney
Mount Pearl, Newfoundland and Labrador

Vice President, Treasurer (6)

Jamie D. Roberts
Mount Pearl, Newfoundland and Labrador

Vice President, Controller (7)

Regan p. O'Dea
st. John's, Newfoundland and Labrador

Assistant Corporate Secretary (8)

4

14 The following table sets out the name and municipality of residence of each of the officers of Fortis as
of December 31, 2015, and indicates the office held.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Mr. Perry was appointed President and chief Executive Officer, effective January 1, 2015, upon the retirement
of Mr. H. Stanley Marshall. Mr. Perry became President of Fortis effective June 30, 2014. Prior to that time,
Mr. Perry served as Vice President, Finance and Chief Financial Officer of Fortis since 2004.
Mr. Sri tn was appointed Executive Vice President, Chief Financial Ofl7cer, effective June 30, 2014. Prior to
that time, Mr. Smith sewed as President and Chief Executive Officer of FortisA/berta since 2007.
Ms. Duke was appointed Executive Vice President, Corporate Services and Chief Human Resource Officer,
effective August 1, 2015. Prior to that time, Ms. Duke served as President and Chief Executive Officer of Fortis
Properties since 2008.
Mr. Ludlow was appointed Executive Vice President, Eastern Canadian and Caribbean Operations, effective
August 1, 2014. Prior to that time, Mr. Ludlow served as President and Chief Executive Officer at
Newfoundland Power since 2007.
Mr. Bennett was appointed Vice President, Chief Legal Officer and Corporate Secretary, effective
September 19,2014. Prior to that time, Mr.Bennett servedas Vice President, Operations Support, General
Counsel and Corporate Secretary since 2013 and Vice President, General Counsel and Corporate Secretary
since 2010 for FortisBC Inc., FortisBC Energy and FHI.
Mr. Spinney was appointed Vice President, Treasurer effective March 20, 2013. Prior to that time, Mr. Spinney
served as Manager, Treasury at Fortis since October 2002.
Mr.Robertswas appointed Vice President, Controller, effective March 20, 2013. Prior to thattime, Mr.Roberts
served as Vice President, Finance and Chief Financial Officer of Fortis Properties since July 2008.
Mr. O'Dea was appointed Assistant Corporate Secretary effective May 7, 2015, and holds the position of
Associate Genera/ Counsel since January 2014. Prior to that time, Mr. O'Dea served as Director, Legal and
CorporateServicesand Corporate Secretary of Johnson Inc. since 2011.

As at December 31, 2015, the directors and officers of Fortis, as a group, beneficially owned, directly or
indirectly, or exercised control or direction over 603,991 Common Shares, representing 0.2% of the
issued and outstanding Common Shares of Fortis. The Common Shares are the only voting securities
of the Corporation.
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Fortis
Audit Committee

Name R~ | ~vant Education and Experience

PETER E. CASE (chair)
Kingston, Ontario

Mr.  Case ret i red in  February  2003 as Execut i ve Di rector ,
Institutional Equity Research at CIBC World Markets. He was
awarded a Bachelor of Arts and an MBA from Queen's University
and a Master  of  Div ini ty f rom W ycl i f fe Col lege,  Universi ty

of Toronto.
TRACEY c. BALL
Edmonton, Alberta

Ms. Ball retired in September 2014 as Executive Vice President
and Chief Financial Officer of Canadian Western Bank Group.
Ms. Ball has served on several private and public sector boards,
including the Province of  Alber ta Audi t  Commit tee and the
Financial Executives Institute of Canada. She currently serves on
the City of Edmonton LRT Governance Board. She graduated from
Simon Fraser University with a Bachelor of Arts (Commerce). She
is a member of the Canadian Chartered Professional Accountants
of Canada, the Institute of Chartered Accountants of Alberta, and
the Association of  Char tered Professional Accountants of
Bri t ish Columbia.  She holds an ICD.D designat ion f rom the
Institute of Corporate Directors.

MAURA J. CLARK
New York, New York

Ms. Clark retired from Direct Energy, a subsidiary of Centrica plc,
in March 2014 where she was President of Direct Energy Business,
a leading energy retai ler  in Canada and the Uni ted States.
Previousiy Ms. Clark was Execut ive Vice President of  North
American Strategy and Mergers and Acquisi t ions for Direct
Energy. Ms. Clark's prior experience includes investment banking
and serving as chief  Financial  Off icer of  an independent oi l
ref ining and market ing company. Ms. Clark graduated f rom
Queen's University with a Bachelor of Arts in Economics. She is a
member of the Association of Chartered Professional Accountants
of Ontario.

DOUGLAS J. HAUGHEY
Calgary, Alberta

Mr. Haughey, f rom August 2012 through May 2013, was
Chief Executive Officer of The Churchill Corporation. Prior to that,
he served as President and Chief Executive Officer of Provident
Energy Ltd. and held several executive roles with Spectra Energy
and predecessor companies. He graduated from the University of
Regina with a Bachelor of Administration and from the University
of Calgary with an MBA. Mr. Haughey also holds an
ICD.D designation from the Institute of Corporate Directors.

DAVID G. NORRIS
st. John's, Newfoundland and

Labrador

Mr. Norris was a financial and management consultant from 2001
until his retirement in December 2013. Prior to that he was
Executive Vice President, Finance and Business Development of
Fishery Products International Limited. He graduated with a
Bachelor of Commerce, Hof ours, from Memorial University of
Newfoundland and an MBA from McMaster University.

s

14 11.0 AUDIT COMMITTEE

11.1 Education and Experience

The education and experience of each Audit Committee Member that is relevant to such Member's
responsibilities as a Member of the Audit Committee are set out below. As at December 31, 2015, the
Audit Committee was composed of the following persons.

The Board has determined that each of the Audit Committee Members is independent and financially
literate. Independent means free from any direct or indirect material relationship with the Corporation
which, in the view of the Board, could reasonably be expected to interfere with the exercise of a
Member's independent judgment as more particularly described in Multilateral Instrument
52-110 - Audit Committees. Financially literate means having the ability to read and understand a set
of financial statements that present a breadth and level of complexity of accounting issues that are
generally comparable to the breath and complexity of the issues that can reasonably be expected to be
raised by the Corporation's 2015 Audited Consolidated Financial Statements.
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n 11.2 Audit Committee Mandate

The text of the Corporation's Audit Committee Mandate is detailed below.

A. Objective

The Committee shall provide assistance to the Board by overseeing the external audit of the
Corporation's annual financial statements and the accounting and financial reporting and disclosure
processes and policies of the Corporation.

B. Definitions

In this mandate:

means the Annual Information Form filed by the Corporation,

"Committee" means the Audit Committee appointed by the Board pursuant to this mandate,

"Board" means the board of directors of the Corporation,

"AIF"

"Corporation" means Fortis Inc.,

"Director" means a member of the Board ,

"Financially Literate" means having the ability to read and understand a set of financial statements
that present a breadth and level of complexity of accounting issues that are generally comparable to
the breath and complexity of the issues that can reasonably be expected to be present in the
Corporation's financial statements,

"ExternaI Auditor" means the firm of chartered professional accountants, registered with the Canadian
Public Accountability Board or its successor, and appointed by the shareholders of the Corporation to
act as external auditor of the Corporation,

"Independent" means free from any direct or indirect material relationship with the Corporation which,
in the view of the Board, could reasonably be expected to interfere with the exercise of a Member's
independent judgment as more particularly described in National Instrument 52-110,

"InternaI Auditor" means the person employed or engaged by the Corporation to perform the internal
audit function of the Corporation,

"Management" means the senior officers of the Corporation,

"MD&A" means the Corporation's management discussion and analysis prepared in accordance with
National Instrument 51-102F1 in respect of the Corporation's annual and interim financial statements,
and

"Member" means a Director appointed to the Committee.

c. Composition andMeetings

1. The Committee shall be appointed annually by the Board and shall be comprised of three (3) or
more Directors, each of whom is Independent and Financially Literate and none of whom is a
member of Management or an employee of the Corporation or of any affiliate of the Corporation.

2. The Board shall appoint a Chair of the Committee on the recommendation of the Corporation's
Governance and Nominating Committee, or such other committee as the Board may authorize.

3. The Committee shall meet at least four (4) times each year and shall meet at such other times
during the year as it deems appropriate. Meetings of the Committee shall be held at the call
(i) of the Chair of the Committee, or (ii) of any two (2) Members, or (iii) of the External Auditor.
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4. The President and Chief Executive Officer, the Executive Vice President, chief Financial Officer,
the External Auditor and the Internal Auditor, shall receive notice of, and (unless otherwise
determined by the Chair of the Committee) shall attend all meetings of the Committee.

5. A quorum at any meeting of the Committee shall be three (3) Members.

6. The Chair of the Committee shall act as chair of all meetings of the Committee at which the
Chair is present. In the absence of the Chair from any meeting of the Committee, the Members
present at the meeting shall appoint one of their Members to act as Chair of the meeting.

7. Unless otherwise determined by the Chair of the Committee, the Secretary of the Corporation
shall act as secretary of all meetings of the Committee.

D. Oversight of the External Audit and the Accounting and Financial Reporting and Disclosure
Processes and Policies

The primary purpose of the Committee is oversight of the Corporation's external audit and the
accounting and financial reporting and disclosure processes and policies on behalf of the Board.
Management of the Corporation is responsible for the selection, implementation and maintenance of
appropriate accounting and financial reporting principles and policies and internal controls and
procedures that provide for compliance with accounting standards and applicable laws and regulations.
Management is responsible for the preparation and integrity of the financial statements of the
Corporation.

1. Oversight of the External Audit

The oversight of the external audit pertains to the audit of the Corporation's annual financial
statements.

The Committee is responsible for the evaluation and recommendation of
External Auditor to be proposed by the Board for appointment by the shareholders.

the

1.2. In advance of each audit, the Committee shall review the External Auditor's audit plan
including the general approach, scope and areas subject to risk of  material
misstatement.

1.3. The Committee is responsible for approving the terms of engagement and fees of the
External Auditor, including any non-audit services provided by the External Auditor.

1.4. The Committee shall review and discuss the Corporation's annual audited financial
statements, together with the External Auditor's report thereon, and MD&A with
Management and the External Auditor to gain reasonable assurance as to the accuracy,
consistency and completeness thereof. The Committee shall meet privately with the
External Auditor. The Committee shall oversee the work of the External Auditor and
resolve any disagreements between Management and the External Auditor.

1.5. The Committee shall use reasonable efforts, including discussion with the
External Auditor, to satisfy itself as to the External Auditor's independence as defined in
Canadian Auditing Standard - 260.

2. Oversight of the Accounting and Financial Reporting and Disclosure Processes

2.1. The Committee shall recommend the annual audited financial statements together with
the MD&A for approval by the Board.

2.2. The Committee shall review the interim unaudited financial statements with the
External Auditor and Management, together with the External Auditor's review
engagement report thereon.

2.3. The Committee shall review and approve publication of the interim unaudited financial
statements together with notes thereto, the interim MD&A and earnings media release
on behalf of the Board.
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A

2.4. The Committee shall review and recommend approval by the Board of the Corporation's
AIF, Management Information Circular, any prospectus and other financial information
or disclosure documents to be issued by the Corporation prior to their public release.

z.5. The Committee shall use reasonable efforts to satisfy itself as to the integrity of the
Corporation's financial information systems, internal control over financial reporting and
the competence of the Corporation's accounting personnel and senior financial
management responsible for accounting and financial reporting.

2.6. The Committee shall use reasonable efforts to satisfy itself as to the appropriateness of
the Corporation's material financing and tax structures.

2.7. The Committee shall be responsible for the oversight of the Internal Auditor.

2.8. The Committee shall monitor and report on the development of the Enterprise Risk
Management Program.

3. Oversight of the Audit Committee Mandate and Policies

On a periodic basis, the Committee shall review and report to the Board on the Audit Committee
Mandate as well as on the following policies:

3.1. Policy on Reporting Allegations of Suspected Improper Conduct and Wrongdoing ;

3.2. Derivative Instruments and Hedging Policy,

3.3. Pre-Approval of Audit and Non-Audit Services Policy,

3.4. Hiring from Independent Auditing Firms Policy;

3.5. Policy on the Role of the Internal Audit Function,

3.6. Disclosure Policy; and

3.7. any other policies that may be established, from time to time, relating to accounting
and financial reporting and disclosure processes, oversight of the external audit of the
Corporation's financial statements, and oversight of the internal audit function.

4. Retaining and Compensating Advisors

The Committee shall have the sole authority to engage independent counsel and any other
advisors as the Committee may deem appropriate in its sole discretion and to set the
compensation for any advisors employed by the Committee. The Committee shall not be
required to obtain the approval of the Board in order to retain or compensate such consultants
or advisors.

E. Reporting

The Chair of the Committee, or another designated Member, shall report to the Board at each
regular meeting on those matters which were dealt with by the Committee since the last regular
meeting of the Board .

F. Other

1. The Committee shall perform such other functions as may, from time to time, be assigned to
the Committee by the Board.
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Fortis
External Auditor Service Fees

($ thousands)
Ernst & Young LLP 2015 2014
Audit Fees 5,223 4,601

Audit-Related Fees 870 748

Tax Fees 475 119

Non-Audit Fees 48

Total 6,568 5,516

4

11.3 Pre-Approval Policies and Procedures

The Audit Committee has established a policy which requires pre-approval of all audit and non-audit
services provided to the Corporation and its subsidiaries by the Corporation's Eternal Auditor. The
Pre-Approval of Audit and Non-Audit Services Policy describes the services which may be contracted
from the External Auditor and the limitations and authorization procedures related thereto. This policy
defines services such as bookkeeping, valuations, internal audit and management functions which may
not be contracted from the External Auditor and establishes an annual limit for permissible non-audit
services not greater than the total fee for audit services. Audit Committee pre-approval is required for
all audit and non-audit services.

11.4 External Auditor Service Fees

Fees incurred by the Corporation for work performed by Ernst & Young LLP, the Corporation's
External Auditors, during each of the last two fiscal years for audit, audit-related, tax, and non-audit
services were as follows.

Audit fees were higher in 2015 than in 2014, mainly due to general increases in fees and the impact of
foreign exchange on us dollar-denominated audit fees. The increase in tax fees was largely due to
additional work completed on the sale of non-core assets. Ernst & Young LLP did not provide any
non-audit services in 2015.

12.0 TRANSFER AGENT AND REGISTRAR

The transfer agent and registrar for the Common Shares and First Preference Shares of Fortis is
Computershare Trust Company of Canada in Halifax, Montréal and Toronto.

Computershare Trust Company of Canada
8th Floor, 100 University Avenue
Toronto, on M5J 2Y1
T: 514.982.7555 or 1.866.586.7638
F: 416.263.9394 or 1.888.453.0330
W: www.investorcentre.com/fortisinc

13.0 AUDITORS

The auditors of the Corporation are Ernst & Young LLP, Chartered Professional Accountants, Fortis Place,
Suite 800, 5 Spring dale Street, st. John's, NL, A1E OE4. The consolidated financial statements of the
Corporation for the fiscal year ended December 31, 2015 have been audited by Ernst&young LLP.
Ernst & Young LLP report that they are independent of the Corporation in accordance with the Rules of
professional Conduct of the Association of Chartered Professional Accountants of Newfoundland and
Labrador.
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H 14.0 ADDITIONAL INFORMATION

Additional financial information is provided in the Corporation's MD&A and 2015 Audited Consolidated
Financial Statements, which are incorporated herein by reference. These documents and additional
information relating to the Corporation can be found on the Corporation's website at www.fortisinc.com
and on SEDAR at www.sedar.com.

Further additional information, including officers' and directors' remuneration and indebtedness,
principal holders of the securities of Fortis, options to purchase securities and interests of insiders in
material transactions, where applicable, will be contained in the management information circular of
Fortis to be dated on or about March 18, 2016 for the May 5, 2016 annual meeting of shareholders.

Requests for additional copies of the above-mentioned documents, as well as the
2015 Annual Information Form, should be directed to the Corporate Secretary, Fortis, P.O. Box 8837,
St. John's, NL, A1B 3TH (telephone: 709.737.2800). In addition, such documentation and additional
information relating to the Corporation is contained on the Corporation's website at www.fortisinc.com.
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PARTICIPANTS

Funding for the Harvard Electricity Policy Group over the course of its activities has been provided by the
Mossavar-Rahmani Center for Business and Government of Harvard's Kennedy School of Government, and by the
generous support of the following organizations:

SEARCH

• Search HEPG

Search www

mau

ABB Analysis

American Electric Power

AES Corporation

Alberta Electric System Operator

American Transmission Company

Arizona Public Service Company

Bonneville Power Administration

British Columbia Transmission Corporation

California Independent System Operator

Calpine Corporation

Carolina Power and Light

Central and Southwest

Central Maine Power
Google" search engine

Cinergy

Citizens Power

Constellation Energy Group, Inc.

U
ac Energy

Duke Energy

Duquesne

Dvnegv
EBSCO Industries

Edison Electric Institute

Edison Mission Energy

EGA

ELCON

Electric Reliability Council of Texas

Energy East

Enron
Energy Services, Inc.

EPSA (Electric Power Supply Association)

Exelon/ComEd

FirstEnergy Corporation

Fortis

GDF Suez

GE Energy

GenOn Energy
Georgia Transmission

Goldman Sachs

GPU

Intercontinental

Independent System Operator New England

ITC Holdings

Kaiser Aluminum & Chemical

Macquarie Energy

Merrill Lynch

Midcontinent Independent System Operator

Mirant Corporation

Morgan Stanley

National Gas Clearinghouse

National Grid use
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National Independent Energy Producers

National Rural Electric Cooperative Association

New York Independent System Operator

New York State Electric and Gas

Niagara Mohawk

Northeast Utilities

Orange and Rockland Utilities

Oxbow Power

PacifiCorp

Pacific Gas and Electric

PJM Interconnection

PSE&G

Public Service Enterprise Group

Sempra Energy/San Diego Gas & Electric

Seethe Energies

Southern California Edison

Southern Company

Tennessee Valley Authority

Trans-Elect/Michigan Electric Transmission Company

TransEnergie US, Ltd.

Tucson Electric Power

TXU Corporation

UNS Energy Corporation

us Department of Energy

Viridity Energy

Wisconsin Electric

Wisconsin Public Power

Wisconsin Energy Corporation

Xcel Energy

Other participants have come from:

Antitrust Institute
Enterprise Institute
Public Power Association
Superconductor
Wind Energy Association

Acre International
Alabama Public Service Committee
Alberta Utilities Commission
Ameren
American
American
American
American
American
Analysis Group
ANEEL, Brazil
Apache Corporation
APX
Arizona Corporation Commission
Arkansas Electric Cooperative Corporation
Arkansas Public Service Commission
Armour, Goodin, Schlotz & MacBride
Asia-pacific Energy Forum
Atlantic Energy Partners
Austin Energy
Australian Competition and Consumer Commission
Baker & Miller
Barker,
Bates White
Borlick Associates
Boston Edison
Boston University
Brandeis University
The Brattle Group
Brown Rudnick
Bruder, Gentile & Marcoux
Burson Marsteller
California Energy Commission
California Public Utilities Commission

Dunn & Rossi
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California State Senate
Calpine Corporation
Cambridge Energy Research Associates
Cambridge University
Cameron & McKenna
Catholic University of Louvin
CATO Institute
CEERT
Center for the Advancement of Energy Markets
Central Hudson
Centrica PLC
Christensen Associates
Clarkson University
Citicorp
CME Group
Colorado Office of Consumer Counsel
Colorado Public Utilities Commission
Columbia University
ComEd
Comillas Pontifical University
Commodities Futures Trading Commission
Compass-Lexecon
Con Edison
Conectiv
Connecticut Department of Public Utility Control
Conservation Law Foundation
CNT Energy
CPS Energy
Cornell University Institute of Public Affairs
Couch, White, Brenner
CRA International
DCT Energia, Brazil
Delaware Public Service Commission
Deloitte Consulting
Dickstein, Shapiro & Morin
District of Columbia Public Service Commission
Dow Chemical
Duke Energy
Economics Resource Group
Electric Generating Association
Electricity Journal
Electric Power Research Institute
Electric Power Supply Association
Enel North America
Enel S.p.A.
Energy 5.0
Energy Resource Economics
Energy Probe
ENTE Nacional Regulador del Gas
Environmental Defense Fund
Environmental Law and Policy Center of the Midwest
Equitable Resources, Inc.
ERCOT ( Texas )
ERG
Energy Security Analysis, Inc.
ESPY Energy Solutions
Executive Branch of Arizona
Federal Energy Regulatory Commission
Financial Accounting Standards Board
First Circuit Court of Appeals
Foley Hoar
GE Energy Financial Services
George Washington University School of Law
Georgia Public Service Commission
GridAmerica, LLC
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Hale & Dorr
Hansen, McQuat, Hamrin & Rohde
Harvard University
Hogan & Hartson
House Committee on Energy and Commerce
Howrey & Simon
Hunton & Williams
ICF International
Idaho Power
Idaho Public Utilities Commission
IEC
Illinois Attorney General
Illinois Commerce Commission
IMO Ontario
Independent Energy Producers Association
Indiana Utility Regulatory Commission
Institute de Investigacion Tecnologica
Intercontinental Energy Corporation
Internen Services, Inc.
Iowa Utilities Board
Italian Energy Authority
J. Makowski Associates
Johns Hopkins University
Jones, Day, Reavis & Pogue
Kentucky Public Service Commission
Kidder Peabody
Landrum & Brown
Latham & Watkins
Law Offices of Scott Hempling
Lawrence Livermore National Laboratory
LeBoeuf, Lamb, Greene & MacRae, LLP
LECG
Lehman Brothers
Liipfert, Bernhard
London Economics International, LLC
Long Island Lighting Company
Louisville Gas & Electric
LS Power Development
Maine Public Utilities Commission
Maryland Office of People's Council
Maryland Public Service Commission
Martorelli e GouveiaAdvogados
Massachusetts Department of Public Utilities
Massachusetts Division of Energy Resources
Massachusetts Institute of Technology
McKinsey and Company
McNees, Wallace & Nurick
Merrill International
Merrill Lynch
Michigan Electric Transmission Company, LLC
Michigan Public Service Commission
Mississippi Public Service Commission
Monitoring Analytics
Montana Public Service Commission
Murphy Witan
NARUC
Nashville Electric Service
National Commission of Energy Policy
National Conference of State Legislators
National Consumer Law Center
National Economic Research Associates
National Electric Power Authority
National Energy Board
National Governors Association
National Regulatory Research Institute
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Natural Resources Defense Council
National Association of Regulatory Utility Commissioners
National Energy Board
National Independent Energy Producers
National Regulatory Research Institute
Natural Gas Clearinghouse
Natural Resources Defense Council
Neptune Energy
NERA Economic Consulting
New Energy Ventures
New England Power Generators Association
New Harbor, Inc.
New Hampshire Public Utilities Commission
New Jersey Board of Public Utilities
NGC Corporation
New York Power Authority
New York Public Service Commission
New York State Energy Office
New York State Public Service Commission
New Zealand Electricity Commission
NextEra Energy Resources
Ni Source
North American Electric Reliability Council
North Carolina Public Utilities Commission
The NorthBridge Group
Norwegian Water Resources and Energy Administration
The National Regulatory Research Institute
Nuclear Regulatory Commission
Oak Ridge National Laboratories
Oklahoma Gas and Electric
Office for Electricity Regulation (UK)
Oliver, Oliver & Waltz
Ontario IMO
Orange and Rockland
Oregon Public Utility Commission
Otter Tail Power Company
Pacific Gas & Electric
Pacific Telesis
Paul Dragoumis Associates
PECO Energy
Pennsylvania Commonwealth Court
Pennsylvania House of Representatives
Pennsylvania Office of Consumer Advocate
Pennsylvania Public Utility Commission
Pontificia Universidad Catolica de Chile
Potomac Economics
Potomac Electric Power Company
PowerGEM
Predicate
Progress and Freedom Foundation
PSEG Energy Resources & Trade
PSI Energy
Public Service Commission of New Mexico
Public Utility Commission of Texas
Public Utility Research Center, University of Florida
Public Utilities Commission of Ohio
Public Utiiity Commission of Texas
Putnam, Hayes & Bartlett
Quarles & Brady
Regulatory Assistance Project
Regulatory Entity for Electric Sector (Portugal)
Reid & Priest
Rensselaer Polytechnic Institute
Resources for the Future
Rhode Island Public Utilities Commission
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Ridley & Associates
RTO West Project Team
Sacramento Municipal Utility District
Schwab Capital Markets LP
Senate Committee on Energy and Natural Resources
Seventh Circuit Court of Appeals
Skadden, Arps, Slate, Meagher & Flom, LLP
Solar Alliance
South Dakota Public Utilities Commission
Southern California Edison
Spiegel & McDiarmid
Stanford University
State of Oklahoma
Steptoe & Johnson
Stoel Rives
Strategic Performance Management
Strategy Integration
Suffolk University
Sullivan & Cromwell
Sun power Corporation
Svanda Consulting
Synapse Energy Economics
Texas Ratepayers' Organization to Save Energy
Texas State Senate
TransEnergie US Ltd
TransGrid Australia
TRANSLink Development Company
Transpower New Zealand, Ltd.
Troutman & Sanders
UNC Global Institute for Energy and Environmental Systems
Unicom
Union of Concerned Scientists
University of Arizona
University of California at Los Angeles
University of California Energy Institute
University of Florida Public Utility Research Center
University of Hull Business School (UK)
University of Manchester Institute of Science and Technology (UK)
University of Maryland
University of Sussex (UK)
University of Texas at Austin
University of Wisconsin
us Department of Energy
us Department of Justice Antitrust Division
us Environmental Protection Agency
us Power Generating Company LLC
Utah Public Service Commission
Utility Consumers' Action Network
The Utility Reform Network
Utilities Telecom Council
Van Ness Feldman
Vermont Public Service Board
Washington State Energy Facility Site Evaluation Council
Washington Utilities and Transportation Commission
WEPCO
Winston & Strawn
Wisconsin Public Service Commission
The World Bank
World Resources Institute

Please email comments and suggestions to our Web Administrator. This page was last updated January 31 , 2007.

Copyright ©2007 by the President and Fellows of Harvard Colbae
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Residential5293833 ClosedSingle Family - Detached

BedslBaths: 3 /2
Bedrooms Plus: 4
Approx SqFt: 1,040 / County
Assessor
Pricel$qFt: $124.9
Year Built: 1977
Pool: None
Encoded Features: 32FR03S
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family -
Detached
Dwelling Styles: Detached

Ele Sch Dist: 083 - Cartwright
Elementary District
Elementary School: Peralta School
Jr. High School: Estrella Middle
School

High School Dist #: 210 - Phoenix Union
High School District
High School: Trevor Browne High School

Cross Streets: 67TH Av & MCDOWELL Directions: Go west on 1-10 to 67th Ave and go north to McDowell to Coronado and go west to Seth go
north and turns into Berkeley. property is on the right hand side as soon as you tum on the curve.

Public Remarks: This is the perfect and 2 bath home under $130k with separate office space, and optional 4th bedroom. This home is move in ready,
the bedrooms are very spacious. Plus a converted garage to a room with full bath and large closet! Tile floors throughout the entire home.The
backyard has a new fence for privacy, covered patio, and lots of space for kids and pets. It has an Rv gate and driveway from the front to the back Rv
gate. The drive way is big enough for 3 cars side by side. Plus Solar Panels to keep bills low during the summer heat.

Features Room Details Construction & Utilities County, Tax and Financing

Approx SqFt Range: 1,000 - 1,200
Garage Spaces: 0
Carport Spaces: 0
Total Covered Spaces: 0
Slab Parking Spaces: 3
Parking Features: Rv Gate
Pool - Private: No Pool
Spa: None
Horses: N
Fireplace: No Fireplace
Property Description: North/South
Exposure
Landscaping: Grass Front,
Synthetic Grass Back
Exterior Features: Covered
Patio(s); Storage Shed(s)
Features: Drink Wtr Filter Sys
Flooring: Tile

Kitchen Features: Range/Oven
Elec, Dishwasher
Master Bathroom: Full Bth Master
Bdrm
Master Bedroom: Split
Laundry: Inside Laundry
Dining Area: Eat-in Kitchen
Basement YIN: N
Sep DenlOffice YIN: Y
Other Rooms: Family Room
Items Updated: Floor Yr Updated:
2013; Bath(s) Yr Updated: 2018

Architecture: Spanish
Const - Finish: Stucco; Siding
Construction: Frame - wood
Roofing: Comp Shingle
Fencing: Block, Wood, Chain Link
Cooling: Refrigeration
Heating: Electric Heat
Utilities: SRP; sw Gas
Water: City Water
Sewer: Sewer - Public, Sewer in &
Cnctd
Services: City Services
Technology: Cable Tv Avail;
Highspd lntrnt Aval
Energy/Green Feature: Solar
Panels; Ceiling Fan(s)
Solar Panels: Ownership: Owned

County Code: Maricopa
Legal Subdivision: MARWALE
TERRACE no 41 PER MCR 177-37
AN: 102-76-362
Lot Number: 942
Town-Range-Section: 2N-1 E-36
Cty Bk&Pg:17737
Plat:
Taxes nr: $639/2014
Ownership: Fee Simple
New Financing: Cash; VA, FHA,
Conventional
Total Asum ninth Pmts: $30
Down Payment: $0
Existing 1st Loan: Treat as
Free&CIear
Existing 1st Ln Trms:
Disclosures: Agency Discl Req
Possession: Close of Escrow

Fees & Homeowner Association Information

HOA YIN: N//

HOA 2 Y/N: //

HOA 3 Yln: //

Association Fee Incl: No Fees
Assoc Rulesllnfoz None

Rec Center Fee Y/N: N I/
Rec Center Fee 2 YIN: N //
Land Lease Fee Y/N: N I $0 /
PAD Fee YIN: N /$0 /

Tel Mthly Fee Equiv: $0
Cap Imprv/Impact Fee: $0 $
Cap Impvllmpt Fee 2:$0 $

Listing Dates Pricing and Sale Info Listing Contract Info

CDOMIADOM: 16 / 19
Status Change Date: 08/08/2015
Close of Escrow Date: 08/07/2015
off Market Date: 06/29/2015

List Price:
Sold Price:
Sold Price/SqFt:
Loan Type:
Loan Years:
Payment Type:
Buyr Confess to Sell:
Sellr Confess to Buy:

$129 900
$129,900
$124.9
FHA
30
Fixed
0 %
0 %

http1//www.flexmls.com/cgi-bin/mainmenu.cgi?cmd=urI+other/run_publ

Client Report (1 ) 6814 w BERKELEY RD, Phoenix, Az 85035 $129,900

EXHIBIT

Approx Lot SqFt: 6,569 / County Assessor
App Lot Size Range: 1 -
Subdivision: MARYVALE TERRACE 41
Tax Municipality: Maricopa - COUNTY
Marketing Name:
Planned City Name:
Model:
Builder Name: unknown
Hun Block: 1850 N
Map CodelGrid: P31
Bldg Number: |¥'rAsc

Special Listing Cond: Owner/Agent

3/7/2016 4:25 PM



ClosedResidential5353359 Single Family - Detached

Approx Lot SqFt: 4 190 / County Assessor
Apx Lot Size Range: 1 - 7500
Subdivision: sKyvIEw NORTH 1
Tax Municipality: Glendale
Marketing Name:
Planned City Name:
Model:
Builder Name: Unknown
Hun Block:
Map CodelGrid: M32
Bldg Number:

BedsIBaths: 3 l2
Bedrooms Plus: 3
Approx SqFt: 1,008 / County
Assessor
PricelSqFt: $128.96
Year Built: 1971
Pool: None
Encoded Features: 32R01C2S
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family -
Detached
Dwelling Styles: Detached

High School Dist #: 205 - Glendale Union
High School District
High School: Glendale High School

Ele Sch Dist: 006 - Washington
Elementary District
Elementary School: Sunset School -
Glendale
Jr. High School: Abraham Lincoln
Traditional School

Cross Streets: 45th ave and Olive Directions: From Olive go north to Eva. West on Eva to house on North side of the street

Public Remarks: Fantastic opportunity. Beautiful 3 bedroom/2 bath gem. All appliances convey. Newer roof. Newer a/c. Newer water heater. Newer
appliances.New lifetime warrantied Solar panels that make your electric bill super cheap. Upgraded Alarm system for added security. Tile throughout
house. All new dual-pane windows throughout as well. Perfect house for a great price. SEE SPECIAL INSTRUCTIONS FOR SHOWING AND CLOSE

oF ESCROW. WELCOME HOME FRIENDS!!!!!!!!!!

12 10Master Bedroom 10 gBedroom 2 10 9

g 14

15 14

Bedroom 3

Kitchen

Great Room

County, Tax and FinancingConstruction & UtilitiesRoom DetailsFeatures
County Code: Maricopa
Legal Subdivision: SKYVIEW
NORTH UNIT ONE
AN: 148-07-391
Lot Number: 112
Town-Range-Section: 3N-2E-28
Cty Bk&Pg:
Plat:
Taxes nr: $585/2014
Ownership: Fee Simple
New Financing: Cash' VA, FHA;
Conventional
Total Asum Mnth Pmts: $0
Down Payment: $0
Existing 1st Loan: Treat as
Free&Clear
Existing 1st Ln Tris:
Disclosures: Seller Disc Avail;
Agency Discl Req
Possession: By Agreement

Unit Style: All on One Level
Const - Finish: Painted
Construction: Block
Roofing: Comp Shingle
Fencing: Wood
Cooling: Refrigeration
Heating: Electric Heat
Utilities: SRP
Water: City Water
Sewer: Sewer - Public
Services: City Services
Technology: Sat Dish Tv Lsd,
Cable W Avail, Security Sys Leased
EnergylGreen Feature: Solar
Panels, Ceiling Fan(s)
Solar Panels: Ownership: Owned

Kitchen Features: Range/Oven
Elec; Disposal; Refrigerator, Pantry;
Non-laminate Counter
Master Bathroom: 3/4 Bath Master
Bdrm
Master Bedroom: Not Split
Laundry: Washer Included, Dryer
Included
Dining Area: Eat-in Kitchen
Basement YIN: N
Sep DenlOflice YIN: N
Other Rooms: Great Room

Approx SqFt Range: 1,000 - 1,200
Garage Spaces: 0
Carport Spaces: 1
Total Covered Spaces: 1
Slab Parking Spaces: 2
Parking Features: Separate Strge
Area
Pool - Private: No Pool
Spa: None
Horses: N
Fireplace: No Fireplace
Property Description: North/South
Exposure
Landscaping: Gravel/Stone Front,
Natural Desert Back
Exterior Features: Covered
Patio(s); Storage Shed(s)
Flooring: Tile
Windows: Sunscreen(s), Dual Pane

Fees 8» Homeowner Association Information

HOA YIN: N //

HOA 2YlN: //

HOA 3 YIN: //
Ttl Mthly Fee Equiv: $0
Cap lmprvllmpact Fee: $0 $
Cap Impvllmpt Fee 2:$0 $

Rec Center Fee YIN: N I /
Rec Center Fee 2 YIN: N //
Land Lease Fee YIN: N I/
PAD Fee Y/N: N / /

Association Fee Incl: No Fees
Assoc Rulesllnfo: None

Listing Contract InfoPricing and Sale InfoListing Dates

http: www.flexmls.com cgi-bin/mainmenu.cgi?cmd=url+other run_publ

Client Report (1 ) 4516 w EVA st Glendale, Az 85302 $130,000

3 7 2016 4:28 PM



Closed5242351 Residential Single Family - Detached
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Approx Lot $qFt: 1 062 l County
Assessor
Apx Lot Size Range: 1 - 7,500
Subdivision: Newlife Unit One
Tax Municipality: Maricopa - COUNTY
Marketing Name: SUN CITY
Planned City Name: SUN CITY
Model:
Builder Name: DELWEBB
Hun Block:
Map CodelGrid: Lao
Bldg Number:

Beds/Baths: 2 / 1.5
Bedrooms Plus: 2
Approx $qFt: 1,062 / County Assessor
PricelSqFt: $131 .83
Year Built: 1960
Pool: Community Only
Encoded Features: 21.5R01G1S
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family -
Detached
Dwelling Styles: Detached

High School Dist #: 000 - Out of Area
High School: Adult

Ele Sch Dist: 000 - Out of Area
Elementary School: Adult
Jr. High School: Adult

Cross Streets: Alabama Ave. Directions: From Grand Ave., South on 111th Ave to Left on n. Cherry Hills Dr. w. to property on the Left. From
Westbound w. Alabama Ave., Right on n. Cherry Hills Dr. w to property on the Right.

Public Remarks: UNIQUE FURNISHED SUN CITY 2 BEDROOM 1 and 1 1 BATH HOME on SUN CITY NORTH GOLF COURSE, (HOME COMES
WITH A FREE GOLF CART) AND WITH $30K OWNED SOLAR PANELS THAT ALLOW THE BUYER To HAVE no APS ELECTRIC BILL. THE
AVERAGE APS CREDIT IS $7501 OWNER HAS ADDED INSULATION AND A FOIL BARRIER To THE ATTIC. ALL WINDOWS HAVE BEEN
REPLACED WITH DOUBLE-PANE, Low E. THERE IS A UP-DATED KITCHEN WITH A NEWER GAS STOVE AND OVEN, NON-LAMINATE
COUNTER-TOPS WITH UNDER-MOUNT SINK, a POPLAR CABINETS. ALL APPLIANCES CONVEY WITH HOME. OUTSIDE, THERE ARE
FRONT & BACK WATER FEATURES & DESERT LANDSCAPING ENCOMPASSED WITH A UNIQUE IRON FENCE. GATES ALLOW GOLF
COURSE & SIDE PARKING ACCESS. THERE IS A SINGLE CAR GARAGE (WITH WORKBENCH, CART PARKING) & A SECOND VEHICLE

PARKING SLAB. THIS HOME IS MovE IN READY.

County, Tax and FinancingConstruction & UtilitiesRoom DetailsFeatures
County Code: Maricopa
Legal Subdivision:
AN: 200-87-072
Lot Number: 72
Town-Range-Section: -
Cty Bk&pg :
Plat:
Taxes nr: $561/2014
Ownership: Fee Simple
New Financing: Cash;
Conventional
Total Asum ninth Pmts: $0
Down Payment: $0
Existing 1st Loan: Treat as
Free8\CIear
Existing 1st Ln Tris:
Disclosures: Agency Discl Req
Possession: Close of Escrow

Const - Finish: Painted
Construction: Block; Spray Foam
Insulate
Roofing: Comp Shingle
Fencing: \Aew/Wrought Iron
Cooling: Refrigeration
Heating: Gas Heat
Plumbing: Gas Hot Water Heater
Utilities: APS; sw Gas
Water: City Water
Sewer: Sewer - Public
EnergylGreen Feature: Solar
Panels; Ceiling Fan(s), Gray Water
System
Solar Panels: Ownership: Owned;
Grid: On

Kitchen Features: Range/Oven
Gas, Disposal, Dishwasher;
Refrigerator; Pantry, Non-laminate
Counter
Master Bathroom: Other (See
Remarks)
Laundry: Washer Included; Dryer
Included' Inside Laundry
Dining Area: Dining in LR/GR
Basement YIN: N
Sep Den/Office Y/N: N
Other Rooms: Arizona Room/Lanai

Approx SqFt Range: 1,000 - 1,200
Garage Spaces: 1
Carport Spaces: 0
Total Covered Spaces: 1
Slab Parking Spaces: 1
Parking Features: Attch'd Gar
Cabinets; Electric Door Opener
Pool - Private: No Pool
Spa: None
Horses: N
Fireplace: No Fireplace
Landscaping: Desert Front, Desert
Back
Features: Furnished(See Rmrks)
Community Features:
Biking/walking Path, Comm Tennis
Court(s); Community Pool,
Community Pool Htd; Community
Spa, Community Spa Htd; Golf
Course, Handball/Raquetball,
Workout Facility
Flooring: Tile
Windows: Dual Pane, Low-E

Fees & Homeowner Association Information

HOAYIN: N//

HOA 2YlN: //

//HoA-3 YIN:
Ttl Mthly Fee Equiv: $38.5
Cap Impwllmpact Fee: $ 3000 $
Cap Imps/Impt Fee 2:$0 $

Rec Center Fee YIN: Y I $462 /
Annually
Rec Center Fee 2 YIN: N I/
Land Lease Fee YIN: N I/
PAD Fee YIN: N / /

Association Fee Incl: No Fees
Assoc Rulesllnfoa None

Listing Contract InfoPricing and Sale InfoListing Dates

flexmls http: www.flexmls.com/cgi-bin/mainmenu.cgi?cmd url+other run_publ

Client Report (1 ) 12219 N CHERRY HILLS DR w, Sun City, Az 85351 $140,000
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ClosedResidential5188956 Single Family - Detached
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Approx Lot SqFt: 7 425 / County Assessor
App Lot Size Range: 1 - 7,500
Subdivision: Sundance
Tax Municipality: Coolidge
Marketing Name:
Planned City Name:
Model:
Builder Name: PCI Homes
Hun Block:
Map CodeIGrid: W45
Bldg Number:

Beds/Baths: 3 l2
Bedrooms Plus: 3
Approx SqFt: 1,176 / County Assessor
Price/SqFt: $82.48
Year Built: 2005
Pool: None
Encoded Features: 32FR3G3C2S
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family -
Detached
Dwelling Styles: Detached

High School Dist #: 0021 - Coolidge
Unified District - Pinal
High School: Coolidge High School

File Sch Dist: 0021 - Coolidge Unified
District - Pinal
Elementary School: Coolidge High
School
Jr. High School: Coolidge High School

Cross Streets: n. Arizona Blvd & Vah Ki Inn Rd Directions: East on Vah Ki Inn, North on Main St, West on Sundance Dr, North on 3rd St, East on

Palm Ct to home

Public Remarks: This home is incredible! The owners have put in just about every upgrade possible. This 3 bedroom 2 bath home has a leased solar
system that has been paid for. Termite protection for 2 more years,rain gutters,10 x 10 storage shed,wood pile and outdoor fireplace,outdoor
fans,spotlights,sprinkler system,huge covered patio,16' electric patio sun shade,utility sink with hot and cold water,metal rear gate in block wall to
access o~ . n space behind home,large side gate,doggie door,dog play area,

County, Tax and FinancingConstruction a. UtilitiesRoom DetailsFeatures
County Code: Pinal
Legal Subdivision: SUNDANCE
COOLIDGE
AN: 203-19-041
Lot Number: 33
Town-Range-Section: 05S-08E-15
CW Bk&pgz
Plat:
Taxes nr: $587/2014
Ownership: Fee Simple
New Financing: Cash, VA; FHA~
Farm Home/ USDA
Total Asum Mnth Pmts: $0
Down Payment: $0
Existing 1st Loan: Treat as
Free&CIear
Existing 1st Ln Trms:
Disclosures: Seller Disc Avail
Possession: Close of Escrow

Architecture: Ranch
Unit Style: All on One Level
Const - Finish: Stucco
Construction: Frame - Wood
Roofing: Comp Shingle
Fencing: Block
Cooling: Refrigeration' HVAC
SEER Rating: 20
Heating: Electric Heat
Plumbing: Electric Hot Wtr Htr
Utilities: APS
Water: Pvt Water Company
Sewer: Sewer - Public
Sewicesz City Services
Technology: Cable W Avail;
Highspd Intent Aval, Security Sys
Owned
EnergylGreen Feature: Solar
Panels, Ceiling Fan(s)
Solar Panels: Ownership: Leased,
Grid; On; kW: 5,520

Kitchen Features: Range/Oven
Elec, Built-in Microwave,
Refrigerator
Master Bathroom: 3/4 Bath Master
Bdrm
Laundry: Wehr/Dry Hookup Only
Dining Area: Dining in LR/GR
Basement YIN: N
Sep DenlOfHce YIN: N
Other Rooms: Family Room

Approx SqFt Range: 1,000 - 1,200
Garage Spaces: 3
Carport Spaces: 3
Total Covered Spaces: 6
Slab Parking Spaces: 2
Parking Features: Dir Entry fem
Garage; Electric Door Opener
Pool - Private: No Pool
Spa: None
Horses: N
Fireplace: Exterior Fireplace
Property Description: Cul-DeSac
Lot
Landscaping: Desert Front; Desert
Back; Auto ̀ I1mer H20 Front, Auto
Timer H20 Back
Exterior Features: Patio' Covered
Patio(s); Storage Shed(s)
Features: Vaulted Ceiling(s), Water
Softener Owned, Drink Wtr Filter
Sys
Flooring: Laminate; Tile
Windows: Sunscreen(s), Dual Pane

Fees & Homeowner Association Information

HOA Yln: N / /

HOA 2 YIN: //

HoA 3y ln : / /
Tel Mthly Fee Equiv: $0
Cap Irnpwllmpact Fee: $0 $
Cap Impvllmpt Fee 2:$0 $

Rec Center Fee YIN: N I/
Rec Center Fee 2 YIN: N / /
Land Lease Fee YIN: N //
PAD Fee YIN: N //

Association Fee Incl: No Fees
Assoc Rulesllnfo: None

Listing Contract InfoPricing and Sale InfoListing Dates
: N/ASpecial Listing Cond$110,000

$97,000
$82.48
Conventional
30

List Price:
Sold Price:
Sold Pricel$qFt:
Loan Type:
Loan Years:

CDOMIADOM: 14 / 14
Status Change Date: 01/15/2015
Close of Escrow Date: 01/15/2015
off Market Date: 11/04/2014

ht tp:  www. f lexmls .com/cgi -bin/mainmenu.cgi?cmd=url+other run_publ

Cl ient  Report  (1 ) 200  w PALM CT ,  Coo l idge ,  Az  85128 $91,000

3 7  20164:29 PM
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Residential Closed5219794 Single Family - Detached

BedsIBaths: 3 / 2
Bedrooms Plus: 3
Approx SqFt: 1,200 / County Assessor
Pricel$qFt: $79.16
Year Built: 1950
Pool: None
Encoded Features: 32RO1 C
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family -
Detached
Dwelling Styles: Detached

Approx Lot SqFt: 16,553 / County
Assessor
Apx Lot Size Range: 15,001 - 18 000
Subdivision: Evergreen Addition
Tax Municipality: Casa Grande
Marketing Name:
Planned City Name:
Model:
Builder Name: Unknown
Hun Block: 1100 N
Map CodelGrid: x41
Bldg Number:

Ele Sch Dist: 0004 - Casa Grande
Elementary District - Pinal
Elementary School: Evergreen
Elementary School
Jr. High School: Casa Grande Middle
School

High School Dist #2 0082 - Casa Grande
Union Hs District- Pinal
High School: Casa Grande Union High
School

Cross Streets: Trekell and McMurray Blvd. Direciionsa Head West on McMurray Blvd., from Trekell Rd. Home is on the Southeast corner of
McMurray and Kadota.

Public Remarks: Solar panels, block construction, help to keep energy costs low!!! Better than Rent! Huge 2 lot parcel with tons of potential in this
SBR 2BA home located in the Evergreen Historic Neighborhood. Built in 1950, updated in the late 90's, including new roof, stucco, paint, etc. Gas
range and water heater, ceiling fans throughout. Come take a look! See if this is your new home. Home Warranty. Buyer to confirm all details.

Features Room Details Construction & Utilities County, Tax and Financing

Approx SqFt Range: 1,000 - 1,200
Garage Spaces: 0
Carport Spaces: 1
Total Covered Spaces: 1
Slab Parking Spaces: 0
Parking Features: Rv Gate, Rv
Parking, Unassigned Parking
Pool - Private: No Pool
Spa: None
Horses: N
Fireplace: No Fireplace
Landscaping: Dirt Back; Desert
Front
Flooring: Carpet; Laminate; Tile

Kitchen Features: Range/Oven
Gas; Dishwasher; Refrigerator
Master Bathroom: 3/4 Bath Master
Bdml
Laundry: Wshr/Dry HookUp Only
Dining Area: Eat-in Kitchen; Dining
in LR/GR
Basement YIN: N
Sep DenlOflice YIN: N
Other Rooms: Great Room
Items Updated: Floor Yr Updated:
2013; Floor PartiaVFuII: Full; Wiring
Yr Updated: 1996, Wiring
Partial/Full: Full; Plmbg Yr Updated:
1996; Plmbg Partial/Full: Full;
Ht/Cool Yr Updated: 1966, Ht/Cool
Partial/Full: Full, Roof Yr Updated:
1996, Roof Partial/Full: Full, Kitchen
Yr Updated: 1996, Kitchen
Partial/Full: Partial' Bath(s) Yr
Updated: 1996; Bath(s) Partial/Full:
Partial

Architecture: Ranch
Const - Finish: Painted; Stucco
Construction: Block
Roofing: Comp Shingle
Fencing: Chain Link
Cooling: Refrigeration
Heating: Gas Heat
Plumbing: Gas Hot Water Heater
Utilities: APS; SW Gas
Water: Pvt Water Company
Sewer: Sewer - Public, Sewer in &
Cnctd
Sewicesz City Services
Technology: 3+ Exist Tele Lines;
Pre-Wire Sat Dish, Cable Tv Avail
EnergylGreen Feature: Solar
Panels, Ceiling Fan(s)
Solar Panels: Ownership: Owned

County Code: Pinal
Legal Subdivision: EVERGREEN
ADDITION
AN: 506-09-018
Lot Number: 19
Town-Range-Section: 06S-06E-20
Cty Bk&pg:
Plat:
Taxes nr: $479/2014
Ownership: Fee Simple
New Financing: Cash, VA, FHA,
Conventional, Farm Home/ USDA
Total Asum Math Pmts: $0
Down Payment: $1 ,000
Existing 1st Loan: FHA
Existing 1st Ln Tris:
Disclosures: Seller Disc Avail;
Agency Discl Req
Possession: Close of Escrow

Fees & Homeowner Association Information

HOA Y/N: N //

HOA 2 Y/N://

HOA 3 YIN: //

Association Fee Incl: No Fees
Assoc Rules/Info: None

Rec Center Fee YIN: N I/
Rec Center Fee 2 Y/N: N //
Land Lease Fee YIN: N I/
PAD Fee YIN: N //

Tel Mthly Fee Equiv: $0
Cap Impwllmpact Fee: $0 $
Cap Impvllmpt Fee 2:$0 $

Listing Dates Pricing and Sale Info Listing Contract Info

CDOMIADOM: 34 /34
Status Change Date: 04/23/2015
Close of Escrow Date: 04/22/2015
off Market Date: 04/21/2015

$90,000
$95 000
$79. 17
FHA
30
Fixed

List Price:
Sold Price:
Sold Pricel$qFt:
Loan Type:
Loan Years :
Payment Type:

http: www.flexmls.com/cgi-bin/mainmenu.cgi?cmd url other run_publ

Client Report (1 ) 1136 N KADOTA AVE, Casa Grande, Az 85122 $95,000

ISpeciaI Listing Cond: N/A

3 7 2016 4:30 PM
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ClosedResidential5323401 Single Family - Detached

Beds/Baths: 3 /3
Bedrooms Plus: 4
Approx SqFt: 2,315 / County Assessor
PricelSqFt: $59.61
Year Built: 1983
Pool: Private Only
Encoded Features: 33FRXPQO1 C
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family -
Detached
Dwelling Styles: Detached

Approx Lot SqFt: 11,325 / County
Assessor
Apx Lot Size Range: 12 501 - 1s 000
Subdivision: WILLOW MANOR
Tax Municipality: Florence
Marketing Name:
Planned Cmty Name:
Model:
Builder Name: unknown
Hun Block: 100 S
Map CodelGrid: w47
Bldg Number:

Ele Sch Dist: 0001 - Florence Unified
District - Pinal
Elementary School: Florence K-8
Jr. High School: Florence K-8

High School Dist #: 0001 - Florence
Unified District - Pinar
High School: Florence High School

Cross Streets: BUTTE & CENTRAL Directions: Traveling west on Butte, from the intersection of Main and Butte to Central. Tum South on Central
Ave to home on Left

Public Remarks: Wow!! You've got to see this one! Hard to find block home with open floor plan. House feels so open and inviting when your inside!
Large kitchen, Large living room and Large Bedrooms! There are two bedrooms and two baths connected to the open concept living, and an
additional bedroom, bath and living space with it's own entrance. This could be used for a mother-in-law suite or you could even rent it out for
additional income! Lots of possibilities, . Huge back yard with above ground pool to cool down on those long hot summer days. The home comes
with a completely fenced in back yard. Are you looking for a home close to town with no HOA'S'7 with easy access to schools and work? Then look no
further and schedule your appointment to preview this move in ready charmer today!

Features Room Details Construction & Utilities County, Tax and Financing

Approx SqFt Range: 2,251 - 2,500
Garage Spaces: 0
Carport Spaces: 1
Total Covered Spaces: 1
Slab Parking Spaces: 0
Parking Features: Rv Parking
Pool - Private: Pool - Private'
Above Ground Pool
Spa: None
Horses: N
Fireplace: 1 Fireplace
Landscaping: Desert Front; Desert
Back
Exterior Features: Patio, Storage
Shed(s)
Add'I Property Use: None
Flooring: ̀ I1Ie

Kitchen Features: Range/Oven
Gas; Disposal, Dishwasher; Pantry,
Granite Countertops; Kitchen Island
Master Bathroom: Full Bth Master
Bdrm; Double Sinks
Additional Bedroom: Mstr Bdr
Welkin Clot
Laundry: Washer Included; Dryer
Included; Wehr/Dry HookUp Only;
Inside Laundry
Dining Area: Eat-in Kitchen
Basement YIN: N
Sep DenlOflice Y/N: Y
Other Rooms: Family Room; Guest
Qtrs-Sep Entrn

Archltecturez Ranch
Const - Flnlsh: Painted
Construction: Block
Roofing: Comp Shingle
Fencing: Chain Link
Cooling: Refrigeration
Heating: Electric Heat; Gas Heat
Utilities: APS; sw Gas
Water: City Water
Server: Sewer - Publlc
Sewlces: City Services
Technology: 8+ Exist Tele Lines
EnergyIGreen Feature: Solar
Pands; Celllng Fan(s)
Solar Panels: Ownership: Leased

County Code: Pinal
Legal Subdivision:
AN: 202-07-086-B
Lot Number: 86
Town-Range-Section: --
Cry Bk&pg:
Plat:
Taxes nr: $865.5/2014
Ownership: Fee Simple
New Financing: Cash' yA FHA;
Conventional
Total Asum Mnth Pmts: $0
Down Payment: $0
Existing 1st Loan: Treat as
Free&Clear
Existing 1st Ln Trms:
Disclosures: Seller Disc Avail,
Agency Discl Req
Possession: Close of Escrow

Fees & Homeowner Association Information

HOA YIN: N //

HOA 2 Y/N: //

HOA 3 YIN: //

Association Fee Incl: No Fees
Assoc Rulesllnfoz None

Rec Center Fee YIN: N l/
Rec Center Fee 2 YIN: N / /
Land Lease Fee YIN: N I /
PAD Fee Y/N: N /$0 /

Ttl Mthly Fee Equiv: $0
Cap lmprvllmpact Fee: % 0 %
Cap Imps/Impt Fee 220o0 °o

Listing Dates Pricing and Sale Info Listing Contract Info

CDOM/ADOM: 44 /44
Status Change Date: 10/23/2015
Close of Escrow Date: 10/22/2015
off Market Date: 10/03/2015

List Price: $139,900
Sold Price: $138,000
Sold PricdSqFt: $59.61
Loan Type: Cash
Loan Years: 0
Payment Type: Other
Buyr Concess to Sell: 0 $
Sellr Confess to Buy: 0 $

http: www.flexmls.com cgi-bin/mainmenu.cgi?cmd-url+other mm_publ

Client Report (1 ) 101 S CENTRAL AVE, Florence, Az 85132 $138,000

-----up

|

Special Listing bond: N/A

3 7 20164131 PM



Single Family - Detached5219435 Residential Closed

Beds/Bath$; 4 / 2
Bedrooms Plus: 4
Approx $qFt: 1 736 / Appraiser
Pricel$qFt: $54.72
Year Built: 1976
Pool: None
Encoded Features: 42FRX2G
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family -
Detached
Dwelling Styles: Detached

Approx Lot $qFt: 10,724 /County
Assessor
Apx Lot Size Range: 10,001 - 12 500
Subdivision: Gila Bend Estates
Tax Municipality: Gila Bend
Marketing Name:
Planned Cmty Name:
Model:
Builder Name: Unknown
Hun Block:
Map Code/Grid: Y22
Bldg Number:

File Sch Dist: 024 - Gila Bend Unified
District
Elementary School: Gila Bend
Elementary
Jr. High School: Gila Bend
Elementary

High School Dlst #: 024 - Gila Bend Unliked
District
High School: Glla Bend High School

Cross Streets: Pima St. 81 Harrington Ave. Directions: Take Harrington Ave. North to Merritt Pkwy., West to Home.

Public Remarks: This 4 bedroom Ranch style home on a comer lot is the reason you waited. Walk inside to the comfortable living room with
pass-through to the large kitchen with island, custom cabinets and tile countertops and tons of extra cabinet storage space. The family room with
redbrick fireplace is a great oozy space for those cold nights. The large laundry room with additional storage will be a welcome place for those
everyday chores. Four bedrooms, a living room, family room, large kitchen and large renoed backyard all mean that this home has plenty of room to
spread out and create your wonderful space. Add to that the solar panels and you have yourself an incredible opportunity to call home.

Features Room Details Construction & Utilities County, Tax and Financing

Approx $qFt Range: 1,601 - 1,800
Garage Spaces: 2
Carport Spaces: 0
Total Covered Spaces: 2
Slab Parking Spaces: 0
Parking Features: Electric Door
Opener
Pool - Private: No Pool
Spa: None
Horses: N
Fireplace: 1 Fireplace; Fireplace
Family Rm
Landscaping: Dirt Back; Desert
Front
Exterior Features: Covered
Patio(s)
Flooring: Carpet' Tile

Kitchen Features: Range/Oven
Elem, Disposal' Dishwasher, Built-in
Microwave
Master Bathroom: 3/4 Bath Master
Bdrm
Laundry: Inside Laundry
Dining Area: Eat-in Kitchen
Basement Y/N: N
Sep DenlOfflce YIN: N
Other Rooms: Family Room

Const - Finish: Painted
Construction: Frame - Wood
Roofing: Comp Shingle
Fencing: Block
Cooling: Refrigeration
Heating: Gas Heat
Plumbing: Gas Hot Water Heater
Utilities: APS
Water: City Water
Sewer: Sewer - Public
Services: City Services
Energy/Green Feature: Solar
Panels
Solar Panels: Ownership' Leased

County Code: Maricopa
Legal Subdivision: GILA BEND
ESTATES
AN: 403-G1-101
Lot Number: 101
Town-Range-Section: 5S-5W-36
cw Bk&Pg:
Plat:
Taxes nr: $249/2014
Ownership: Fee Simple
New Financing: Cash, FHA~
Conventional
Total Asum Math Pmts: $0
Down Payment: $0
Existing 1st Loan: Treat as
Free&Clear
Existing 1st Lm Tris:
Disclosures: Agency Discl Req
Possession: Close of Escrow

Fees & Homeowner Association Information

HOA YIN: N//

HOA 2 Y/N: //

HOA 3 YIN: //

Association Fee Incl: No Fees
Assoc Rules/Info: None

Rec Center Fee YIN: N //
Rec Center Fee 2 Y/N: N //
Land Lease Fee YIN: N l/
PAD Fee YIN: N //

Tel Mthly Fee Equiv: $0
Cap Imprv/Impact Fee: $0 $
Cap lmpvllmpt Fee 2:$0 $

Listing Dates Pricing and Sale Info Listing Contract Info

CDOMIADOM: 11 / 11
Status Change Date: 04/14/201 s
Close of Escrow Date: 04/09/2015
off Market Date: 01/20/2015

List Price: $60 000
Sold Price: $95,000
Sold PriceISqFt: $54.72
Loan Type: FHA
Loan Years: 30
Payment Type: Fixed
Buyr Confess to Sell: 0 $
Sellr Concuss to Buy: 2850 $

http: www.flexmls.com cgi-bin/mainmenu.cgi'?cmd url+other run_publ

Client Report (1 ) 818 w MERRITT PKWY, Gila Bend, Az 85337 $95,000

Ur

Special Listing Cond: HUD Owned Property

3 7 20164:3l PM



Single Family - DetachedResidential5290462 Closed

BedsJBaths: 2 / 1
Bedrooms Plus: 3
Approx SqFt: 1,112 / County Assessor
PricelSqFt: $89.93
Year Built: 1963
Pool: None
Encoded Features: 21R02S
Exterior Stories: 1
s of Interior Levels: 1
Dwelling Type: Single Family . Detached
Dwelling Styles: Detached

Approx Lot SqFt: 9,281 / County Assessor
Apx Lot Size Range: 7,501 - 10,000
Subdivision: GEBBY PLACE 2
Tax Municipality: phoenix
Marketing Name:
Planned City Name:
Model:
Builder Name: Unknown
Hun Block:
Map CodeJGrid: M34
Bldg Number:

Els Sch Dist: 006 - Washington Elementary District
Elementary School: Sunnyslope Elementary School
Jr. High School: Royal Palm Middle School

High School Dist #: 040 . Glendale Elementary Distn'ct
High School: Sunnyslope High School

Public Remarks: Home sold "as-is." Property needs work. Carport timed into 3rd bedroom. Lots of potential here! Large fenced yard. Needs work. Leased Solar panels. Great potential
for Fixer-upper or investment property.

Approx SqFt Range: 1,000 - 1,200
Garage Spaces: 0
Carport Spaces: 0
Total Covered Spaces: 0
Slab Parking Spaces: 2
Parking Features: Rv Gate
Pool - Private: No Pool
Spa: None
Horses' N
Fireplace: No Fireplace
Property Description: Mountain V»ew(s),
North/South Exposure
Landscaping: Desert Front, Desert Bad<
Exterior Features: Covered Patio(s)
Features: Fix-Up Needs Repair, no Interior
Steps
Community Features: Near Bus Stop
Flooring: Carpet' Conaete

Kltchen Features: Range/Oven Elem,
Refrigerator, Pantry
Master Bathroom: None
Laundry: Wshr/Dry HookUp Only
Dining Area: Eat-in Kitchen
Basement Y/N: N
Sep DenlOftice Y/N: N
Other Rooms: Bonus/Game Room

Architecture: Ranch
Unit Style: All on One Level
Const - Finish: Painted
Construction: Block
Roofing: Comp Shingle
Fencing: Chain Link
Cooling: Refrigeration
Heatlngz Electric Heat
Plumbing: Solar Hot Water Htr
Utllltlesz APS
Water: City Water
Sewer: Sewer - Public
Services: City Services
Energy/Green Feature: Solar Pands
Solar Panels: Ownership: Leased, Grid: On

County Code: Maricopa
Legal Subdivision:
AN: 159-40-027
Lot Number: 27
Town-Range-Sectlonz 3N-3E-28
cw  Bk&pg:
Pl&t:
Taxes nr: $607/2014
Ownership: Fee Simple
New Financing: Cash, FHA, Conventional
Total Asum ninth Pmts: $0
Down Payment: $0
Existing 1st Loan: Conventional
Existing 1st Ln Trms: Non Assumable
Disclosures: None
Possession: Close of Escrow

Association Fee Incl: no Fees
Assoc RulesNnfoz None

Rec Center Fee Y/N: N / /
Rec Center Fee 2 y/n~ N //
Land Lease Fee YIN: N /I
PAD Fee Y/N: N //

Ttl Mthly Fee Equiv: $0
Cap Imprvnmpact Fee: %0 %
Cap lmpvNmpt Fee 2:%0 %
Com Facilities Dis tr: N

CDOM/ADOM: 131 / 131
Status Change Date: 11/03/2015
Close of Escrow Date: 11/02/2015
off Market Date: 10/16/2015

List Price: $99,000
Sold Price: $100,000
Sold Price/SqFt: $89.93
Loan Type: Conventional
Loan Years: 30
Payment Type: Fixed
Buyr Confess to Sell: 0 $
Sells Confess to Buy: 0 $
Closing Cost Split: Normal - N

Special Listing Cone: N/A

flexmls http://www.flexmls.com/cgi-bin/mainmenu.cgi?cmd=url+other/run_publ...
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Client Report (1 ) 836 E Ironwood DR, Phoenix, Az 85020 $100,000

3ICross Streets: no Street and Dunlap Directions: From Dunlap. go Nor lf on 7th Street, East on Mountain \Aew, North on 9th Street, West on E Ironwood. Home on North side of street

I Features Room Details Construction & Util ities County, Tax and Financing
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4872629 Residential Single Family - Detached Closed

BedsIBaths: 2 / 2
Bedrooms Plus: 2
Approx SqFt: 1,160 / County Assessor
Pricel$qFt: $96.55
Year Built: 1979
Pool: Community Only
Encoded Features: 22RD2G2S
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family -
Detached

Approx Lot $qFt: 10,048 / County
Assessor
Apx Lot Size Range: 10,001 - 12 500
Subdivision: Sun City West
Tax Municipality: Maricopa - COUNTY
Marketing Name:
Planned City Name: Sun City West
Model:
Builder Name: Del Webb
Hun Block:
Map CodelGrid: K29
Bldg Number:

Ele Sch Dist: 000 - Out of Area
Elementary School: Adult
Jr. High School: Adult

High School Dist #z 000 - Out of Area
High School: Adult

Cross Streets: Bell Rd. and RH Johnson Directions: West on Bell Rd. to RH Johnson Blvd. North to 188rd, East to Shadow Hills Dr., South to
property on left.

Public Remarks: Sun City West gem. 2/bd rm 2/bath well cared for home away from noise and traffic. New countertops and backslash in kitchen.
Brand new dishwasher. Two master suites with walk-in closets. Large serene lot with low maintenance landscaping in the front and your beautiful
serene, fenced back yard under your private Ramada for shade and entertaining w/Palms, Rosewood,Tangelo and Ruby Red Grapefruit trees.
Orange tree in front. Garage has large separate laundry room with lots of storage.Enjoy the gorgeous, inexpensive winters here in Az with the very
economical stay green Solar City rooftop panels to ensure extremely low power bills both in winter and summer(high $14.00 month). Rec Center is
just a few minutes away with endless golf, swimming, workout facility, tennis and more. Must see!!

Features Room Details Construction & Utilities County, Tax and Financing

Approx SqFt Range: 1,000 - 1,200
Garage Spaces: 2
Carport Spaces: 0
Total Covered Spaces: 2
Slab Parking Spaces: 2
Parking Features: Electric Door
Opener, Golf Cart Garage
Pool - Private: No Pool
Spa: None
Horses: N
Fireplace: No Fireplace
Property Description: North/South
Exposure
Landscaping: Desert Front; Desert
Back; Grass Back; Yrd Wtring Sys
Front; Yrd Wtring Sys Back; Auto
Timer H20 Front
Exterior Features :
Gazebo/Ramada
Features: 9+ Flat Ceilings
Community Features:
Biking/Walking Path; Clubhouse/Rec
Room; Comm Tennis Court(s);
Community Pool; Community Pool
Htd, Community Spa' Community
Spa Htd, Golf Course
Flooring: Carpet; Linoleum

Kitchen Features: Range/Oven
Elem, Disposal; Dishwasher,
Refrigerator; Pantry
Master Bathroom: 8/4 Bath Master
Bdrm
Additional Bedroom: 2 Master
Bdrms; Mstr Bdr Walkin Clst; Othr
Bdr Walkie Clst
Laundry: Wshr/Dry HookUp Only;
Inside Laundry
Dining Area: Formal' Eat-in Kitchen
Basement Y/N: N
Basement Description: None
Items Updated: Plmbg Yr Updated:
2010; Plmbg Partial/Full: Partial;
Roof Yr Updated; 2007; Roof
Partial/Full: Full; Kitchen Yr
Updated: 2012; Kitchen Partial/Full'
Partial; Bath(s) Yr Updated: 2010;
Bath(s) Partial/Full: Partial

Architecture: Ranch
Unit Style: All on One Level
Const - Finish: Painted
Construction: Frame - Wood
Roofing: Comp Shingle
Fencing: Chain Link
Cooling: Refrigeration,
Window/Wall Unit
Heating: Electric Heat
Utilities: APS
Water: Pvt Water Company
Sewer: Sewer - Public
Technology: 3+ Exist Tele Lines;
Pre-Wire Sat Dish; Sat Dish W Led
EnergylGreen Feature: Solar
Panels; Ceiling Fan(s)
Solar Panels: Ownership: Owned

County Code: Maricopa
Legal Subdivision: SUN CITY
WEST 3 LOT 1-728 & TR A-D
AN: 232-02-5358
Lot Number: 533
Town-Range-Section: 4N-1W-26
Cty Bk&pg:
Plat:
Taxes nr: $689/2012
Ownership: Fee Simple
New Financing: Cash; VA, FHA;
Conventional
Total Asum Mnth Pmts: $0
Down Payment: $0
Existing 1st Loan: Treat as
Free&CIear
Existing 1st Ln Trms:
Disclosures: Seller Disc Avail
Possession: Close of Escrow

Fees & Homeowner Association Information

HOA YIN: N //

HOA 2 YIN: Y / $0 / Annually
HOA 2 Transfer Fee: $230

HOA 2 Name: Sun City West HOA 2 Telephone: 623-541-6100

HOA 3 YIN: //

Association Fee Incl: Common Area Mai ft, Street Mai ft
Assoc Rulesllnfo: Pets OK (See Rmrks); Sep Rv Prkng Avail; Rental OK
(See Ranks)

Rec Center Fee YIN: Y I $385 /
Annually
Rec Center Fee 2 YIN: //
Land Lease Fee YIN: N I /
PAD Fee YIN: N / /

Ttl Mthly Fee Equiv: $32,08
Cap Imprvllmpact Fee: $ 2500 $
Cap Imps/Impt Fee 2:

http: www.f'lexmls.com/cgi-bin/mainmenu.cgi'?cmd url+other run_publ

Client Report (1 ) 13230 w SHADOW HILLS DR, Sun City West, Az 85375 $112,000

-

3 7 2016 4:33 PM



Single Family - Detached5041777 Residential Closed

BedslBaths: 3 /2
Bedrooms Plus: 3
Approx SqFt: 1,080 / County Assessor
PriceISqFt: $111 .oh
Year Built: 1969
Pool: Private Only
Encoded Features: 32RP1G2S
Exterior Stories: 1
# of Interior Levels: 1
Dwelling Type: Single Family - Detached
Dwelling Styles: Detached

Approx Lot SqFt: 6,273 / County
Assessor
Apx Lot Size Range: 1 - 7,500
Subdivision: Sun Town
Tax Municipality: Peoria
Marketing Name:
Planned Cmty Name:
Model:
Builder Name: Unknown
Hun Block: 10100 N
Map Code/Grid: M81
Bldg Number:

Ele Sch Dist: 011 - Peoria Unified
District
Elementary School: Peoria Elementary
School
Jr. High School: Peoria Elementary
School

High School Dist #: 011 - Peoria Unified
Di$lri¢t
High School: Peoria High School

Cross Streets: 75 Ave and Peoria Directions: Take 75 Ave to Brown then east to property

Public Remarks: NOT a Foreclosure or Short Sale. Seller can close quickly. Home remodeled and in great shape. Shows pride of ownership. New
Roof, New Solar system New Dual Pane Windows, New permitted garage and laundry room built in 2011. Covered and enclosed rear patio, Diving
pool with new pump and filter in 2010, New electrical panel in 2011, Remodeled Bathrooms, hardwood and tile floors, Block construction, NO HOA,
Home is in great shape!! Solar system means half of your electrical costs are paid for, Refrigerator, Washer and Dryer included. Home comes with a 2
year termite warranty.

Features Room Details Construction & Utilities County, Tax and Financing

Approx $qFt Range: 1,000 - 1,200
Garage Spaces: 1
Carport Spaces: 0
Total Covered Spaces: 1
Slab Parking Spaces: 2
Parking Features: Electric Door
Opener
Pool - Private: Pool - Private,
Fenced Pool, Diving Pool
Spa: None
Horses: N
Fireplace: No Fireplace
Landscaping: Desert Front, Auto
Timer H20 Front
Exterior Features: Covered
Patio(s)' Built-in BBQ
Flooring: Tile, Wood
Windows: Dual Pane, Low-E, Vinyl
Frame

Kitchen Features: Range/Oven
Gas: Refrigerator; Kitchen Island
Master Bathroom: 3/4 Bath Master
Bdrm
Laundry: Washer Included; Dryer
Included
Dining Area: Eat-in Kitchen
Basement YIN: N
Basement Description: None
Sep DenlOf6ce YIN: N
Items Updated: Floor Yr Updated:
2013; Floor Partial/Full: Partial;
Wiring Yr Updated: 2011; Wiring
Partial/Full: Partial, Roof Yr
Updated: 2011; Roof Partial/Full:
Full Kitchen Yr Updated; 2013;
Kitchen Partial/Full: Partial, Bath(s)
Yr Updated: 2011~ Bath(s)
Partial/Full: Full; Rm Adtn Yr
Updated: 2011; Rm Adtn Partial/Full:
Partial' Pool Yr Updated: 2010; Pool
Partial/Full; Partial

Const - Finish: Painted
Construction: Block
Roofing: Metal
Fencing: Wood
Cooling: Refrigeration
Heating: Electric Heat
Plumbing: Gas Hot Water Heater
Utilities: SRP; sw Gas
Water: City Water
Sewer: Sewer - Public
EnergylGreen Feature: Solar
Panels; Ceiling Fan(s)
Solar Panels: Ownership: Leased,
Grid: On' kW: 495

County Code: Maricopa
Legal Subdivision: SUN TOWN
LOT 1-78
AN: 143-48-046-A
Lot Number: 46
Town-Range-Section: SN-1 E-25
Cty Bk&pg:
Plat:
Taxes nr: $329/2013
Ownership: Fee Simple
New Financing: Cash' vA FHA~
Conventional
Total Asum ninth Pmts: $0
Down Payment: $0
Existing 1st Loan: FHA
Existing 1st Ln Trms:
Disclosures: Seller Disc Avail;
Agency Discl Req
Possession: Close of Escrow

Fees & Homeowner Association Information

HOA Y/N: N / /

HOA 2 Y/N: //

HOA 3 YIN: //

Association Fee Incl: No Fees
Assoc Rulesllnfo: None

Rec Center Fee YIN: N l/
Rec Center Fee 2 YIN: N / /
Land Lease Fee YIN: N I /
PAD Fee YIN: N //

Ttl Mthly Fee Equiv: $0
Cap Imprv/Impact Fee: $0 $
Cap Impvllmpt Fee 2:$0 $

Listing Dates Pricing and Sale Info Listing Contract Info

CDOMIADOM: 37 /37
Status Change Date: 03/01/2014
Close of Escrow Date: 02/28/2014
off Market Date: 01/18/2014

List Price:
Sold Price:
Sold Price/SqFt:
Loan Type:
Loan Years:

$119,950
$119,950
$111.06
FHA
30

http: www.flexmls.com/cgi-bin/mainmenu.cgi?cmd url+other run_publ

Client Report (1 ) 7403 w BROWN ST, Peoria, Az 85345 $119,950

t-~

ESpecial Listing Cond: N/A

3 7 20164:33 PM
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Fortis eyes Ontario acquisitions, even as it digests $11.3B
ITC purchase

By Gene Laverty

An in-progress acquisition with an $1 1.3 billion price tag has not taken Fortis Inc. out of the hunt for companies to purchase.

A provincial government "tax holiday" for utility sales in Ontario has the Newfoundland and Labrador-based company eyeing purchases in that market, Fortis
President and CEO Barry Perry said. Without naming a potential target, Perry said the company's team in the province is evaluating opportunities. Fortis
announced Feb. 9 its plan to buy Novi, Mich.-headquartered electric transmission company ITC Holdings Corp.

Ontario, which recently sold a 15% stake in province-owned electricity utility Hydro One Ltd to the public, is encouraging the sale and amalgamation of
smaller utilities owned by municipalities to improve service and reliability in its power grid.

"We have been there a long time trying to achieve this obviously, and with the tax holiday approach we are optimistic that we will find a few opportunities,"
Perry said on a Feb. 18 conference call to discuss fourth-quarter earnings. "We have a good business in Ontario. It's making money. We have a team on the
ground there that continues to have a lot of dialogue with various municipal utilities. So l would expect we will make progress there."

Hydro One, the biggest utility in Canada's most-populous province, is a formidable competitor in the acquisition market, Perry said. Hydro One agreed Jan. 29
to acquire Great Lakes Power Transmission from Brookfield Infrastructure LP and is participating in a merger of municipal utilities that was started before the
province sold shares of the company to the public.

"it's a competitive environment," Perry said. "We've got to compete with now especially Hydro One, who you saw just recently purchased the transmission
from Brookfield. So that's a player that obviously we are competing with. But we're still there and we are focused on it, and our team is optimistic that we
can have some success over the next few years."

U
Among Fortis' Canadian electric distribution companies is FortisOntario Inc., which is comprised of four local distribution companies sewing a total of 64,000
customers. it also owns a 10% interest in three other distribution utilities that serve a total of 38,000 customers.

orris has a track record of buying companies that provide better-than-forecast returns, and it expects ITC to continue that streak, Pen'y said. The deal to
buy the company should be closed by the end of 2016, pending approval by FERC and other federal and state regulators.

"Over the past decade, we have a proven track record of acquisitions that have delivered more than the projected accretion as well as added to our
geographic, regulatory, and economic diversity," he said. "We expect the acquisition of ITC will be an extension of this track record. ITC not only further
strengthens and diversifies our business, but it also accelerates our growth."

The company does not plan big changes to ITC's management. Perry said he joined other Fortis executives at ITC's headquarters recently to review the
transaction.

"We spent every waking hour with the executive management team last week, as we met with over 160 investors, and I also had a chance to meet and
address the full team," Perry said. "The team is really top notch, and the cultural fit is bang on. ITC has done a tremendous job in building this business over
the years. Their earnings grew by approximately 16% annually on average over the last 10 years, their shareholder returns are more than double the S&P
500 Utilities Sector Index since their IPO in 2005, and they are recognized as being the best in class in the United States in terms of safety."

Fortis is also looking to grow its regulated businesses by capital investments in projects like solar farms. Perry issued a challenge to David Hutchens, CEO of
the company's UNS Energy Corp. unit in Arizona to deliver those types of investments.

"I look at, for example, in Arizona I would love to do utility-scale solar with long-term PPAs [power purchase agreements]," he said. "l'm challenging Mr.
Hutchens at UNS to find some of those opportunities. Those are the kind of things l'm looking for, very much consistent with the risk profile of the regulated
business. I can tell you if we don't have two or three more of those over the five-year period, l'm going to be pretty disappointed. I really think that the
pipeline there will provide us with some of those opportunities."

source: SNL Financial | Page 1 0?1
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'Imai xv I
EXHIBIT

llnisuurcéEnergy
SERVICES

Sun Share Residential Solar Program
Grid-Tied

Up Front Incentive (UFI)
Renewable Energy Credit Purchase Agreement

This Grid-Tied Residential Up Front Incentive (UFI) Agreement (the "Agreement") is hereby

made and entered into this day of , 20 , by and between UNS Electric,

Inc., an Arizona corporation ("Company"), and , ("Customer").

Company and Customer may be referred to individually herein as a "Party" or collectively as the

"Parties." Grid-Tied Residential Solar is hereby referred to as the "Program."

RECITALS

A. Company desires to increase the number of solar electricity generation facilities and
the consumption of solar electricity within its service territory, while concurrently reducing the
cost of solar electric generation systems for its customers. in support of these objectives and to
further Company's continuing commitment to develop and encourage the use of renewable
energy resources, Company has implemented the Program to provide financial incentives to its
customers to install solar generating equipment, and

B. Company desires for Customer to participate in the Program and Customer desires to
so participate under the terms and conditions contained in this Agreement, at the address of

, _ , Arizona (the "Premises").

NOW, THEREFORE, in consideration of these premises and of the mutual promises
herein contained, Company and Customer hereby agree as follows:

1
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AGREEMENT

1. PROGRAM

Customer shall elect to participate in the Program by entering into this Agreement subject to the
following conditions:

1.1 Renewable Enerqv System

1.1 .1
any third party of Customer's choice ("Customer System"). To qualify under the Program,
any such Customer System must comply with all renewable energy grid-tied residential
solar technology specific requirements set forth in Attachment A "System Qualifications"
and Attachment B "Off Angle and Shading Annual Derating Chart", which are attached
hereto and incorporated herein.

System. Customer shall purchase a renewable energy generating system from

1.1.2 Basis pf Payment. The calculation of Customer environmental credits and
Company payments hereunder shall be based on the system capacity or estimated
energy kph production rather than on measured system output. This represents a one
time Up Front Incentive ("UFl") payment method.

2. SYSTEM INSTALLATION

To qualify for participation in the Program, all Customer Systems shall be installed by or on
behalf of Customer in accordance with the requirements set forth in Attachment A and
Attachment B including, without limitation, a proper interconnection with Company's existing
power grid. Customer shall be solely responsible for the installation of the Customer System,
including all costs and expenses associated therewith.

3. SYSTEM INSPECTION

Following installation of Customer's System, Company shall inspect the Customer System for
compliance with the applicable requirements set forth in Attachment A and Attachment B. If the
Customer System or installation is found to be not in compliance for any reason, Company will
notify Customer of the deficiencies causing the noncompliance. Company will have no further
obligations under this Agreement until all such deficiencies are remedied by Customer to
Company's reasonable satisfaction.

4. SYSTEM ELECTRICAL OUTPUT

Customer hereby assigns to Company all of its rights to all electrical output of the Customer
System and all associated environmental credits, specifically including those created under the

2
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Arizona Corporation Commission's Renewable Energy Standard and Tariff Program (the
"REST"), which may result from the installation and use of the Customer System. Company will
thereafter return any and all value of such electric output to the Customer at no cost to Customer.
Company's right to Customer's power output and Renewable Energy Credits assigned
hereunder shall continue until December 31 S' of the 20**' full calendar year after completion of
the installation of the Customer System in compliance with this Agreement (the "Assignment
Period") and shall survive any termination of this Agreement.

5. RENEWABLE ENERGY CREDIT PURCHASE

Subject to the Customer System passing the Company inspection set forth in Section 3 above
and to Customer's compliance with the remaining terms and conditions of this Agreement,
Company shall pay Customer $ _
generating capacity of the Customer System for which completed Agreements are received and
accepted by the Company and which system is operational within 180 days after application
acceptance, as prorated by any De-rating for off-angle and shading that may apply by the
percentages listed on the chart in Attachment B. The Customer System's DC Watts of installed
grid-tied residential solar generating capacity shall be determined by Company following
Company's receipt of a copy of the City or County building permit associated with the installation
of the Customer System, successful Customer System inspection and determination of the level
of compliance with Attachment B. Any amounts determined to be owed under this Section shall
be paid by Company to Customer within 30 days following the Company's completion of AC
kph testing hereunder.

per DC Watt of installed grid-tied residential solar

6. RIGHTS To CREDITS

Company shall have the right to the Renewable Energy Credits from the Customer System until
the end of the Assignment Period. Customer shall not offer to sell or trade Renewable Energy
Credits from the Customer System to any other party during this time. Customer shall not
remove the Customer System or any components thereof from the Premises during the
Assignment Period without express agreement of Company. If Customer removes the Customer
System in violation of this Section 6, Customer shall immediately reimburse Company all UFl
amounts paid by Company to Customer hereunder.

7. METER READING

Once per year, typically in late December, during the term of this Agreement, Company shall
read the Customer System solar production meter. Thus, Company reserves the right to read,
at its option, the Customer System meter. Customer shall provide Company with reasonable
access to its Customer System to conduct any such readings.

3
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8. WARRANTY

COMPANY MAKES no REPRESENTATIONS OR WARRANTIES o F  AN Y K IN D
HEREUNDER, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTIES oF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE
WITH RESPECT To ITS PERFORMANCE oF ANY SERVICES OR PROVISION oF ANY
GOODS HEREUNDER. WITHOUT LIMITING THE GENERALITY oF THE FOREGOING,
COMPANY MAKES no REPRESENTATIONS OR WARRANTIES WITH RESPECT To THE
CUSTOMER SYSTEM, ITS OPERATION, SAFETY, INSTALLATION, OR COMPLIANCE
WITH ANY BUILDING OR SAFETY CODES, RULES OR REGULATIONS, AND To THE
MAXIMUM EXTENT PERMITTED BY LAW, COMPANY HEREBY EXPRESSLY DISCLAIMS
ANY AND ALL LIABILITY ASSOCIATED THEREWITH.

g. LIMITATION oF LIABILITY

COMPANY'S ENTIRE LIABILITY ARISING OUT oF ITS PERFORMANCE UNDER THIS
AGREEMENT SHALL BE LIMITED To DIRECT ACTUAL DAMAGES STEMMING FROM
CLAIMS DIRECTLY ATTRIBUTABLE To COMPANY'S GROSS NEGLIGENCE OR WILLFUL
MISCONDUCT. IN no EVENT SHALL COMPANY, ITS EMPLOYEES OR AGENTS BE
LIABLE To CUSTOMER FOR Loss oF PROFITS OR ANY OTHER SPECIAL, INDIRECT,
OR CONSEQUENTIAL DAMAGE, HOWEVER CAUSED, RESULTING FROM COMPANY'S
PERFORMANCE HEREUNDER.

10.TERMINATION
If either Party shall at any time commit any material breach of any covenant or warranty under
this Agreement and shall fail to cure the same within 30 days following written notice thereof, the
non-breaching Party may terminate this Agreement, in whole or in part. This Agreement may
also be terminated at any time by mutual written agreement of the Parties.

11. MISCELLANEOUS
11.1 Moclificajion,_ Wajver and Severability. This Agreement may not be modified or

supplemented except by written instrument signed by the Parties. No waiver of any
default or breach hereof shall be deemed a waiver of any other default or breach
thereof. If any part of this Agreement is declared void and/or unenforceable, such
part shall be deemed severed from this Agreement which shall otherwise remain in
full force and effect.

11.2 Assignment. This Agreement and the rights, duties, and obligations hereunder may
not be assigned or delegated by any Party without the prior written consent of
Company.

4
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11.3 Governing Law and Venue. This Agreement shall be governed by the laws of the
State of Arizona, without regard to the choice of law provisions thereof. Venue for
any dispute arising hereunder shall be any court of competent jurisdiction located in
Pima County, Arizona.

11.4 Entire Agreemerl. This Agreement is the final integration of the agreement between
the Parties with respect to the matters covered by it and supersedes any prior
understanding or agreements, oral or written, with respect thereto.

11.5 Counterparts. This Agreement may be executed in any number of counterparts, all
of which taken together shall constitute one and the same Agreement.

11.6 Titles and Captions. Titles or captions contained in this Agreement are inserted for
convenience and for reference only and in no way define, limit, extend, or describe
the scope of this Agreement or the intent of any provision hereof.

11.7 E_opens_es and Attol;ney's Eees. In the event of a breach or threatened breach of
any term or provision of this Agreement, the non-breaching party shall be entitled to
all of its remedies available at law or in equity, unless otherwise limited in this
Agreement, and in addition shall be entitled to be reimbursed for all of its reasonable
costs and expenses in enforcing this Agreement (if successful), including, but not
limited to, reasonable attorney's fees. This section shall survive termination or
expiration of this Agreement for any reason.

11.8 Force Maieure. Neither Party shall_ _ _ be liable to the other for failure
obligations hereunder to the extent such failure results from causes beyond its
reasonable control, including strikes, climatic conditions, acts of God, governmental
laws, regulations, orders or requirements, interruptions of power or unavailability of
equipment or supplies.

to perform its

11.9 Custgmer§ale of Pre_mises.~ In the event Customer sells the Premises where the
Customer installed the Customer System, Customer's successor-in-interest shall
expressly assume all of Customer's obligations hereunder in writing, and this
Agreement shall not be affected, nor shall Company's rights hereunder be disturbed
in any way, including, without limitation, Company's continued right to all Renewable
Energy Credits assigned pursuant to Section 4 hereunder.

11.10 Notices. All notices under this Agreement shall be in writing and shall be given to
the Parties thereto by personal service (including receipted confirmed facsimile), or
by certified or registered mail, return receipt requested, or by recognized overnight
courier service, to the Parties at the addresses set forth below. All notices shall be
deemed given upon the actual receipt thereof.
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Company: UNS Electric, Inc.
pa Box 3099
Kinsman, Arizona 86402
Fax: (928) 681-8999
Attn: Energy Services Department

IN WITNESS WHEREOF, the Parties have caused this Agreement to be executed
as of I 20

ans ELECTRIC, INC.

By:

Title:

CUSTOMER

By:

Print Name:

Address:

Phone:

BELOW To BE FILLED IN BY UTILITY

Estimated Capacity Resewed: kph

Estimated Funding Resewed: $

Date Reserved:
6
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Application Process
ATTACHMENT A

Grid-Tied Residential Solar System Qualifications

All grid-tied residential solar Customer Systems must meet the following system and installation
requirements to qualify for UNS Electric, Inc., ("UNS Electric" or the "Company") Renewable
Energy Credit Purchase Program. Capitalized terms not defined herein shall have the meanings
ascribed to them in the Renewable Energy Credit Purchase Program Agreement.

1. All systems shall be installed with a horizontal tilt angle between 10 degrees and 60
degrees, and an azimuth angle of +/- 100 degrees of due south. installation configurations
for some systems receiving a UFI will not be eligible for the full RECPP incentive. The
reduction will be determined by the UNS Electric developed De-rating chart, Attachment B
of this document, and as discussed further in this report under the section titled Conforming
Project Incentives.

2. Qualifying systems using Building Integrated Photovoltaic (BIPV) modules of total array
capacity of 5 kWDC or less shall receive 90% of the UFI incentive value for PV systems
listed in Attachment A. Systems using BIPV module of total array capacity of greater than
5 kWDC shall only receive a PBI (see grid-tied residential PBI Agreement).

3. Photovoltaic modules must be covered by a manufacturer's warranty of at least 20 years.

4. Inverters must be covered by a manufacturer's warranty of at least ten years to receive a
UFl and at least five years to receive a PBI (see grid-tied residential PBI Agreement).

5. The minimum PV array size shall be no less than 1,200 Wdc.

6. All photovoltaic modules must be certified by a nationally recognized testing laboratory as
meeting the requirements of UL Standard 1703.

7. All other electrical components must be UL listed.

8. The inverter must be certified as meeting the requirements of IEEE-1547 - Recommended
Practice for Utility Interface of Photovoltaic Systems and it must be UL 1741 certified.

9.

10.

The Customer System design and installation must meet all requirements of the latest
edition of the National Electrical Code, including Article 690 and all grounding, conductor,
raceway, overcurrent protection, disconnect and labeling requirements.
The Customer System and installation must meet the requirements of all federal, state and
local building codes and have been successfully inspected by the building official having

1
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jurisdiction. Accordingly, the installation must be completed in accordance with the
requirements of the latest edition of National Electrical Code in effect in the jurisdiction
where the installation is being completed (NEC), including, without limitation, Sections 200-
6, 210-6, 230-70, 240-3, 250-26, 250-50, 250-122, all of Article 690 pertaining to Solar
Photovoltaic Systems, thereof, all as amended and superseded.

11. The Customer System must meet Company and Arizona Corporation Commission
interconnection requirements for self-generation equipment.

12. The Customer System installation must meet the UNS Electric Service Requirements as
follows:

"AN AC DISCONNECT MEANS SHALL BE PROVIDED IN AN AREA
ACCESSIBLE AT ALL TIMES To THE COMPANY ON ALL UNGROUNDED Ac
CONDUCTORS AND SHALL CONSIST oF A LOCKABLE GANG OPERATED
DISCONNECT CLEARLY INDICATING OPEN OR CLOSED. THE SWITCH
SHALL BE VISUALLY INSPECTED To DETERMINE THAT IT IS OPEN. THE
SWITCH SHALL BE CLEARLY LABELED "DG SERVICE DISCONNECT."

13. For Residential Customer Systems, Company will provide a meter and meter socket that
will be installed in a readily accessible outdoor location by the Customer between the
Customer System and the connection to the overcurrent device in the Customer's electric
service panel. For Non-Residential Customer Systems, Company shall provide the meter
only, to be installed in a Customer supplied meter socket to be installed in a readily
accessible outdoor location by the Customer between the Customer System and the
connection to the overcurrent device in the Customer's electric service panel.

14. Energy storage devices are not allowed as part of the Customer System unless the energy
storage charge controller is a separate component and Company can locate the meter at
the Customer System's inverter output. Other types of qualified energy storage devices
meet PBI requirements (see PBI Agreement).

15. Installation must have been made after January 1, 1997.

16. The Customer must be connected to the Company's electric grid.

17. All Customer System installations must be completed in a professional, workmanlike and
safe manner.

ATTACHMENT B
SunShare PV Off-Angle & Shading Annual Energy Derating Chart

2
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SunShare PV Off-Angle & Shading Annual Energy Derating Chart
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UnisuurceEner;lv
SERVICES

Sun Share Grid-Tied Non-Residential
100 kW AC or less Solar Program

Up Front Incentive (UFI)
Renewable Energy Credit Purchase Agreement

This Grid-Tied Non-Residential 100 kW AC or less Solar Up Front Incentive (UFI)

Agreement (the "Agreement") is hereby made and entered into this day of ,

20 , by and between UniSource Energy Services, an Arizona corporation ("Company"), and

, ("Customel*'). Company and Customer may be referred to

individually herein as a "Party" or collectively as the "Parties." Grid-Tied Non-Residential 100 kW

or less Solar is hereby referred to as the "Program."

RECITALS

A. Company desires to increase the number of solar electricity generation facilities and
the consumption of solar electricity within its service territory, while concurrently reducing the
cost of solar electric generation systems for its customers. In support of these objectives and to
further Company's continuing commitment to develop and encourage the use of renewable
energy resources, Company has implemented the Program to provide financial incentives to its
customers to install solar generating equipment, and

B. Company desires for Customer to participate in the Program and Customer desires to
so participate under the terms and conditions contained in this Agreement, at the address of

, _ , Arizona (the "Premises").

NOW, THEREFORE, in consideration of these premises and of the mutual promises
herein contained, Company and Customer hereby agree as follows:

1
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AGREEMENT

1. PROGRAM

Customer shall elect to participate in the Program by entering into this Agreement subject to the
following conditions:

1.1 Renewable Energy System

1.1.t S_ystem_. Customer shall purchase a renewable energy generating system from
any third party of Customer's choice ("Customer System"). To qualify under the Program,
any such Customer System must comply with all renewable energy on-grid non-
residential solar technology specific requirements set forth in Attachment A "System
Qualifications" and Attachment B "Off Angle 8< Shading Annual Derating Chart", which are
attached hereto and incorporated herein.

1.1 .2 Basis of payment. The calculation Customer environmental credits and Company
payments hereunder shall be based on the system capacity or estimated energy kph
production rather than on measured system output. This represents a one time Up Front
Incentive ("UFl") payment method.

2. SYSTEM INSTALLATION

To qualify for participation in the Program, all Customer Systems shall be installed by or on
behalf of Customer in accordance with the requirements set forth in Attachment A and
Attachment B, including, without limitation, a proper interconnection with Company's existing
power grid. Customer shall be solely responsible for the installation of the Customer System,
including all costs and expenses associated therewith.

3. SYSTEM INSPECTION

Following installation of Customer's System, Company shall inspect the Customer System for
compliance with the applicable requirements set forth in Attachment A and Attachment B. If the
Customer System or installation is found to be not in compliance for any reason, Company will
notify Customer of the deficiencies causing the noncompliance. Company will have no further
obligations under this Agreement until all such deficiencies are remedied by Customer to
Company's reasonable satisfaction.

4. SYSTEM ELECTRICAL OUTPUT

Customer hereby assigns to Company all of its rights to all electrical output of the Customer
System and all associated environmental credits, specifically including those created under the
Arizona Corporation Commission's Renewable Energy Standard and Tariff Program (the
"REST"), which may result from the installation and use of the Customer System. Company will
thereafter return any and all value of such electric output to the Customer at no cost to Customer.
Company's right to Customer's power output and Renewable Energy Credits assigned
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5. RENEWABLE ENERGY CREDIT PURCHASE

Subject to the Customer System passing the Company inspection set forth in Section 3 above
and to Customer's compliance with the remaining terms and conditions of this Agreement,
Company shall pay Customer $ per DC Watt of installed Cn-Grid non-residential solar
generating capacity of the Customer System for which completed Agreements are received and
accepted by the Company and which system is operational within 180 days after application
acceptance, as prorated by any De-rating for off-angle and shading that may apply by the
percentages listed on the chart in Attachment B. The Customer System's DC Watts of installed
on-grid non-residential solar generating capacity shall be determined by Company following
Company's receipt of a copy of the City or County building permit associated with the installation
of the Customer System, successful Customer System inspection and determination of the level
of compliance with Attachment B. Any amounts determined to be owed under this Section shall
be paid by Company to Customer within 30 days following the Company's completion of AC
kph testing hereunder.

e. RIGHTS To CREDITS

Company shall have the right to the Renewable Energy Credits from the Customer System until
the end of the Assignment Period. Customer shall not offer to sell or trade Renewable Energy
Credits from the Customer System to any other party during this time. Customer shall not
remove the Customer System or any components thereof from the Premises during the
Assignment Period without express agreement of Company. If Customer removes the Customer
System in violation of this Section 6, Customer shall immediately reimburse Company all UFl
amounts paid by Company to Customer hereunder.

7. METER READING

Once per year, typically in late December, during the term of this Agreement, Company shall
read the Customer System solar production meter. Thus, Company reserves the right to read,
at its option, the Customer System meter. Customer shall provide Company with reasonable
access to its Customer System to conduct any such readings.

8. WARRANTY

COMPANY MAKES no REPRESENTATIONS OR WARRANTIES o F  AN Y K IN D
HEREUNDER, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTIES oF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE
WITH RESPECT To ITS PERFORMANCE HEREUNDER. WITHOUT LIMITING THE
GENERALITY oF THE FOREGOING, COMPANY MAKES no REPRESENTATIONS OR
WARRANTIES WITH RESPECT To THE CUSTOMER SYSTEM, ITS OPERATION, SAFETY,
INSTALLATION, OR COMPLIANCE WITH ANY BUILDING OR SAFETY CODES, RULES OR
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REGULATIONS, AND To THE MAXIMUM EXTENT PERMITTED BY LAW, COMPANY
HEREBY EXPRESSLY DISCLAIMS ANY AND ALL LIABILITY ASSOCIATED THEREWITH.

4

9. LIMITATION oF LIABILITY

COMPANY'S ENTIRE LIABILITY ARISING OUT oF ITS PERFORMANCE UNDER THIS
AGREEMENT SHALL BE LIMITED To DIRECT ACTUAL DAMAGES STEMMING FROM
CLAIMS DIRECTLY ATTRIBUTABLE To COMPANY'S GROSS NEGLIGENCE OR WILLFUL
MISCONDUCT. IN no EVENT SHALL COMPANY, ITS EMPLOYEES OR AGENTS BE
LIABLE To CUSTOMER FOR Loss oF PROFITS OR ANY OTHER SPECIAL, INDIRECT,
OR CONSEQUENTIAL DAMAGE, HOWEVER CAUSED, RESULTING FROM COMPANY'S
PERFORMANCE HEREUNDER.

10.TERMINATION

If either Party shall at any time commit any material breach of any covenant or warranty under
this Agreement and shall fail to cure the same within 30 days following written notice thereof, the
non-breaching Party may terminate this Agreement, in whole or in part. This Agreement may
also be terminated at any time by mutual written agreement of the Parties.

11. MISCELLANEOUS

11.1 MQdi;'icati9n,_Waiver and Serra_bility. This Agreement may not be modified or
supplemented except by written instrument signed by the Parties. No waiver of any
default or breach hereof shall be deemed a waiver of any other default or breach
thereof. If any part of this Agreement is declared void and/or unenforceable, such
part shall be deemed severed from this Agreement which shall otherwise remain in
full force and effect.

11.2 Assignment. This Agreement and the rights, duties, and obligations hereunder may
not be assigned or delegated by any Party without the prior written consent of
Company.

11.3 Governing Law and_Venue, This Agreement shall be governed by the laws of the
State of Arizona, without regard to the choice of law provisions thereof. Venue for
any dispute arising hereunder shall be any court of competent jurisdiction located in
Pima County, Arizona.

11.4 Entire Agreement. This Agreement is the final integration of the agreement between
the Parties with respect to the matters covered by it and supersedes any prior
understanding or agreements, oral or written, with respect thereto.

11.5 Qounterparts_. This Agreement may be executed in any number of counterparts, all
of which taken together shall constitute one and the same Agreement.
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TitLes and C§ptio_ns. Titles or captions contained in this Agreement are inserted for
convenience and for reference only and in no way define, limit, extend, or describe
the scope of this Agreement or the intent of any provision hereof.

11.7 Expenses and Attorney's Fees. In the event of a breach or threatened breach of
any term or provision of this Agreement, the non-breaching party shall be entitled to
all of its remedies available at law or in equity, unless otherwise limited in this
Agreement, and in addition shall be entitled to be reimbursed for all of its reasonable
costs and expenses in enforcing this Agreement (if successful), including, but not
limited to, reasonable attorney's fees. This section shall survive termination or
expiration of this Agreement for any reason.

11.8 Force Maieure. Neither Party shall be liable to the other for failure to perform its
obligations hereunder to the extent such failure results from causes beyond its
reasonable control, including strikes, climatic conditions, acts of God, governmental
laws, regulations, orders or requirements, interruptions of power or unavailability of
equipment or supplies.

11.9 Qusto_mer__Sale In the event Customer sells the Premises where the
Customer installed the Customer System, Customer's successor-in-interest shall
expressly assume all of Customer's obligations hereunder in writing, and this
Agreement shall not be affected, nor shall Company's rights hereunder be disturbed
in any way, including, without limitation, Company's continued right to all Renewable
Energy Credits assigned pursuant to Section 4 hereunder.

of Eacilijy.

11.10 Notices All notices under this Agreement shall be in writing and shall be given to
the Parties thereto by personal service (including receipted confirmed facsimile), or
by certified or registered mail, return receipt requested, or by recognized overnight
courier service, to the Parties at the addresses set forth below. All notices shall be
deemed given upon the actual receipt thereof.

Company: UniSource Energy Services
Attn: Energy Services Department
pa Box 3099
Kingman, Arizona 86402

Fax: (928)681-8999
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IN WITNESS WHEREOF,
as of 1

the Parties have caused this Agreement to be executed
20- _

UNISOURCE ENERGY SERVICES

By:

Title:_

CUSTOMER

By:_

Print Name:

Address:

Phone:

BELOW To BE FILLED IN BY UTILITY

Estimated Capacity Reserved: DC Watts

X $1.75

= Reservation

Date :

6
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Application Process
ATTACHMENT A

Grid-Tied Non-Residential Solar System Qualifications

All grid-tied non-residential solar Customer Systems must meet the following system and
installation requirements to qualify for UniSource Energy Services ("UES" or the "Company")
Renewable Energy Credit Purchase Program. Capitalized terms not defined herein shall have
the meanings ascribed to them in the Renewable Energy Credit Purchase Program Agreement.

1. All systems shall be installed with a horizontal tilt angle between 10 degrees and 60
degrees, and an azimuth angle of +/- 100 degrees of due south. Installation configurations
for some systems receiving a UFI will not be eligible for the full RECPP incentive. The
reduction will be determined by the UES developed De-rating chart, Attachment B of this
document, and as discussed further in this report under the section titled Conforming
Project Incentives.

2. Qualifying systems using Building Integrated Photovoltaic (BIPV) modules of total array
capacity of 5 kWDC or less shall receive 90% of the UFI incentive value for PV systems
listed in Attachment A. Systems using BIPV module of total array capacity of greater than
5 kWDC shall only receive a PBI (see PBI Agreement).

3. Photovoltaic modules must be covered by a manufacturer's warranty of at least 20 years.

4. Inverters must be covered by a manufacturer's warranty of at least ten years to receive a
UFI and at least five years to receive a PBI (see PBI Agreement).

5. The minimum PV array size shall be no less than 1,200 Wdc

6. All photovoltaic modules must be certified by a nationally recognized testing laboratory as
meeting the requirements of UL Standard 1703.

7. All other electrical components must be UL listed.

8. The inverter must be certified as meeting the requirements of IEEE-1547 - Recommended
Practice for Utility Interface of Photovoltaic Systems and it must be UL 1741 certified.

9. The Customer System design and installation must meet all requirements of the latest
edition of the National Electrical Code, including Article 690 and all grounding, conductor,
raceway, overcurrent protection, disconnect and labeling requirements.

10. The Customer System and installation must meet the requirements of all federal, state and
local building codes and have been successfully inspected by the building official having
jurisdiction. Accordingly, the installation must be completed in accordance with the
requirements of the latest edition of National Electrical Code in effect in the jurisdiction
where the installation is being completed (NEC), including, without limitation, Sections 200-
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6, 210-6, 230-70, 240-3, 250-26, 250-50, 250-122, all of Article 690 pertaining to Solar
Photovoltaic Systems, thereof, all as amended and superseded.

11. The Customer System must meet Company and Arizona Corporation Commission
interconnection requirements for self-generation equipment.

12. The Customer System installation must meet the UES Service Requirements 2000 Edition,
Page 1.20, as follows:

"AN AC DISCONNECT MEANS SHALL BE PROVIDED ON ALL UNGROUNDED
AC CONDUCTORS and SHALL CONSIST oF A LOCKABLE GANG OPERATED
DISCONNECT CLEARLY INDICATING OPEN OR CLOSED. THE SWITCH
SHALL BE visuALLy INSPECTED To DETERMINE THAT THE SWITCH IS
OPEN. THE SWITCH SHALL BE CLEARLY LABELED STATING "DG SERVICE
DISCONNECT."

13. For Non-Residential Customer Systems, Company shall provide the meter only, to be
installed in a Customer supplied meter socket to be installed in a readily accessible outdoor
location by the Customer between the Customer System and the connection to the
overcurrent device in the Customer's electric service panel.

14. Energy storage devices are not allowed as part of the Customer System unless the energy
storage charge controller is a separate component and Company can locate the meter at
the Customer System's inverter output. Other types of qualified energy storage devices
meet PBl requirements (see PBI Agreement).

15. Installation must have been made after January 1, 1997.

16. The Customer must be connected to the Company's electric grid.

17. All Customer System installations must be completed in a professional, workmanlike and
safe manner.

2
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Sun Share Residential Solar Program
Off-Grid

Up Front Incentive (UFI)
Renewable Energy Credit Purchase Agreement

This Off-Grid Residential Solar Up Front Incentive (UFI) Agreement (the "Agreement") is

hereby made and entered into this _ day of _ _ _ , 20 _ , by and between

UniSource Energy Services, an Arizona corporation ("Company"), and

_ _ _ _ _ _ , ("Customer"). Company and Customer may be referred to

individually herein as a "Party" or collectively as the "Parties." Off-Grid Residential Solar is

hereby referred to as the "Program."

RECITALS

A. Company desires to increase the number of solar electricity generation facilities and
the consumption of solar electricity within its service territory, while concurrently reducing the
cost of solar electric generation systems for its customers. in support of these objectives and
to further Company's continuing commitment to develop and encourage the use of renewable
energy resources, Company has implemented the Program to provide financial incentives to its
customers to install solar generating equipment, and

B. Company desires for Customer to participate in the Program and Customer desires
to so participate under the terms and conditions contained in this Agreement, at the address of

_ _ _ _ _ _ _ , _ , Arizona (the "Premises").

NOW, THEREFORE, in consideration of these premises and of the mutual promises
herein contained, Company and Customer hereby agree as follows:

AGREEMENT

1
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Customer shall elect to participate in the Program by entering into this Agreement subject to
the following conditions:

1.1 Renewable Energy System

1.1 .1 System. Customer shall purchase a renewable energy generating system from
any third party of Customer's choice ("Customer System"). To qualify under the
Program, any such Customer System must comply with all renewable energy off-grid
residential solar technology specific requirements set forth in Attachment A "System
Qualifications" and Attachment B "Off Angle 8¢ Shading Annual Derating Chart", which
are attached hereto and incorporated herein.

1.1.2 Basis of Payment. The calculation Customer environmental credits and
Company payments hereunder shall be based on the system capacity or estimated
energy kph production rather than on measured system output. This represents a one
time Up Front Incentive ("UFl") payment method.

2. SYSTEM INSTALLATION

To qualify for participation in the Program, all Customer Systems shall be installed by or on
behalf of Customer in accordance with the requirements set forth in Attachment A and
Attachment B, including, without limitation, a proper interconnection with Company's existing
power grid. Customer shall be solely responsible for the installation of the Customer System,
including all costs and expenses associated therewith.

s. SYSTEM INSPECTION

Following installation of Customer's System, Company shall inspect the Customer System for
compliance with the applicable requirements set forth in Attachment A and Attachment B. If
the Customer System or installation is found to be not in compliance for any reason, Company
will notify Customer of the deficiencies causing the noncompliance. Company will have no
further obligations under this Agreement until all such deficiencies are remedied by Customer
to Company's reasonable satisfaction.

4. SYSTEM ELECTRICAL OUTPUT

Customer hereby assigns to Company all of its rights to all electrical output of the Customer
System and all associated environmental credits, specifically including those created under the
Arizona Corporation Commission's Renewable Energy Standard and Tariff Program (the
"REST"), which may result from the installation and use of the Customer System. Company
will thereafter return any and all value of such electric output to the Customer at no cost to
Customer. Company's right to Customer's power output and Renewable Energy Credits
assigned hereunder shall continue until December 31 s' of the 20"' full calendar year after
completion of the installation of the Customer System in compliance with this Agreement (the
"Assignment Period") and shall survive any termination of this Agreement.

2
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5. RENEWABLE ENERGY CREDIT PURCHASE

Subject to the Customer System passing the Company inspection set forth in Section 3 above
and to Customer's compliance with the remaining terms and conditions of this Agreement,
Company shall pay Customer $1.60 per DC Watt of installed off-grid residential solar
generating capacity of the Customer System for which completed Agreements are received
and accepted by the Company and which system is operational within 180 days after
application acceptance, as prorated by any De-rating for off-angle and shading that may apply
by the percentages listed on the chart in Attachment B. The Customer System's DC Watts of
installed off-grid residential solar generating capacity shall be determined by Company
following Company's receipt of a copy of the City or County building permit associated with the
installation of the Customer System, successful Customer System inspection and
determination of the level of compliance with Attachment B. Any amounts determined to be
owed under this Section shall be paid by Company to Customer within 30 days following the
Company's completion of AC kph testing hereunder.

6. RIGHTS To CREDITS

Company shall have the right to the Renewable Energy Credits from the Customer System
until the end of the Assignment Period. Customer shall not offer to sell or trade Renewable
Energy Credits from the Customer System to any other party during this time. Customer shall
not remove the Customer System or any components thereof from the Premises during the
Assignment Period without express agreement of Company. If Customer removes the
Customer System in violation of this Section 6, Customer shall immediately reimburse
Company all UFI amounts paid by Company to Customer hereunder.

7. WARRANTY

COMPANY MAKES no REPRESENTATIONS OR WARRANTIES oF ANY KIND
HEREUNDER, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY
IMPLIED WARRANTIES oF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE WITH RESPECT To ITS PERFORMANCE HEREUNDER. WITHOUT LIMITING
THE GENERALITY oF THE FOREGOING, COMPANY MAKES no REPRESENTATIONS
OR WARRANTIES WITH RESPECT To THE CUSTOMER SYSTEM, ITS OPERATION,
SAFETY, INSTALLATION, OR COMPLIANCE WITH ANY BUILDING OR SAFETY CODES,
RULES OR REGULATIONS, AND To THE MAXIMUM EXTENT PERMITTED BY LAW,
COMPANY HEREBY EXPRESSLY DISCLAIMS ANY AND ALL LIABILITY ASSOCIATED
THEREWITH.

8. LIMITATION oF LIABILITY

COMPANY'S ENTIRE LIABILITY ARISING OUT oF ITS PERFORMANCE UNDER THIs
AGREEMENT SHALL BE LIMITED To DIRECT ACTUAL DAMAGES STEMMING FROM
CLAIMS DIRECTLY ATTRIBUTABLE To COMPANY'S GROSS NEGLIGENCE OR
WILLFUL MISCONDUCT. IN no EVENT SHALL COMPANY, ITS EMPLOYEES OR
AGENTS BE LIABLE To CUSTOMER FOR Loss oF PROFITS OR ANY OTHER SPECIAL,
INDIRECT, OR CONSEQUENTIAL DAMAGE, HOWEVER CAUSED, RESULTING FROM
COMPANY'S PERFORMANCE HEREUNDER.

3
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9. TERMINATION

If either Party shall at any time commit any material breach of any covenant or warranty under
this Agreement and shall fail to cure the same within 30 days following written notice thereof,
the non-breaching Party may terminate this Agreement, in whole or in part. This Agreement
may also be terminated at any time by mutual written agreement of the Parties.

10. MISCELLANEOUS

10.1 Modification, Waiver and Severability. This Agreement may not be modified or
supplemented except by written instrument signed by the Parties. No waiver of
any default or breach hereof shall be deemed a waiver of any other default or
breach thereof. I f  any part of this Agreement is declared void and/or
unenforceable, such part shall be deemed severed from this Agreement which
shall otherwise remain in full force and effect.

10.2 Assignment. This Agreement and the rights, duties, and obligations hereunder
may not be assigned or delegated by any Party without the prior written consent of
Company.

10.3 Governing Law and Venue. This Agreement shall be governed by the laws of the
State of Arizona, without regard to the choice of law provisions thereof. Venue for
any dispute arising hereunder shall be any court of competent jurisdiction located
in Pima County, Arizona.

10.4 Entire Agreement. This Agreement is the final integration of the agreement
between the Parties with respect to the matters covered by it and supersedes any
prior understanding or agreements, oral or written, with respect thereto.

10.5 Counterparts. This Agreement may be executed in any number of counterparts, all
of which taken together shall constitute one and the same Agreement.

10.6 Titles and Captions. Titles or captions contained in this Agreement are inserted for
convenience and for reference only and in no way define, limit, extend, or describe
the scope of this Agreement or the intent of any provision hereof.

10.7 Expenses and Attorney's Fees. In the event of a breach or threatened breach of
any term or provision of this Agreement, the non-breaching party shall be entitled
to all of its remedies available at law or in equity, unless otherwise limited in this
Agreement, and in addition shall be entitled to be reimbursed for all of its
reasonable costs and expenses in enforcing this Agreement (if successful),
including, but not limited to, reasonable attorney's fees. This section shall survive
termination or expiration of this Agreement for any reason.
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10.8 Eorce Maj_eure. Neither Party shal l  be l iable to the other for  fai lure to perform its
obl igations hereunder to the extent such fai lure results  from causes beyond i ts
reasonable control, including spikes, c l imatic conditions, acts of God,
governmental laws, regulations, orders or  requirements, interruptions of power or

unavai labi l i ty  of equipment or  supplies.

10.9 Cus tomer  Sa le  o f  Fac i l i ty . In  the  even t  Cus tomer  se l l s  the  Premises  where  the
Cus tomer  ins ta l led  the  Cus tomer  Sys tem, Cus tomer 's  successor - in - in te res t  sha l l
e x p r e s s l y  a s s u me  a l l  o f  C u s to me r ' s  o b l i g a t i o n s  h e r e u n d e r  i n  w r i t i n g ,  a n d  th i s
A g r e e m e n t  s h a l l  n o t  b e  a f f e c t e d ,  n o r  s h a l l  C o m p a n y ' s  r i g h t s  h e r e u n d e r  b e
dis turbed in any way, inc luding, without l imitat ion, Company 's  continued r ight to a l l
Renewable Energy Credits  ass igned pursuant to Section 4 hereunder .

10.10 Notices. Al l  not ices  under  th is  Agreement shal l  be in  wr i t ing and shal l  be g iven to
the Parties thereto by personal serv ice ( inc luding receipted confirmed facsimile) , or
by cer t i f ied or  regis tered mail , return receipt requested, or  by recognized overnight
cour ier  serv ice, to the Part ies at the addresses set for th below. Al l  notices shal l  be
deemed given upon the actual receipt thereof.

C o m p a n y : U n i So u r c e  En e r g y  Se r v i c e s
Attn: Energy Serv ices Depar tment
p a  Bo x  3 0 9 9
Kingman,  Ar izona  86402

Fax: (928)  681-8999
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IN WITNESS WHEREOF, the Parties have caused this Agreement to be executed as of
20 .1

UNISOURCE ENERGY SERVICES

By:

Title:

CUSTOMER

By:

Print Name:

Address:

Phone:

BELOW To BE FILLED IN BY UTILITY

Estimated Capacity Reserved : DC Watts

X $1.60

= Reservation

Date:

6
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Application Process
ATTACHMENT A

Off-Grid Non-Residential Solar System Qualifications

All off-grid residential solar Customer Systems must meet the following system and installation
requirements to qualify for UniSource Energy Services ("UES" or the "Company") Renewable
Energy Credit Purchase Program. Capitalized terms not defined herein shall have the
meanings ascribed to them in the Renewable Energy Credit Purchase Program Agreement.

1. All systems shall be installed with a horizontal tilt angle between 10 degrees and 60
degrees, and an azimuth angle of +/- 100 degrees of due south. Installation
configurations for some systems receiving a UFI will not be eligible for the full RECPP
incentive. The reduction will be determined by the UES developed De-rating chart,
Attachment B of this document, and as discussed further in this report under the section
titled Conforming Project Incentives.

2. Qualifying systems using Building Integrated Photovoltaic (BIPV) modules of total array
capacity of 5 kWDC or less shall receive 90% of the UFI incentive value for PV systems
listed in Attachment A. Systems using BIPV module of total array capacity of greater than
5 kWDC shall only receive a PBI (see PBI Agreement).

3. Photovoltaic modules must be covered by a manufacturer's warranty of at least 20 years.

4. Inverters must be covered by a manufacturer's warranty of at least ten years to receive a
UFI and at least five years to receive a PBI (see PBI Agreement).

5. The minimum PV array size shall be no less than 600 watts DC and the maximum pp
array size shall not exceed 4,000 watts AC (5,680 watts DC). For customers currently not
paying into the REST tariff, the maximum Solar Electric array size shall not exceed 2,000
watts AC (2,840 watts DC).

6. All photovoltaic modules must be certified by a nationally recognized testing laboratory as
meeting the requirements of UL Standard 1703.

7. Off-Grid systems will not be metered. Compliance reporting production will be based on
an annual 20% capacity factor using nameplate DC rating for capacity.

8. All other electrical components must be up listed.

9. The Customer System design and installation must meet all requirements of the latest
edition of the National Electrical Code, including Article 690 and all grounding, conductor,
raceway, overcurrent protection, disconnect and labeling requirements.

10. The Customer System and installation must meet the requirements of all federal, state
and local building codes and have been successfully inspected by the building official
having jurisdiction. Accordingly, the installation must be completed in accordance with the

l
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requirements of the latest edition of National Electrical Code in effect in the jurisdiction
where the installation is being completed (NEC), including, without limitation, Sections
200-6, 210-6, 230-70, 240-3, 250-26, 250-50, 250-122, all of Article 690 pertaining to
Solar Photovoltaic Systems, thereof, all as amended and superseded.

11. The Customer System must meet Company and Arizona Corporation Commission
interconnection requirements for self-generation equipment.

12. Installation must have been made after January 1, 1997.

13. All Customer System installations must be completed in a professional, workmanlike and
safe manner.

2
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SERVICES

SunShare Grid-Tied Non-Residential
70 kw DC or less Solar Program

Up Front Incentive (UFI)
Renewable Energy Credit Purchase Agreement

This Grid-Tied Non-Residential 70 kW

Agreement (the "Agreement") is hereby made and entered into this

20
1

DC or less Solar Up Front Incentive (UFI)

_ day of ,

by and between UniSource Energy Services, an Arizona corporation ("Company"), and

__ , ("Customer"). Company and Customer may be referred to

individually herein as a "Party" or collectively as the "Parties." Grid-Tied Non-Residential 70 kW

or less Solar is hereby referred to as the "Program."

RECITALS

A. Company desires to increase the number of solar electricity generation facilities and
the consumption of solar electricity within its service territory, while concurrently reducing the
cost of solar electric generation systems for its customers. In support of these objectives and
to further Company's continuing commitment to develop and encourage the use of renewable
energy resources, Company has implemented the Program to provide financial incentives to its
customers to install solar generating equipment, and

B. Company desires for Customer to participate in the Program and Customer desires
to so participate under the terms and conditions contained in this Agreement, at the address of

, Arizona (the "Premises").

NOW, THEREFORE, in consideration of these premises and of the mutual promises
herein contained, Company and Customer hereby agree as follows:

1
2012 Agreement

UNSE(0142)015377



4

TASC 11.1 2012-Non-Residential Grid-Tied Solar UFI Agreement.pdf

REVISION 0
Acc APPROVED 1/12/10

AGREEMENT

1. PROGRAM

Customer shall elect to participate in the Program by entering into this Agreement subject to
the following conditions:

1.1 Renewable Energy System

1.1.1 System. Customer shall purchase a renewable energy generating system from
any third party of Customer's choice ("Customer System"). To qualify under the
Program, any such Customer System must comply with all renewable energy on-grid
non-residential solar technology specific requirements set forth in Attachment A
"System Qualifications" and Attachment B "Off Angle 8< Shading Annual Derating Chart",
which are attached hereto and incorporated herein.

1.1.2 Basis of Payment. The calculation Customer environmental credits and
Company payments hereunder shall be based on the system capacity or estimated
energy kph production rather than on measured system output. This represents a one
time Up Front Incentive ("UFl") payment method.

2. SYSTEM INSTALLATION

To qualify for participation in the Program, all Customer Systems shall be installed by or on
behalf of Customer in accordance with the requirements set forth in Attachment A and
Attachment B, including, without limitation, a proper interconnection with Company's existing
power grid. Customer shall be solely responsible for the installation of the Customer System,
including all costs and expenses associated therewith.

3. SYSTEM INSPECTION

Following installation of Customer's System, Company shall inspect the Customer System for
compliance with the applicable requirements set forth in Attachment A and Attachment B. If
the Customer System or installation is found to be not in compliance for any reason, Company
will notify Customer of the deficiencies causing the noncompliance. Company will have no
further obligations under this Agreement until all such deficiencies are remedied by Customer
to Company's reasonable satisfaction.

4. SYSTEM ELECTRICAL OUTPUT

Customer hereby assigns to Company all of its rights to all electrical output of the Customer
System and all associated environmental credits, specifically including those created under the
Arizona Corporation Commission's Renewable Energy Standard and Tariff Program (the
"REST"), which may result from the installation and use of the Customer System. Company
will thereafter return any and all value of such electric output to the Customer at no cost to
Customer. Company's right to Customer's power output and Renewable Energy Credits

2
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assigned hereunder shall continue until December 31 S' of the 20th full calendar year after
completion of the installation of the Customer System in compliance with this Agreement (the
"Assignment Period") and shall survive any termination of this Agreement.

5. RENEWABLE ENERGY CREDIT PURCHASE

Subject to the Customer System passing the Company inspection set forth in Section 3 above
and to Customer's compliance with the remaining terms and conditions of this Agreement,

_ _ _ per DC Watt of installed on-Grid non-residential
solar generating capacity of the Customer System for which completed Agreements are
received and accepted by the Company and which system is operational within 180 days after
application acceptance, as prorated by any De-rating for off-angle and shading that may apply
by the percentages listed on the chart in Attachment B. The Customer System's DC Watts of
installed on-grid non-residential solar generating capacity shall be determined by Company
following Company's receipt of a copy of the City or County building permit associated with the
installation of the Customer System, successful Customer System inspection and
determination of the level of compliance with Attachment B. Any amounts determined to be
owed under this Section shall be paid by Company to Customer within 30 days following the
Company's completion of AC kph testing hereunder.

Company shall pay Customer $

6. RIGHTS To CREDITS

Company shall have the right to the Renewable Energy Credits from the Customer System
until the end of the Assignment Period. Customer shall not offer to sell or trade Renewable
Energy Credits from the Customer System to any other party during this time. Customer shall
not remove the Customer System or any components thereof from the Premises during the
Assignment Period without express agreement of Company. If Customer removes the
Customer System in violation of this Section 6, Customer shall immediately reimburse
Company all UFl amounts paid by Company to Customer hereunder.

7. ME_TER_ RE_ADMG

Once per year, typically in late December, during the term of this Agreement, Company shall
read the Customer System solar production meter. Thus, Company reserves the right to read,
at its option, the Customer System meter. Customer shall provide Company with reasonable
access to its Customer System to conduct any such readings.

8. WARRANTY

COMPANY MAKES n o REPRESENTATIONS OR WARRANTIES o F  A N Y KIND
HEREUNDER, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY
IMPLIED WARRANTIES oF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE WITH RESPECT To ITS PERFORMANCE HEREUNDER. WITHOUT LIMITING
THE GENERALITY oF THE FOREGOING, COMPANY MAKES no REPRESENTATIONS
OR WARRANTIES WITH RESPECT To THE CUSTOMER SYSTEM, ITS OPERATION,
SAFETY, INSTALLATION, OR COMPLIANCE wITH ANY BUILDING OR SAFETY CODES,

3
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RULES OR REGULATIONS, AND To THE MAXIMUM EXTENT PERMITTED BY LAW,
COMPANY HEREBY EXPRESSLY DISCLAIMS ANY AND ALL LIABILITY ASSOCIATED
THEREWITH.

9. LIMITATION oF LIABILITY

COMPANY'S ENTIRE LIABILITY ARISING OUT oF ITS PERFORMANCE UNDER THls
AGREEMENT SHALL BE LIMITED To DIRECT ACTUAL DAMAGES STEMMING FROM
CLAIMS DIRECTLY ATTRIBUTABLE To COMPANY'S GROSS NEGLIGENCE OR
WILLFUL MISCONDUCT. IN no EVENT SHALL COMPANY, ITS EMPLOYEES OR
AGENTS BE LIABLE To CUSTOMER FOR Loss oF PROFITS OR ANY OTHER SPECIAL,
INDIRECT, OR CONSEQUENTIAL DAMAGE, HOWEVER CAUSED, RESULTING FROM
COMPANY'S PERFORMANCE HEREUNDER.

10.TERMINATION

If either Party shall at any time commit any material breach of any covenant or warranty under
this Agreement and shall fail to cure the same within 30 days following written notice thereof,
the non-breaching Party may terminate this Agreement, in whole or in part. This Agreement
may also be terminated at any time by mutual written agreement of the Parties.

11. MISCELLANEOUS

11.1 Modification Waiver and Severability. This Agreement may not be modified or
supplemented except by written instrument signed by the Parties. No waiver of
any default or breach hereof shall be deemed a waiver of any other default or
breach thereof. I f  any part of this Agreement is declared void and/or
unenforceable, such part shall be deemed severed from this Agreement which
shall otherwise remain in full force and effect.

11.2 Assignment. This Agreement and the rights, duties, and obligations hereunder
may not be assigned or delegated by any Party without the prior written consent of
Company.

11.3 Governing Law and Venue. This Agreement shall be governed by the laws of the
State of Arizona, without regard to the choice of law provisions thereof. Venue for
any dispute arising hereunder shall be any court of competent jurisdiction located
in Pima County, Arizona.

11.4 Entire Agreement. This Agreement is the final integration of the agreement
between the Parties with respect to the matters covered by it and supersedes any
prior understanding or agreements, oral or written, with respect thereto.

11.5 Counterparts. This Agreement may be executed in any number of counterparts, all
of which taken together shall constitute one and the same Agreement.

4
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11.6 Titles and Captions. Titles or captions contained in this Agreement are inserted for
convenience and for reference only and in no way define, limit, extend, or describe
the scope of this Agreement or the intent of any provision hereof.

11.7 Expenses and Attorney's Fees. In the event of a breach or threatened breach of
any term or provision of this Agreement, the non-breaching party shall be entitled
to all of its remedies available at law or in equity, unless otherwise limited in this
Agreement, and in addition shall be entitled to be reimbursed for all of its
reasonable costs and expenses in enforcing this Agreement (if successful),
including, but not limited to, reasonable attorney's fees. This section shall survive
termination or expiration of this Agreement for any reason.

11.8 Force Maieure. Neither Party shall be liable to the other for failure to perform its
obligations hereunder to the extent such failure results from causes beyond its
reasonable control, including strikes, climatic conditions, acts of God,
governmental laws, regulations, orders or requirements, interruptions of power or
unavailability of equipment or supplies.

11.9 Customer Sale of Facility. In the event Customer sells the Premises where the
Customer installed the Customer System, Customer's successor-in-interest shall
expressly assume all of Customer's obligations hereunder in writing, and this
Agreement shall not be affected, nor shall Company's rights hereunder be
disturbed in any way, including, without limitation, Company's continued right to all
Renewable Energy Credits assigned pursuant to Section 4 hereunder.

11.10 Notices. All notices under this Agreement shall be in writing and shall be given to
the Parties thereto by personal service (including receipted confirmed facsimile), or
by certified or registered mail, return receipt requested, or by recognized overnight
courier service, to the Parties at the addresses set forth below. All notices shall be
deemed given upon the actual receipt thereof.

Company: UniSource Energy Services
Attn: Energy Services Department
pa Box 3099
Kingman, Arizona 86402

Fax: (928) 681-8999

5
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IN WITNESS WHEREOF,
executed as of

the Parties have caused this Agreement to be
20l

UNISOURCE ENERGY SERVICES

By:

Title:

CUSTOMER

By:

Print Name:

Address:

Phone:

BELOW To BE FILLED IN BY UTILITY

Estimated Capacity Reserved: DC Watts

X

= Reservation $

Date:

6
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Application Process
ATTACHMENT A

Grid-Tied Non-Residential Solar System Qualifications

All grid-tied non-residential solar Customer Systems must meet the following system and
installation requirements to qualify for UniSource Energy Services ("UES" or the "Company")
Renewable Energy Credit Purchase Program. Capitalized terms not defined herein shall have
the meanings ascribed to them in the Renewable Energy Credit Purchase Program
Agreement.

1. All systems shall be installed with a horizontal tilt angle between 10 degrees and 60
degrees, and an azimuth angle of +/- 100 degrees of due south. Installation
configurations for some systems receiving a UFI will not be eligible for the full RECPP
incentive. The reduction will be determined by the UES developed De-rating chart,
Attachment B of this document, and as discussed further in this report under the section
titled Conforming Project Incentives.

2. Qualifying systems using Building Integrated Photovoltaic (BIPV) modules of total array
capacity of 5 kWDC or less shall receive 90% of the UFI incentive value for PV systems
listed in Attachment A. Systems using BIPV module of total array capacity of greater than
5 kWDC shall only receive a PBl (see PBI Agreement).

3. Photovoltaic modules must be covered by a manufacturer's warranty of at least 20 years.

4. Inverters must be covered by a manufacturer's warranty of at least ten years to receive a
UFI and at least five years to receive a PBI (see PBI Agreement).

5. The minimum PV array size shall be no less than 1,200 Wdc

6. All photovoltaic modules must be certified by a nationally recognized testing laboratory as
meeting the requirements of UL Standard 1703.

7. All other electrical components must be UL listed.

8. The inverter must be cert i f ied as meeting the requirements of IEEE-1547
Recommended Practice for Utility Interface of Photovoltaic Systems and it must be UL
1741 certified.

9. The Customer System design and installation must meet all requirements of the latest
edition of the National Electrical Code, including Article 690 and all grounding, conductor,
raceway, overcurrent protection, disconnect and labeling requirements.

10. The Customer System and installation must meet the requirements of all federal, state
and local building codes and have been successfully inspected by the building official
having jurisdiction. Accordingly, the installation must be completed in accordance with the

1
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requirements of the latest edition of National Electrical Code in effect in the jurisdiction
where the installation is being completed (NEC), including, without limitation, Sections
200-6, 210-6, 230-70, 240-3, 250-26, 250-50, 250-122, all of Article 690 pertaining to
Solar Photovoltaic Systems, thereof, all as amended and superseded.

11. The Customer System must meet Company and Arizona Corporation Commission
interconnection requirements for self-generation equipment.

12. The Customer System installation must meet the UES Service Requirements 2000
Edition, Page 1.20, as follows:

"AN Ac DISCONNECT MEANS SHALL BE PROVIDED ON ALL UNGROUNDED
AC CONDUCTORS and SHALL CONSIST oF A LOCKABLE GANG OPERATED
DISCONNECT CLEARLY INDICATING OPEN OR CLOSED. THE SWITCH
SHALL BE VISUALLY INSPECTED To DETERMINE THAT THE SWITCH IS
OPEN. THE SWITCH SHALL BE CLEARLY LABELED STATING "DG SERVICE
DISCONNECT."

13. For Non-Residential Customer Systems, Company shall provide the meter only, to be
installed in a Customer supplied meter socket to be installed in a readily accessible
outdoor location by the Customer between the Customer System and the connection to
the overcurrent device in the Customer's electric service panel.

14. Energy storage devices are not allowed as part of the Customer System unless the
energy storage charge controller is a separate component and Company can locate the
meter at the Customer System's inverter output. Other types of qualified energy storage
devices meet PBI requirements (see PBI Agreement).

15. Installation must have been made after January 1, 1997.

16. The Customer must be connected to the Company's electric grid.

17. All Customer System installations must be completed in a professional, workmanlike and
safe manner.

2
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294 CRITERIA A A SOUND RATE STRUCTURE

whole, must be designed as far as possible lo cover costs as a whole
including (or plus) a f  ̀return on capital investment.

In :he second place, we shall assume the availability of a wide
structures, any one of which could be

ode to yield the allowed fair return on whatever capt . vest-
entis required in order to supply the demand for service This

assumption, which implies that the utility enterprise in question
enjoys a substantial degree of monopoly power, permits us to center
attention on a choice among rate structures, any one of which

aid be equally fair ro investors and equally effective in main-
ining corporate credit.
And in the third place. except for incidental references, we shall

rule out all of those sotzlled "social" principles of rate making.
discussed in Chapter VII, which may justify the sale of some utility
services at less than even marginal or out-of-pocket costs.

I
|
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rclazivc costs. Thus, by and large, Pullman fares are much higher
than coach fares; charges for the shipment of ten tons of any given
class of freight are much higher than charges for the shipment of
one ton, and freight rates from New York City to points in Cali-
fornia are far higher than freight rates from New York City to
Albany. Electric utility rates deviate from a cost standard much
less than railroad rates. But it is a testimony to the prestige of this
standard that, whenever actual or proposed electric tariiis are criti-
cized for their asserted unfairness, the criticism usually takes the
form of the contention that the rate relationships fail to conform
to cost relationships. When this complaint is made before a public
service commission, the defenders of the rates are likely to feel in
a much stronger position if they can meet it on its own ground,
without having to rely on va1ue~of-service arguments in support of
preferential rates to favored classes of customers.

The basic reasons in support of a cost-of-service standard of pub-
lic utility rates and rate relationships have already been discussed
at length in the early chapters of this book, particularly in Chapter
IV, Here we may recall that the defense rests both on considera-
:ions of fairness as among the different customers and on considera-
tions of optimum utilization or "consumer rationing." As to the
issue of fairness, a cost-price standard probably enjoys more wide-
spread acceptance than any other standard except for the even
more popular tendency to identify whatever is fair with whatever
is in one's self-interest. As to the issue of optimum utilization, this
same standard (or, at least, a standard of the same name) comports
with the "consumer sovereignty" principle, under which public
utility consumers should be encouraged to take whatever types of
service, in whatever amounts, they wish to take as long as they are
made to indemnify the utility enterprise for the costs of rendition.

r

l

IMPORTANCE AND LIMITATIONS OF THE
PRINCIPLE OF COST OF SERVICE

Without doubt the most widely accepted measure of reasonable
public utility rates and rate relationships is cost of service. In the
literature, this measure is generally given a dominant position even
by writers who insist upon, or reluctantly concede, the necessity
for deviations from cost in the direction of va1ue~of-service prin-
ciples or of various "social" objectives of rate making, In actual
practice there is usually an obvious, marked degree of correlation
between the relative charges for diEerent amounts and types of
service and the relative costs of rendition. To be sure, local transit
rates, with their customary Hat fares regardless of distance and
(even more important) regardless of time of travel come close to
providing an outright exception. But intercity railroad rata, de-
spite their many familiar departures from cost principles' and
despite their notorious failure to accord well with any other sane
principles of rate making, bear important partial correlations with

NECESSARY DEVIATIONS FROM A COST~OF'SEKVlCE STANDAID

1
'Referring to railroad rates, the Interstate Cumbers: Commission laid' "Costs

alone do not determine the maximum limits of rates. Neither do they control the
contours of rate scale: or He the relations between rates or between rate scales.
Other factor: along with costs must be considered and given due weight in these
aspects of rate making." 16: I.C.C. Gg5, quoted but justice Douglas in New York
v. United States, 231 U.5. 184, 528 (1947).

E

|

In view of what has just been said, one might suppose than "the
theory" of public utility rare structures or rate diicrentials would
call for the acceptance of no basic principle of reasonable or non-
discriminarory rates other than a mere extension of the very prin-
ciple already accepted in the determination of entire rate levels,
namely, the principle of service at cost. just as. under :he fair-
retum standard, rates as a whole should cover costs as a whole, so

1

tUP
UP

ll |



I

QR

295 CRITERIA OF A SOUND RATE STRUCTURE

1;
u" -at

5, fs

the rates for any given class of service (passenger versus freight,
residential versus commercial, etc.) should cover the costs of sup-
plying that class, and so the rates charged to any single customer
within that class should cover the costs of supplying this otfe
customer. Under this assumption, the theory of rate structures

auld be educed to a mere theory of cost determination through.-
he aid of modern technique of cost accounting and cost analyst
Unfortunately, however, no such simple identification of "rea-

sonable" rates with rates measured by costs of service is attain-
able; and this Ear several reasons, three of which will now be
distinguished. The first of these reasons may be called "practical,"
whereas the other two are theoretical and are based on the non-
additive character of the costs attributable to specific classes and
units of service.

Excessive complexity of cost relationships. The "practical" rea-
sons lie in the extreme difficulties of cost~oE-service measurement
together with the fact that, even it all specific costs could be meas-
ured, they would be found too complex for incorporation in rate
schedules, Most public utility companies supply many different
kinds of service even when they confine their activities to nothing
but electricity, or gas, or telephone service, etc. In a very real sense.
moreover, the supply of any one type of service to thousands of cus-
tomers at different lotions constitutes the supply of a ditierent
product to each customer. Equally truly, service rendered at any
one time is not the same product as is otherwise comparable service
rendered at another time.

But these millions of different service deliveries by a single pub-
lic utility company are produced in combination and at total costs,
most of which are joint or common either to the entire business or

E

CRITERIA OF A SOUND RATE STRUCTURE 297

alone. the most Lhal can be hoped for is the development of tech-
niques of cost allocation that reflect only the major, more stable,

A and more predictable cost relationships.
' But even ii, through the miracles of eiecuonic computers anal

o modern techniques of mathematical analysis, all significant cost
differentials could be measured without inordinate expense, they
would :hen be found far too numerous, too complex, and Lao via
tile to be embodied in rate differentials. Stability and predictability
of the charges for public utility services are desirable attributes:
and up to a certain point-or rather, up ro an indeterminate point
-they are worth attaining even at the sacrifice of Nic attempts t

_bring rates into accord with current production costs need, un-
less rate-making policies are sufficiently stable to permit a con-
sumer to predict with some confidence what his charges will be if
he decides to equip his home or his factory to take the contemplated
service and then to buy the service, a cost-price system of rate M
in will be self-defeating when viewed as a means of securing
rational control of demand.

These practical considerations leading to the design of rate struc-
tures that ignore many cost differentials are illustrated by the
general uniformity of rates for gas, electricity, telephone service,
and water supply throughout an entire city, despite distances from
source of supply, differences in density of population, and other
differences that may have a material bearing on relative costs of
service. Indeed, in some parts of the country, the rates of large
electric power systems are uniform, or almost uniform, throughout
the state, no distinction being made between urban and rural
areas. Critic of this "blanket rate" policy may well be right in
insisting that it carries the principle of uniformity too far.' But the
criticism is leveled merely against an excessive disregard of cost
differentials in rate making.

Failure of the .rum ay dijefential costs to equate with total costs.

44

_else to some major branch of the business. Under Lhesc circum-
nces, the attempt to esnimau: what pan of the :mal cost of

pexating a utility business constitutes the cost of serving each
`ndividua1 consumer or class of consumers would involve

elaborate and expensive type of cost analysis For this reason
F

go. cited in ioomote 4, supra, quotes an page 41 from an opinion by Chairman
Mzltbie of the New York Public Service commission reading in pan: "In ever

who are served :L Len
than con, for the reason than it has been found impraclicablc to devise and apply

*john Alden Blip has gem me I quouxion from \ report by Alex Dow, former
chairman of the Dezroiz Edison Company, no :he Ellen that his company had
been obliged to reply on the one hand lo the customer who think.: Lhzl rates
Mould be uniform per kiluvan-hour and on Me other hand xo the min "who
want: up co determine so exlcrly the can of service to each customer :ha our
power plants Ind diufibmion av/neun would become merely unavnidxble pr¢~
luminaries lo the upendon of a meter deplrlmenL" The TNEC Monograph No.

business, there is always I large percentage of customers.

a system of con accounting and computation which would any out the principle
literally; and if it were done.
coted achedulc of rates that the public could not understand in and few could

IPPI? Ir."
*See Chap. VII, pp. II!-I15, sup fn

ii would result in such an elaborate and compli-

o
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.

volumetrically to ldlowatt-hour sales under applicable electric schedules, and will apply

to all retail system sales. it will not vary by class of service.

Have transmission cost adjustment charges previously been approved by the

Commission?

Yes. The Commission has approved a similar adjustment clause for Arizona Public

Service Company.

c . Time-Of-Use Rates For Residential And General Service (<200 kw)

Customers.

Does TEP currently have TOU rates?

Yes. However subscription to the current Time-of-Use programs is relatively small

compared to non-TOU subscription. in part, this is due to a subscription cap on General

Service Time-of-Use (Pricing Plan C76). However most time-of-use plans do not have

caps. Customers sometimes do not believe that the potential to save compensates them

for the "inconvenience" of TOU. TEP plans to increase efforts to educate customers

about the benefits of our new TOU proposals, including savings opportunities. Proposed

TOU rates have been redesigned to focus on relatively short, "super-peak" periods

(usually 4 consecutive hours per day). This type structure not only offers customers

many opportunities to "work around" the peak, it is also well suited to helping reduce

peak demand in the extreme weather conditions of the TEP service territory.

I

2

3

4 Q-

5

6 A.

7

8

9

10

11

12 Q.

13 A .

14

15

16

17

18

19

20

21

22

23

24 Q-

25 A.

26

27

Why is TEP proposing additional TOU rates?

Including TOU rates within the overall rate design will provide a stronger price signal to

customers to ShiR load out of the critical peak period. Reducing peak means that less

power will be needed when it is most costly. Consequently, less power will have to be
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purchased from the spot market during peak times. 'This will result in savings for the

Company and its customers. TOU customers who "shave" the peak and "fill in" the off'-

peak valleys reduce the average price that they pay for electricity. A TOU rate rewards

customers who help lower average system costs. As a DSM measure, TOU is a low-cost

program with large benefits in reducing peak. Requiring new customers to be on TOU

tariffs will send price signals that more accurately reflect the additional costs needed to

serve new load. Further, reducing peak period demand and shi fiing consumption to off-

peak times helps increase load factor, which also reduces cost through the more intensive

utilization of fixed resources. The tariffs setting forth the proposed TOU pricing plans

are attached as pan of Exhibits DBE-2, 3 and 4 to my Direct Testimony.

Are you proposing TOU rates under all three Methodologies?

Yes. TEP faces a need to control peak demand regardless of the methodology chosen.

Constraints apply over the generation, transmission and distribution functions. Time-ofl

Use helps defer capacity additions under all methodologies. Moreover, customers should

have the opportunity to achieve savings through their usage patterns under each

methodology.

If TOU tariffs are so beneficial, why are you only recommending that new

Residential (Pricing Plan R 01) and General Service (Pricing Plan GS-10) customers

1
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be on TOU tariffs?

It is impractical to immediately place all these customers on the new TOU plans because

of the substantial number of meters that would need to be replaced under such a

comprehensive program. Simply stated, we do not want to instantly erode the savings to

be achieved by load shilling with the costs associated with comprehensive meter

replacement. Meter replacement for existing customers could be phased in over time, so

that the meter change-out costs never completely outpace the load shitting savings.
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Placing new customers on TOU is a cost effective and simple way of phasing-in the new

TOU program.

Why should TOU rates be mandatory?

it will only be mandatory for new customers to the system, although existing customers

would use TOU rates if they replace their meters. By making the rate mandatory, we

ensure that customers are paying for the costs they impose on the system. Absent

mandatory TOU, a non TOU customer using a relatively large proportion of his energy

during on-pedc times places the cost of his consumption on other customers. I believe

that shifting of the burden of cost from the responsible party, the peak user, to other

customers is fundamentally unfair. Appropriate rate design should reflect cost causation.

Could the Company achieve the same goals by keeping non-TOU rates open, but

setting non-TOU rates at a higher average price to reflect their less desirable usage

profile?
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No. I believe that to do so would only prolong the problem the Company experiences

with excessive load in the critical peak period. Rates for non-TOU customers must

reflect the reality that these customers' costs may be higher. While TEP could structure

such rates, any modification made in the rate-setting process could destroy any effective

price signals in a non-TOU rate. Without effective price signals that customers

understand and pay attention to, fixing old subsidies and inequities is unnecessarily

prolonged. I do not believe that it is good public policy to continue to allow our highest

cost-to-serve customers to pass on their costs to other system customers. We have an

obligation to design rates that are fair to every customer, including ensuring that the

principal cost-causers pay rates that reflect the tore cost of power that they use.
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Meet the Team

Consultants

Janice Lin
Founder and Managing Partner, Strategen Consulting LLC
Co-Founder and Executive Director, California Energy Storage Alliance (CESA)
Board of Directors and Chair of the Executive Committee, Global Energy Storage Alliance
(GESA)

Advisors

Who We Help

Our Values

About CESA

Janice Lin brings more than two decades of experience in clean energy
strategy, market development, and corporate strategy to Strategen. During
this time she has advised a diverse range of clients including renewable energy
equipment manufacturers and service providers, large corporations
diversifying into clean energy, and real estate developers building sustainable
communities.Careers

In 2014 Janice co-founded the Global Energy Storage Alliance (GESA), an
international non*profit organization, and currently serves on the Board of
Directors and as Chair of the Executive Committee. Prior to that Janice

co-founded the California Energy Storage Alliance (CESA) in 2009, and currently serves on the Board
of Advisors for the Energy policy Initiatives Center (EPIC) and the Energy Storage Committee of
Joint Venture Silicon valley. Janice is also a Member of the Advisory Council of the German American
Chamber of Commerce, the UCSD Strategic Energy Initiatives Advisory Council, and Chair of the
annual Energy Storage North America (ESNA) conference.

Prior to founding Strategen in 2005, Janice held several senior management positions with
PowerLight Corporation (now Sunpower Corporation), including vice President of Product Strategy
and Vice President of Business Development. During her tenure at PowerLight, Janice led initiatives
in product and new market strategies, business development, regulatory affairs, strategic
partnerships, investor relations, and customer finance.

Janice holds an MBA from the Stanford Graduate School of Business, a BS from the Wharton school,
University of Pennsylvania, and a BA in International Relations from the University of Pennsylvania's
College of Arts and Sciences. She is the winner of ESA's 2013 Phil Symons Energy Storage Award,
and NAATBATl"s 2014 Market Development Award.

Email Janice

Mark Higgins
Vice President and coo

Mark Higgins is strategy's chief Operating Officer and leads the company's
consulting practice. Mark's career in the energy industry has focused on
renewables project development and utility regulatory strategy. Prior to
Strategen, Mark sewed as Pacific Gas and Electric Company's lead on electric
transmission policy work at the CAISO, where he worked on formulating PG&E
policy on energy storage, demand response, generator interconnection and
transmission planning issues. Prior to PG&E, Mark was Director, Utility west at
SunEdison (by way of its acquisition of FRV and MMA Renewable Ventures).
His responsibilities included management of California utility scale project
development strategy and execution. Mark's portfolio of projects included

more than 1 GW of pipeline including sunEdison's largest development asset, for which he secured
132 MW of PPAs with California utilities. Mark also served as Vice President of Finance of Hu Honua
Bioenergy, a 21.5 MW biomass power redevelopment project in Hawaii that was ranked in January
2015 by state government as the "#1 Clean Energy Leader" project in Hawaii.

Mark also has a strong private equity, venture capital and investment banking background, including
placing over $125 million in equity for publicly traded companies while at Roth Capital Partners, and
serving as the founding Associate at Finistere Partners, where he managed the launch of a $70
million Pacific-rim focused venture fund investing in the agricultural biotech and medical devices
sectors.

Mark has also worked for the u.s. Foreign Commercial Service in Auckland, New Zealand, and as a
systems analyst at Deloitte consulting's Chicago office. Mark holds a Master of pacific International
Affairs from the University of California, San Diego, and a Bachelor of Arts in government from the
University of Notre Dame.
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In addition to his role at strategy, Mark also serves as an advisor to the California Energy Storage
Alliance, sits on the Steering Committee of the Australlan Energy Storage Alliance, and serves on the
City of Lafayette, California's Environmental Task Force.

Email Mark

Cedric Christensen
Director

Cedric Christensen is a Director in Strategen's Government and public Sector
practice. He manages projects with the u.s. Department of Energy and State
Energy Agencies, including the DOE Global Energy Storage Database . the
Wikipedia of Energy Storage (goo.gI/xAbvxG). He leads policy and value
proposition work on demand side management and serves a range of clients
including renewable energy equipment manufacturers, developers, and service
providers as well as corporations diversifying into clean energy.

Cedric led CESA's expansion in the midst of AB2514 implementation - the
Energy Storage Assembly Bill. Since he joined the organization, he has worked

on a number of strategic market development initiatives with key regulatory agencies (CPUC, CEC,
CAISO, and the CA Governor's Office). His work includes launching Energy Storage North America,
the largest Energy Storage Conference in North America.

Prior to CESA, he was General Manager for Agrion - a global network of Fortune 500 companies
focused on Energy and Sustainability. Former United Nations Strategy Consultant with extensive
international experience including managing sustainability and renewable energy projects with UNDP
in Ecuador, the Global Environmental Fund and Ubifrance, French embassy trade office. Cedric
received his Master's Degree in policy & International Affairs from Sciences Po Parls.

Email Cedric

Lon Huber
Director

Lon Huber is a Director in Strategen's Government and Utility Practice. Prior to
joining Strategen, Lon worked for the ratepayer advocate office in Arizona
where he was the staff lead on key issues facing the electric utilities in the
state. In this position he shaped high profile decisions around net metering,
resource procurement, and utility owned distributed generation.

Lon got his start in the policy held at a University of Arizona based energy
research institute. Subsequently, he worked in the private sector for several
years in positions related to energy policy and economic development. His
experience spans leading project finance for a solar integrator to managing

regional policy efforts for a large solar panel manufacturer. Due to his efforts in the community, Mr.
Huber received a congressional recognition award for his work in educating citizens about solar
energy. During this time, he was also recognized as an Arizona Daily Star "40 under 40" winner for
leadership, community impact, and professional accomplishment.

Lon earned a Bachelor of Science degree in Public policy and Management and a Master's of Business
Administration from the University of Arizona.

Email Lon

Edward Burgess
Manager

Edward Burgess is a Manager in Strategen's Government and Utility practice.
Prior to joining Strategen, Ed worked as an independent consultant for Kris
Mayes Law Firm and Schlegel & Associates where he served clients in the
renewable energy and energy efficiency industries, including several Fortune
500 companies, major project developers, trade associations, utilities,
government agencies, and foundations. His analysis has helped to shape state
regulations and policies related to energy portfolio standards, distributed
generation, and transmission planning .

In addition to his consulting work, Ed also played a lead role in two major
initiatives at Arizona State University: the Utility of the Future Center and the Energy policy
innovation Council where he conducted research and policy analysis for the Governor's Office of
Energy policy, the Department of Environmental Quality, and other major stakeholders in Arizona .

Ea began his career working on environmental policy at the Environmental Defense Fund in New
York. He earned his bachelor's degree in Chemistry from Princeton University and two degrees from
Arizona State University - Master of Science (M.S.) in Sustainability and Professional Science Master
(P.S.M.) of Solar Energy Engineering and Commercialization.

Email Ed
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Shana Patadia
Senior Consultant

Shana Patadia is an Consultant at Strategen Consulting. Prior to her role at
Strategen, Shana worked on a range of federal consulting projects. She has
developed several modeling methodologies and tools for valuing energy
security, analyzing utility rate impact for renewables, and modeling large
federal funds.

Shana's initial involvement in the energy sector was through green jobs
analysis with uc Berkeley, the results of which were published in a widely cited
paper in Energy Policy, "Putting Renewables and Energy Efficiency to Work."
Subsequently Shana has worked on a range of projects including electric

vehicle to grid modeling for California, renewable energy project analysis, and the economics of
carbon capture.

Shana received a Bachelor of Science in Business Administration and a Bachelors of Arts in
Economics from up Berkeley. She received her Masters of Environmental Management, focused on
Energy and Environment, from Duke University's Nicholas School of Environment.

Email Shana

Jin Noh
Consultant

Jin noh is an Consultant at Strategen Consulting. Prior to joining Strategen, Jin
worked as an analyst at SRI International where he worked on a range of
science, technology, and innovation policy consulting projects for public and
private sector clients. Ar SRI, he worked on several energy~related projects,
such as developing clean energy innovation metrics for the New York State
Energy & Research Development Authority (NYSERDA) and designing an
energy and nanotechnology incubator for the King Abdulaziz city for Science &
Technology (KACST).

Jin has also conducted graduate research for various energy sector clients,
such as Sfuncube, Sonoma Clean power (SCP), and Department of Energy (DOE). notably, he
conducted a comprehensive analysis of the incentives, policies, and rate structures of major energy
storage procurements across the us, Japan, and Germany to provide a procurement strategy for
SCP.

Jin received a Bachelor of Arts in Public policy Studies and Economics from Duke University, and a
Master's in public Policy from the University of California, Berkeley. His master's thesis assessed
state regulatory decisions on grid resilience investments on behalf of the Office of Energy Policy &
Systems Analysis at the DOE.

Email Jin

Randy Fish
Consultant

Randy Fish is a Consultant in Strategen's Government and Utility Practice. He
also manages the Energy Storage North America program, social media
marketing, and business development activities.

Randy brings ten years of experience in international development, project
management, and science communications. Most recently, Randy managed a
sustainability and science field station in the virgin Islands. In addition to
educating students and visitors about the facility's microgrid and conservation
measures, he successfully implemented the station's first net-energy metering
interconnection. Prior to his island life, Randy began his career as a us Peace

Corps volunteer in Tanzania. As an Envlronmental Extension Agent, he collaborated with local
communities to promote adoption of small-scale, off-grid solar in homes and hospitals, increase
utilization of sustainable agriculture techniques, and build consensus on water resource management
issues.

Randy received a Bachelor of Arts in Geography from California State University, Chico and a
Masters of Science from Michigan Technological University. His master's thesis focused on modeling
the effects of climate change on water resources in Tanzania.

Email Randy

Zoe Fishman
Marketing and Events Manager

Zoe Fishman is Strategic Marketing and Events Manager for Strategy Consulting. She leads all
marketing programs for Energy Storage north America, including supporting partnerships,
messaging and social media.
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Zoe has worked in marketing and communications for the clean energy
industry for over five years. prior to joining Strategen, she was a Content
Strategist at Choose Energy, a Kleiner Perkins-backed energy choice platform,
where she focused on making retail energy choices clear and engaging for
consumers. She also spent four years at Antenna Group, the largest clean
energy communications firm in the United States. As an Account Supervlsor,
Zoe led media strategy, content marketing and thought leadership campaigns
for clients in the energy storage, solar energy and energy efficiency sectors.
She excels at helping clients craft their message and differentiate themselves
in evolving industries, and has secured several prestigious industry awards and

speaking opportunities on behalf of clients, including the World Economic Forum Technology Pioneers
and the Bloomberg new Energy Finance Pioneers Award.

Zoe holds a Bachelor of Arts degree in History from up Berkeley.

Email Zoe

Bill Ehrlich
Senior Analyst

Bill Ehrlich is a Senior Analyst at Strategen Consulting. Prior to joining the
team at strategy, sill worked at Greentech Media in business development
for their solar practice.

Bill has worked in clean energy and the electrical industry since graduating
from college with a degree in finance. He has blended a financial background
with strong technical experience in the field in order to achieve a holistic
perspective of electrical energy. In addition to his work at Greentech Media,
Bill's experience includes analytical lab work on fuel cells, project management
for a commercial solar integrator, and electrical work for high rise buildings in

downtown Chicago. He brings a deep understanding of the energy ecosystem as well as a passion for
renewable energy and energy storage.

Bill holds a Bachelor of Business Administration In Finance from the University of Notre Dame.

Email Bill

Anirudh Kshemendranath
Senior Analyst

Anirudh Kshemendranath is a Senior Analyst at Strategy Consulting. Prior to
joining the team at Strategen, Anirudh worked for Bosch Energy Storage doing
analytical modeling on wholesale market participation.

Anirudh has an extensive engineering background and has worked on energy
storage at numerous steps of the value chain including: manufacturing
research, international advanced energy business development, and building
algorithms for energy storage dispatch. Anirudh assists with technical analysis
and analytical modeling to optimize energy storage dispatch and accurately
value energy storage grid benefits.

Anirudh holds a Master of Science (M.S.) from Carnegie Mellon's Energy Science, Technology, and
Policy (ESTP) program.

Email Anirudh

Jake Barbell
Analyst

Jake Barbell is an Analyst with strategy Consulting. Before joining the
strategy team, Jake worked at Sur run leading a specialist advisor team.

Jake's involvement In renewable energy began with an analyst contractor
position with Tucson Electric Power as an undergrad at University of Arizona.
He continued developing his energy experience working with in home
consumption monitoring equipment, transportation logistics, and residential
solar. In addition to his experience with Sur run and Tucson Electric Power,
Jake brings a solid understanding of customer interests, a passion for grid
edge technologies, and a physical science background to the team.

Jake holds a Bachelor of Science from the Arizona State University.

Email Jake

Advisors

Don Liddell
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Senior Advisor

Don Liddell is a Principal of Douglass & Liddell, and specializes exclusively in
energy business transactions and regulatory proceedings involving a broad
array of energy-related products and services. He is also General Counsel for
the California Energy Storage Alliance.

Don has over 30 years of experience in the private and government sectors of
the industry. Prior to joining with Dan Douglass to form Douglass & Liddell,
Don was Assistant General Counsel for Sempra Energy. He also served on the
Board of Directors of the Independent Energy Producers Association from 1990
to 1997, including a term as Chairman. As an Adjunct Professor, he helped

create and taught a course in Energy Law and policy at the University of San Diego's School of Law.
Prior to joining Sempra's predecessor companies in 1982, he was counsel to the United States
Department of Energy's San Francisco office.

He received an LL.M from the London School of Economics, a J.D. from the University of California
Hastings College of the Law, and his B.A. with honors from San Diego State University.

Ron Hofmann
Senior Advisor

Ron Hofmann specializes in business development and technology assessment
in the energy sector. Mr. Hofmann has extensive experience in developing new
businesses and markets from the ground uv- Currently, he sits on two Boards
of Directors (Power Standards Laboratory & sentient Energy) and one Board of
Advisors (Strategen). In the recent past, he has served on two Pv-related
Boards of Advisors (PowerLight and pv'r Solar). He also is a pro-bono advisor
to several emerging energy-related technology companies and projects, and is
involved in an ARPA-E project related to Micro-pMU's. Through CIEE at the
University of California, he helped the California Energy Commission's PIER

program develop RD&D projects and through Lawrence Berkeley national Laboratory, he advised
regulators on the implications of Smart Grid technologies especially those that involved controls &
communications. He is also a Venture Advisor for Claremont Creek Ventures.

Over the past 45 years, Mr. Hofmann has started several successful enterprises. In the early
seventies, he helped pioneer the commercialization of engineering simulation software (PISCES)
through direct sales and the use of CDC Cybernet (an early worldwide computer network of
mainframes). In 1974, he co-founded and co-managed a SAIC office for 9 years. Among his
long-term clients were EPRI for nuclear reactor safety software development (STEALTH codes) and
ONWI/ERDA for nuclear waste isolation simulations. In 1983, he was a co-founder (and the original
CEO for 10 years) of EnergyLine Systems, Inc. ELSI, acquired in 1998 by S&C Electric, developed
smart (communicating) controls for commercial and industrial HVAC equipment (e.g., chillers,
unitary equipment, vAn boxes, etc.) and electric utility power-distribution controls for sedionalizers
(Inte1lrrEAM), capacitor banks, reclosers, etc.

Mr. Hofmann has a mechanical engineering degree from the University of California in Berkeley and
die post-graduate studies in thermo sciences at the University of Wisconsin in Madlson. For many
years, he was an active (and charter) participant in the cho Forum sponsored by the Santa Clara
University Business School. In his career, he has held technical, marketing, sales, and management
positions in large and small companies.

Roger  Levy
Senior Advisor

Roger Levy established Lew Associates in 1980. He has been actively involved
with the utility industry since the mid 1970's, completing over 200 projects in
system development, planning, implementation, evaluation, and research.

Roger was the principal consultant for the California Energy Commission
advanced metering and pricing initiatives as well as the lead on the California
Statewide pricing pilot. As a consultant to the Lawrence Berkeley National
Laboratory Demand Response Research Center he developed their first
comprehensive research plan, initiated the commercialization of OpenADR, and

managed projects to enable dynamic pricing and demand response technology. Roger was also the
lead consultant on the DOE/LBNL Smart Grid Technical Advlsory Project where he provided technical,
policy, and research support to NARUC and over 20 state regulatory commissions nationally, Roger
also participated as senior technical advisor on several of the DOE funded Smart Grid Investment
Grant Consumer Behavior pilots.

Roger has been involved with sustainable community projects, transportation planning,
environmental impact evaluations, technology development, and implementation in private industry
and with utilities. He began his career with the Corporate Planning group at Xerox Corporation, was
a senior system analyst with RCA Computer Systems, and spent seven years as a management
consultant with Arthur Young & Company and Price Waterhouse. In the mid 1970's Roger received a
special appointment to the just inaugurated California Energy Commission where he managed 23 of
the first PURPA pricing and load management pilots and co-managed development of the State Load
Management Standards.

Roger received a as in Management Science from the Simon Graduate School of Management at the
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University of Rochester and a MBA in Quantitative Methods from the Marshall Graduate School of
Business at the University of Southern California.

Ron Kenedi
Senior Advisor

Ron Kenedi has spent more than 30 years in the Solar Power industry bringing
to life his core belief that "Solar Power should be a vital part of the mainstream
energy solution". Today, with the Solar Power industry simultaneously
experiencing turmoil, uncertainty and explosive growth, it is the right time for
an experienced visionary to be available to help organizations and enterprises
navigate the challenging pathways to success.

Throughout his corporate career, Kenedi oversaw the successful operation of
industry-leading solar energy corporations in the u.s., Canada, Australia,

Africa and Latin America. Corporations include; LDK Solar, Sharp Electronics Solar Division, Kyocera
Solar Inc. and Photocomm, Inc. An expert in the field of solar energy, Kenedi has served as an
industry spokesperson, appearing on television and radio and providing commentary for print and
online media.

He is a current board member of Westinghouse Solar and a former board member of the Solar
Alliance and the Solar Energy Industry Association (SEIA). He has worked closely with a number of
industry associations, including the California Solar Energy Industry Association (CALSEIA), Arizona
Solar Energy Industry Association (ARISEIA) and International Solar Energy Society (ISES). He has
also worked closely with government agencies and organizations such as the U.S. Department of
Energy, Sandia National Laboratory, National Renewable Energy Laboratory (NREL), California
Energy Commission, Arizona Corporation Commission, Nevada Energy Commission and Florida Solar
Energy Center (FSEC).

Kenedi is named to World Generation's, prestigious, Class of 2012 of the energy industry top twenty
leaders along with executives from Bechtel, Siemens, GE, Google, Global Energy Zurich and the
Governor of State of Oklahoma .

Jim Eyer
Advisor

Jim's entire 25 year career has involved energy efficiency, renewables and advanced energy
technologies, concepts, benefits and markets. He has been Senior Analyst with Distributed Utility
Associates for 13 years. Before that he held a range of positions with Pacific Gas and Electric
Company related to advanced electric technology and concepts R&D, electric supply planning, and
commercial energy efficiency services. For the last fifteen years Jim has focused on energy storage
with an emphasis on benefits and value propositions. He has an undergraduate degree with a double
major in physics and management from Sonoma State University and an M.A. in management also
from Sonoma State.

Mike Katz
Advisor

Mike Katz has over 30 years experience in electric and natural gas markets,
risk management, strategic planning and operations of physical assets. He has
been consulting for the last 9 years. His most recent work is being an
Independent Evaluator for San Diego Gas & Electric's (SDG&E's) and Southern
California Edison's (ScE's) procurement RFOs. He worked at PG&E from 1983
through 2004 in various departments, including being the vice president of
California Gas Transmission, Lead Director of Power Generation, Director of
Generation Portfolio Management (wholesale Energy Sales) and positions in
various planning groups.

Mike graduated from the University of Massachusetts, Amherst with a B.S. in Civil Engineering and
earned an M.S. in Mechanical Engineering from Me University of California, Berkeley. He is a
registered Mechanical Engineer in California.

Gene Hunt
Advisor

Gene Hunt is co-founder of Trevi Communications, a specialty marketing
communications and PR firm focused on advancing emerging technologies and
related professional services. A marketing communications strategist and
writer with more than 30 years of experience, Gene works with new and
established technology companies and innovators. with particular expertise in
the energy sector, he combines a passion for sustainable solutions with
journalistic insight to craft effective and compelling communications. Gene has
created and implemented hundreds of successful programs in support of brand
launches, IPOs, events, marketing initiatives and publicity campaigns.
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Early in his career, Gene held communications management positions in both the U.S. and Europe
for global B2B firms including Agfa-Gevaert, Bayer AG, Tyco Electronics, Raytheon and others. Since
2002, he has focused on energy storage and renewable energy, directing communications for clients
covering a range of technologies including flywheels, compressed air, advanced batteries, and
photovoltaic inverters. During this time (from 2003 till 2010), he also co-founded a full-service PR
agency that grew to 40 employees. Gene holds a B.A. degree (magna cum laude) in communications
from Suffolk University and speaks three languages.
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Global Energy Storage Alliance

Advancing education, collaboration, knowledge and proven frameworks about the benefits of energy storage globally

Home (/) Purpose (/purpose) Vision (/vision) Core Principles (/core-principles) Events (/events)

Co-Founders (/co-founders) Leadership (/leadership)

Global Energy Storage Database (http://www.energystorageexchange.org/) Contact (/contact)

Purpose Latest News

• Advance global education, collaboration, knowledge and proven frameworks about the
benefits of energy storage and how to incorporate it into the electric power system in a
cost effective way

• Increase ecosystem development funding pool: target foundations, NGOs and
governments who share GESA's mission

• Empower local ESA's and other key stakeholders, not compete with them for funding
• Learn from local market development efforts, help proliferate best practices
• Foster collaboration among key stakeholders including policy makers, utilities, renewable

energy community, financial institutions and environmental organizations
• Help establish standards and protocols to advance energy storage acceptance worldwide

• PRESS RELEASE:
IRENA Roadmap
Breaks New Ground
on Renewable
Energy Storage
(/events/19-press-
release-irena-
roadmap-breaks-
new-ground-
on-renewable-
energy-storage)

• Latest Trends in
Distributed Energy
Storage - European
Energy Centre (EEC)
(/eve nts/18-Iatest-
trends-in-distributed-
energy-storage-
european-energy-
centre-eec)

• Global Energy
Storage Alliance
Market Update - Feb.
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11 I 2015 (05:30am

PST) (/events
/15-globaI-energy-
storage-a||iance-
market-update)

• Solar Resource Data
Applications for
Utility Planning and
Operations - Feb. 2a,
2015 (16100 GMT)
(/events/1 S-solar-
resource-
data-applications-
for-utility-planning-
and-operations-
feb~23-2015-16-00-gmt)

• Innovations in
Energy Storage

(/purpose

/2-uncategorised
/14-innovations-
in-energy-storage)

Tweets by @GlobaIEsA
(https://twitter.com
/GIobaIESA)

Vhuicope
( I/ .vW om.com)

Co-Founders
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About Us

•

o

"CESA has been highly effective in promoting regulatory

reforms for energy storage, helping to educate legislators,

PUCs, utilities and others as to the true value proposition of

storage. Every stakeholder stands to gain by supporting CESA

and taking advantage of their advocacy and actions, both in

California and at the national level. "
•

o

CESA Work

Why Storage

Membership

About Us

Our

Leadership

CESA in
the News

Our
Partners

Policy

Goals

Contact Us
Judith Judson, Director of Emerging Technologies, Customized Energy
Solutions

Overview

The California Energy Storage Alliance (CESA) is a 501c(6) membership-based advocacy group

committed to making energy storage a mainstream resource in helping to advance a more

affordable, cleaner, efficient and reliable electric power system in California. CESA accomplishes

this objective through policy development, education, outreach, and research.

Our Mission

Our mission is to make energy storage a mainstream energy resource that accelerates
the adoption of renewable energy and promotes a more efficient, reliable,
affordable, and secure electric power system.

Our Members

Our membership includes technology manufacturers, project developers, systems
integrators, electrical contractors, software developers, profession services firms,
and other clean tech industry leaders. We are technology and business model-
neutral, and are supported solely by the contributions and coordinated activities of
our members.

Our Achievements

CESA was founded in February 2009 and quickly established a solid track record of
success:
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•

•

•

CESA influenced amendments and helped garner support for AB 2514 (Energy
Storage Procurement Targets) now signed into law. This bill will open a
storage-focused Rulemaking at the CPUC.
California legislative leaders - including Assembly Member Nancy Skinner
(Chair of the Natural Resources Committee), Assembly Minority Leader Sam
Blakeslee, and Senator Christine Kehoe (Chairman of the Senate
Appropriations Committee), the California Public Utilities Commission
(CPUC), the California Energy Commission (CEC) and the California Attorney
General -- all rely on CESA as the go-to source for storage information and
policy input
CESA influenced amendments and helped garner support for SB 412 (Self
Generation Incentive Program expansion, now signed into law) which will
open the way for incentive funding for more applications of storage

• CESA influenced amendments to SB 14 and AB 64 (Renewable Portfolio
Standard bill, vetoed by the Governor) to ensure that renewables coupled
with storage would be counted toward California's RPS, and in the process
educated key democratic renewable energy champions in the legislature
about the importance of storage
CESA is an active participant in selected high profile CPUC proceedings,
including key energy policy areas critical to storage:

• SGIP modifications and SCE fuel cell protest
Smart Grid implementation
Feed-in Tariff implementation
Cost-benefit methodology for distributed energy resources

• Demand response/permanent load shifting
¢ Demand response/non generation DR (ancillary services)

•

•

•

•

•

•

CESA is an active participant in the CEC's integrated energy policy report
(IEPR) development, working both formal and informal channels at the CEC
for the consideration of storage
CESA will be an active participant in the California Air Resources Board

RPS/RES implementation process (California's 33% RPS implementation is

now led by CARB by Executive Order)

• CESA is a key stakeholder in the CAISO's implementation of FERC Orders 719
and 890 mandating comparable treatment of non-generation resources in
wholesale markets
CESA frequently presents at major conferences, in California, nationally and
abroad
CESA testified before the California legislature in support of key omnibus
storage legislation

Next: Our Leadership >>
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About the Global Best Practice Series

The Series includes the following topics;

1. New Natural Gas Resources and the Environmental

implications in the U.S., Europe, India, and China

2. Policies to Achieve Greater Energy Efficiency

3. Effective Policies to Promote Demand-Side Resources

4. Time-Varying and Dynamic Rate Design

5, Rate Design Using Traditional Meters

6. Strategies for Decarbonizing Electric Power Supply

7. Innovative Power Sector Business Models to

Promote Demand-Side Resources

8. Integrating Energy and Environmental Policy

9. Policies to Promote Renewable Energy

If). Strategies for Energy Efficiency Einancing

ll. Integrating Renewable Resources into Power Markets

Supplemental Resources:

12. Regional Power Sector Profiles in the US., Europe,

India, and China

13. Seven Case Studies in Transmission: Planning,

Pricing, and System Operation

worldwide, the electricity sector is

undergoing a fundamental transformation.

Policymakers recognize that fossil fuels,

the largest fuel source for the electricity

sector, contribute to greenhouse gas emissions and

other forms of man-made environmental contamination.

Through technology gains, improved public policy, and

market reforms, the electricity sector is becoming cleaner

and more affordable. However, significant opportunities

for improvement remain and the experiences in different

regions of the world can form a knowledge base and

provide guidance for others interested in driving this

transformation.

This Global Power Best Practice Series is designed to

provide power-sector regulators and policymakers with

useful information and regulatory experiences about key

topics, including effective rate design, innovative business

models, financing mechanisms, and successful policy

interventions. The Series focuses on four distinct nations/

regions covering China, India, Europe, and the United

States (US). However, policymakers in other regions will

find that the Series identifies best - or at least valued --.

practices and regulatory structures that can be adapted to a

variety of situations and goals.

Contextual differences are essential to understanding

and applying the lessons distilled in the Series. Therefore,

readers are encouraged to use the two supplemental

resources to familiarize themselves with the governance,

market, and regulatory institutions in the four highlighted

regions.

in addition to best practices, many of the reports also

contain an extensive reference list of resources or an

annotated bibliography Readers interested in deeper study

or additional reference materials will find a rich body of

resources in these sections of each paper, Authors also

identify the boundaries of existing knowledge and frame

key research questions to guide future research.

Please visit www. raponlineorg to access all papers in the Series.

This Global Power Best Practice Series was funded by the ClimateWorks Foundation www.climateworks.org
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Foreworn

But, first, what is "right"? The question has surely been

debated since governments began pricing these services

"affected with the public interest," but the form of the

debate only began to take its modern shape in i 949 with

the publication of Marcel BoiteuxS "La Clarification des

dernandes en Pointe," which gave renewed currency to

certain prerequisites for economic efficiency: one, that

those who cause a cost to be incurred should pay that cost

and, two, that, by paying, the cost-causers will necessarily

comprehend the real value of the resources that they are

committing to their consurnption 1 Here was a practical

application al neoclassical economic theory to the pricing

of networked utility services, and it was very influential.

The seminal work in English on the topic followed in

19611 James BonbrightS Principles of Public Utility Rates In
it, Bon bright identifies ten criteria to be considered when

setting utility prices and acknowledges, importantly that

they cannot all be entirely satisfied simultaneously There

will always be trade-offs. Nine years later, Alfred Kahn

published The Economics Of Regulation, which, among other

things, made the ease for subjecting to competition certain

regulated services, when those services no longer exhibit

the characteristics of natural monopoly Thus, in two

decades, the intellectual foundations for a range of reforms

in utility regulation were set and, in the thirty years since,

weave seen extraordinary changes in the provision and

pricing of air travel, telecommunications, electricity and

natural gas--that is, in essential infrastructural industries-

around the globe.

But, for all that, the question of how to get prices right

remains. Bonbright can't be evaded What constitutes

economically efficient pricing? Should efficiency be the

together, this paper and its companion piece,

Rate Design UsingTraditional Meters, examine

the wide spectrum of retail pricing practices for

regulated energy services and identify those that

have particular promise in contributing to the achievement

of critical public policy objectives, which we might broadly

categorize as equity efficiency and the sustainable use of

our finite natural resources. The papers should prove an

excellent resource for policymakers, power companies,

advocates, and others as they navigate the arcana of

utility pricing and engage on a topic that has, by virtue of

advances in information technology and changes in the

underlying economics of power production and delivery

become at once more complex, more controversial, and,

too often, more distracting.
The complexity and controversy are not avoided in

these papers Though for the most part they express views

that are consistent with those of the Regulatory Assistance

Project, it is not true in all cases. This is a virtue. We

embrace the dialectic: over the coming months and years

we will continue to work on these issues, follow progress

globally and re-examine our views in the light of new

findings. These papers are only our most recent look at the

state of the art. There will be others.

Still, a few comments today are warranted. Regulators are

constantly told to "get prices right," a refrain whose meaning

is more easily understood in the speakers mind than it is

conveyed to those who must put it into practice. in our

experience, the prescription must be taken with two doses

of realty practical learning: one, that getting prices "right"

is by no means straightforward and, two, that, even if one

manages to set prices that in some fashion might be called

"right," some of the key objectives of pricing will nevertheless

remain unmet Foremost among them is overcoming

society very serious underinvestment in cost-effective

energy efficiency and other clean energy resources, and it is

primarily for this reason that we say that pricing reform must

he dealt with in a much broader policy context.

1 Boiteux, 1949

2 Bonbrighl, 1961

3 Kahn, 1988 (Original work published 1970)

RAP 4 T816 Bmrtk Group
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primary objective and, if so, how can it be ensured without

a proper accounting of environmental damage costs

and other unmagnetized externalities, both positive and

negative, that attend the production and consumption of

electricity and gas? What are the benefits of participation

in a network and do they justify approaches to pricing that

will, in the eyes of some, offend BoiteauxS injunctions?

What is equitable? How does the underlying market

structure-monopolistic, regulated, or competitive-

affect pricing? Are prices in competitive markets "better"

than their administrative analogues? How does pricing

influence consumer behavior, and how does that behavior

influence utility incentives to invest? How will utility

revenues be affected by different pricing structures or,

more to the point, how will utility profitability be affected?

How complex is the pricing structure? Can it be easily

understood by consumers and easily administered by.

the utility? in short, how are the competing objectives

balanced? What kinds of pricing viii achieve preferred

outcomes?

These are complicated questions all. Their answers
deserve careful analysis and even more careful judgment.
Dogmatism is unhelpful; the tools of economics, powerful
and important, are nonetheless limited. It isn't enough to
say "Let the market decide," On the contrary in certain
instances, it's irresponsible. Design matters. Markets may
deliver what they're intended to deliver, though not always
in ways expected, but rarely do they deliver that which
is desired but unvalued. And it's very difficult to fix them
after the fact. For proof of this, one need look no further
than the United Kingdom, which is facing the unpleasant
prospect that its electric markets are unlikely to produce
the amounts and kinds of resources that it needs to meet
its own climate protection goals. Or New England, whose
forward capacity market was the first to permit end-use
energy efficiency and other demand response resources to
participate in the provision of reliability services, but which
worries now that the market fails to properly compensate
the providers of those services. Such shortcomings counsel
us to move cautiously before trying to drive behavior by the

thing. Retail prices should relate to the underlying costs

of production-all costs, including those we can't easily

calculate. This is the economists argument-at once

academic and practical, for the most part uncontentious,

and always invoked. Its implications, however, can

overwhelm. If we find that our approach to energy

production and use is impossibly sustainable, then it is

no longer possible for policymakers to accept the exalted

principle and then promptly ignore it.

But lets imagine that prices do cover all costs. There are

still the practical aspects of pricing to be dealt with. How

are those costs best represented in prices? George Bernard

ShawS famous snort -"if all the economists were laid end

to end, they'd never reach a conclusion"-is not more aptly

demonstrated than by the mavens of regulation who debate

this point ad nauseurn, and often at a pitch that belies the

significance of the effects that their favored alternatives

will likely produce. What is the thing sold? How should its

prices be denominated? What should be the price's level

and periodicity? Should it vary temporally and, if so, at

what intervals? Should it pass through, from moment to

moment, actual wholesale commodity prices or are there

less volatile means of reflecting time- (and, in certain cases,

location-) dependent costs? How should the costs of poles

and wires be recovered? Should costs that appear hied in

the short term be collected in unvarying and unavoidable

fees, unrelated to usage? Should price levels be determined

with an eye to elasticities of demand?

passing-through to retail customers of market prices, if we

cannot be confident that the consequences they bear will

best serve the public good.'*

As a general matter, encouraging customers tO manage

their consumption in response to price signals, so that

the efficiency and value of their usage increases, is a good

4 Another example will demonstrate that this is not an abstract
concern. Consider that under most market structures firms are
rewarded [or increasing the utilization al their existing capac-
ity In the power sector, this means that profitability will in-
crease as system load factors (the ratio of total consumption to
maximum potential consumption, given actual peak demand)
increase. As a practical matter, this is achieved through the
shifting of on-peak demand to off-peak hours, when marginal
costs are lower Total system costs will be lower as well, ev-
eryone is better off But what if on-peak demand is served by
low- or non-emitting resources and off-peak demand is served
by highly polluting ones? This is precisely the conundrum
faced at times in places where on»peal< usage may be met at
the margin by natural gas and hydro-electric production, while
off-peak usage variations are often served by ramping the out-
put al coal-burning plants up and down.

We Ermfzfe Group 5 RAP 29
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is, it mostly affects demand for capacity not demand for
energy Yet, far and away, the problem-the environmental
problem-is energy

Much can be done with current technologies. The

United States, for example, has had decades of experience

with inclining block, seasonally~differentiated, and simple

time-of-use pricing structures. They've sent meaningful,

albeit rough, signals about the varying costs of production

across time, and have led to significant long-term changes

in consumption habits. in 2005, China adopted a policy of

"differential pricing," whereby industrial users pay prices that

are linked to the efficiency of their manufacturing: the less

efficient the process, the higher the unit price lot electricity

Five years later, China mandated that residential inclining

block pricing be implemented throughout the country and

has instructed provincial regulators to design the blocks so as

to best address the particular consumption characteristics of

their populations, One size does not Nt all

There is much yet to learn. A number of pilots have

been conducted and more will follow. Pricing will evolve

over the coming years. the movement toward new forms

must be deliberate and considered, calculated to yield the

greatest long-term benefit for all This will be especially
challenging in a system that does not allow all the costs

of production to be reflected in price and in which the

consequences of this failure are not immediately felt. But

even this ideal, were it achievable, would not be enough to

effect the hoped-for ends. Economics is too uncomplicated

a construct to provide sure solutions for so complicated a

problem. Anyway there are al our disposal less expensive

means to drive investment and encourage new-shaped

behavior. For these reasons and others besides, pricing

must remain within the province of thoughtful public

policy Our intent with these papers is to expose to the

reader the many and varied approaches to energy pricing

that practice and technology afford us, and to sound too a

gentle note of caution. All that glitters, as the old saw goes,

isn't gold.

There are other considerations. Some of the more

innovative and beguiling price structures being proposed

require significant investment in new technology and data

teiemetiy Establishing that there are positive net benefits

from these investments is by no means straightforward,

especially when the full effects on behavior of the pricing

structures they enable are imperfectly appreciated. And

what about the customers who, for whatever reason, cannot

react to the signals they are given and thus are harmed?

That harm might be appropriate as a general matter (if we

are true to the "the cost-causer pays" theme) and the overall

public good may outweigh the losses of the relative few,

but there are some customers for whom a change in the

status quo can have altogether deleterious effects, whose

private pain will be, along other dimensions of welfare,

disproportionate to the good achieved What sickness then

is this medicine healing?

We recognize that more dynamic, time-varying pricing

enabled by smart grid investment holds much promise

But, as we see it today, its value lies not so much in the

responsiveness of customers to such pricing (although

there is certainly value there) as in the new and expansive

opportunities that it offers system operators to design and
run the system that we must have, if we are to succeed

in the great task remaining before us. That new system

will he one in which the variability of supply variable

because the resources that drive it-sun, wind, water-do

not submit easily to human timetables, will be matched

by variable load, variable not so much because a million

individual demanders respond to changes in price but

because the exercise of their discretion will have been

placed (to be sure, voluntarily) into the hands al system

operators and other market actors. A decarbonized power

sector will not come about merely because customers

respond to price fluctuations. There are too many other

influences on behavior that confound "rational" economic

thinking on the parts of users. Moreover, as the dynamic

pricing pilots around the United States and elsewhere are

consistently demonstrating, retail responsiveness to price

rarely manifests itself as overall reductions in energy use,

but almost entirely in the shifting of use in time-that
David Moskovitz Frederick Weston

Principal

Regulatory Assistance Pr<>l5cz
Principal

Regulatory Assistance Project
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Executive Suxnlnary

potential benefits of this new technology is the ability to
provide innovative pricing schemes to retail electricity
customers. While traditional electromechanical meters are
read manually and on an infrequent basis, smart meters
record and digitally communicate electricity consumption
data on frequent intervals (6.g., 15 minutes or hourly) ,
thereby allowing for the provision of time-varying rates.

Time-varying rate options present varying risk-
reward tradeoffs to consumers. Time-varying rates
include time-of-use (TCU) rates, critical peak pricing
(CPP), peak time rebates (peR), and real time pricing
(RTP), as well as variations and combinations of these rate
designs. Each design provides a different degree of price
volatility and uncertainty for customers, and therefore
presents a different opportunity to reduce their electricity
bill by shifting load from higher-priced hours to lower-
priced hours.

his report, written largely for regulators and

policymakers around the globe, discusses

important issues in the design and deployment

of time-varying rates. The term, time-varying

rates, is used in this report as encompassing traditional

time-of-use rates (such as time~of-day rates and seasonal

rates) as well as newer dynamic pricing rates (such as

critical peak pricing and real time pricing). The discussion

is primarily focused on residential customers and small

commercial customers who are collectively referred to as

the mass market. The report also summarizes international

experience with time-varying rate offerings.

The rate design principles presented in this report are

based on the authors' first-hand experience in designing

and evaluating innovative rate designs over the past three

decades, conversations with other experts in the field, and

the rate design and pricing literature. While the report is

focused on design principles, there is much leeway in the

application of the principles. Much of the success of the

deployment of time-varying pricing will depend on the

attitudes and preferences of the customers in the target

market and the effectiveness of activities supporting the

deployment by utilities, regulators, and other stakeholders.

While there are many potential benefits to time-varying

rate deployment, there are also risks and costs that must

he addressed through careful thinking and planning. Even

though experimentation and full-scale deployment in

several parts of the globe have yielded valuable insights that

can help mitigate risks, there remains room for additional

research to further improve our understanding and facilitate

the development of effective solutions to these concerns.

The key Endings of the report are summarized below.

Time-varying rates have played an important role

in justifying investment in smart metering. Among the

potential benefits are avoided or deferred resource costs

(including generation capacity and, to a lesser extent,

transmission and distribution capacity), reduced wholesale

market prices, improved fairness in retail pricing (ye,

providing a better match between the costs that customers

impose on the system and the amount they are billed),

customer bill reductions, facilitating the deployment of

There are many potential benefits of time-varying
rates.

Metering technology is rapidly changing, creating
the opportunity to provide time-varying rates for
the mass market.

both distributed resources (such as solar electric systems )

and end-use technologies (such as plug-in electric vehicles),

and environmental benefits (through possible emissions

reductions).

Time-varying rates also impose costs on customers.

From the customer perspective, there are two main

costs associated with time-varying rates. The first is theSmart meters are being deployed

increasingly around the globe. Roughly 64 million smart

meters are currently in place and 825 million are expected

to be installed over the coming decade? Among many 5 Based on data provided by eivleter

T66 Ewzttle Gzwuja 7 RAP 'r
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pricing events. And enabling technologies, such as smart

thermostats, have been shown to incrementally boost price

response,

incremental monthly metering cost that customers would

be required to pay. This is often the cost of smart metering

net of operational benefits (et, avoided meter reading

costs), The second cost is the loss of economic welfare

associated with reducing usage during a high-cost period

(curtailment) or shifting usage to a lower cost period

("hassle factor")."

New research will further inform our

A number of key parameters need to be defined

understanding. There are still important questions

about time-varying rates that remain partially or entirely

unanswered. What are customer preferences for the various

rate options? Do rebates for curtailment produce the same

level of price response as higher prices during peak hours

(and lower prices during other hours)? Do time-varying

rates lead to energy conservation? Do time-varying prices

lead to fuel switching and the use of distributed generation?

What is the impact of enhanced energy information on

peak consumption? New research will help to answer

questions such as these.

when designing a time-varying rate. How many different

pricing periods will be offered? What will be the price level

in each of those periods? When will the periods occur?

How and when will customers he noticed al an upcoming

dynamic pricing event? Will the time-varying rate he

offered in combination with any other rate structure, such

as inclining block (also called tiered or inverted block) rates

that charge customers more per unit (kilowatt-hour) for

higher levels of usage? While practices in time-varying rate

design are still evolving - particularly for the mass market

- some general criteria for effective rate design can he

established based on theory intuition and Held experience.

There are options for facilitating the transition to
time-varying rates.

Before deploying time-

varying rates at scale, conducting pilots with a limited

number of customers will help to understand what works

and what does not. Prudent pilot design involves several

key steps, including choosing the right type of pilot,

defining the specific rates to be tested, establishing two

comparable groups of customers (one enrolled in the new

rates and the other serving as a "baseline" for comparison

purposes), and identifying the roost effective ways to recruit

participants into the pilot.

Well-designed pi lots are cri t ical to proving the
benefits of time-varying rates.

Changing the way electricity has been

priced for decades will not be easy However, several tools

exist to assist with the transition to time-varying rates,

For example, an intensive, research-based marketing and

education effort will help customers to understand the
benefits and opportunities of time-varying rates. Temporary

bill protection would help customers to learn about the rate

first-hand, without being exposed to the risk of higher bills.

improved information about their electricity consumption

patterns could provide customers with actionable ways

to shift load and lower their bills. And rate designs such

as two-part pricing would provide customers with the

flexibility to manage the level of price volatility to which

they are exposed,

We have learned a lot about time-varying rates
through recent pilots. For example, weather, and-use
saturation, price level, sociodemographic characteristics,

and other factors all affect the degree to which customers

shift load in response to time-varying rates. Load shifting

increases as the strength al the price signal increases, but at

a decreasing rate. Low-incorne customers have been found

to be price responsive, although not always as responsive

as the average residential customer. Impacts of time-varying

rates have persisted for several years and over consecutive

6 Note that Lulls loss of welfare should be treated similarly across
al] demand-side programs that may produce such an effect,

and not just limited to time~var}/ing rates.
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]. Introduction

additional benefits of time-varying rates - such as avoided

resource costs - to show that the investment would produce

a net benefit to consumers. Achieving these benefits,

however, requires careful planning, intelligent rate design,

and a thorough understanding of the important issues that

are emerging as smart meters and time-varying rates are

beginning to be deployed internationally

The purpose of this report is to provide regulators

and policymakers around the globe with a resource that

highlights important issues in time-varying rate design

and deployment, The report also summarizes recent

implementation experience with international time~varying

rate offerings.

Why offer time-varying rates?
Time-varying rates represent an opportunity to improve

over traditional "Hat" rates that do not vary by time of day
by providing societal and consumer benefits. Potential
benefits of time-varying rates include:

or the vast majority of electricity consumers ,

metering technology has remained effectively

unchanged over the past 100 years. With the

exception of the largest commercial and industrial

facilities, most consumers are equipped with simple

electromechanical meters which must be read manually

Due to the high cost of this manual approach to meter

reading, meters are typically read no more frequently than

once per month. This has acted as a constraint on the

types of rates that an electricity provider can offer. "Flat"

or "fixed" rates are essentially the only option available,

along with some possible alternate variations (such as the

ability to increase the price as consumption increases over

the course of the billing period). The lack of granularity in

electricity consumption data has prevented all but a limited

set al time-varying rates from being provided to all but the

largest customers. However, the "digital revolution" of the

past few decades has produced a new, increasingly cost-

effective form of metering that is beginning to change this

picture entirely

Today, smart meters are being deployed increasingly

around the globe. Roughly 64 million smart meters are

currently in place and 825 million are expected to be

installed over the coming decade." Among many potential

benefits offered by this new technology is the ability to

provide innovative pricing schemes to retail electricity

customers that help to foster more responsive customer

demand. While traditional electromechanical meters are

read manually and on an infrequent basis, smart meters

record and digitally communicate electricity consumption

data on frequent intervals (et, 15 minutes or hourly) :

thereby allowing for the provision of rates that vary by time

of day These new rates that are enabled by smart meters are

referred to collectively in this report as "time-varying rates."

The benefits of time-varying rates have played a pivotal

• Avoided or deferred resource costs:With prices

that are higher during peak hours and lower during

off-peak hours, time-varying rates encourage

customers Io shift consumption away loom peak

hours and therefore reduce system peak demand. This

avoids the need to invest in expensive new peaking

plants that are built to maintain a reserve margin but

otherwise operate during very few hours of the year.

Peak demand reductions can also lead to deferred

transmission and distribution (T&D} costs that are

peak-driven'

rule in juslifving investment in >murl n1clcr.n_g lvchnulogy

Whi"e~ some smart rm-lc-ring lIlv('$llll('Ill$ can be iuslificd

purely <>n the basis of npcrznlaunal savings (1:.g , avoided

rnclvr reading costs), many u1iiiUc~ Have rvquircd the

7 A "Hat" rate design refers to one with a uniform price per
kilowatt-hour lOt all consumption regardless of when the con-
sumpuon occurs.

B Based on data provided by Meter.

9 Faruqui_ Hledik, Newell, 61 Pfeifenberger, 2007
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Reduced wholesale market prices: A reduction
in demand during high-priced hours could reduce
wholesale market prices in those hours - a benefit to
all market parLe<;ipants."'

extent that time-varying rates play a role in facilitating

the integration of renewable resources, there would be

associated environmental benefits as well.

• Fairness in retail pricing: One notion of fairness

is that cost-causers should bear their proportionate

burden of costs on the system, If the underlying cost

of providing electricity varies over time, then time-

varying rates provide a better match between costs

and bills Under a flat rate structure, customers who

consume more electricity during high-cost hours

(ye, peak hours) effectively rely on customers who

consume less during those hours to ensure that all

costs are recovered in rates. During time periods

when costs are high, traditional flat rate structures
result in an effective customer cross-subsidy relative

to a well-formed time-varying rate alternative (ye, the

additional costs imposed by one group of customers

are borne by other customers.)

• Customer bill reductions: In the short run, time-

Time-varying rates are not a new concept. In fact, this

approach to pricing is already utilized in many other

industries. Airlines, hotels, and car rental companies are

some of the most common examples of industries that

dynamically vary prices in response to fluctuations in

demand. Commuter trains and subways often vary the

price by time of day (et, Washington, D.c.s Metro, which

has three tiers of pricing). Some bridge and road tolls vary

by time of day such as the Bay Bridge in San Francisco and

congestion charging on major roads in parts of London.

Parking meters typically apply a charge only during times

of high demand (generally during business hours), and

in some emerging pilots the price of a parking meter is a

function of the number of meters in the network that are

being used. Sports teams are beginning to vary the price

of tickets depending on the quality of the opponent, time

of game, and other factors. in other words, the concept of
time-varying rates is something that many electric utility

customers already experience on a near-daily basis.varying rates offer participants an opportunity to
reduce their electricity bills by shifting consumption

to hours that are priced lower than their otherwise

applicable flat rate. in the long run, time-varying rates

should improve the system load factor and lead to

a lower revenue requirement, compared to what it

would be without the demand response from time-

varying rates

The scope of this report

• Facilitating deployment of distributed
resources: Tirne-varying rates improve the economic

attractiveness of certain types of distributed resources

such as rooftop solar and energy storage, which allow

owners to avoid consuming electricity during higher

priced peak hours Time-varying rates may also be a

way to encourage more efficient charging of electric

vehicles."

While there are many potential benefits of time-varying

rates, there are also significant challenges to be addressed
in their implementation, For example, what are the most

effective rate designs? HOW should the rates be developed?

How should they be deployed to encourage customer

adoption? These and many other issues must be addressed
through careful planning before deployment. To provide

guidance based on industry observation and experience,

this report addresses several key topics and is organized as

follows:

provides a description and assessment of the

advantages and disadvantages of the various time-varying
rate options.

Section 2

• Environmental benefi ts: If time-varying rates reduce

consumption or shift it Lo hours when power plants

with lower emissions rates are on the margin, they can

result in a net environmental benefit. This will depend

on the specific characteristics of the system in which

the time-varying rates are being offered To the

10 The Brattle Group, 2007

Faruqul, Ifledik, Levy 8: Median, 201 l

12 See sidebar for further discussion of potential environmental
benefits
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Section 6

Section 3 includes a discussion of criteria for time-
varying rate design, pricing pilot design, and methods for
addressing barriers to time-varying rate deployment.

Section 4 provides an overview of international
experience with time-varying rate implementation,
including a survey of time-varying rate pilots and lessons
learned from these studies.

Section 5 includes full-deployment case studies for the

United States, France, China, and Vietnam.

presents a blueprint for full-scale time-varying
rate deployment.

concludes with a synthesis of the key points

in the preceding sections, as well as insights for future

research needs.

This report does not focus on rate designs that could

be offered in the absence of an upgrade from a traditional

electromechanical meter. For example, the report does not

include inclining block rates, which are commonly used

as an alternative to a flat rate to promote conservation and

do not require a smart meter. Seasonal rates, which vary by

time of year but not by time of day are another example of

rates that do not require advanced metering. Principles for

Section 7

designing and offering these types of rates are the focus of

another paper titled Rate Design Using Traditional Meters,

We do, however, discuss issues related to integrating these

rates with time-varying rates.

The report includes static time-of-use (TOU) rates as

well as dynamic rates, which both require an upgrade from

a traditional, one-period electromechanical meter, TOU

rates are different than dynamic rates because they are not

"dispatchable," instead adhering to a schedule established

in the retail tariff. With true dynamic pricing, on the other

hand, the timing, price levels, or both are only made

available to the customer on a day-ahead or day-of basis.

While this distinction is important, both forms of time~

varying rates are included in this report.

The scope of the report includes time-varying rates for

all customer classes. We have a particular focus on time-

varying rate issues for the residential class, which has

only recently begun to receive the metering technology

necessary to offer time-varying rates. As a result, many of

the emerging issues and new research on time-varying rates

are centered on the customers in this segment.

T/2€ Bmrrfe Gffoup 'H I 9A 284=
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The Environmental Impact Of Time-Varying Rates

decrease of 0.9 pe1'centLo an increase of 0.3 per<;ent.'°

Change in criteria and hazardous air pollutants:
Peak period load reductions from time-varying rates

could also reduce other types of generator emissions such

as criteria and hazardous air pollutants. In the U.S., these

reductions would be particularly valuable in designated

non-attainment areas where predetermined emissions

levels cannot be exceeded.

M`mimization of impact to wildlife and sensitive
ecosystems: To the extent that peak demand reductions
result in avoided investment in new generation
capacity or T&D capacity, the result would be a smaller
geographical footprint of the grid. This would reduce the
impact to wildlife, habitat, and sensitive ecosystems.

Facilitating adoption of renewable resources:

it growing concern over the sustainability

of worldwide electricity consumption,

there is interest among some policymakers

about the potential environmental benefits of time-

varying rates. Generally, the conservation impact of

time-varying rates on the environment is expected to

be small. This is mostly because high prices that would

induce significant changes in a customers electricity

consumption are encountered during relatively few

hours per year. For example, a critical peak pricing

(CPP) design exposes customers to a higher price during

only 50 to 100 hours of the year, and customers receive

a discounted rate during other hours. Further, recent

studies have found that while time-varying rates induce

significant reductions in electricity demand during peak

periods, much of that reduction is offset by increases

in consumption during periods when the price is

discounted. The result is little or no conservation effect

from time-varying rates alone. 13
Still, there may be environmental benefit- from time-

varying rates. Even in the absence of a net reduction

in consumption, load shifting could result in a net

emissions reduction, depending on the characteristics

of the applicable generating resource mix.'* Further,

time-varying rates may encourage greater adoption and

facilitate the integration of variable renewable energy

resources. Basic categories of environmental impacts

from time-varying rates are discussed below is

Time-varying rates could facilitate the adoption of

renewable sources of energy For example, a strong TOU

rate could improve the economics of a rooftop solar

system to the extent that the peak period aligns with the
time of highest output from the system Additionally,

to the extent that time-varying rates result in more

[legible demand, particularly through the adoption of

technologies that automate load changes in response

to prices, this could be valuable for integrating variable

renewable energy resources." However, the integration
benefit still remains to be proven on a large scale.

Change in greenhouse gas (GHG) emissions:
13 This is the finding of recent time-varying rate pilots in

California, Maryland, and Connecticut. However, a survey
of much older TOU pilots did find Thai, on average, the
rate design induced some conservation. See King, 81 De-
lurey, 2005.

14 Some market operators publish information on the emis-
sion rate of marginal generating units, which would allow
for this analysis to be conducted For example, PJM (in
the eastern United States) publishes this information on a
monthly basis for peak and off-peak periods: http://www
pjm.com/documents/~/media/documents/reports/col
emissions-report.asl*lx.

35 For details. see Environmental Defense Fund, 2009

Whether there is a net reduction in GHG emissions

from time~varying rates depends on the emissions rate

of the marginal unit during peak and off~peak hours.

For example, if load were shifted from hours when an

inefficient oil- or natural gas-fired weaker was on the

margin to hours when a more efficient gas-Fired combined

cycle unit was on the margin, one could expect a net

decrease in GHG emissions. However, in a different

service territory, there might be a gas-fired weaker on the

margin during peak hours and a coal plant on the margin

during off-peak hours. In this situation, an increase in

GHG emissions could arise. One study of different regions

in the U.S. found that the impact could range from a

16 Hledik, 2009. Also see Pratt, et al., 2010

Ir' (jaspers, Mills, Goldman, Wiser, Em, 201 1
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2. The Rate Options

A. Time-Of-Use
'M

time-var) mg rate mm be designed m 4 number of

w<1y5 depending on one'5 rdtemaking objectives

o e and the suph1st1c<1t1on Qr the target Imxrket The

i spec Fm dlmenslons across which a time-vdrylng

die De 18n can wry Dre summarized m Idle 1

The HI L Lumpur mlegoriea of Lim varying rd es

are 1 L U LFP Pa k Lmc Reb4Les (PTR) and Real Tlme

Pr lur (RIP id* of these mite t) peg 1 descubed below

l  18 wi th dis us 1 )I'1 of the genet 1 advantages and

ax 1dv.mt4g* 1' .

*Q

Table 1

The Dimensions of Time-Varying Rate Design

Dimension Description

Number o f
pn'cing periods

The price may change anywhere from once per day to once every hour
(Cr even more frequentlyw _

A static TOU rate divide the dy into Mme periods and

provides a schedule of rates for each period. For example, a

peak period might be deaned 4 the period from Z pm to 6

pm on weekdays .Md Sdturddvs with the remaining ho ors

being off-peak. The price w old be higher during Lhe peak

period and lower during the off peak rnrrrorrng the average

vurmtron in the ea t of apply Lr sore ca e TOU rates may

have a shoulder (or world re lk) Perl d )r even two peak

periods (such as 4 morning peak fr m 8 dm to 10 um ind in

afternoon p dk from A pm to 6 pm) Addrtlc nilly the prices

might vflry by eos Jn With .4 T( U late there 1 certurnty s

to whit the rate wlll he and

when they vol occur

A V31'l¢lllUI°l on the

t m d l t  r u t  c l  r a t e t ha t

has been explored b> some

unlmes Ls a " aper peak

TOU rate This De run

includes a very short super

peak period (typlcdllv only
Timing of pricing
penkmds

The applicable hours of each pricing period are zyplcrxlly designed to
coincldc with load and pr Ce pattczms of the service rectory

18
Price level 11 Ne Mr; mg rake., arc .aim ¢ilwa} s uM Ba ed and revenue neural bbL

wlthm these C01'1SU2111'1LS the 'e is some flexibility in establ shag Me puce

level fox each prlcnxg period, depend no on how costs are determlued

Not i f i ca t i on

For 4di1t1ona1 dL, LI ion

c f  t  e ad merge and
dl 4dv4nt¢1ge of each

Appt 4 h see B ten tem,

JA ka ¢ndR e  f e d

100The Lune that elapses between when customers are iufonned of upcoming

p1é<.e<; and the apphcabxlzxy of those prices (often on 8 dayahead basis
with many dynamic prlcmg deploynxemb, but ranging anywhere f rom

near~in<»rantaneous uot1&cat1un Lo fixed TOU prices that could remain
unchanged f£lr a multxycar period Bel need rate c2L»€<}

i 9

Incent ive inc  \ d  \ i l g1 ' ¢ i { '
>! If gt as I  »
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Advantages:

a couple of hours) with a much higher price than the other

periods, and only applying to a few months of the year.

It may be an attractive option in hot, dry climates with a

needle peak that is contained to relatively few hours of the

day in the summer.

TOU rates encourage permanent load

shifting away from peak hours, They have a simple design

that is predictable and easy for customers to understand

(et, it is analogous to the pricing of cell phone minutes).

TOU rates also could be used to encourage adoption of

plug-in electric vehicles, solar photovoltaic systems, and
distributed energy storage technologies by providing lower

rates during the optimal time of charging (off-peak) and

higher rates during the time of discharge or selling back

to the grid. in fact, many utilities are offering specific

TCU rates for electric vehicle owners. It should also be

noted that offering TOU rates does not necessarily require

deployment of advanced metering infrastructure (AMI),

although it does require that electromechanical meters be

able to record consumption during multiple time periods.

Disadvantages: TCU rates are not dynamic in that they

are not dispatched based on the changes in actual wholesale

market prices or in reliability-related conditions. Thev are
therefore less useful for addressing specific events on the

grid and integrating variable renewable energy resources.

TOU rates don't provide as large a peak load reduction as
dynamic rate designs due to the price signal being averaged

over a large number of peak hours instead of a relatively

limited number of very high-priced hours.

and variable peak pricing (VPP). CPP-V is similar to the

CPP rate, with the exception that the window of critical

peak hours is not fixed. The specific hours of the event

are provided to participants at the same time that they

are notified of the upcoming critical event (on a day-

ahead basis). This provides utilities and independent

system operators (ISO) with the flexibility to respond to

emergencies and high-priced periods of varying lengths

occurring at different times of the day it is also possible

to vary the critical peak price, rather than locking it in at

a pre-specified level. CPP rates with this characteristic are

called VPP rates" Due to the uncertainty in timing and

price level, both VPP and CPP-V can present a challenge in

ensuring that the rate will recover the revenue requirement.

Like the TCU rate, the CPP rate is simple

for customers to understand. It provides a strong price

signal and has produced some of the highest observed

peak reductions among participants. in addition it exposes

customers to higher prices during only a very limited

number of hours

Disadvantages: Political acceptance of the rate is

sometimes limited due to the relatively high critical peak

price. Furthermore, some customers consider the CPP rate
LT be more intrusive than a TOU rate because customers

are contacted each time a critical event is called. Some

utilities have expressed concern that they will under-collect
revenue relative to their authorized revenue requirement

by pushing a larger share of their fixed costs into a higher

price that occurs during relatively few hours of the year."

Advantages :

B. Critical Peak Pricing
20 A further variation of VPP rates combines traditional TOU

rates with RTP rates. The on- and off~peak periods are fixed,
as is the off-peak price The oiipeak price varies each day,
based on day-ahead market prices. See http://wwwsmartgrid
gov/sites/defauit/files/pdfs/chs_guidance_doc_4_rate_design
pd.

Under a CPP rate, participating customers pay higher

prices during the few days when wholesale prices are the

highest or when the power grid is severely stressed (ye,
typically up to 15 days per year during the season(s) of the

system peak. This higher peak price reflects both energy

and capacity costs and, as a result of the capacity portion

of those costs being spread over relatively few hours of

the year, can he in excess of $1 per kph. in return, the

participants receive a discount on the standard tariff price

during the other hours of the season or year to keep the

utility's total annual revenue constant. Customers are

typically notified of an upcoming "critical peak event" one

day iii advance.

Two variations on the CPP rate are CPP»variahle (CPP-V)

21 This concern can partly be addressed by allowing custom-
ers to designate how they would like to be contacted (et. ,
phone, pager, email, text, or other options). The use of
enabling technologies, which automate the customers load
reductions during critical peak events, can also help to allevi»
ate this concern.

22 Decoupling utility revenues from sales is one way to ad-
dress this concern. Another way to avoid under-collection of
revenue is Lo call all critical peak price events for which the
approved tariff rates are designed.

RAP 14 The Bwzrrle Group
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C. Peak Time Rebate artificially inflate their baseline energy usage in order to

receive a higher rebate payment. For these reasons, the rate

is considered by some to be an option for transitioning to

time-varying rates and encouraging participation, rather

than an ideal long-term solution."

If a CPP tariff cannot be rolled out because of political

or regulatory constraints, some parties have suggested

the deployment of a peak Lime rebate (PTR, which is also

known as critical peak rebate or CPR). Instead of charging

a higher rate during critical events, participants are paid for

load reductions (estimated relative to a forecast of what the

customer otherwise would have consumed). if customers

do not wish to participate, they simply pay the existing

rate. There is no rate discount during non-event hours.

The PTR has mostly been offered through pilots, with

opt-out deployments approved for residential customers in

Maryland, Washington, DC., and California.

Advantages: While all forms of time-varying rates

are designed to provide customers with the opportunity

to save on their electric bill, the PTR provides a level of

bill protection that is not embedded in these other rates.

Because it provides a rebate during critical events but does

not increase the rate during other hours, a customers bill

can only decrease under the PTR in the short run. As a

result, the PTR rate is often more acceptable to regulators

and policymakers, The concept is also generally easy for

customers to understand. it provides a significant incentive

to reduce peak demand, similar to the CPP"

Disadvantages: PTR requires the calculation al

D. Real Time Pricing

Participants in RTP programs pay for energy at a rate

that is linked to the hourly market price for electricity

Depending on customer class, participants are made aware

of hourly prices on either a day-ahead or hour-ahead basis.

Typically, only the largest customers (above one megawatt

of load) in specific regions face hourly prices. However,

there are two utilities in the United States that offer RTP

to residential customers; Ameren and Commonwealth

Edison." These programs post prices that most accurately

reflect the cost of producing electricity during each

hour of the day and thus provide the best price signals

to customers, giving them the incentive to reduce

consumption at the most expensive times.

Advantages: The main advantage of RTP rates is that

they provide the most granularity in conveying accurate

hourly price signals to customers. These rates also

provide a dynamic price signal that responds to changing

market conditions. They have a long history of full-scale

deployment among large commercial and industrial (C&I)

customers.

Generally without automating
technologies it is difficult for customers to respond to
prices on an hourly basis - response tends to happen at a
less granular level.2*'

Disadvantages :

23 It should be noted here that the opt-out provision from a
PTR initiative is, as a practical matter, unnecessary because

PTR already protects customers from rate increases
Nevertheless, it exists in certain pilots as yet additional
assurance al protection.

each customers baseline usage, which is necessary for

determining individual rebate payments. This process is

inherently inaccurate. In some instances, it can lead to

payments to customers who did not actively change their

electricity consumption. One study estimated that as much

as 40 percent of a utility total rebate payment would be

simply due to the inaccuracies associated with estimating

individual customer baselines." In other cases it may

result in underpayment to customers who made significant

changes. While in the short-run a PTR is a "no lose"

proposition lot all participants, in the long run it is possible
that rates will need to increase to cover the cost of the

rebate payments. The magnitude of that rate increase will

depend on the accuracy of the baseline estimation method.

Further, while a PTR provides an incentive for reducing

demand during the peak period, it does not convey the

true time-varying cost of providing electricity and does not

provide the price signal necessary to encourage adoption

of plug-in electric vehicles or rooftop solar systems. There

are also concerns about the potential lot customers to

24 For further discussion of the incentives provided by CPP
and PTR rates, see section "CPP versus PTR" in Section 4.

25 Williamson & Marrin, 2008

26 A U.S. DOE-funded pilot underway in Vermont will be
testing the effectiveness of this transition strategy

27 See, for example, Star, isaacson, Haeg, Kotewa, 2010

28 For example, see Navigant Consulting, 2011
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E. Rate Combinations season in order to provide a greater incentive for load

shifting.

Typically, the existing rate for medium and large

C&l customers will be structured differently than that

of residential and small non-residential customers. For

example, larger customers often have a demand charge, and

mass market customers typically do not. Class differences

will need Lo be recognized when developing the time- -

varying rates, whether they are layered on top of the

existing rate or replacing it. For example, some or all of

the capacity cost that is recovered through demand charges

for C88 customers might instead be recovered through the

critical peak price of a CPP rate.
I

F. Enabling Technologies

The rate options described above can also be offered in

combination LT take advantage of the relative advantages

of each. One common combination is CPP and TOU,

The TOU component of the rate reflects the average

daily variation in peak and off-peak energy prices. The

CPP component during a small percentage of hours each

year reflects the cost of capacity during the seasonal

system peak. Together, these rates can facilitate greater

energy awareness among customers and provide a greater

opportunity for bill savings through a more healy

discounted off-peak rate. However, the added complexity of

a combination rate design means that additional customer

education is necessary for the rate to be effective and

improve customer satisfaction,

it is also possible to layer time~varying rates on non-

time-varying rate designs Some time»varying rate pilots,

such as the California Statewide Pricing Pilot, have

measured the effect of time-varying rates combined with an

inclining block rate. Combining a time~varying rate with

an inclining block rate can encourage peak load reductions

as well as conservation. Vnfhere ra'es are unbundled -
in other words, separate prices for energy and delivery

services - it is straightforward to implement an inclining

block delivery rate and a TOU/CPP power supply rate in a

fairly transparent fashion, since prices are already separated

along those lines. However, without rate unbundling, there

are challenges associated with communicating this rate

structure to customers in a way that is easy to understand.

The utilities in California have used a two-step approach

to simplify this message First, the inclining block rate is

presented to customers as their volumetric rate and their

consumption is billed using this structure Then, they

receive a credit for consumption during off-peak hours, and

a surcharge for consumption during peak hours. The net

result is their final bill.
Seasonal differentiation can also be effectively integrated

into TOU or dynamic rates. in regions that are distinctly

summer-peaking, for example, it may he desirable to offer

higher peak period prices only during summer months

This concentrates the events during the window of time

when they are most beneficial to the system A discount

could then he provided and spread over the remaining

hours of the year, or instead constrained to the summer

Technology options are available to help customers

manage their electricity consumption in response to

time-varying price signals. These are typically referred to

as "enabling technologies." For example, for residential

customers, devices such as programmable communicating

thermostats (PCTs) can receive a signal during a critical
peak pricing event and automatically reduce air-

conditioning usage to a level that is specified by the

customer. This ability to "set it and forget it" reduces the

need to manually respond to high-priced events. This

concept could be extended to control other end-uses and

appliances through a home area network (HAN). For

larger C851 customers, automated demand response (or
"Auto-DR") technology works in a similar fashion, allowing

customers to automate electricity consumption reductions

in a range of processes and sources of load through

integration with the facility energy management system.

Enabling technologies can also help customers manage

their electricity consumption by providing new information

about energy use that the customers otherwise would not

have access to. For example, in-home displays can give

customers information such as the amount of electricity

that they are using, what this is costing them, how that

translates into their carbon footprint, how close they are to

energy savings goals, and other such data. The information

could be provided through a Smartphone, website, plug-

in device, or other means. A discussion of how enabling

technologies have helped customers respond to time-

varying rates is provided in Section 4.
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G. The Risk-Reward Tradeoff Of
Time-Varying Rates

and nom intended lo provide precise estimates of the risk

and reward associated with each rate option.

It should be noted that the short-term view represented

in Figure 1 presents a PTR as a risk-free option for

participants, relative to the flat rate. However, in the longer

term there is risk to participants and non-participants alike,

because an overall rate increase may be needed to cover the

cost of the rebate payment.s. This would be the case if the

capacity and energy savings from the program prove not to

be greater than the cost of rebates and administration, due

largely to baseline inaccuracies and potential overpayment.

From a customer's perspective, the time-varying rate
options can all be organized across the classic spectrum of
risk and reward. Generally, those rates offering the most
reward (in terms of bill savings potential) are also the most
risky (in terms of exposing the customer to the volatility of
wholesale electricity markets). Which rates customers select
will be determined by their risk tolerance. This risk-reward
tradeoff is illustrated in Figure 1.The figure is illustrative

Figure 1
Conceptual Representation of the Risk-Reward Tradeoff in Time-Varying Rates
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3. Design Criteria

use as there are many different types of time-varying

rates that can be offered, there are also many ways in

which to design a specific rate, While there will be

specific ratemaking objectives that are likely to vary

by jurisdiction, there are some common qualities that have

been observed in effective design of time-varying rates.

Once the rates are chosen and designed, it is common

practice to test their effectiveness through a pilot if not

enough is known about the likely impact of the rates in full-

scale deployment. The design of the pilot will determine the

statistical validity and usefulness of its results. To provide as-

sistance in rate and pilot design, this section presents general

recommendations based on deployments around the globe .

during peak demands, the rate should convey a strong

price signal to customers. In other words, the differential

A. Time-Varying Rate Design Criteria

The following are elements of effective time-varying rates,

as observed or otherwise established by this reports authors

through experience in assisting various industry stakeholders

in designing and implementing time-varying rates.

Short peak period: The on-peak period should be

between peak (or critical peak) and off-peak prices should

be large (as long as it is economically justified, including

the cost of capacity), This large differential gives the

customer a significant incentive to reduce consumption

when the price is high, and produces the opportunity for

greater bill savings by creating a large off-peak discount

The customer needs to notice that there is a substantial

difference in prices during these two periods. A small

differential sends a weak price signal to customers and

could be too insignificant for them to care about changing

their consumption patterns. Examples of the relationship

between the strength of the price signal and the magnitude

of customer response are discussed in more detail in
Section 4.

Customers are less likely to voluntarily enroll in the

time-varying rate if they do not see an opportunity for

material bill savings. Similarly once customers are on the

rates, they are more likely to produce large peak reductions

if doing so allows them to save material amounts of money

through load shifting. To create such a rate, the off-peak

discount should he substantial and applicable during

hours and seasons when participants have control over

discretionary load (and therefore an ability to shift their

electricity consumption) .

kept as short as possible while still reasonably spanning

the period during which the system peak occurs. A shorter

peak period makes it easier for customers to shift load to

the lower-priced off-peak period. For example, a four~hour

peak period, say from 2 pm to 6 pm, would reasonably

allow customers to shift the use of some al their appliances,

such as dishwashers or clothes dryers, before or after the

period's duration. A long peak period would be less likely

to induce response, as customers would need to shift usage

to the early morning or late night hours, requiring more

significant behavioral changes. Many voluntary TOU rates

in the industry feature very long peak periods and very few

customers are enrolled in such rates.

Rates should reflect system costs: While a significant

Strong price signal and opportunity for significant
bill savings: For rate designs targeting capacity reduction

price signal is important, the rate should still reflect the

cost of providing power Lo the customer. The peak period

rate should reflect both the higher average variable cost

of generation, as well as the cost of capacity necessary to

meet peak demands. The off~peak rate is a reflection of the

lower average cost of meeting customer demand during

hours with lower loads. This is what drives the differential

between the peak and off-peak rates.

This approach is generally the same in both restructured

(liberalized) markets and non-restructured regions,
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although there are some nuanced differences. In regions

where there are robust wholesale energy and capacity

markets, the market prices typically serve as the cost-

basis for the rates when they are developed by the default

service provider." In restructured markets with retail

competition, the rates could be offered in a variety of

forms by competitive retail suppliers. In non-restructured

areas, marginal energy costs are typically based on hourly

modeling simulations, and marginal capacity costs are

based on projections from the utility long-term resource

procurement plan or other estimates of the cost of installing

or contracting for new peaking capacity

Time-varying rates should be

easy for the customer to understand. If the customer does

not understand how the rate works, or is overburdened

with information, then he or she will not be able to

appropriately respond to the price signals and shift load .

Simplicity is important:

and the participating customers. While a well-designed

pilot is informative and defensible, there are many potential

threats to the validity of pilot studies, in general, that must

be addressed through careful planning and execution. This

section discusses recommendations for pilot design, based

on the experience and observations of this reports authors.32

It is important to note that there is not one single

"right" way to design a pilot. Often, the theoretically

ideal approach can impose requirements that are too

strict given available budget, time, resources, and other

practical considerations. Often tradeoffs must be made to

satisfy these practical constraints while sacrificing as little

as possible in the validity of the results, identifying the

optimal way to make the tradeoffs is often more art than

science.

Generally speaking, there are six steps in setting up a

pricing pilot. These are summarized in Table 2 (page 20) .

1 . Choosing the right type of pilot
Rates should account for the "hedging premium": The first step in setting up a pilot to assess a time-

varying rate proposal, vtrith or without smart grid

involvement, is to decide on the type of experiment. This

will largely be determined both by the objectives for the

experiment and by constraints on time and resources. The

three types of pilots are demonstrations, quasi-scientihc

experiments, and controlled experiments."

Demonstrationpilots are used when the primary goal

of the pilot is to prove that a given technology or set of

technologies can feasibly be implemented in a real-world

setting. At the other end of the spectrum are controlled

experiments. These are rigorous studies that are designed

to estimate the impacts of a future full-scale smart grid

Plat rates - those that do not vary by time of day- are costly
for suppliers to serWce, because they transfer all price and
volume risk from the customers to the suppliers To remain
profitable, the utility or retail supplier bas to hedge against
the price and volume risk embodied in such an open-
ended fixed price contract. The supplier can compensate
for the cost of doing so by estimating the magnitude of the
risk and charging customers for it through an insurance or
hedging premium. The risk and associated cost depend on
the volatility of wholesale prices, the volatility of customer
loads, and the correlation between the two. Empirical work
suggests this risk premium is higher when the existing rate
is fixed and time~invariant, and smaller when the existing
rate is time-varying or partly dynamic." To the extent that
the risk premium can be quantified or is generally known
by the retail electricity provider, customers who move to
time-varying rates should be credited for the premium."

29 Adjustments lo these prices may still need in `-wc made to
ensure neutrality relative to the utilllvS extsung revenue
requirement.

30 Neenan, Cappers, Pratt, & Anderson, 2005

B. Pilot Design Criteria 31 For guidance in quantifying the risk premium, see Paruqui,
Hledik, 81 Neenan, 2007.

Pilots are used to draw statistically meaningful and

generalizable conclusions about the impacts of time-

varying rates on customer usage patterns These results

help policymakers to determine which rate designs are

more effective at altering these usage patterns in a way that

produces the largest henehts to the utility its ratepayers

32 An additional useful reference on pilot design is a collection
of guidance documents listed in Appendix A

33 l'Ur h1r.hcr discussion of apprnaclws iv .>:l-.»I Jo->ign. sec hr
'!.5. l\(.'EIs guidance dncunu-l11 L'!l lhi~. luff .i!l.> //www.
>n1arlgrid.gov/silcs/dcfaull/hlc-s/p¢l!.v'cl>~_.gui¢i:iln l._dm._ 7._
ram'umlzcd_cxpcrimvnlal_apprnu¢ h\'> l~:ii
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Table 2

Major Steps in Designing a Time-Varying Rate Pilot

Step Description Key Questions
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control design, as applicable
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so, will the control group know that rt is "partlcipatlmg"? in quasi-experimental
designs, what are the techniques for controlling for non-treatment factors?
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the technologies would need ro be tested in isolation and in

sequence. It may be discovered that the impact of one rate

or technology is made redundant by the other, or that the

impact lorn the application of a combination al rates and

technologies is not the same as the sum of the incremental

impacts of each,

experiment, the behavior of the control group is considered

representative of what the customers in the treatment

groups would have done in the absence of the introduction

of the treatment. In other words, the control group helps

to isolate the impact of the treatment and account for

the influence of external factors (such as changes in the

weather or the economy)
Emphasize side-by-side testing of alternatives.

A utility or regulator may be choosing between two

alternative rate options, The best way to inform this

choice is to test both in the same pilot. For example, there

has been ongoing debate in the industry over whether

rebates or time-varying prices are more effective for

achieving peak demand reductions. Until fairly recently,

the two approaches had not been tested side~by-side at

the same utility so there was no definitive way to answer

the question. It is only in the newest generation of pilots

that the two alternatives are being tested together on

participants drawn from the same pool of customers."

4. Recruiting participants

A lower-cost alternative

to including many treatments in a pilot is to instead gauge

customer preferences or response rates through market

research. For example, rather than offering two rates

as separate treatments in order to determine customer

preference, a sample of customers could be surveyed about

which they think they would adopt if given a choice. This

approach is less effective than an actual price offering in

a pilot setting, because it will capture customers' stated

preferences rather than their demonstrated preferences.

However, it could still he an effective approach to learning

which treatments to exclude from the pilot due to limited

Engage in market research.

resources

3. Establishing a control group

Another key aspect of pilot design, which is subject to
some debate, is the way in which participants are recruited
into the pilot. Ideally, customers should be recruited into
a pilot in the same way that the program will be offered
when it is deployed lull-scale If the ultimate deployment
plan is to offer a program on an opt-in basis, then that
should be the same mechanism Hy which customers
enroll in the pilot Alternatively, if in the future customers
may he automatically enrolled in a program with the
option to proactively elect not to participate, then opt-out
recruitment (which is still voluntary) may be used.

Regulators and utilities are often unwilling to enroll
residential customers in a pricing pilot using opt~out
recruitment. However, if customers are simply enrolled
on an opt-in, first-comefirst-served basis, then the
participants will likely be dominated by "early adopters"
who are not representative of the larger population of
customers. This is one form of "self-selection bias." The
dilemma, then, is how best to recruit participants who
approximately represent the larger population of customers
in a way that is acceptable to regulators and customers.

A voluntary opt-in recruitment method called random
selection withajrmatWn, or random encouragement design,
helps to approximate the impacts of large scale deployment
by minimizing self-selection bias. With this approach,
individual customers are randomly contacted and invited
to participate in a pilot. if they accept, they are randomly
assigned to a treatment cell. If they decline, another
customer is randomly contacted and invited to join. The
process continues until the desired number of participants

In addition to including a number of treatment

groups, a well-planned pilot, based on controlled
experimental design principles, will also have a control

group. The control group is a collection of customers

who do not receive any new programs, technologies, or

information Often, the control group is not. aware of

their "participation" in an experiment in order to avoid

influencing their behavior as a result of feeling that they

are being "watched." The purpose of the control group

is to establish a "baseline" against which the impact of

the various treatments can be measured. Throughout the

37 This has been tested in recent pistols by Baltimore Gas
& Electric and Pep co (m Wasliinglon, DLL). It will also

be tested in pilots that are funded by Lhe U.S. DOE. See

Famqui, Sergici, 61 Ababa, 20] 1 and elvleter Strategic

Consulting, 20]0.
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A one-time cash payment is the best incentive. Gift

cards or other types of gifts can influence the types of

customers who sign up. For example, a gift card for

products purchased online would only be useful to

people with frequent internet access. It is important

never to provide the incentive in a way that would

encourage customers to use energy differently such as

a rate discount.

Frame the payment as an "appreciation/thank you"

payment. Disassociate the payment frcim energy use

to avoid having any effect on electricity consumption

behavior.

5. Collecting Pre-Treatment Data
Data should be collected on all of the pilot participants

before the pilot begins. This would include, for example,
hourly electricity consumption patterns. Pre-treatment
data collection is important, because it provides a reference
point against which to compare the participants' behavior
after they have been exposed to a treatment.

External factors, such as weather differences, could also
lead to pre- and post-treatment differences This is why it is

also important to have a control group, which can be used

to control for the impact of external factors. It is important

to collect pre~treatment data for both the treatment and

control groups. Ideally pre-treatment data would be

collected for at least a full year for these customers. That

allows for capturing the full impact of seasonal effects.

is reached. Importantly, the "decliners" are tracked as part

of the "treatment" group in order to avcuid sample bias. A

control group is established outside of this recruitment

process by randomly selecting customers from the greater

population in a manner that ensures a representative

sample from the larger population.

A twist on this approach that has recently garnered atten-

tion in smart grid pilots is called the "randomized control

trial" (RCT). Customers are randomly invited to participate

in the study just as in the random selection with affirma-

tion approach. However, upon accepting the invitation,

customers are randomly assigned to a treatment group or

the control group. in theory, this is a better way to establish

comparability between the control and treatment group

participants However, there are practical challenges associ-

ated with inviting customers to participate in a pilot and then

assigning them to a control group with no new technologies

or features. This can be addressed by managing the poten-

tial participants' expectations up front, so that they know

that they could be assigned to either group. Alternatively a

"recruit and delay" approach could be used, which informs
customers that they may not be in the treatment group in the

first year. but that everyone will have a chance to participate

in the treatment group in the second year.

it is common practice to provide pilot enrollees with a

small appreciation payment for their participation in the

pilot. This is considered compensation for the added effort

that they must provide for activities such as filling out

pre- and post-piiot surveys and as compensation for the

perceived risk al being "experimented upon," However,

appreciation payments run the risk of introducing bias into

the pilot results because they are presumably not something

that would be provided to all customers in a full-scale
program rollout. ideally they would not be offered for this

reason. However, if appreciation payments are deemed

necessary to sufficiently meet recruitment goals, then

there are a few key things to keep in mind to minimize the

introduction of his in the pilot;

6. Testing Treatment and Control Groups for
Comparability

c Keep the payment relatively small, Lo avoid making it

the primary reason for participation .

a

Once treatment and control groups have been recruited,

and once data have been collected for these customers (et,

through load research data, surveys, and a pre-treatment

data collection effort), an important final step is to confirm

that the groups are comparable. The objective is to

identify and then determine the best approach to address

and minimize, any underlying differences between the

treatment and control groups, the impact of which could be

mistakenly attributed to the treatment itself.

There are a few ways to compare the treatment and

control groups. Variations on these basic tests can be used

to varying degrees of statistical rigor:

Provide the payment at the end of the pilot. to avoid

free-riders who sign up, receive the payment, and

then drop out. This will help to minimize the pilot's

attrition rate (and will in fact provide an additional

incentive to remain enrolled) . 9 Seasonal consumption patterns. Compare average
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fai l  use e between the you s, b month. to identi fy g g p y y
any differences in the size and seasonal consumption

patterns of the two groups.

constraints

i.ack of AM l

Customer fear of price volatility
ineffective rate designs
Concerns about impacts on low-income householdsWeekly consumption patterns. Compare average

daily consumption across the groups for each month

to determine whether there are any differences in

weekly patterns of consumption.
Regulatorylmarket coordination issues

Daily consumption patterns. Compare average

hourly consumption profiles for each group to

determine whether there are differences in the way

electricity is used over the course of a day

- Sociodemographic characteristics and
appliance saturations. Using pre-pilot surveys
and other market research information, compare the
distributions of sociodemographic characteristics
across the groups such as income, age, education,
family size, and dwelling type. The comparison
should also consider the distribution of appliance
saturations, including central air-conditioning,
window air-conditioning, electric heat, and heated
pools, for example.

in regions with traditional markets and vertically

integrated utilities, retail rates are established by regulators,

the utilities' boards, or oversight agencies. in these regions,

utilities can establish time-varying rates to reflect the

hourly marginal costs of generation and the associated

marginal capacity costs for generation, transmission and
distribution." if wholesale contracts mask the hourly

variation in marginal energy and capacity costs, then it

becomes difficult to transmit time-varying cost-based price

signals to customers at the retail level.

The picture becomes more complex in restructured

markets where system operators or power exchanges run

wholesale markets. Retail rates are still set by local entities

but Kev elements - the cost of energy and generation

capacity - are set in wholesale markets. Depending on

how those wholesale costs are developed and allocated, it

may be easy or difficult to create time-varying retail rates

that reflect wholesale market conditions. in this case,

coordination across the various entities may be improved

through forums and workshops that bring key staff together

to discuss and address the issues.*'

Rate freezes, price caps, and other legislative
constraints

If the characteristics of the treatment and control groups

are largely similar, then the control group can be considered

a fair representation of the "baseline" behavior of the

treatment groups. is If there are some dissimilarities between
the two groups that are primarily related to consumption,

then these differences can typically be addressed through

statistical techniques in the measurement and verification

(M&rV) phase of the pilot. However, large differences in

sociodemographic or appliance saturation characteristics

may need to he addressed in advance through additional

recruitment or sampling activities.

Another problem for time-varying rates arises if
retail rates are frozen or subject lo price caps and other
lcgislalivc/regulatory const rails. For example, in response

.58

C. Addressing Barriers To Time-Varying
Rates

-̀'here arc sncclfc slaxllslxcul n\cth<\.ds that can be used to
measure loc dlffcrcnccs hc1wt:L~n the 'We groups. Fur details
WE these me-lho¢l>_ so: hup.! /wwwsmarlgrid.g1w/siles/de-
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to the California energy crisis of 2000-2001, the California

Assembly froze the rates in the first two tiers of the

residential inclining block rate (through Assembly Bill lx) .

This effectively makes it impossible to roll out time-varying

rates as the default rate. The rate freeze will be lifted once

the long term power supply contracts entered into by the

state expire.

How can the challenge of rate freezes and price caps

be addressed? The answer will depend on the specific

requirements of the policy In California, time~varying

rates can still be offered on an opt-in basis, and that is one

approach being pursued by the utilities. Additionally peak

time rebates, which leave the retail rate unchanged, can be

offered as a proxy for time-varying rates.

Lack of AMI
As described in Section l of this report, time-varying

rates cannot be offered in the absence of the appropriate

metering technology Without AMI, time-of-use rates can

be offered as a proxy to genuine dynamic rates, although

this still requires a meter that can track at least two billing

periods - peak and off-peak. Also, non-pricing programs
such as utility control of selected end-uses like central air
conditioning, pool pumps and water heating can be offered

to address peak load concerns. Alternative rate options,

such as inclining block rates, could be used to achieve
policy goals related to conservation and may provide some

peak load reduction?" Financial incentives for investing in

AMI, such as tax credits or accelerated depreciation of the

technology, could be pursued depending on the specific

policy goals of the region.

understanding of the beneHLs of Lim varying rates, focus

groups and other market research could be conducted. This

is a common early-stage practice among utilities that are

beginning to implement dynamic pricing pilots.

in addition to developing a clear and effective

educational message that resonates with customers, there

are other ways to help customers understand and benefit

from the volatility in time-varying rates, One is to provide

temporary bill protection (meaning that the customers

bill on the time-varying rate could be no higher than it

would have been under the otherwise applicable tariff) .

This would give customers a chance to become familiar

with the rate and experiment with approaches to energy

conservation and load shifting before being exposed to

the risk of a bill increase. Additionally customers could be

provided with enhanced information about their energy use

and potential to shift peak load, whether through a detailed

bill insert, a web portal, or by some other means. This

information would advance their understanding al their

energy consumption patterns and help them identify ways

to reduce their electricity bills."

Another way to help customers manage the volatility

in time-varying rates is to offer "two-part rates." In this
approach, customers are allowed to buy a predetermined

amount of power at a fixed rate (analogous to how most

customers buy their electricity today). The remaining

amount of power that they consume is purchased according

to the time-varying rate. This would add flexibility by

allowing more risk-averse customers to purchase a larger

share of electricity at the predetermined rate, and less risk-

averse customers to purchase more electricity at the time-

varying rate.

Customer fears of price volatility
Ineffective rate designs

Time-varying rates need to be designed carefully to

accurately reflect costs and they also need to be designed so

that they are easily understood by customers. Furthermore,

the rates need to enable customer response. For example ,

if the rates are designed with broad peak periods, they may

make it difficult for customers to respond. Ultimately each

Many customers equate time-varying rates with price

volatility and some simply equate it with high prices. This

perception may stem, in part, from a concern that time-

varying rates could eventually become the mandatory rate

offering. However, this concern over price volatility is a

perceptual problem that can be remedied through customer

engagement and education. It is important to convey

the message that time-varying rates are not simply an

invention al economists for the electricity sector. They are a

byproduct al the normal workings of a competitive market

and promote efficiency in the use of scarce resources. To

identify the specific message that would best resonate

with customers and be the most effective in furthering

41 Faruqui, 2008

42 American Council for an Energy-Efficient Economy
<AcEEE>, 2010

43 Berg, 1999
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Concerns about impacts on low-income
households

customer is different, especially when it comes to trading

off lower bills for higher price volatility See the earlier

section in this section titled "Time-Varying Rate Design

Guidelines" for more information on qualities of effective

rate design.

Regulators and utilities that wish to promote time-
varying rates for residential and small nonresidential
customers can offer a spectrum of rates, from flat rates to
conventional time-of-use rates to dynamic rates such as
critical peak pricing. If regulators wish to increase up-
take of time-varying rates, they should consider opt-out
enrollment, which garners significantly higher levels of
participation." Under this approach, all customers in the
rate class would be placed on a time-varying rate but can
opt out at any time to a flat rate.

It is sometimes argued that low-income households

would be adversely affected by time-varying rates.

However, empirical work to-date has shown that low-

income households are likely to come out ahead with

time-varying rates, due both to flatter-than-average load

shapes and a demonstrated ability to shift load to lower-

priced off-peak periods." Still, measures can be taken to

limit the exposure of these customers to bill volatility The

approaches described above, such as increased access to

energy information, temporary bill protection, and two-part

rate designs, are all applicable options.

44 Momentum Market Intelligence, 2003

45 See Section 4 for a detailed discussion of these observations.

Issues In Cost-Benefit Analysis of Time-Varying Rates

"social" discount rate, then the holistic lest becomes a

societal test. Since trade-offs often exist between these

perspectives, regulators in each state have established

their own set of priorities. Some states have long given

priority to the total resource cost test while others have

given priority to the non-participant test. in the academic

literature on cost-beneht analysis, the perspective that is

most taken is to compute changes in the "social surplus,"

defined as the sum of consumer surplus and producer

surplus." However, this test is rarely used in regulatory

proceedings.

In the case of time-varying rates, from a holistic

perspective the main cost element is the cost al' AMI,

which includes the cost of meters as well as the

cost of associated software and billing systems and

communications equipment. And as discussed below
customer costs or ll'lcoTlv€T\l€Tlc€ incurred to help secure
some of t.he promised energy and capacity benefits

would also be included in a holistic measurement of

one regard time-varying rates as good business

practice, nor requiring a cost-benefit analysis. In

other words, they are on par with activities such as

load research and cost-of-service studies, none of which

are subjected to such analysis. These proponents say that

if time-varying rates require a cost-benefit analysis, then

flat rates, the current norm. should also be subjected

to a cost-benefit analysis because flat rates cannot be

carried out without the installation of analog meters and

appropriate billing systems.

However, not everyone agrees with this viewpoint.

The contention is made that because time-varying

rates cannot be carried out without AMI, a cost-benelit

analysis should be performed, akin to analyses for

conventional demand-side management programs. in

such analyses, costs and benefits are evaluated from
multiple perspectives.*" The dominant perspective

often is the total resource cost (TRCl test, which

takes a holistic view. If programs pass this test, then

additional insights are gained by looking at the

participants' perspective and the utllitv's perspective

and also the perspective of non-participants. if the

benefits are evaluated using social measures of avoided

cost that account for externalities and which use a

costs and benefits. The benefits are the avoided cost of

capacity (generation plus transmission and dist.1-ibution)

and energy, plus all rnonelizable non-energy benefits.

Environmental impacts of dynamic pricing are discussed

cQr;£u':i.wd (THE maxi /376145
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Issues In Cost-Benefit Analysis of Time-Varying Rates
continued from previouspage

surplus which provides an alternative view of participant
benelils.

From the utility perspective, the focus is on

measuring changes in revenue requirements (or

aggregate customer bills). The benefits are the same as

4.

in the total resource cost test. The costs include all the

AMI-related costs and any incentive payments that are

made LO recruit customers.

From the non-participant perspective, the focus is on
measuring changes in average rates. The benefits are the
same as in the total resource cost test. On the cost side ,
in addition to all the elements included in that test, the
cost of any incentives that will be paid by the utility to
recruit and retain customers is included (as in the utility
cost test) and so is any revenue loss that would accrue to
the utility

46

+7

48

49

California Public Utilities Commission, 2001

Harberger, 1971

Electric Power Research Institute, 2010

Note that this loss of welfare should be treated similarly
across all demand-side programs that may produce such
an effect, and not just limited to time-varying rates.

in Section 1, and can be positive or negative, depending

on the marginal resources in the area where they are

implemented.

It should be noted that, while AMI is the key cost-

driver in this scenario, there are additional benefits

associated with smart meters that should be "netted out"

of its full cost.*'* These benefits are operational savings

such as avoided meter reading costs, reduced outage

management costs, and the ability to remotely connect

and disconnect accounts. These benefits typically range

between 50 percent and 100 percent of the cost of AMI.

In cases where the operational benefits do not exceed

the costs, then the benefits of time-varying rates must

make up the difference in order to be deemed cost-

effective.

From the participant perspective, there are two

main cost elements for time-varying rates. The first is

the incremental monthly metering cost that customers

would be required to pay This is often the cost of AMi
net of operational benefits. The second cost is the loss of

welfare associated with reducing usage during a high-

cost period (curtailment) or shifting usage to a lower

cost period (hassle factor)."' These are often valued at

one-half of the difference between the price before CPP

(which does not trigger behavioral change) and the price

after CPP which does trigger this change. The benefit

is the reduction in the monthly bill. Note that this

result would not be identical to changes in consumer

50 Revenue loss could result, for example, if the tlme-
varying rate produces an overall conservation effect in
which customers consume less electricity than expected
under the utility revenue projection. Of the economic
perspectives discussed, such revenue losses are relevant
only to the non-participant measurement of costs.

26 The Be/k GetupRAP 29;
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Ti111e-Varying' Rate Pilots

researchers and consultants called for the institution of

rates that would be dynamically dispatchable during

critical-price periods." These occur typically during the

top one percent of the hours of the year where a significant

amount of annual peak demand could be concentrated, it

is very expensive to serve power during these critical peak

periods and even a modest reduction in demand during

such periods can be very cost-effective."

The following sections summarize the results of several

new time-varying rate experiments that have been carried

out in North America, Europe, and Australia. The review of

these pilots reveals that time-varying prices are effective in

reducing electricity usage .

A. Survey Of Pilot Results

Our survey included 24 recent residential pricing pilots

that were conducted by utilities in North America, Europe,

and Australia between 1997 and 2011. Durations of the

pilots lasted anywhere from a single season to four years.

In total, the pilots tested 109 combinations of time-varying

rates and enabling technologies (each combination is

referred to as a "treatment"). The number of participants in

each treatment cell ranged from as few as 70 to thousands.

Rates tested included TCU, CPR PTR, and RTP Enabling

51 For example, Arizona Public Service offers a voluntary TOU
rate that has achieved 50 percent enrollment among residen-
tial customers Electricity De France has offered a residential

CPP rate since the late l990s. PG&E offers a residential CPP

rate option, See the case studies in this paper

52

53

54

Faruqul 82 Marko, 1983

Caves, Christensen, 82 Herriges, 1984

time-valying rates have been available to large

C611 customers for decades, Many of these large

customers - particularly those in restructured

markets - are placed on a default real time pricing

rate. Others have the option of choosing RTP rates with

day-ahead or hour-ahead notice. However, for residential

customers, access to time-varying rates has mostly been

limited thus far to pilots, with some options to enroll in

voluntary TOU or CPP rates.

In the late 1970s and early l980s, the first wave of

electricity pricing experiments was carried out under

the auspices of the US. Department of Energy and its

predecessor agency the Federal Energy Administration.

Those experiments were focused on measuring customer

response to simple (static) time-of-day and seasonal

rates.2 Five large experiments were analyzed collectively

in a project carried out by the Electric Power Research

institute," The results were quite conclusive: customers

responded to higher prices during the peak period by

reducing peak period usage, or shifting it to less expensive

off-peak periods, or both. The results were consistent

around the country after normalizing for weather

conditions and appliance holdings. Customer response

was higher in warmer climates; response was higher for

customers with central air conditioning systems.

However, despite the conclusive findings, time-varying

rates were not widely accepted. in part this was due to the

high cost of TOU metering at the time. it was also because

the peak periods that were offered in these rate designs
were much too broad for customers to cope with and

produced price differentials that did not induce customers

to want to cope with them. This lack of acceptance was

also because the cost of peaking capacity did not vary

sufficiently from the cost of off-peak capacity to bother

offering TQU. Further, the rates were not heavily marketed

due to concern that they could result in a loss of revenue to

the utilities.

MeLhods [Br addressing this concern are discussed in Buren-

sLe1n, jake, and Rosenfeld, 2002.

The California energy crisis of 2000-2001 rekindled

interest in time-varving rates A variety of academics,

39

56

Banat, et al., 2003

Faruqui, Hledik, Newell, & Pfeifenberger, 2007
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Figure 2

Average Peak Reduction from Time-Varying Rate Pilots
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Figure 3
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Of these factors that influence customer response, the

price signal is of particular importance. As illustrated

in Figure 3, across pilots without enabling technology,

response increases with price ratio, but at a decreasing rate.

B. Lessons Learned From Time-Varying
Rate Pilots

residential customers,

they have little discretion

in their power usage

and are thus unable lo

shift load depending on

price. As a result, those

consumer advocates are

concerned that low-

income customers would

be hurt by time-varying

rates."

i However, empirical

evaluation has indicated

that most low-income

customers would

immediately save money

on their electricity bills

from time-varying rates.

First, across the residential

class as a whole, we

expect roughly half of

the customers placed

on a revenue-neutral

time-varying rate Lo

immediately see bill increases and half Lo see bill decreases.

Customers who use more electricity in the peak hours

than the average customer would see higher bills, while

customers who use less electricity in the peak hours than

the average customer would see lower bills.

The electricity bills of a representative sample of low-

income households and residential customers (as a whole)

from a large urban utility were calculated using flat and

CPP rates," As expected, roughly half of the residential

customers had higher bills on the time-varying rates,

and half had lower bills. However, because low-income

customers tend to have flatter load shapes, roughly 65

percent of the low-income customers were immediately
better off on the CPP rate than on the flat rate, according to

the calculations. In other words, even without any change

Beyond simply demonstrating that customers reduce

electricity consumption when exposed to higher prices,

recent time-varying rate pilots have provided new and

interesting insights. These insights specifically relate to the

impact of time-varying rates on low-income customers, the
persistence of time-varying rate impacts over several years,

and the impact of enabling technologies on price response

Impacts on Low-Income Customers
58 For example, see AARP el al, 2010

There is significant debate in the industry about the
impact of time-varving rates on low-income customers,
and the issue deserves careful attention by regulators.
Some consumer advocates are concerned that because
low-income households typically use less power than other

59 See Fanuqui, Sergici, Palmer, 2010. W hile the magnitude
of the Bil] changes is dependent on the specific rate design

(Le , the peak-to-off-peak price differential), the share of

customers experiencing higher or lower bills is fairly robust

across rate designs.
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Figure 4

Distribution of Bill Impacts When Moving From Flat Rate to CPP Rate
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income customers (as in the Connecticut Light and Power

(CL&P), Baltimore Gas and Electric (BGE), and Consumers

Energy programs), others found they were less responsive

compared ro higher-income customers (hut still with

statistically significant peak reductions)."1 Figure 5 shows

how the low-income customers responded relative to the

average customer in each of the 10 pilots.

Persistence of Time-Varying Rate Impacts
It is important to understand the extent to which time-

varying rate impacts will persist over a multiyear horizon.

Persistence across multiple years has been demonstrated

most significantly in a recent pilot in Maryland. At BGE,

thousands of customers have participated in a PTR pilot

over four summers (the pilot began in 2008 and is still

running).°2 To test persistence, the PTR rate was offered

during each summer to the same set of 400 customers

Econometric analysis revealed that these customers

maintained the same level of price responsiveness across all

four summers."

Significant peak reductions also appear to persist over

time in full-scale rollouts. in May 2008, Pacific Gas and

Electric (PG6IEl began to offer its CPP program (called

"SrnartRate") to all residential customers as part of a full-

scale rollout. Enrollment exceeded 10,000 customers by

the end of that year. By the end of summer 2010, 24,500

customers were enrolled. Analysis showed the average

peak reduction impact to be i5.0 percent in 2009 and 14.1

percent in 20104 A case study of the SmartRate program

is provided in Section 5. Additionally in illinois, ComEdS

residential RTP program has reported significant and

persistent peak load reductions in every year between 2005

and 2010.65

BGE's time-varying rate pilot tested a variety of time-

varying rates with and without enabling technolQgies in

the years 2008 and 2009. The technologies included an

"energy orb" that changed color depending on the price of

electricity, and a switch for cycling central air conditioners

when rates reached a specific price. It found that the peak

impact with the energy orb was greater than the peak

impact with price alone, and that the peak impact with

both the energy orb and the air conditioner switch was

even greater. Other analogous information or customer

feedback systems have been used in automobiles and

other energy displays, including plug meters, personal

computer web displays, and audits. These feedback systems

help to spur a phenomenon that is sometimes referred to

as the Prius Effect, where consumers are challenged and

motivated to alter behavior through the provision of timely

information about energy consumption, For example, in

2008, the peak reduction with the PTR alone was estimated

Lo be Zl percent. Adding the energy orb led to a peak

reduction of 27 percent, and adding enabling technology

on top of that led to a peak reduction of 33 percent.

This demonstrates that both information and automating

technologies can play a significant role in increasing

customer price responsiveness.

Similarly CLcSrPS Plan-it Wise Energy Program,

conducted in the summer of 2009, tested multiple rates

with the following technologies: smart thermostats, air-

conditioning switches, energy orbs, and in-home displays.

While the energy orbs and in-home displays were not

found to have a statistically significant incremental effect

on-peak reductions beyond what was achieved through

time-varying rates, the presence of an air-cOnditioning

switch or smart thermostat increased the impacts for

the CPP and PTR groups. The air conditioning switch
and smart thermostat increased the peak reduction from

ll percent to 18 percent for residential PTR customers,

Time-Varying Rates, Customer Feedback, and
Enabling Terhnulogies

61 Titles of the impact evaluations lot these pilots are provided
in the Additional Reading seeiion of this report.

62 Faruqui & Sergici, 201 l

During the past few years, a variety of new technologies
have been introduced to help customers understand their

usage patterns (through web portals and in-home displays,

for example), to automatically control the function of their

major end-uses such as central air conditioning and space

heating equipment (smart thermostats), and to manage

all their other appliances and plug-loads (home energy

management systems). Empirical eWdence shows that

enabling technology enhances the impacts of time-varying

rates on electricity consumption patterns.

63 Results will be published in a forthcoming report, "Impact
Evaluation of the 201] SEP Pilot" (expected publication date
early»20l2)

64 Famqui, Serglcl, Ababa, 20] I

65 Navigant Consulting, 201 1

M Br4zt//6 Gztaup 31 RAP2®



Billi Impact v.ersus Erica Ratio Iwna:3@44¢igl;§u6§§9!41li1g3;!'9¢hnalogyl» .»» . 4

H ..¢'

Time-Varying and Dynamic Rate Design

_ -;,:_l; l . : °. .

. _. ..91¢
'|. _"K\- . .

, Technology

l
• •

4
Price-Only

•
s I

I

up for a new lime-

varying rate, or the share

that might opt-out of a

rate. Additionally, little

empirical research has

been conducted to date

regarding customer

preferences when

presented with a menu

of rate options, Effective

market segmentation and

marketing approaches

for promoting time-

varying rate adoption are

important areas for future

research as well.
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and from 16 percent Lo 23 percent for residential CPP

customers. Similar relationships were observed among

small commercial and industrial customers.

For pilots that tested time-varying rates with and

without enabling technology, a plot of price response

against the peak-to-off-peak ratio shows that impacts with

enabling technology tend to be higher than without, This is

illustrated in Figure 6,

C. Questions That Remain To Be Answered

: While several pilots

have tested equivalent

CPP and PTR rates side-

by-side, there is not yet

conclusive €Vld€I'1C€ as to
whether the two produce

the same impacts from participants Pilots in California,

Michigan, and Maryland have found no statistically

significant difference in price response from customers

enrolled in these two rates. However, pilots in Connecticut

and Washington, DC., have both found that CPP induces

a larger response (in one case, the response was more than

twice as large). These results are summarized in Figure 7.67

Also important to consider is the cost of CPP versus PTR

programs, as discussed earlier in this paper.

One school of thought is that the "opportunity cost" of
not reducing peak demand on a PTR rate is equivalent to

the higher price paid during the peak period of a CPP rate,

so the two should produce the same response from rational

customers, Gathers believe that customers inherently respond

more dramatically to a perceived penalty than to a reward ,

and therefore are more price responsive on the CPP rate.

66 More information can be found aL wwwsmartgridgov

Despite all that we have learned from time-varying rate

pilots, there are still important questions that remain to be

answered through further study In the next few years, it is

anticipated that some of these questions will be addressed

through a new wave of pricing pilots that have been funded

in part by the U.S. Department of Energy.*"

Customer preferences for rate types; One of the

areas most critically in need of further research is that

of customer adoption rates. In the absence of full-scale

deployments limited information is available regarding

the share of customers that are likely to voluntarily sign

67 For California, Michigan, and Maryland, CPP impacts are
simulated using a PTR-equlvaicnl rate design and price
elasticities from the \'€Sp€cllv€ pilots.
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Figure 7

Comparison of CPP and PTR Impacts
from Time-Varying Rate Pilots
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Conservation impact of t ime-

varying rates: Most Jr the recent

time-varying rate pilots have not found

4 signiftcunt conservation impact from

time varying retted (it is typtcetlly less

than 1 percent). ,is However, the results

of older [OU pilots suggested that the

consewatton rmpdct could be between

two and four percent One possibility
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3 . Full Deployment Case Stuclies

Rate features

a

'* all-scale deployments of time-varying rates have

primarily been offered to large C&I customers

that are exposed to hourly market prices in

restructured electricity markets, and through

TOU tariffs that are available to these customers as well

as (to a lesser extent) some smaller customers. Otherwise,

experience with full-scale deployments of innovative time-

varying rates is fairly limited. Therefore it is not possible

to discuss time-varying rate developments in some regions

that are of interest, because thus far there has been little

activity in this area. 'this may change as Aivll deployments

increase around the globe. However, to provide an overview

of time»varying rates that have been practically deployed

on a large scale, this section presents four brief case studies

of countries with diverse power sectors, economies, and
political environments. The countries are the United States

(California), France, China, and Vietnam.

Specific features of the rate are as follows:

Applicable season: Summer

(May l through October 31)

• Timing of peak periods 2 pm to 7 pm
- Maximum number of peak events: 15 per summer

• Notification of peak event: 3 pm the preceding day
• Peak surcharge; 60 cents/kWh
- Ulf-peak discount; 3 cents/kWh to 4 cents/kWh
• Implied peak-to-off-peak price ratio; Ranges from

4-to-l ro il-to-1"
Overlay: The rate is an overlay on other residential
rate offerings (including an inclining block rate and
an inclining block rate/TOU combination) using the
surcharge and credit approach described in Section 2
of this report

Peak impacts
A. The United States (California) In 201 0, PC1&33 called 13 peak events. Across all

participants and all 13 events, the average reduction in

demand during peak hours was 14 percent, This adds up

to more than 6 MW of load across the participants. There

was no discernible change in overall energy consumption

(in other words, there was no "conservation effect") .

71 Much al the Mformauon in this section is derived from
George, Bade. Hartmann, 2011.

72 The SmartRate will be replaced with a different CPP
rate design, as ordered by the California Public Utilities
Commission. The transition is pending. For more
information, see the California Public Utilities CommissionS
November 201 1 decision on this topic: http://docs.cpuc.
ca.gov/PUBl.ISHED/FiNAL_DECISION/153342.htm.

Residential time-varying rates are an area of significant

interest among many industry stakeholders due to the

large role that they play in many AMI business cases in

the United States, the largest residential CPP deployment

is offered by PG8IE, which serves much al northern

California. Due to strict reporting requirements in

California, extensive information is available regarding the

rates impacts.71

PGQQIE began offering its CPP rate (called "SmartRate")

in May 2008, with the initiation of its system-vvide smart

metering deployment, As of April 201 l, enrollment

in the rate had reached 24,500 customers. The rate is

being offered on a voluntary (opt-in) basis, meaning that

customers must take the initiative to move from their

current rate to the new CPP rate. Eligibility to enroll in

the CPP rate is expanding as smart meters continue to be

deployed across the service territory

73 Due to the underlying inclining block rate design, the price
ratio depends heavily on whether the customer is a large user
(and therefore in the more expensive tiers of the inclining
block rate) and whether Lhe customer receives a low-income
discount
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Load without DR (kw)

Load with DR (kW)

•

During summer months, when the

CPP surcharge and discount applied,

customers saved an average of $53

(8.2 percent) compared to their

otherwise applicable tariff. Overall,

88 percent of participants reduced their

electricity bill. Presumably as a result,

the vast majority of customers who signed up for the rate

have remained on it. Over more than two years, the average

attrition rate for the program was 0.3 percent per month.

Low-income customer impact

Bill impacts

Figure 8 illustrates the average customer

load on a peak event day with and

without a CPP rate.7*

Across events, the average peak

reduction ranged between six and

21 percent. A failure to deliver notification

to a large segment of customers

contributed to the low end of this range

of impacts. Otherwise, the low end was in

the range of 10 percent to 12 percent.
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Table 3

CPP rate in the sense that both the peak and off-peak prices

are not known to participants until the preceding evening.

Each evening, customers are informed that one of three

different price schedules will be in place the next day Each

day is assigned a color depending on the price scheduler"

Blue

Day
:Designation

s

L£l81!T§

Tempo Tariff Rate Structure
-  . . . .  " "¢ .

-

g

Peak Price
(Euro Cents)

1;

Hour Ending

3.8

. Qff-Peak Price
(Euro Cents)

15

8.0

s

vi.

18

Applicable
Days per Year

21

300

24

The CPP rate was offered to customers in PG&ES

low-income program, which provides a rate discount to

qualifying participants (the same CPP surcharges and

credits still apply). As a percent of peak demand, these

customers provided reductions that were roughly one-third

of that of the average customer who is not in the low-

income program. However, once the low-income response

was normalized for factors such as central air-conditioning

ownership, it was found that there was no statistically

significant difference between the load reductions, Red 355 £24 22

B. France

0

A CPP rate has also been offered to residential customers

in Europe, and for much longer than in California.

Electricite de France (EdF) began offering its CPP rate

(called the "Tempo Tariff") to residential customers across

France in 1996. Since then, roughly 400,000 customers

have enrolled in the rate .

Other rate design features are as follows

Applicable season: Winter (November 1 through

March 31)

Timing of peak period: Very long, from 6 am IO

10 pm

Trigger: Load forecast (red days called on expectation

of highest load)

•

Rate features 74 Figure ms reproduced from George, Bode, Hartmann. 201 l

The Tempo rate is a bit different than a conventional 7 5 Prices are presented as defined by EdF in 2005
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Beijing
eNotification: 8 pm the evening before

Method of notification: Many customers are equipped

with a plug-in device that changes color depending

on the pricing period and the announcement of the

next day's color, others receive notification via phone

or the internet

EdF also offers various options for customers to sign up

to have their appliances automatically controlled to run

only during lower-priced periods and days .

in Beijing, where the load factor had been steadily

decreasing, DSM programs have enabled the load factor to

remain around 81 percent from 1997 to 2003. Roughly 62

percent of the population was on TOU rates by the end of

2003, causing 700 MW to shift to off~peak hours. Beijing

has also added 443 ice storage air-conditioning units and

heat storage boilers, which have reduced peak load by more

than 300 MW and benefit from the peak-to-off-peak price

differential inherent in the TOU rate.

Peak Impacts
GuangdongThe total peak load reduction that has reportedly been

achieved through the Tempo program is 450 MW This is

due to an average peak load reduction of 45 percent from

participants on red days (and 15 percent on white days)

This level of price responsiveness is much higher than that

which has been observed in pricing pilots in other parts of

the world, possibly due to the programs long history, an

extensive customer education program (including in-home

visits), and the wide range of load control technologies and

informational devices that are offered.

Guangdong has had three-period TOU prices for

industrial customers since 2001, with variation in rate

design between cities. The TOU rates have led Lo total

peak reduction of about 500 MW Due to a year-long

power shortage in 2004, Guangdong also implemented

involuntary load interruption for industrial customers,

leading to a peak reduction of half of a percent in peak

hours and an increase of two percent in off-peak hours.

Hebei
Bill Impacts

Participants have reportedly achieved an average bill

savings of 10 percent relative to other rate options. EdF

estimates that as many as 7 million of FranceS customers

could benefit by enrolling in the tariff, but that many

do not appear to be willing to do so unless it could save

them more than $150 per year. Overall, 90 percent of the

programs participants report to he satisfied with the tariff.

1 *Pa many of the other provinces, Plebes in ev.pe1'ie"»°ing
a decline in load factor, due to an increase air conditioning

load. Facing a gap of about 3,000 MW between power

supply and demand, Hebei has implemented some

important DSM programs. 40,000 customers (about half

of all sales) are on TOU rates. The TOU rates have reduced

peak load by about 1,100 Mv\l Additionally, Hebei has

instituted a mild CPP rate, with a critical peak price 10

percent higher than the standard peak price.

c. China
Jiangsu

TOU pricing, which had been applied to industrial

customers since 1999, has been offered to residential
customers GH a voluntary basis since 2003.

76 China has a nationwide policy of TOU pricing for industrial
customers. TOU pricing for residential customers is newer
and only available in some provinces. 1

In the past decade, the People's Republic of China

has developed various demand-side management (DSM)

programs to address increasing electricity demand,

declining load factors, and power shortages. Most load

management in the country has been compulsory load

shedding, with mandatory load reductions ordered by the

government. To a limited extent, the new load management

strategies have focused on more customer-friendly options,

including TOU pricing and inclining block rates, which

vary by region." The following are descriptions of these

programs in various Chinese provinces, to the extent that

information is publicly available

79/ 'hrs section is largely derived from Charles River Associates,
2008 and Wang, Blood, Ha, & Tan, 2010. Some of Lhe
programs described here may have changed or been replaced
wolf clever programs.

36 T Bmrtfe GifaupRAP 29



|

Time-Varying and Dynamic Rate Design

Shanghai Figure 9

Vietnam's TOU Rate for
Large Industrial Customers

1

In Shanghai, customers face a TOU rate with a 4.5-to-
1 peak to off-peak price ratio.78 Additionally, during the
period from 1 pm to 3 pm, the maximum load of large
customers must be lower than 90 percent of their daily
maximum demand, otherwise, the price doubles.
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order to encourage additional participation over the coming

decade. The total estimated peak load reduction from this

program is about 70 MW sufficient to save $46 million in

new capacity investments.

A key program element is marketing and information

campaigns that would accompany the TOU meter

installations, so customers could understand the TOU

tariff and meter and receive information on load shifting

and energy efficiency options they could avoid an increase

in their overall electricity bill, EVN initially experienced

customer resistance to TOU pricing due to a lack of

understanding of the potential benefits of the rate. For

example, a number of customers have responded by

installing stand-by generation units and disconnecting

from the grid during peak times to avoid the higher peak

price. This customer pushback has led to additional efforts

by EVN to reach out to medium and large customers with

energy and bill saving suggestions.

Vietnam experienced demand growth at the staggering

rate of over 20 percent per year throughout the 1990s, and

it is expected to continue to grow at a rate of 14 percent per

year through the coming decade. The capitalization needed

to support this growth in demand for both electricity and

other commercial energy sources has placed a tremendous

strain on VietnamS financial resources. To address this peak

demand problem, reduce instances of supply shortage, and

avoid costly investment in new power plants, the national

utility (Electricity Vietnam, or EVN) has implemented TOU

pricing for its largest customers.

EVN first introduced a TOU tariff in 1998 and has

supported this with the purchase and installation of

TOU meters for all customers with loads over 50 kA or

consumption in excess of 5,000 kph per month. By the

end of 2001, EVN and its power companies had installed

about 5,600 TOU meters in customer premises, and by

December 2002, over 20,000 customers had received

TOU meters. Economic growth is expected to increase the

number of eligible customers by about 8.5% annually An

illustration of the TOU rate is provided in Figure 9,

This is a mandatory program for larger customers, and

early indications are that many customers have responded by

shifting loads from peak hours to off-peak periods. With the

support of the external funding, EVN will continue encour-

aging large customers to shift their energy consumption,

and will deploy TOU meters for all commercial, service and

agricultural (irrigation) customers with transformer capacity
over 50 keA. The cutoff for eligibility is expected to drop in 78 As of December 2003.
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(1 A Blueprint For Coffering Time-Varying Rates

section 6 consolidates the recommendations that

have been discussed in the preceding sections into

a concise blueprint for deploying time-varying

rates across a service territory The blueprint

assumes little experience with time-varying rates and

introduces several steps lot arriving at a point where
rates can be rolled out to all customers. The steps are:

understand the impact al todays rates, develop a consistent

and comprehensive set of' ratemaking objectives, identify
the menu of possible rate options, perform preliminary

assessment of potenttztl impacts, conduct preliminary

market research, conduct ante-varying rate pilots to

identify preferred options, and as appropriate, deploy time-

varying rates at scale.

Step 1: Develop A Consistent and
Comprehensive Set of Ratemaking
Objectives

Step 0: Understand the Impacts of
Current Rates

Ratemaking objectives should be established lo advance

the policy goals of the state or region. it is important to

ensure that ratemaking objectives do not conflict. There is

not a single rate that can accomplish all goals. Specifically,

policymakers should ask whether there are specific needs,

rather than merely broad welfare objectives, that need to be

met. Ir is also important to consider developing a second

tier of objectives that would be specific to individual
customer classes. initiating internal focus groups, customer

interviews, and stakeholder meetings would be one way for

getting started on this journey
An intelligently designed rate can be effective in

accomplishing a number of different objectives. in the

1960s, .lames Bonbright established left criteria that have
served as guiding principles in electricity ratemaking for the

past half century" For details on these objectives, see Rate

Design Using Traditional Meters."" Generally, reasonable

ratemaking criteria can be collapsed into four broad

requirements: promote economic efficiency, promote equity

(or current perceived equity), facilitate customer choice, and

clearly and effectively communicate prices and costs.

Step 2: Identify the Menu of Possible
New Rate Options

Before beginning the transition lo innovative rates. it is
Erst neceggafy ro focus on understanding the impacts of the

current rates. 'lo evaluate the load impacts of existing rates,

load research data should ht' collected for a representative

sample of customers in each rate class. With robust data

extending over a sufficient time horizon, econometric

modeling can he used to evaluate the load impacts of recent

rate changes (if any) alter controlling for economic and

weather variables. l l\l> would potentially provide valuable

insight regarding custontcr price responsiveness.

Additionally, locus groups and surveys could be

conducted to determine customer perception and

awareness al recent rate changes. How many customers

claim to have noucetl the rate change? And what is their

overall attitude toward the stew rates? This subjective

analysis wottld provide tnstghts regard'ng how they might

react lU a more s1e_mhcan= transition to new rate forms

and could inlo'*'t 81:r t u-:t»mer education plan lot that

transition.

With the ratentaking objectives established, the next

step is lo develop a deeper internal knowledge base of
the potential future rate options that could he provided.

This includes researching innovative rate designs that

are currently being examined by other iuilnies as well

1 9 Bunhnghl, Danielson 61 K;\mcrsci1cn_ N88

80 Addmunaliv, sec Wcslon, 2()00)
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once the pricing transition is complete. These rates would

be developed using existing load research and system cost

data. There are several key elements Io designing successful

time-varying rates that produce both significant peak

reductions and high customer acceptance rates. Refer to

Section 3 for more information.

as surveying ongoing experimental pricing pilots and

AMI filings. In conducting this review, consider the

distinguishing characteristics of the various rate forms and

screen out any options that are entirely infeasible or not in

line with the state's or regions energy strategy and policies.

All of the rate designs described in Section 2 provide

varying degrees of opportunities for customers to reduce

their bills through demand response and also expose the

customers to varying degrees of price volatility Generally,

"flatter" rates provide customers with a hedge against price

volatility and provide less opportunity for hill savings .

Appropriately designed time~varying rates will account

for the level of risk that the customer assumes by enrolling

in the rate (or not opting out). For example, a customer on

an RTP rate assumes the full risk implicit in the volatility

and uncertainty of the hourly wholesale market prices. For

these customers, the utility can simply pass the wholesale

prices through to the customer. The utility itself does not

incur any risk associated with hedging to provide the

customer a fixed price. Thus, the cost for the utility to serve

RTP customers is typically lower than the cost to serve

customers on a flat rate. The spectrum of rates between

the flat rate and the RTP reflects varying degrees of risk

avoidance from the utiiityS perspective.

Simulating Rate Impacts
Estimating demand response to time-varying rates

requires an understanding of the empirical studies on price-
driven customer response as well as the ability to tailor the
information in these studies to the utility specific system
conditions.

To generate meaningful simulations for a given utility

service territory the results of recent pricing pilots should

be calibrated to the utility system characteristics, such

as weather conditions, load profiles, saturation of central

air conditioning and existing rates." When combined

with a forecast of the number of customers participating

in the rate, the result is a system-wide forecast of annual

peak demand reductions. The peak demand reductions

are expected to yield supply-side benefits, such as lower

capacity and energy costs, as well as additional benefits like

mitigation of high wholesale market prices.

Step 3: Perform Preliminary Assessment
of Potential Impacts

Step 4: Conduct Preliminary
Market Research

For each customer doss of interest, develop illustrative

rate designs using real system data. The potential impacts

of these rates should be simulated using the best available

models tailored to the utiiityS system conditions. Sensitivity

analysis should be performed through the course of these

simulations to capture the range of uncertainty in the

projections. Ultimately, use the simulations to develop

a preliminary strategy lot the pricing transition and to

narrow down the range of potential rate offerings.
There are two steps in developing estimates of time»

varying rate impacts; developing illustrative rates loosed on

system data, and then identifying the appropriate models

and assumptions to tailor the simulation results to specific

conditions.

Market research is necessary to avoid repeating the

mistakes that have already been encountered by other time-

varying rate deployments. First, survey the international

experience with time-varying rate design and develop a list

of "lessons learned" through recent pricing pilots (some of

which are summarized in Section 4 of this report). Then,

conduct primary market research to understand customer

reactions to the rate designs through interviews, surveys,

and focus groups This will serve as a departure point for
beginning the customer education process.

Designing Illustrative Rates

81 .i.h1: Price lrnpucl and $:I1n1lu1n»r1 l\.1m1vE (PRISM) is designed

In assist wolf ahas czilibralzun Svc The Bralllc (group, 2008.

`IIhc nludcl Ls ava1!:1hle' Pp shy wcil l"lp://wvvwvcl.org/

mdusl iv_:ssucs/elcc' rlcir v__ pol n.y/:1dvan<'¢:(l_ntclcring_

ll\fraslrL\<'lur(-.htm.

Begin by designing illustrative rates that are

representative of the types of rates that might be offered

We Bwirilf GVQMQ 39 RAP 29Q,
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implementation. Guidelines for effective pilot design are
provided in Section 4 of this report.

Step 6: Full-Scale Deployment of
Innovative Rates

Specific objectives of the focus groups could be to:

Gauge customer understanding of the time-varying

rates

Assess customer interest in and concerns about

different time-varying rate options in terms of both

the prices and the rate structure

Identify information that would be most useful to

customers on the time~varying rates

Obtain customer reactions to bill savings under

alternative rate designs

Determine effective ways to communicate about the

time-varying rates to customers

= Determine effective ways to notify customers about

critical days
Gather customer reactions to control technologies and

an information display, and

Obtain feedback on how to effectively recruit

customers for the pilot (including appreciation

incentives)

¢

the survey instruments could include questions to

gather infOrmation on customer demographics, customer

satisfaction, understanding of the rates, understanding of
the bill impacts, understanding of information presented,

recruitment strategies, importance of enabling technologies,

and customer acceptance. The survey could also be used

to gather reactions to and additional information on

alternative prices, times of day, durations, frequencies,

types of automation mechanisms, and information delivery

Step 5: Conduct Time-Varying Rate Pilots

Upon evaluating the pilot results, identify the rate types

to be offered to each customer class. The appropriate rate

deployment plan (opt-in, opt-out, mandatory) will also

need to be determined. Finally it will be necessary to

identify key barriers to adoption of the new rates through

focus groups and stakeholder interviews and to develop a

strategic approach to addressing the barriers before, during,

and after rate deployment.

Rates can generally be offered in three ways. The first

is opt-in deployment, in which customers would have to

proactively select. to leave their current rate and sign up for

the new rate. The second method of deployment is opt-out

recruitment. Customers would automatically be enrolled in

the new rate, but would have the option not to accept the

new rate and thus stay on the current rate The third option

is mandatory deployment, in which customers are given
only one rate choice and that is the new rate. Flexibility

could be incorporated into the mandatory rate offering, in

which customers are required to sign up for a new rate but
are given the option of two or more rates to choose from.

Choice of multiple rate designs could also be applied to

opt-in and opt-out rate deployment plans.

Generally, it has been found that the deployment plan

for a specific rate has a significant effect on its ultimate

adoption, and customer participation rates can vary widely

as a result. A general rule of thumb that has been developed

through experiments such as the California Statewide

Pricing Pilot is that participation in an opt-out rate could

be as high as 80 percent of the eligible population, while

participation in an opt-in rate might be closer to 20

percent,82 The individual regulatory climate and specific

corporate goals would both play a significant role in

ultimately determining how the new rates will be offered

With an understanding of the various innovative
pacing options and their potential impacts, the next step
is to conduct pilots in the relevant service territory First,
establish objectives for the pilot. Then, determine the
Final rates to be tested in the experimental pricing pilot.
The number of customers to be included in the treatment
and control groups will need to be defined in a way that
will provide statistically significant results. The sampling
plan should be designed to ensure that the participants
are representative of the applicable customer base. Then,
identify data to be collected through the pilot, including
demographic characteristics of the participants and
hourly load data. Final steps are to develop customer
recruiting instruments for the pilot and a schedule for pilot 82 Momentum Market Intelligence, 2003
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Conclusions

electricity supply, and there is complete disagreement as to

what constitutes an appropriate tanjj'*

The discussions become particularly acrimonious when

it comes to time-varying rates. This was noted in 1971 by

William Vickrey, a noted economist at Columbia University

who went on to win the Nobel Prize in 1986. He said the

main difficulty with such rate designs was "likely to be not

just mechanical or economic, but political." He felt that

despite living in the twentieth century, people still believed

in the medieval notion of just price as an ethical norm,

and that prices that varied according to the circumstances

of the moment were intrinsically evil. Vickrey opined

prophetically:

his report has discussed a variety of ways in

which time-varying rates can be designed,

evaluated and deployed. It has surveyed

empirical results from pilots, experiments

and full-scale deployment from around the globe. The

discussion has focused on customers in mass markets that

traditionally have had access to time-varying rates.

Given the rapid rate at which AMI is being deployed

throughout the globe, it has become feasible to offer time-

varying rates to customers in the mass market segment.

However, while AMI is a prerequisite for the deployment of

most types of time-varying rates, its existence by itself does

not suffice to make these rates available in the mass market.

All the key stakeholders in the rate making process have

to buy into the provision of these rates. These include

utilities, regulators, governing bodies and ultimately the

customers themselves. Rate design is rarely a single~step

process, the initial design is often going to create "winners"

and "losers" and trigger debate. By modifying the initial

rate design to accommodate the interests of the various

parties, better solutions can be found. however, it will

rarely be the case that a win-win solution will be found that

will please everyone.

Changes in rate design have been fraught with
controversy from the beginning of the electricity industry
The British writer D. ]. Bolton put it well when he noted in
the preface to his 1938 textbook on "Costs and Tariffs in
Electricity Suppiy";

The free market has often enoughbeen condemned as

a snare and a delusion, but Uindeed prices have jailed to

perform their function in the context of modern industrial

society, it may be not because tliefree market will not work,

but because it has not been effectively tried."

So the design of time-varying rates has to be viewed

as an iterative process that will only converge when

the multiple objectives of the various participants in

the process have all been met up to a certain point that

implementation becomes practical,

The most frequently cited objective in rolling out time-

varying rates is to improve efficiency in the allocation

of scarce capital and fuel resources to the electricity

sector. But it is important to state what specific type of

efficiency improvement is being considered, Is it economic

efficiency (maximize the social surplus, defined as the

sum of consumer and producer surplus), energy efficiency

There has never been any lack 4 interest in the subject of

electricity tariffs. Like all charges upon the consumer, they

are an unfailing source of annoyance to those who pay, and of

argument in those who levy them. In fact, so great is the heat

aroused whenever they are discussed at institutions or iii the

technical press, that it has been suggested that there should be

a "close season"for tansy discussions. Nor does this discussion

exaggerate their importance. There is general agreement that

appropriate tcm')ts are essential to any rapid development of

83 Sioshansl, 2012

84 Bolton, 1938

85 Vlckrey 1971
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(minimize energy consumption), demand response

efficiency (maximize load factors) or environmental

efficiency (such as reducing greenhouse gas emissions)?

bill protection would then be phased out after a transition
period during which customers have adapted to the new
pricing regime .

Another approach is to offer a two-part pricing signal,

the hist part non-time-varying and the second part time-

varying. The main question is how to construct the first

part. In one approach, it is set based on historical usage

patterns either of the class as a whole or of individual

customers. The first part would be served on the standard

rate. As long as customers consume at a level equal to their

historical pattern, they would pay the same bill. The second

part would apply to variations from their historical pattern.

it would be priced on a time-varying basis. If customers

use more during peak periods than their historical pattern,

they would pay a rate that reflects the full marginal costs of

providing peak power. If customers use less, they would get

a credit. Alternatively customers can pick their own First

part and "buy" it based on forward prices, and then buy

their second part based on market prices.

In mature economies, much has been learned about how

customers respond to time-varying rates, based on pilots

and experiments, but even in these regions, relatively little

is known about bow customers will respond in full-scale
deployments. There is no substitute for field experience

and only time will provide this. Moreover, in developing

countries similar pilots and experiments have not been

carried out and it would be useful to do so. They are a

prerequisite to full-scale deployment.

Another area in which research is needed pertains to

customer preferences and understanding of time-varying

rate options. What type of rate appeals to which customer

segment and why? What can be done to improve customer

understanding of how different rate choices will affect their

economic well-being? How are customer participation rates

going to differ between opt-in and opt-out deployment

scenarios? Even in developed countries these questions

are poorly understood today and the area remains ripe for

further work.

Each one has differer consequences for rate design and it

will be the job of the rate analyst to quantify these and lay

them out in a manner that can help policy makers make a

well-informed choice.

Another major objective is equity Rates should reflect

costs, and customers that cost more to serve should pay

higher rates and those that cost less to serve should pay

lower rates Some people argue that the purpose of time-

varying rates is simply to transmit cost-based price signals,

regardless of whether they improve efficiency.

Policy makers may wish to pursue time-varying rates

due to one or both objectives. in all cases, they will need

to grapple with another major issue: how many customers

should be placed on time-varying rates? if the rates are

mandatory then all customers will be on those rates. That

has been the practice for large commercial and industrial

customers in many regions. if time-varying rates are the

default rates, then a high percentage al customers will

stay on those rates and a low percentage will optout to

alternative rates. If instead time-varving rates are offered
on an opt-in basis, then it is likely that a low percentage of

customers will take them.

In most eases, overall efficiency and equity benefits

will rise in proportion to the number of customers who

receive electricity service on time~varying rates. But moving

everyone simultaneously and abruptly from standard to

time-varying rates is likely to engender chaos and backlash.

So a way has to be found to make a gradual transition.

One approach is to move all customers to the time-

varying rate but to simultaneously provide them bill

protection during the first few years of the transition

period. in the first year, they could be given full bill

protection and pay the lower of the two bills .- the bill they

would have paid had they stayed on the traditional rates

or the bill they would pay on the time-varying rate. This
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Appendix A:

Aclclitional Reamling'

he reports and articles presented in this

appendix are intended to provide a few helpful

starting points for further research on time-

varying rate issues. This is not intended to be a

comprehensive list of every relevant report on the topic.

s 2010 Load Impact Evaluation of Pacmc Gas and Electric

Company? Time-Based Pricing Tariffs, by S. George, j.

Bode, 875 E. Hartmann (2011, April 1). Prepared for

Pacific Gas 81? Electnlc.

Pricing Pilot Impact Evaluations
Evaluation of the Residential Real Time Pricing Program,

2007-2010, by Navigant Consulting (201 l,june 20).

Prepared for Commonwealth Edison CompanyPricing pilot impact evaluation reports are a helpful

source for understanding the impacts of time-varying

rates on customer electricity consumption patterns and

electricity bills. The reports typically also provide detail

on the design al the pilot and how it was implemented.

Examples of some comprehensive pilot impact evaluations

are croWded below:

The Value of Time-Varying Rates
Several studies have been conducted on the value

al time~varying rates. Many of these are in the CL)ul€xl
of utility business cases that are filed to support AMI

investment. One example business case, as well as two

whitepapers, are provided below:
Impact Evaluation of the California Statewide Pricing Pilot,

prepared by Charles River Associates (2005, March 16). e

a Impact Evaluation of the SEP2010 Pilot, by A. Faruqui,

S. Sergici, 81 L. Ababa (2011, March 22). Prepared for

Baltimore Gas and Electric Company

Southern Calornia Edison CompanyS (U 338-

E) Applicationfor Approval ojAdvanced Metering

Infrastructure Deployment Activities and Cost Recovery

Mechanism. Application A.07-07-_ filed with California

Public Utilities Commission on July 31, 2007.

PowerCenzsDC Program Final Report, prepared by eMeLer

Strategic Consulting (2010, September).
Quantifying the Benefits of Dynamic Pricing in the Mass

Market, by A. Faruqui & L. Wood (2008, January).

Prepared for the Edison Electric Institute.
Full-Scale Deployment Studies

In addition to pilot results, studies on the impacts of

full-scale pricing deployments also provide useful insight

regarding time-varying rate impacts. These also include

useful information about customer adoption. Three such

studies are as follows:

Quantg'yin48Demand Response Bent/its in P]M, by The

Brande Group (2007). Prepared for PJM Interconnection,

LLC and the Mid-Atlantic Resources InUiaUve .

Other Resources

U A Survey of Uliliiy Experience with Real Time Pricing, by G.

Barbosa, C. Goldman, 895 B. Neenan (2004). Lawrence

Berkeley National Laboratory: LBNL-54238.

FERns annual survey of the status of AMI deployment

and time-varying rates in the United States:

2011 Assessment ojDemand Response' and Atlvamed

Metering, by FERC Staff (November 201 1).
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The Brattle Clroup's survey and concise summary of the
results of recent international residential dynamic pricing
pilots:

• Household Response toDynamic Pricing of Electricity: a

Sun/ey of 15 Fxperimcnts, by A. Faruqui 81' S. Sergici

(2010). journal of Regulatory Economics 38:193-225.

The state of California's authoritative document on cost-

effectiveness tests for evaluating demand-side programs:

• California Standard Practice Manual: Economic Analysis

of Demand-Side Programs and Projects (October 2001).

A collection of U.S. Department of Energy Guidance
Documents for designing and implementing time-varying
rate pilots:

• DOE website: hup://wwvinsmarlgrid.gov/recovery_ac\/
reporting_resources

The University of California Fnergy Institute's overview
of dynamic pricing issues and fundamentals:

• Dynamic Pricing, AdvancedMetering,and Demand
Response' in Electricity Markets, by S. Borenstein,
M..}ask, & A. Rosenfeld (October 2002).
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4-

GJ cu

'UM
g)O

`Ooq)c
C/')4-»

u

fgwu
U)4-* 38 C
Uc--

m
4-*V)ou

u'
4-*
GJ

O
°0.:»

GJCr5
€ _ _ b

m

C

175

89
o
N

o
4-1
10

mc

o
HmM
4-1
Eu

8mr-1

E
3o
>

'UcroEUa+
u"E
4-vea
E3o>

c
o
H

8
4-4
m
:
o

Q..
ea
1.

o .
8o
1-1

"ES
a..

§
x..

E
o
m
Q.
o
a:
o
o

mc
8m

\l
I"--

r I i i T
39o

ah 8?

jg
vo

.Q
D
m

GJ

8-8
=='§
V m

88
'Goa
&-o
4*
°=9
3%Mo-
m u
Gs

U P

88
U o
E 13
Q U BE

w Lm
39
Q'

Xm 8N
o¢\

r'l
8o

o

asea.l:>ul Meg

E
3
m
o
Q.
E
>
m
V )
cu
8°
( 5
.C
u
'C
C
ro
E
G)
D

3
4-1
c
GJ
E Lminm v-1

ac N
0
D
LIJ E

>
ro



E
O
q
m
*-34.1
RuL

.Q>~ m
N

m
m

2 2 c
: .9
G) (D
ea m
.Q 'c

G)
. c
4-»Xm

. c

3
' u
G)

.Q
U
o
m
en
U

.>¢
_en
u .

G)
4-»
m
L.

' u
c
m

E
G)

g
Q

. c
4-v

o

>
.Q
Q.
o

GJ
5

G)
>
G)

.2
>
m

G)
.Q
GD
_:
. c
u

_4-»

.E
GJ
4-9
ro

E
o

G)

Q)>GJ
4-»
m
o G)

m

5 2
G)> 38 o

G)

2 5
o

_cm

c
(5

2 E
q; U)

c8-:
q; GJ

>"3
82 of
°"5
8_> Z*
m E.c :
4- :

' u

Q.I.l

.c 3
u ea
8 :
3 c

8 8
q) n

E To
8 8
cm C
5 G)
u E
- asm

£ 3
2"5
m c

m
.Q

m :
G)

.c
E 3

u o

.E 8
- an
m 4:

» 2
8 o
on E

_ c G)
c .Q
: 'u
o 3
8 o
< 3

8 8

u s
'U m9-c
.am
m i
= 8
m c
oz.,
w e
_,lm
83
*52
.98

5~:
2 .
.c.'*

g o
9_.c
m u
m u

o

u
(5
o

Q
Q .
m

GJ
. c
.1.1

o

GJL
Ru
o

. c
3
(DL
w
E
o
4-»
U)

E
3
m
O
Q.
E
>
cm
m
c.)
DD
L .

m
. c
u
' u
c
m
E
GJ
a

3
4-»
C
G)
9 LmU)
Q) 8
mc N

3 a
LIJ E

lll\l l



0
GJ
U
D
'U
o
.=
_c Gs.

GJ
U )

o

to U
.§ 8
* 'u
. c

.9 8
m

. c

E
GJ
'u

_en

GJ
. c

3
_-_°

Ill l



E
O
u .

2
4-*
4-*
m

. QU'
4-*
G)

v.n` \

GJ
u
C
GJ

_8

m

G)
V)
(U
u
GJ
+-
Ru
f r

>~
C
O
E
.55
m
G)
4-)

G)
8
O

.C
G)

44
(5
4-Jm

' u
C
CU

. c
u
ro
GJ
s .
+-
3
O

C
O
4-1
ro
u
3
' C
GJ

O
L)

m

G)
Q .
m
Q .

8
CE

3

v>`
ro
C
_Q
GJ
3

GJ
4-:
m

GJ

I
l

E m
G)

>~ 4-1 'Eb
8 3

5  3 8
E ; m

s_
Oq,-
m
C
O
4-1
u
G)
4-»
OL.
Q.

2
_Q
ro

G)
E
:s
>

m
L .

G)
E
O
-I-.
V)
:s
u

L C
G) o
E 4-*
o-I-*m
3

(5
u
:s
' U
G)

05
m
4-»
m
O
U

m
.l,.J
u
m

8
'U
m
O_|

m
4-*
u
co
Q .

.§
ET

G)
:s
C
G)
>
GJ

mc

m4-»u
m
Q.

.§

C
Q
.4-»
ro
>
L .

G)
m
C
O

m4-1
u
m
Q.

.§

CO
4-*
G)
u
O

m

m
HI
*4-
GJ
C
GJ

_Q

C
DD
m
G)
' c
4-»

2
E

2
Q.
E
m
m

C
o
+-
u

2
G)m

m
m
G)
u
O
D..

C
o

4-1
m

2
m
>
GJ

Q)

E
O
4-*
m
3
L )

C
o
4-*
u
m'4-
m
4-9
(5
m

LD
>
G)
>
3
V)

4-*
u
CU
Q.

.§
'o
(5
o_|

m
U)
_>
Ru
C
(5

E
E'vs
o
Q.
E
>~m
m
G)
no
Ru
.c
u
' c
C
(U
E
GJ
o

4-9
m

'u
U
m
.§
m
.ea
0

E
GJ
07
0
u
'u

828*
ME
5 2
a n

oi'
88
Ca:§.=
mg
c m G)

4-9
m
a c

GDC
44
Ru
E

.c:
uC
G)_Q

4-*
m
O
L)

GJL..
5
4-4
u3

3G)
>GJ

q..

o onC C
o 3
4-1
r e

E
o
IJ.

CO
E
GJ
4-J
m

U)
G)
>
4-3
u
G)

_Q
o

G)
4-1
ro
ac

4-)C
G)
E
Q.
.9
G)>G)
'U o

To
8C
GJ
2 Lm8 H
as N
_ >u Ru
Lu 2
:>



E
o
u_
2
4-v4-Y
ms.
.Q

<r
u

N
m

ou
m
u
C
(5
U.

E
D
l.u
..|

z
<>ac

E
O

• of2 Fl
3: o
E "E

N.Q H© N
93
' G F l

2 Qt
To I \-I

: +
ro
>~
ac

c
co

U') Lm'

Q.
u
C
°:
D .

.'=:.21 E
488'4l3s

r a».>»__
'9~§-'Q

s
9
I:

5 {

v ! §

- -'r %%4

;
»- -;*=»

.

3 §i@€i3§3i¥
*83385 E u 88238
£1 I

§**%E!i f l ' 3 i l § § i z = '
' 4: ."'

c < '§ ; :§ l i
E
.z

an¢

et
.= E -_ E 8

is
a s

C)

TO
pa
ii8°g FT

U U
Z 's
U :
.8
' U

GS

: x o

5-:
~; E

-= 8 8 . 4
33
$989 2

' §%§=
EEE

4.=.§
'et is
£8

§§883=
8 =§

=3§lE§§
82 88%
so *91

913
fnléi
18;
till

c
o

1 :

8
.to
1:

'Jo
: J

8381*
I 2487

- 33~
~,=°¥$€

¢§8§3§8§£§3§

48"4,§§3s§§
42?  2 ~5;

3%»l,#§8§§;€
8-8!

8
a.
Ia
"J1*}

Jr.-
'E5.

.§£:1.6 I  . s o~4=f§t§- V
i  f i *  I  4  .  i' i t  3  i  i s  i

a ' i i i  *  I

£48..E

?» *°*¢
¢..

9 1

8 8

£8
4E;

'56
c

3
c

:Z
_u

u
2
u.l
G)

. c
| -

:
e

315.
'*;8

z

E
3
'a
o
Q
E
m
m
G)

3°
f t

. c
u

i f i .l ¢l*§8].~

:§,, i i 8 4

1 if gt 8r 8 . 82§ 5 § $858
2€998 ?8§ 8?

1

i f * l ; : = f ' f i e s

:82:~.il93§9*
#Up 'u

*€'il€! t i !

'1 385 l
E a t i n g

it 8
494188e ?

8
2
E
F
fs

é
.Q
0
E
.2
_c
m
o
E
o

u .

in

' ocfu
E
G)
D
73
C
G)

' o. 5  3
o
N

m
ac

>~
(5G



DD

E
O
U.

2
4-4
4-4
m

_Q3

C

m
G)
N >

_c
+-
q.

GJ O

O
4-* `u'l

>~

m
m

ro
u
GJ
Q.
V)

GJ
QD

no
G)
c an
GJ

_c ::`
8 .23
COea .
cm in
G)

.C
44

8 H:
GJ u .2

>~ 4-1U
2

-
8'U
3

2 .AC 4-1

>~
>4

D.

<r 3
C E
. O8=n-§~»-

w 2
.c 5

1

G)
4-*

o

-03

m
E

L:
>~ an
DD
O 4-1
o
C
_c 4-1
G)
4-»

(5 95
C I- 3.ED Q) 4-»
C

LIJ 4-J

omGJ
L_

>

at

Hz:
O
OU_cm
u
C
(5 U 4-»

OD G)

G)

8
;
2

<5 (5
U)

• Lu ._
>~ _c mc

GJ
4-»

E 'G
Lf)

G)
m

m̀

G)44 m C
G)

E
u

C m

u

G)
8mm
ro
Q.
E
O
q.

ro
E
>
u

To
Q_

Q. E
G)no

m

CO

4-1

C m m

(0 LB C

up E _c

2
4-*4-1
m
m
G)
_c
I-
C

m
G)
:smm DD

:Q
8

. cM u
8 Q -»
Q eaw ho

D ru" cm

up 8* Rum &
mc.;
Egg
o o

~==::
"mom

.z mg
_,Q 5

ro m ai c°"88°
3.829*-~UJ"'o

_ 3G s
£ 8
8
8
g
8

m C

C

E
C

vi
2

c

.Q4-
U
E
L-
OH-
c

m

8
O
4-»
V )
3

4-1

.42
3 o Q.

>u
C

°
D.

9-*_:
4 -

Lo c:

u?
G)
H:
8
3
'G
GJ
4-9

o
Q_
Q.'o
3
V)

m
(5 -re

m u >
G)

O
C
O

4-
O
C
O
4-*
8»
O>G)
GJ
_c4-1

E

m
L. * 4-*

3
S..

5 o no
re C Ty

X
2

TO Q.
Q. 'G &

O  u
Q. on
q.. C

O 1 -

V) 'E
u  o.§
o  C

Ou
Q UP

G) 'E
G) G)

u

Fl
'G
2

C
(5>~re

'U
C
re

m
' o
GJ
Q)
C

n o

G)
C
G)

m
_c
i f
'G

:|:
Q
E

m
. c
G)

C
B e
@ &

4-*._ m
m m
4-» >

C-aka

23°
E Tm an

E Q

'wEE
q) 4-»

O C
*5 o
41'5m g
O 4-» O

q1.Q44.-

m 0n *-'

296
m o
uno'-f*
. c " ' 6°
3 *4-»

'U m

E E
c

'43>~`

a,°~
o 3

' G
GJ GJ

4 4

QE o
GJ

4-v
m

G)

O C
Q M
w .
m m

'° .Q
(0

0-*'o
: _

2498

E ~
m C ;
u9'U*5

(5 ¢'5 G)
EU__

M C E
" cm

'°i3
v1 3 0
o f° a.>
¢n m l 3

c - H u ,
G)

888
c 3 3
O m

r :4-»

88°Q . GJ

=z
9-94-1

28°
< a)>

C'-4-I
4-J

4- GJ

>: >

0-* c up
c ' 5 L_
D r op_._5 ; . _

'§.2 8
'E U.;
r5 °.8 £
8 Ru

E E
GJ

ndmg

" Q " .fs
8 u

<2§'°<
G)Ru u £ >

G)

=3"'-8m gfv
.cwt

C'°EruU
UJ Q L C/) f5

. :l:_» 4-9

m Rug.-
f5 0 g q) (5

Z u>a=a¢,§28
m838»u;_C Qm

GJ G)'EM Q

;¢c3 _8
GJ!- c

2 :Eno
:|: . c --'u

-H E C O*J o

mll-
c
G)
m
ms..
o . _c

4-*

E

GJQ
C
8
<u
"s
O
Q
>

8
D
QJ
c»
w>

O
Q
q~
\`i
O
N

s



E
o
u.
GJ
TI
.*.1
m

.Q

~<r
m

CZ

' U
C
m

u
C
(0
C .

GJ
'u

8 3
n - ' UE C
o
C
Ou
GJ

C

4-v
O
Q.
Q.
3
m
C
o
4-4
(5
UD

:E
_ |

'U
C
(5

QD
G)
4-»
(5
4-»
m

00
C
' :

o
3
m
G)
u
C
GJ
OD
ro ow'

m
G.)
4-»
ro
mc

' C
G)
m
ro
m

_up
m
_>
Ru
C
<
G)
8
+-
GJ
Q.
E
o
u
'C
C
m

C

.89
V)
GJ
D

C
O

1 ;(5u
2
<
4-*
m

O

'U
C
m
C
QD
m
G)
a 3
m o
4-* m
Ru GJ

mc mc

>~
o
4-»

_re
3
on
G)
re

up
2
.Q
(5
3GJC
G)mc

00
C
C
c

2
cL
0)
u

3
4-1u
3
4-*
V)
G)
Q:
' o
C
ft
m
m
GJ
u
u<
'a
4-»
GJ

mc

|

C
O
E
.42
U)
GJ
4-* * GJ

+-*
C
GJ
E
Q)
w
(5

(5
2
44
_m
an

4-*
G)

4 :
s..
m

E

4-»
G)

44
L
ro
E

m
C
O

_nm
3
u 'u
<
' 0 C
C O
m m
Q -m
an E
o n

8
m
C

S
| -

m
U)

£13
'u
:J
_U
C

Ru
4-1C
G)
E
C
s _

G)>OQD V)

' U
C
m

GJ

G)

(5

IE*

>~
4-*
m
:s
'U
Cu?

§
E
_Ru

GJ
3
o
Q.

>

4-»
V)
3

>~
8°G)C
Luc

00
C
C
C
2
D.
'o
C
ro
>~u
3o.

u
C
GJ
u

DD UI_o Lu
o

' c
O

.c
4-v
G)

E

AD

E'U
O
E

o
8
(5

.80

_|

Q)
u
C
co

Ta.
w `

H

GJ 44
E
ou

4-*
c
GJ
E
G)
3
u
O
D.

U;
C
O
.43
(5

OQ.
s .

D
O
4-*

|
To
_4-v
Q.
(5
L )

UD
C
8
m
ro
u
cu
o
LI.

4-J
G)

44

m

E

+-*
u
ro
4-*

o
u

4-»
GJ
m
m

<rq.
O

'U
C
m
E
m
a

'U
C
m
Q)
V)
C
o
Q.
m
GJ

mc
' u
C
m
E
G)
a

A:
2

'
4-1u
2
u.lT3__c

GJ
OD
C
(U

. c
u
G)
4-1
m

.§
U

4-*
m
o

L )

C
o
4-»
m
3

m
> ET

3
o
o .

' U
>~ > :
UD DD m

L -

GJ Q) GJ
C C 3
Lu Lu u .

m4-*
C
q)
E
C
O_;
>
C
Lu

C
o
.l.l
E
3
00GJmc
G)

__>
4-*C
G)
u
E

Q.
D
o
LD
.98
..-':
0
m

GJ
. c

D
o
.Q
<

4-*L..
GJ
Q.
X
GJ

' U
C
(5
UD
C

E
3
m
C
O
u
m
GJ
jg
>
O

Q.
Q.
3
OL..
LD

.98
4-J4-*
roL.
m
G)
_c
| -

C
O
4-*
L '
3
QD
GJ

8

5,3
w e
»'3 n.
.Qu
U m
Q.-c

oOf:
* Ru

wan
_>9_»
m

w'°.Q
3 C ¢n

0 .9'5
9 +-»

.=;»8'i>l°
*ZS'o"aJ
C Cm.C._

u c.Qc_Q_
-°"J'>u

E m

Q E
2

' Q W

(5
Q u Q)

W E
C O

ggwC
.Q°'tTn
E 8§:o Ru
uwe"
3 u~.9

u
'c
4-*

_QJ
GJ
G)
_c
4-*

O
-IJ
m
GJ
>
GJ
V )

3

O
J

o
N

E
5
m
o
Q.
E
>~
m
V)
G)
8°
m
.C
L)
'U
C
Ru
E
m
D

72
4-»
C
G)
E Lmman H

mc

G
3
u.l E

>~
(5

r



E
o
q
ea
Z,
4 *m
1 .

.Q

e
m
in

U
D

o
8S m

U0
C

. c
m

g

Lm'l.n
co
N
n.Fl
+

O
U
m
u
C
ro
LL

O
Fl
N
Fl
" _
m
t-I
<r
v-'I
+

E
O
M

O
"8
of
of
of
of
<f:

W m
Q
m
m
+

ro
m

1\

Sr:

Q =fz
3 L D

aD

Z

q -

W.;
+

8 . : .- 19
2<,.

/

79
' U

E

o
'w
m

*Q
of
v"l

<4
F T

Vu
<54

i n
+

E
3
'a
o
Q .

E
>~
m

1\

m
G)
8°
Ru
. :
U
'c
m

E
G)
D

<
u_
mc
u.l

E
<

|-ac
o
z

o
o

Q) GO
QQ .
-5 9'
'c
. Q

E
u

no
of
|\
F lm

(Uri
+

l.u
Q.
o
ac
3
l.u

O
o
m
1
KD

C 9'
Q .
-5 O
C
O
_J

'*!
<r
<r
+

m
a>
.2=:
o

C
|
a
o
LD
4)
E
U
m

w
. c

o
.Q
<

7
4-*
c
G)
'u Lm
m 1-4

mc N

3 of
LIJ E

'a
O



GJ
8

E
O
u.
2
4.;
4.1
Ru:_

.Q

4-9
Ru

MD
m

O

v>`

GJ
'C

E `
w 'G

< 4_»
o.)

&°e:. Q

8
LU
°`
Q

vn`
V)
G)

D.
__in
C
4-*

8
4-3
Lf)

E

To I

cOO
QJCW-DH
'G
Ge_,_:
Q QJ

.2 g
m
>~C
"' O

LE
Q

ro

O

é

eGJ
.203
Tm
q)`»

u?
u

E
O
C
O
u
Lu

C
<E

=-E
E
o

U)
GJs.

_c ro

>
4-*

.45
3

H
V)

LJJ u

3
3
Q.

_4-»
u
'C
4-1
u a
GJLD

op
.8-WN

o f
I-v)
=`GJ

a#GJ
090_

f5<r-CH
U o
-GN

G)
O

GJ

4-*
GJ

E
O
C

O=`
U m

4-*
C

:`Wmg
C
GJ
H
U)
' C

G)
Q.
X

Lu on
mc8

QJ
C
LU

'c

G)
q .

O
'U
C

M
>

S E

<12
| E

3
u

£ QD
L) C
cm u

; D.
3
3 3

' C

c *ar o
cm G)

3
(5
D.
' U
C
ro

(5
>~

.Q
o

|-

m
o
Q.
E
>~
m

Qs

5)
_c
'U
5
a>

GJ
.c
" :
D

L L

'U
C
r o

E
G)
D

4 4

E
3
.§
48Eco

._,_-|
O

G)

8 8
l_O
28.8
*E
<58
-58
>
(5m
r o
G)

C 4-»

'u'CC+-»

'Um
'DE
EEG

m m
b58°
m s
m u

3
OL.
m

s..

o
3
4-»
G.)
Zen

.QE

.ZZ
me
>~ro

U P
GJGJLuc*Lu
O C

r»<
_m=

E U

m m

'UE
m m

8
'Cu-

o

'83
GJ

8L,\-1
m C

£ 3
m s

we
Gut

_ Q
m |

GJG)
>
¢'5._E

. c

8 :
"He

QU)
m m

sC(UM

:8`
_So

-€a)
Um
sec

oLs_J
`¢¢

m m
_rum
aDD.

Q.;

334
>snoO

3ro
.c

xo
3v-I
G) >-`

E
8

E T
4-'U1

81.
-uCD_ay
99:

<r
w _

hasGJ:
m

_cm

'UN
G)

. §

3 7

m

o

m
G)
QD
m
.c
u
'G
c
(5
E
m
D

E
4-*C
G)
79

Fl8
a: N
U
3
LIJ 2

>~
m

4



E
o
U.
GJ
34-*
Ru
.Q

Q.
<E
4
G

l \
m

I

--I

C
U)

ro
GJ

>-
G)
G)
_c
| -

Z/S
G)
on
s_
m

u

*-LD
*go
we

8-'J
m

H

GJ
C
m Q
jg s
LB o
85 >
8,51

m8
LLI
GJ
Q
l `

.Q
EO

QI.
3

LD
Q

4-»

C

GJ

E:
QJ
U

UP
U`GE c
.z Q
u >

14-9 L

(5 QJ' u
~<:

C

.C

'c
C
r e

E
GJC
D m

T=.§
-I-*cG)

Q.
X

LLJ

no
C

' c

GJ
jg
m
G)
CC

Sr

C

U 2
Q) O

OO>~
'UE

a; l
nom

_Cow

'68
cmm

Q.
E m
mm.

DB
'MS
";4-J

on-u
CO
'CD.
4

>am

Q#4-=_
O X
' Ru

GJ

_o.
N>~
*Cru

€~._'
_c
U |
m m

* .§

o

U)

>
GJ

C
ro

GJ

>
re

3
GJ
3
O

Q

n._:
l `

'c~
mu;

,98.
Mm
o

Ru
ac

(Du-

2 3
S

m

'u
C
m

' C
C I
ET
mow
D

3

*I
9
.§I_C
* 8
0 Lu
G s
ws
a m

8
S

0m o
Qu
ET

3 -2(5 l `
.§
man
L-J8
.9;'=D.
l'>-
' 4-»
#Du

G)D.
U

GJ
44

E
3
'a
o
Q .

E
>
m

CO

u
>
O

E

up
GJ
QD
L
Ru
.c
L)
'o
ro
E
G)
a

' u
G)
' U
2
U

U

u:
_:
' u
0
GJ

GJ
. :
D

4-»

2
l;fLIJ

g no
£ G)
u C
m LIJ

G)
Q.
(5
o.
C
o

o f
,go
Z N

O

<'i'a°'3°'o
= M g

o'4'5>~

8 fs
EEC

8 2
Mac `
re 'E\_a)
o - c wI-4-»E
'DCE
C Ru
~e"EQ.

ml-D
Ev-c

LDCD
3

"go
8 5G)

mgJDZ
G)¥lh

3-5='»
<-58

`C 4-I
§£f5V/>

q
4-1

E
mDLr>

GJ

E_ Q.

L '  3
r E

Z E
gr 3
m m
E re
Q
.c O'_Q-

V)
s..` 4-*

2 3
> U ' )

,Q mc
GJ

G)
4-1

GJ
o.
' o
C
We.
V )
ro

O D
_c
1-8
£4-4
_o
>8m

i i
of
m

o
C
O

3
543
FW:
> o
. : ` U

ro

O-8 m
8

9 1 - E
4-*
C
G)

TQ Lm
m r t
m o
a c N





-_ (U
.Q ..»
a; ...- oz
m C E
U 8) 3
- 'GQ. a vo

<1 mc

4-»cQ)
E
893Q nu u vs

3  3  3  3 3 3  3 3 3 3 3 3 3 3 3 3 3 3 3
_>~
C
o

w
a

3  3  3 3

E
O
q
2
4-*4-1
RuL

.Q
E nD

8  Q
c: |-
GJ

vi
as
>-

oz
vo
GJ
>-

O
z

oz oz
an
m
>-

oz oz
vs
G.)
>-

m
GJ
>-

vo
an
>-

m
G)

>

oz
VI
as
>-

oz
O
z

O
z

oz
m
GJ
>-

oz oz oz
cm
GJ

>* vo
t o . :
G.)
C
.Q
E
O
L)

m
m

<
z

<
z

o
9mH

<
z

<z <
z

<
z

Q c a

9 9
N 1-1
1-1 1-1

<(
z

<
z

<Z <
z

<
z

<
z Q

1- I
N

o
9
o1-1

<
z

<
z

<
z

L..
(U
+-#
C

g I | I

c:>
9
N
t-I

<1 ea ca
z  Q  9

== 8
cm |
I Q

D  o
9 4%
l *  H

| |
o  O
cf: 9
m r~

o  Q
9  9
N  N
H 1-1

O ca
<9? 9
r\

o

9
r -
v-1

o
9LD

3
C
C

am
L .
3
r:>

$ :
(U
GJ

D .

'6
E
E
3
w

<
z

<
z

o
9
cmH

<(
z

<»:
z

<
z

ca
*FE
m
r"l

<
z

<
z

o
9H

ca
9
N
N

<1
z

<
z

<
z

<(
z

<
z

<
z

Q
9
a
f\l

<
z

<
z

<
z

I
o
9
N
1-1

|
ca
9
rn
1-i

ca ca
<92 Q
m  m

N H 1-1
l | I |

o  o  o
9  9  9
on 1-1 r~I
H Fl  1-1

c a

9
m
1-1

|
cm
9
m
H

D

<92
m
1-1

|

o

9
m
r ' l

GJ

T s
>
s..
GJ

f:cc:s:':cEEEEEEE1.nLnoLnLnLnLn1-11-l\D\-l1-11-IvI
: ' . : c : c _ : : _ c _ c : : c _ § _ :
E E E E E E E E E E E E E
m  m  o  o  o  o  m  o  m  o  o  o  oFlr'lH1¢YlfY)I\')1*'l¢Y'l1'l\D\DLDH1

c  C c  c
E  E  E  E
Q m o Lmm r t  m H

*cu 4-3' U
C
Ru

E
Q)

a

4-v
C

GJ
.§ C GJ

E
.:»

GJ
E
1;

C U +4c c G) m O) as GJ as GJ
.§

m
.g

GJ
.§

>~ > >~C c  C
< < <

q.14-I
E a :

> G G

Hc
m
jgu
r:
o
LJ

>-c
<

>C
<

>~
C
<

'UC  ' E
Ru as
E E
GJ 8
' a ::
"5 3
no Q:
c E

.§
|-

Q) 4-4
E as
i s  32>  u
C c:
<1: o

_ac
m
GJ
o .

44
m
m
D.

"EE 4-» EE&~~~~&E&.§.§.§~
4'-5 18 'U'5'D ' D 4T» 8 TI'-5 4-» 4-v 4-l ' D
>- a u >- >- >- >~ >- >- u

9 0 01 0) 0

4:
m
GJ
D.

m

m

GJ
4-*
c:

3

o N

Lm r e
1-1 L D

a
m
cm

1-1

L Q
T*

Lm
'
LD

ca
<4
N

FL
of
|\

m
to
Lm

w

o o m H w m n o H m m * * * w D ¢m o m a m n ¢ ¢ H w m 9 0 9 m o Q
m m m ¢ m m m m n m m ® m w m ¢

fY1LH v-I
FI

413.12

4:
L)
'D E c:

UP
v-

1-1
"1
1.-1
F I

ca 1-I Lm o Lm
U! *Q r '=~t Q
rn T\ LD N O
FI i I

Lm
to
Lm

ca
°?
NH

m w m m m w c w m m
Lmuqr:;oqr\3-=:g<l;c:qLr3c;OOL!100f\CJ£.DLDkDLDI\

1-1

N cm
of "E
r- -:r
1-4 m

m *é'
o

C éto
E
cu U?

8
E
E
:7m O

m
Lm
m

\..
o

Lm of o q-
of ro Q of
-Cr LD C q
1.. 1-1
O
q-
m
1-1
r"l

u GJ
mX
u. . c

L.)

QD

m

3939888 988883988888'$8888
<r \-1 \ o ~ ~ ' u i <= d A ~ & 6 M 6 A & 6 6 d <: u i l.n'
r l !-4 1' l l ' I F I F l 1-4 l ' | l ' | 1'| \-I 1-I H n l u-I 1-u a NNH

-==r '<12
' E Lm
N Q
m

Q
ca
-4

GJ
L.
m

GJ  4- m
> O 4-v
- Ru
U 3 cc
Q; Ru

Rx: cm
Lu

H c > ¢~»1 L <
v-1 C \ \-l v.- 1-I 1-I 1-I

r-1\- l¢*~1nlr~lr- lr~l
H H H H H

pi
\ - l 1 ' l \ - I L H 1 - I HHHHH9
r - l - - . . . v l - - . . 1 - I

N

1 - 1 Q - . . ... " " . " . - .
" - . " " - . " " - . " " - .

c:> N 1-1 r~ 8 N MD 1-1

m m 'D mH  H  a s  o
o  o  V I  o
Ru  N  8  N
H go Q  O

H mN Q.. ca
H -:r H

E 'cs
:s to

cu Sn -5
.47, as 8

8 E E
'G o Lm.53 3?
Q) 5
4  L )

of of ¢'*I r- m -<1 LD
m no  m H  L m L D  I*
m m N  m 1- 1  < r  T \
1-1 m m q  R u  c a  m
-=r 1-1 1-1 m MD
N4 Q
1-4 1-1

l~<-oooHwmnHo\o ofmnmom >nmmH3m'Q¢'1'L""L'l"L"li'Q°l'Q°1*%'Q<¢Hm§omnm $mHmoo w r~n<- mm Fir( <- Q mNH N

LD of 1-1 m
N D of ow
HK NO Lm Q
o  m  o n  N
q N  t O
H m 1-1

|

|

ivu

|

CD
4-1
fu

.l.J
m

_|
< x

<
N<a

m
>-
3

Ou u
z

Ou zE L)
z <(

>
Uz u OV* u <

LE
U)
M zEDz amN< u

m gggg

GJ 4-v

u  3

Om'c 'c U 'o 'cw w v QJ q):  :  :  c
3  3  3  3
O o o O

3
O

0) 'D 'c 'u -5w GJ G) GJ
:  c  :  c
3  3 3 3
o  O  O  O

3
O

3 3  3

> Q.4-v _
LE .c
4-v tn
3 3

C
3
o

To
9-

:Q
C
:s
E

.24-»
m
<12
Q.
o
o
L)

-m 'cs
Q.

:Q C
C
:J
E oou

o
m cu

C
L. L. g
O o o O4* 4-* .I.l 4-*m m m m
Q) G) GJ as
> > > >
E  E  E  E

T o  -cu
Q. Q.

c Q Q
C C

s.. 3 :
o  E  E4-*vo
GJ
>
E

O
4-*
m
GJ
>

E

L-
O
4-1
VI
GJ
>

E

s..
o
4-»
up
GJ
>
c

GJ 'o  'U "5 :
> GJ GJ GJ o
. : c s: c 3,
E 8
a x  o  O  O  = 5

s. Q  L s..
o O O o4-' 4* 4-» 4-*m vo UP UP
GJ m G) G)
> > > >
C C : c:

L- .Q
o*_, 3
m
as
>

as 7 , "cs ' u
Q. as um

4-» C g
m C ca ca

3
S-

4*
3
>

L
O
.l.l
vo

>E E
U

w
_cw
L'
3:
3
D. o

E
2'cmoQ.
E>~m

43 _C L-

o
4-*
vs
:5
u

8 1 :

m
GJ
8

C
>

+-=

as
=>

'5
3
o
a.
pa 8

D
vo

m

o

-.J _|
4am

m
C c

ro
Q Q Q Q)4-*

Q-4-1
GJ

E <u
G)

+ »

re
g

GJu
E  3.°'0 as
_| If)
u  u
E  3
u  3

D.

oU
C
oa-vUP
C
hi

L- ;
o
o.

mGJw
Ru.cu
'UC(5
EG.)a

m
.l.l

b.0L .*.J
(U cu

C
Lus.. L

m GJ GJ
.C

1..
GJ
3
O
o. 41
m E m

E  m  C  x  3x o
8  3 8  8
< <1 m m

N
<1

E
8 8 o- - u.

O O
> >l.l 4-»
LJ LJ

..*:'
m

E..
Q C

" E
U m
.23
E D
go
.218gm .-.
: u . l o
" ea 8
IU.52929

> :
8=""

*Es
3889
ur>ur>3x

5co
E
an
3U
g

.28 %
agE w

E E
8 §
r - as
E E ;
o ._ Ru
C

. Ru
' o 3
. 9 2 1 1 3

8 4 2 8
E¥m;¢ma.l U)

9 85

.5-l»-' c 3171*
m e

' l"U}

ea 1" aJ
: :

° E .'&"v=-3
.c 9 ' 5 0 cu. c
- . - 3 2 8 &

W w w-l .C8
m

L.. an

o

m g
4-I

oa
Um

; E 4 : 1 5 - 5 . 9

8.,_~.9
so m

UI
m

- ' - .c
9 ,
o 4=

8

E'
- O : .
.c v O : _- u
»-.Eo S- O W u

" a D_ghgmo Q14- 41 0
an

4 -» ' U -C3 -»8m
§'_,'u

--EE .c

IU'o oc
z ° ~

ea i v

m
_u'mm

W:
895° |

m
GJ
0
o¢

' u

U
E
m
D

§
c
m
82
m
4)
o¢

0)

_en
xu.l :Q 1-1 N m sq Ln LD |\

ca U U > > > ~
Z - l - l Ru Ru
- VILJ ro u8 33 ELJLJU

m m m u m

> Q)

ECC - -
O O ; o ¢,, ro ru ru GJ

* Lu Lu o cu - - -OO aJm4_1 3
+* Q : 3 O q) * 4.a .l.a 4.a
u a o o c Q u _ L D § o o o u ~ )

1-l ¢-l rva ~=d- Lr1 Lo r - oo m o
1-l v l r-l r-l r-I r-i f-i t-i r-I FN]ac

4-*
u

z 3 .-
E o o E
C s.. L. LJJ D. D.
o as as \.-
_| __ _ C >

C C

E E 44 44
O

Q
c m 1-4

1-1
¢'*I

N cm
fol re

<i'f\I

8 E

8

go

e°.,

*§§é
E

§=v§§3§
==3£%§

588 284 3

§§§g§§!§

,8é3€»8
8 u 2 E 8 . E 8 =888285

2 5 2 3 5 8 8 8

8 8 8 8 8 .-'EE
2 9 9 % 3

§§3§§§=§

3§§:E8§§

38 , "
, E ; § é § 3 8

§=§3§§8
_ " s*=
§§§8§" ;
e§E 3,s3
94 8
§8£§§i

9:9§3¢E38

8 0 8

r u § 2 0
>`.l30.€ru'o m
9 ' o a J E
. 3 2 2 as
> m q.2 mnom
vna30
-4m _ C -
I__4-I

3
m G)Q m m m
O w © r uQ . C C \ -
_ 8 ' * Q v =_ ' m c
> - m or u E 4 - f m

aJ-59:u -4-
U

uJ 3f0D.
8 3 3

C GJ _ o F I

O Q c w
GJ

3

o 'UE
4) 4-'

E
cu V u.C

m

z  0 4

'9.=*'

be

8,

m o
U

GJvo
GJ

Q l r i

E . c
GJ .I..ru

GJ

. C am
""' m > 8

Q.
E
Q.
C

1..
o

mE-an
M m

\..
Q)

GJ

_m
>

as no
u Q)f

\.. q) fU I.JJ
C a y * J u L ,as m

as 3

|

E
+-
C
GJ
79
m
GJ
mc

U
3

m
H
o
N
>~
(5

L 4 2
r



cf

GJ

4_1
|...
m
Eu
w

m
0)

4 =::

>

8:m
a
9°
o

>

m
E
E
8
:L|-.
.s
8

3

3
g-
up- 02 >

Q 15
> ID
q)
WE''5 m
rpm

m...

1>l3>
= 6' F w-

5289

m c
> O
m u
.c ...m m
'6.°0 E

° *.s'Es9-'m
m c

'U m
* .c

34;
"ME

c>98oz:
c oG)> ->838

m o
'e==§m83.93

o8: E'Emw
C O

'U
w
3
U'
cyL.
c:
UI
.Q
ii

>

9g
8
9
3
2:s

r~.
up
c

_"E
C I

f s .

0 1
L .
IJJ
r ;
OJ

al
c

L '
CL

ea
8
m
IE
no
9

am
c»

>

8.§
E

f a

as
Ur
m4-4
c
m
:=~ E

' u O
an O
0) |
E E
.8 Q,

IU
Us
m4-J
c
gr
-E:
ft
'D
GJ
c

.D
1-
c
CI
»;_\

C
(J
a
r:
I
r-
E
Cl

in
c:

.19
Ll .

_y
m
03
CL

1__
ll_l
G.
: J
UI

an
UP
IU
4-»
c
10
2*

1:3
M

'IJ

.E
.Jim
90
m
L l

.9
J . J

up
1 :
GJ
C
q l
s._

GJ
LJ

(J
. r:
U

oz
m
GJ
L.
Us

r"
U4J
al
:J
'cm
RE

|



"Ll
m
3Lm

1:- O*w
FD
3
kg
Te:
m
Q
m

' u

|

m

'Q :
2 3
no an
up Q.

3 8
'12, 3
Q Ru

(D
Ru
::»

*~J
'D

3
3
Q
o
3

in
Ru

2
3 3
is
U
C*:J

m
Fu*

n
as
- 1
o.
'9.
g
3

('[I
:J
in
"w

(Q
~<

no Ra
o
3

3 9
an 3

m3 a
.-, an
.-ml D.

<
ms
3»»-r
m

'- can
kg

'1
3m3 - "

m
<9

re
~:»
3_A
Q
3
up
O.
cm
Q
<
m
3F*
so
CD
ro

`5 m
::»8 ._I

DV
'Q Q
us <3 m

3
P P

m
KD
in
w
C
`C'
in

in
m
Q
<
Qu
3,..
Qu
LD
in
Q
9_.
- 4

;=
3- C
-- "1
f l

UI
I'L=

C! "E
: J E:
IT' VS
._ m
LJ'
_E "9

.33
r r Lm

--9,
CO
"1 £4

83-1:
Ill
L:

m
(D
- 1

S..
o
cm
'Q
BJ
:J
cm

-|

•

KL!
CC
ELI

§
r-r

~:;
Cl
"h

(D

S3'm33 .

[11

: r
Cl
3
FD
D
-\

C
Lm
in

l-°*
~.
o

U'
in
w
l-+

332
~<
o
C

: r

U'
m
:J
FD
ZN
r-r
[J'.1
CL

F*
o
:h»-|-
=<
O
C-1

CO
O
TF?
CO
§
ELI

m
TO
m
3
EL.

EL
Q

¢-r

'
m
4
H21

ELI

Lm
3
:x
3.J
: J

3
H31

m
'CJ
DJ
'1
\-r
3
m
J

I I I
In

3*
m
Q"
5

m
*u
D
E.
o

:»*
CI
g*

LD
' u
DJ

re

3
*KI
L21
c:

C
m
m

r°t
re

c m

c :
" 1
m

¢"*"Q

re 2
3 '-a

r-r. cm
3 *

l-'*
1-*
I-*
O

m
l"T

r eJ '
m
ft
UP

g>_
m
n

Lm

~<
o
c
c
m
Cb
m
m
w
CD
3
m-1
(Q
'<

8
[D
""I

LCJ
-::

r-l

l"1
PJ.

Lm
. E
c
m
1
m
-r,
m
m

m
UP
Lm
m
m
n
: r
3.4
o
3
iv

~3

E.
33
0'8
* m
0.3
m

j e
'D

g m

l.n O
(DUI
a m

m E
r+o
: .
9 5
.<m

m~<gm
3"°
9-'-9=tDm<
D.m

m
<mm
3

Qu:
w:<

=r
m
w
r-r
(0
D.

r°r

O
'*x

8
m
Ln

EL
o
m
m

-.
1*

3
cu

re
O
3
'U
Eu
'1
m
!-r

m
_a

CU
' J
E l
Eu

r-t
VT
LII
-11

2
J

r T

11
CL
CJ
C
ft

1"

i n



9 ;
O
/C
10
Q.
[D
GJ
C
GJ

Lm
ro
'Zu
L.
m

m
5.

L
cu
in

U]
c:
.9
M
'U
c:
oLI

cZar

A

w
L
3
u
34 -

it
m
1...
av,nr

' U

Ln
EL
8

>:
Rua
Eo
U
| -

3

E
o
o
m
'g
w
C

Lm
1...
qs
qs
L...
ro
Li l

>
UIL.
qt
C
Eu
N
m

L..
. 9
CL
CI
3
L¢l

m
c
O
'5
_Ru
3
U1
<uL
of
m
w
mL.

c
Q
JJ
YU\.
w
c
QS
GI

CI
m
E
w.LJ
m »*'s

'E
U
E

>-
2
O
Q.
>-
u
ro
>
x.
Q.

o
|..

Vu
w
u

J
o
m
Qu
|._

A8
=
w
u!

93
s
EE
oU

u
c:
qs
E
D.
_o
Eu
>
m
'U
Lm

E
O
C
o
u
GJ

Lm
E
mL.
9
OL
CI
UI
C
:»
Un

m
w
c
o
m
4.»
c
G)
u
w

UPL.
m
w.LI
C
_J
o
>

m
C
CI
i s
m

3
'U
by

u»
E
. C
o
-LJ
c
QI

E
i n
LD
q.1

C
m
3
.D

Sn
.r
_:

UPI-
c
m4
UI
0I..
D.

m
C
_ro
Q

3
m
3

1:
ro*_1
C
Cl
LJ

mvi
w
_:
VI
n
n
o

44
c
cu
E
>
m
O.

m
w
Ru

.D
wL.

m-
CI
4.1
(ll
w

J-I
m

UP
' U1..
.9
'U
C
m

LU
w

f t
111

' U
m
I...
-I-J

iiI
u
i i
min

ID
G)
E
o
w
U

a
cu
UI

c
m
Q.
E
o
u
\_
:x
o

Lm
I...
111

TF:.u
m
C

JJ
c
w
E
c
on..
>
w
8

w
L_

lJJ
:Iu..

.re
o
o

.D
GJ
u
mu-

m
18
3

-OJ

w
.O
:|
4-J
3
o
>~

E
3
E
E
o41 >

0)
C
o
U

c
.Q
'6
3
mCo
u

m
:

a
_o

.2
Fm.4_ o

E
'U
q_lx

E m
UP

m

E
Lm

. D

UPL
w
wL
m
u

Ur
q;
C
ac
yr
m
C
o
N
C

~2(
\_
o

>~u
8
mm

8
-8-J
C
Q;

E
U)
qs
L..

_:

F'z
ea
Emo
I .

m
c
o
4.»
Q
o
. L l

UP
E
Ru
U*
o
O.

w
qs

. u

m
.D
w
x .

u
c
:J
o
u
u
ro

GJ4-1
QI
u
w
cm
ftAJ
3
o

a
ou

C
GJ
E
>
ro
Q.

4-4
C
w
E
>-
ft
D.

u-
o
GJ
m
3
o
.c

m
c

LJ
Q.
cu
u

Z
GJ
UP
ws.
FT
Q.
E
o
u

Q
3

.MU
0)
.c

qs
E
CI
. c

mL
qs
' u
o
wU
E
GJ
m

:>-

4
w
C
Ln
u
m
_c
3
QI
cy
In

E

§Q

'U
w
a
a:
U l̀
GJx.
LN4-J
L:
UP
EI

T̀ E

i i
Q.
<r
m
v-°'4

o
f\!

©
4-4
. c
UI
'C
>~
Q.
O
la

x

II



r

3

4

2

5

1 Court S. Rich AZ Bar No. 021290
Rose Law Group pp
7144 E. Stetson Drive, Suite 300
Scottsdale, Arizona 85251
Direct: (480) 505-3937
Fax: (480)505-3925
Attorney for The Alliance for Solar Choice

;»

8 CGRP CGH
DOCKET contRoL

#4 "H\8*$&%

zat5 NUV -b p Lg: up

RECEIVED

ll TAsk I
EXHIBIT

6 BEFORE THE ARIZONA CORPORATION COMMISSION
=
= 7

8

SUSAN BITTER SMITH
CHAIRMAN

BOB STUMP
COMMISSIONER

BOB BURNS
COMMISSIONER

9 TOM FORESE
COMMISSIONER

DOUG LITTLE
COMMISSIGNER10

11 DOCKET no. E-04204A-15-0142

12

13

14

15

16

17

IN THE MATTER OF THE
APPLICATION OF UNS ELECTRIC,
INC. FUR THE ESTABLISHMENT
OF JUST AND REASONABLE
RATES AND CHARGES DESIGNED
TO REALIZE A REASONABLE
RATE OF RETURN ON THE FAIR
VALUE OF THE PROPERTIES OF
UNS ELECTRIC, INC. DEVOTED TO
ITS OPERATIONS THROUGHOUT
THE STATE OF ARIZONA, AND
FOR RELATED APPROVALS.

)
)
)
)
)
)
)
)
)
)
)
)

DIRECT TESTIMONY OF
MARK FULMER

18

19 The Alliance for Solar Choice hereby provides notice of filing the Direct Testimony of

20 Mark Fulmar in the above-referenced matter.
r

21

22 Respectfully submitted this 6 4 day of November, 2015.

23

24 L'
;~,..
f%:¢».\

_  ; . . , . . -y'1,:, . - . ~ . , m
Si  we,25

26

27

Court fwaféh
Rose Law Group pp
Attorney for TASC

28 f ¢

1



n.

q

1 Original and 13 copies filed on
this day of November, 2015 with:

2

3

4

Docket Control
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, Arizona 85007

5

6 Copy of the foregoing sent by electronic and regular mail to:

!

Q 7

8

Janice Alward
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, Arizona 85007

9

Katie Dittelberger
Earthjustice
633 17th Street, Suite 1600
Denver, Colorado 80202

10

11

Thomas Broderick
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, Arizona 85007

Michael Hiatt
633 17th St. Suite #1600
Denver, Colorado 80202

12

13

Dwight Nodes
Arizona Corporation Cormnission
1200 w. Washington Street
Phoenix, Arizona 85007

Ken Wilson
Western Resource Advocates
2260 Baseline Road, Suite 200
Boulder, Colorado 80302

14

15
Rick Gilliam
1120 Pearl Street, Suite 200
Boulder, Colorado 80302

16

Michael Patten
Snell & Wilmer L.L.P.
One Arizona Center
400 E. Van Buren Street
Phoenix, Arizona 85004

17
Kevin Higgins
215 s. State Street, Ste. 200
Salt Lake City, Utah 841 l l

18

x9

Bradley Carroll
88 E. Broadway Blvd.
MS HQE910
pa Box 711 .
Tucson, Arizona 85701

Timothy Hogan
514 West Roosevelt
Phoenix, Arizona 85003

20

21

22

Eric Lacey
1025 Thomas Jefferson ST, NW, 8th FL
West Tower
Washington, D.C. 20007

Timothy Sabo
Snell & Wilmer L.L.P.
One Arizona Center
400 East Van Buren
Phoenix, Arizona 85004

23

24

Jill Tauber
Earthjustice Washington, D.C. Office
1625 Massachusetts Ave., NW, Suite 702
Washington, D.C. 20036

Gary Yaquinto
2100 North Central Avenue, Suite 210
Phoenix, Arizona 85004

\
l

25

26

27

Steve Chriss
Wal-Mart Stores, Inc.
2011 S.E. 10th Street
Bentonville, Arkansas 72716

Jay Mayes
Moyer Sellers & Hendricks
Vlad Corporate Center
1850 N. Central Ave. - 1100
Phoenix, Arizona 8500428

2

| l
J



A

1
Cynthia Zwick
2700 n. Third SI. - 3040
Phoenix, Arizona 85004

2

Mark Holohan
Arizona Solar Energy Industries Association
2122 West Lone Cactus Drive, Suite 2
Phoenix, Arizona 85027

3
Scott Wakefield
201 N. Central Ave., Suite 3300
Phoenix, Arizona 85004-1052

4

Craig Marks
10645 n. Tatum Blvd,
Suite 200-676
Phoenix, Arizona 85028

5
COASH & COASH
1802 North 7th Street
Phoenix, Arizona 85006

6

7

Gregory Bemosky
Arizona Public Service Company
Mail Station 9712
pa Box 53999
Phoenix, Arizona 850728

Daniel Pozefsky
RUCO
1 1 10 W. Washington Street, Suite 220
Phoenix, Arizona 85007

9 Thomas Loquvam
P.O. Box 53999, MS 8695
Phoenix, Arizona 8507210

Meghan Grabel
2929 N. Central Avenue Suite 2100
Phoenix, Arizona 85012

11

12

Patrick Black
Fennemore Craig, P.C
2394 E. Camelback Rd, Ste 600
Phoenix, Arizona 85016

Patrick Quinn
Arizona Utility Ratepayer Alliance
5521 E. Cholla St.
Scottsdale, Arizona 85254

13

14
Robert Metli
2398 E. Camelback Rd., Ste. 240
Phoenix, Arizona 85016

Kirby Chapman
SSVEC
31 1 E. Wilcox
Sierra Vista, Arizona 8563515

16 Lawrence Robertson, Jr.
pa Box 1448
Tubae, Arizona 8564617

Jeffrey Crockett
Crockett Law Group PLLC
1702 E. Highland Avenue, Suite 204
Phoenix, Arizona 85016

18 Vincent Nitido
8600 West Tangerine Road
Marina, Arizona 8565819

C. Webb Crockett
Fennemore Craig, P.C
2394 E. Camelback Rd, Ste 600
Phoenix, Arizona 8501620

21 Gan'y Hays
1702 East Highland Avenue, Suite 204
Phoenix, Arizona 85016

Jeff Schlegel
1 167 W. Samalayuca Dr.
Tucson, Arizona 85704-3224

22

23

Doug Adams
Nucor Steel Kinsman LLC
3000 W. Old Highway 66
Kinsman, Arizona 86413

24

Ellen Zuckerman
Sweep Senior Associate
4231 E Catalina Dr.
Phoenix, Arizona 85018

25

26

i 27 By:

28

3



\°\

s

Court s. Rich Az Bar No. 021290
Rose Law Group pp
7144 E. Stetson Drive, Suite 300
Scottsdale, Arizona 85251
Direct: (480) 505-3937
Fax: (480)505-3925
Attorney for The Allianeefor Solar Choice

BEFORE THE ARIZONA CORPORATION COMMISSION

SUSAN BITTER SMITH
CHAIRMAN

BOB STUMP
COMMISSIONER

BOB BURNS
COMMISSIONER

TOM FORESE
COMMISSIONER

DOUG LITTLE
COMMISSIONER

DOCKET NO. E-04204A-15-0142IN THE MATTER OF THE
APPLICATION OF UNS ELECTRIC,
INC. FOR THE ESTABLISHMENT
OF JUST AND REASONABLE
RATES AND CHARGES DESIGNED
To REALIZE A REASONABLE
RATE OF RETURN ON THE FAIR
VALUE OF THE PROPERTIES OF
UNS ELECTRIC, INC. DEVOTED TO
ITS OPERATIONS THROUGHOUT
THE STATE OF ARIZONA, AND
FOR RELATED APPROVALS.

)
)
)
)
)
)
)
)
)
)
)
)

DIRECT TESTIMONY OF
MARK FULMER

Direct Testimony of Mark Fulmer

On Behalf of

The Alliance for Solar Choice

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

November 6, 2015

4



is

__

i

1 Contents

2
1. INTRODUCTION 6

3
11.

3 4

UNS'S ANTI-DISTRIBUTED, CUSTOMER SITED PV STANCE IS NOT

8

5 III. OTHER BENEFITS SHOULD BE CONSIDERED 18

=

6
Iv.

7

POLICY RESPONSE: Acc SHOULD SUPPORT -OR AT LEAST NOT HINDER__

23

8

9

10

11

12

13

14

15

16

17

18

19.

20

21

22

23

24

25

26

27

28

5



9

1 1. INTRODUCTION

2 Q: Please state your name and business address.

3 A:

4

5

6

My name is Mark E. Fulmer. I am a Principal and Co-owner at MRW 8: Associates, LLC

("MRW"). MRW is an energy consulting firm founded in 1986 that specializes in power

and gas market assessments, regulatory matters, litigation support, expert witness

testimony, contract review, and negotiations. My business address is 1814 Franklin Street,

7 Suite 720, Oakland, California 94612.

8

9 Q: Please summarize your professional and educational background.

10 A:

11

12

13

14

15

16

I have been an energy consultant with MRW since 1999. During that time, I have worked

with non-utility retail energy service providers (both gas and electric), independent power

producers, municipalities, end-use customers, consumer advocates, trade organizations,

and financial institutions on a variety of matters related to natural gas and electric industry

regulation and policy, utility ratemdcing, price forecasting, demand~side management and

asset valuation. Previously, I worked at Daniel, Mann, Johnson, & Mendenhall, where I

consulted to utilities and others on energy efficiency. Prior to that, I worked at Tellus

17 Institute in Boston, Massachusetts, where I consulted to numerous state agencies and non-

18

19

20

21

governmental organizatioNs on integrated resource planning and natural gas and electric

industry restructuring.

hold a Master of Science in Engineering from Princeton University and a Bachelor

of Science degree in Engineering from the University of California at Irvine.

22

23 Q: Have you previously provided expert witness testimony before state public utility

commissions"24

25 A:

26

Yes. I have testified before state utility commissions in California, Hawaii, New Mexico,

Pennsylvania, Rhode Island and Washington. Here in Arizona, Shave provided testimony

before the Arizona Corporation Commission on behalf of Constellation Energy and Direct27
I

!
28

6
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1

2

Energy on direct access issues. Please see Exhibit MEF-l for my qualifications and a list

of my testimonies.

3

4 Q: On whose behalf are you testifying?

5 A:

6

7

8

I am testifying on behalf of The Alliance for Solar Choice ("TASC"). TASC is an

organization comprised of some of die nation's most prominent companies in the rooftop

solar industry. TASC advocates for maintaining successful distributed solar energy policies

throughout the United States.

9

10 Q: What is TASC's interest in this proceeding?

11 A:

12

13

14

15

TASC is committed to supporting retail net energy metering ("NEM"), which empowers

customer choice by providing fair credit to homes, businesses, churches, schools, public

agencies, and other neighborhood places when solar systems generate on-site energy. As

such, TASC is interested in ensuring that UNS's residential rate design does not hamper

customer choice.

16

17 Q: Please summarize your conclusions and recommendations.

18 A:

19

20

21

22

23

24

25

26

27

UNS Electric ("UNS'. or "Company'.'), primarily through its renewables witness, Mr.

Tillman, inappropiriatelypaints distributed solar in a very poor light, characterizing it as

unreliable and a hindrance to grid operation. However, his statements are overly broad, not

supported by evidence, and in some cases incorrect or grossly misleading. Even though all

of the issues that Mr. Tillman raises are being successfully addressed in other

jurisdictions including those with significantly higher distributed solar penetration levels

than UNS service territory, his only recommendation is to implement a rate design that will

stifle further distributed solar. Furthermore, there are numerous benefits of distributed solar

that go unmentioned that should be considered when making NEM policy and before

consideration of any rate design change to disadvantage distributed solar.

28

7



Q

l

2

3

4

5

The ACC should take Mr. Tillman's concerns with a very large lump of salt and

remember that the purpose of the Renewable Energy Standard and Tariff and associated

Distributed Energy Requirement are in place for a reason, and that rate designs counter to

the intent of these policies-such as what UNS is proposing here-are counterproductive

and should be rejected.

6

7 II. UNS'S ANTI-DISTRIBUTED, CUSTOMER-SITED PV STANCE Is NOT

SUPPORTEDQ 8

9 Q: What part of Mr. Tillman's testimony are you addressing"

10 A:

11

12

One of the stated purposes of Mr. Tillman's testimony is to "provide a general discussion

regarding the impacts of renewable energy, particularly solar and distributed generation

("DG") resources, on the utility's operations." (p. 2)

13

14 Q-

15

Is Mr. Tillman's discussion of the impacts of solar and distributed generation

offered in direct support of any policy change?

16 A.

17

18

19

20

21

Yes. Mr. Tilghman's discussion of these impacts is in light of the Company's request to

fundamentally shift its distributed generation policy by: eliminating NEM in favor of a

scheme that pays customers a "Renewable Energy Rate" for all exports of electricity, and

instituting a mandatory'three-part rate for NEM customers. In this way, Mr. Tilghman's

allegations of negative cost impacts carry significant policy implications and should be

closely scrutinized.

22

23 Q: What is the difference between net energy metering and the Company's proposal?

24 A:

25

26

27

Net energy metering is valuing the output of the behind-the-meter DG at the customer's

retail rate when that DG is generating more electricity than is used on-site. i.e., it is

exporting power. The Company's proposal calls for a specific rate to be credited to the

customer whenever their DG system is generating more power than is consumed on-site.

This "Renewable Energy Rate" is lower than the retail rate, is subject to regular28

8



1

2

adjustments, and can get even lower as UNS develops or contracts with new central

renewable resources.

3

4 Q:

5

6

On pages 4 through 6 of his testimony Mr. Tillman notes three "well documented"

integration issues relating to customer-side solar DG. Does Mr. Tilghman provide any

reference documentation substantiating these claims of

7

documentation or to

distributed generation integration issues?

8 A:

9

10

11

12

13

14

15

16

No. Mr. Tillman provides no "documented" examples of where distributed generation

has caused UNS to incur costs on account of managing these issues.

When queried in discovery about his sources for his assertions, Mr. Tilghman responded:

Whitepapers, presentations, and other forms of documentation are widely

available tram organizations such as National Engineering Laboratory

(sic) ("NREL"), Massachusetts Institute of Technology ("MIT"),

Lawrence Berkley (sic) Engineering Laboratory (sic) ("LBEL" (sic)),

Solar Electric Power Association ("SEPA"), and others. All of these

documents are public and easily attainable by rAsh.'

17

18

19

20

21

22

ZN

24

25

26

27

As I will show, many of these sources produce reports and whitepapers, which I cite

specifically, that call into question Mr. Tilghman's integration issues.

To support these allegations, I would have expected UNS to provide analysis of

how current and expected levels of distributed generation interact with its system. It did

not provide this information. in terms of whether these alleged integration issues represent

a cost to UNS and other ratepayers, I would expect UNS to discuss whether current

interconnection policies adequately capture these integration issues and appropriately

assign costs to the cost-causer at the time of interconnection. There is insufficient

information from Mr. Tilghman's discussion to substantiate the current existence or extent

of integration issues and the relative incremental costs of addressing those issues (as

28 i

1 Response to TASC l.06(a).

i
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\

1

2

distinguished from nonna operational costs). The information provided can hardly justify

the creation of an arbitrary customer class subject to a discriminatory rate.

3

4 Q:

5

Has UNS performed a solar integration study to quantify the potential integration

costs that it alleges are associated with current or projected distributed generation on

6

7 A:

8

9

its system?

No. Solar integration studies have been undertaken in several other jurisdictions, but when

asked if UNS had conducted any studies on its system to support its asserted integration

issues, or demonstrate their magnitudes on the UNS system, the answer was always "no."2

10

11 Q:

12

13

14 A:

15

16

17

18

19

20

Mr. Tillman states that residential solar DG applications have "increased by more

than 25% per month, year over year" from May 2014 (when UNS's solar incentives

ceased) to May 2015 (p. 3). Is this accurate?

I believe that Mr. Tillman misspoke. I think that he meant to point out that the annual

increase from June 2014 to June 2015 was 25%. This is quite different-and much lower-

than a 25% per month increase. Even so, a 25% annual increase from a year ending May

2014 to year ending May 2015 is misleading. Figure 1 shows UNS residential NEM

applications from January 2014 to July2015..The orange triangle depicts June 2014, when-

the utility incentives were eliminated. While there were spikes in October 2014 and May

2015, there is no obvious trend upward in residential NEM applications from June 2014 to

June 2015 .21

22

23

24

25

26

27

28

2 Responses to TASC 3.01, 3,02.
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Figure 1

2 Residential Applications .Ianuarv2014-July z015

3

4
90

80

y(l5

1 OL*
Hz
C.
o
$4
m
8:3

Q.
Q .

<1

6
60

88

7

1::
m
c:

TO
it:
a;
cc

S
4~
G
4

9
.384
g r
8 -

3

z

:EC

38

If*

Rx

no Q * . A. _»~
"Sr * *g Ci 4 .

"K
Q

'»by.,.

9
£-.3E..

*x:**~¥

i-;~**- \ » é 9

"~:'§..*

. 4-;8
K \ °..`

1~'""'
'hw 'f

5
85
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112
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4

1 Q:

2

3

4

Mr. Tillman also states, "the proliferation of the solar leasing model and the

continued decline in solar panel prices, coupled with policies such as net metering,

has effectively tripled the market penetration even though all utility incentives have

been eliminated [in June 2014]"(p. 4). What does it mean for market penetration to

5

6 A:

7

8

9

triple?

Market penetration is a measure of the amount of sales or adoption of a product or service

compared to the total theoretical market for that product or service.3 Thus, if market

penetration for NEM solar has tripled since June 2014, then there should be three times as

much NEM capacity in May 2015 as there was in May 2014.

10

Q:

12 A :

11

13

14

15

16

17

Does UNS's data support this?

No. In response to a data request, UNS provided the number ofNEM installations and solar

capacity installed by year from 2008 through July 2015.4 This is shown in Table l below.

Even though the figure does not show monthly data I cannot see how market penetration

could have tripled since June 2014. Assuming that the incremental NEM capacity in the

second half of 2015 is the same as the f irst, then the market penetration would have

increased by 20%, not triple (300%).

18

19
Table 1. NEM Capacity in UNS Serv ice Area

20

21

22

23

24

25

26

27

28
3http://www.investopedia.com/terms/m/market-penetration.asp Accessed November 2, 2015.
4 Response to UDR 2.09(a).
5 Extrapolated from the year-to-date value to a full year.
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4 1

1 What is the first of the "well documented" issues Mr. Tillman alleges ?

2

Q:

A:

3

4

5

6

The first integration issue that he identifies is the intermittency of renewable generation.

However, it is a concern that is being successfully addressed in numerous jurisdictions,

including those with significantly higher DG penetration than UNS service territory.

Simply pointing out that intermittent resources can create a challenge for grid operators

while not acknowledging that the challenge is manageable is misleading.

7

8 Q:

9

10

11

He goes on to note that "[t]his problem is exacerbated through policies such as net

metering, which encourages customers to oversize their solar systems beyond their

average load in order to "bank" as many credits as possible for use later" (p. 4). Do

you agree that net metering encourages customers to oversize their systems beyond

12

13 A:

14

15

16

17

average load?

No. Net metered customers are credited for annual excess energy at utility wholesale costs,

which are well under retail electric rates. Accordingly, solar customers are not incentivized

to size solar systems to provide more energy than the home's annual usage. In addition,

the Commission's administrative nLlles place a cap on the size of the system compared to

the customer's load making it illegal for customers to install systems in excess of that cap.

18

19 Q-

20

21 A:

22

23

24

25

26

27

Is the intermittency of solar PV an inherent problem to grid operations or are there

mitigating factors to consider that may relieve Mr. Tilghman's concerns"

The distributed nature of solar PV engaged in net metering provides a number of mitigating

factors. First, a number of studies illustrate that spreading out the solar resources

geographically mitigates much of the intermittency problem. Random clouds, such as fair

weather cumulus -which are a greater concern than predictable clouds (such as a storm

front)-do not cover all of the DG sites at one time. Just like having more, smaller power

plants result in greater reliability than one or two large ones, having a greater number of

geographically dispersed smaller solar sites decreases the grid intermittency. For example,

28
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6

7

8

9

10

11

12

13

14

15

16

10 MW of PV capacity geographically dispersed over a few square miles (or more) via

behind-the-meter systems will result in much less variability than 10 MW in one location.

A number of studies corroborate this conclusion. With roughly 80% of solar PV

installed on residential rooftops corresponding to approximately2.1 MW of output, the Pal

Town neighborhood in Ota City, Japan serves as a good example of how geographic

dispersion of PV acts to smooth out the inherent variability of the resource. A recent study

at this location compared the output from one home with that of the aggregate, finding that

overall grid variability decreased exponentially with increasing solar PV penetration.6 The

specific intermittency decrease depended on the timescale.7 For timescales greater than l

second, the reduction in variability eventually stabilized at an aggregation of about 100

homes, suggesting that a majority of the value of decreased intermittency could be achieved

through a relatively modest penetration of PV, variability decreased indefinitely with

additional homes at the l second timescale. A comparison analysis between the Ota City,

Japan site and a 19 MW PV plant in Alamosa, Colorado further corroborated these results,

finding that larger single-location PV system had significantly larger intennittency impact

than the same amount of PV that is geographically disperse.8

17

18

A recent study by the Australian .Renewable Energy Agency and CAT Projects

investigated the impact of solar variability on grid stability.9 The study evaluated the

19 deployment of 10 MW of solar PV onto the Alice Springs grid in Australia, using actual

20

21

grid monitoring stations deployed across the local grid. The study concluded that the

distribution grid "encounters a significant level of load variance as part of normal

22

23

24

25

26

27

28

6 Lave, Matthew, Joshua S. Stein. Abraham Ellis, Clifford W. Hansen, Chichi Nakashima, and Yusuke Miyamoto.
"Ota City: Characterizing Output Variability from 553 Homes with Residential PV Systems on a Distribution
Feeder." Sandia National Laboratories, November 201 I. http2//energy.sandia.gov/wp-
content/gallery/uploads/Ota_City_Analysis-SAND2011-901 Lpdf. Accessed October 14, 2015
7 Effectively, timescale corresponds to measuring the voltage variability over a specific amount of time: l second,
10 seconds, 30 seconds, l minute and 10 minutes for this study.
8 Lave, Matthew, Joshua S. Stein, and Abraham Ellis. "Analyzing and Simulating the Reduction in PV Powerplant
Variability due to Geographic Smoothing in Ota City, Japan and Alamosa, CO." InPhozovoltaie Specialists
Conference (PVSC), Volume 2, 2012 IEEE 38zh,1-6. IEEE, 2012.
http://ieecxplorc.ieec.org/xpls/abs__all,isp'?arnumber=6656719. Accessed October 14, 2015
9 Australian Renewable Energy Agency , "Investigating the Impact of Solar Variability on Grid Stability." CAT
Projects ABN 74 126 787 853, March 2015.
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Sr

1 operational outcomes.

2

3

operation...without compromising on 10 Furthermore, the

intemiittency variance created by the installation of an incremental 10 MW of

geographically dispersed PV is very similar to the intermittency variance that currently

occurs in the network in the absence of PV. ARENA concludes by stating, "while it is not4

5

6

7

surprising that the impact of solar intermittency can be reduced by geographically

dispersing PV arrays, the statistical significance of the impact was beyond initial

expectation."l 1

8

9

10

11

12

13

14

15

16

Researchers at Lawrence Berkeley National Laboratory studied 23 time-

synchronized solar isolation sites, spaced between 40 and 450 km (25 to 280 miles) apart.12

They found that "[a]ggregation of multiple sites at the system level leads to significant

smoothing of ramps, particularly over short time-scales." As such, geographic dispersion

of PV can have positive intermittency impacts both on the local distribution scale, as well

as the system level.

Finally, the wind energy industry can be viewed as an example of how problems

related to intermittent generation can be overcome. Wind, like solar, is variable, yet it has

been integrated at scale."

17

18

19 Q: What other alleged integration challenges does Mr. Tillman mention?

20 A: Mr. Tillman mentions that the grid operator (utility) cannot monitor or control the small,

21

22

distributed solar systems. His also expressed concern by the fact that NEM solar sometimes

generates more electricity than is used on site and thus exports this power onto the general

grid. He points to a number ofpotential negative outcomes from this export.23

24

25

26

27

28

10 Ibid., p. 3.
ll Ibid.
12 Mills, Andrew, and Ryan Wiser. "Spatial and Temporal Scales of Solar Variability: implications for Grid
Integration of Utility-Scale Photovoltaic Plants." p. 13. Presented at the Electricity Markets Policy Utility-Scale PV
Variability Workshop, Lawrence Berkeley National Laboratory, October 7, 2009.http://uvig.org/wp-
content/uploads/2013/01/1 1-Mills-Geogra_phicDiversitvAndPV.pd£ Accessed October 14, 2015
13Curtright, Aimee E., and Jay Apt. "The Character of Power Output from Utility-Scale Photovoltaic Systems."
Progress in Photovoltaics: Research cod Applieazipns 16. ng, 3 (Mav.2008l: 241-47. doi:l0.l002/pip.786.
Accessed October 14, 2015
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1

2 Q:

3 A:

4

5

6

7

8

Does he demonstrate that these concerns are present on UNS's system?

No. Sound planning requires that the utility should both be aware of potential issues and

proactively study how these issues might impact their unique system. Mr. Tillman does

not do this. His concerns are overstated and reflect largely theqretgal and not _actual

current or near future implications. Moreover, while NEM exports can require changes by

a grid operator, these changes are manageable and are being managed by grid operators

elsewhere even where the grid has significantly greater solar DG penetration than UNS's

|E 9 system.

10

11 Q.

12

Are technological advancements helping to mitigate the operational concerns

associated with distributed solar generation?

13 A:

14

15

Yes. For example, in December of 2014, the California Public Utilities Commission

adopted new standards for so-called advanced inverters with the aim of overcoming the

lack of grid operator visibility and control of distributed generation. These are devices that

16 offer "easier and lower cost interconnection of distributed generation because of their

ability to monitor and respond to grid conditions.17

IN

"14 Smart inverters enable grid operators

to remotely monitor and control distributed generation, either directly through a control

19.

20

21

22

23

24

25

system or by requiring settings that enable autonomous response to local grid conditions.

These devices, which are commercially available today, have defined IEEE upcoming UL

testing standards, and have been successfully deployed with utilities in various venues

across the country. Smart inverters are ideally suited to provide increased visibility and

control of variable generation solar PV to grid operators.

Furthermore, Hawaii Electric Power Company ("HECO") collaborated with a

distributed solar provider and the National Renewable Energy Laboratory ("NREL") to

26

27

28
14 Clean Coalition. "California Adopts Nation's First Advanced Inverter Standards," January 6, 20 I5.
http://wwvv.clean-coalition.org/site/wp-content/uploads/20 l 5/0 l/Califomia-establishes-advanced-inverters-
standards~press-release-09..._ib-6-Jan-20l §.pd£ Accessed October 19, 2015
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14

15

16

17

demonstrate the impact of commercially available smart inverters.15 In particular, the

demonstration examines how smart inverters can address potential transient over-voltage

(both load rejection overvoltage and ground fault overvoltage) with the aim of enabling

increased penetration of rooftop PV on the distribution grid.'° As explained by the director

of reEL's power systems engineering described the research as focused on "conducting

investigations into how solar inverters can be programmed and controlled to trip on and off

in response to grid voltage fluctuations, or to perfonn other grid balancing tasks."l7

Tapping into the inherent capability of these smart inverters will enable HECO to connect

an additional 2,500 NEM PV systems onto its grid.

Portland General Electric ("PGE") installed a prototype PV Enhanced Inverter at a

proof-of-concept solar demonstration site with the goal of preventing inverters from

disconnecting during periods of peak demand. Mark Osborn, PGE's Distribute Resources

Manager said, "Two-way communications with the inverters, combined with constant

measurements from the synchrophasors, enables us to use the inverters to mitigate against

sags and flicker much more effectively." Additionally, PGE's custom-designed control

system, GenOnSys aims to treat all inverters equally, creating a kind of "virtual power

plant" whereby large-scale PV becomes an asset, not a burden."

18

.19 Q:

20

Does Mr. Tillman's suggestion of technological solutions Io integration challenges

offer any ways UNS is actively addressing these concerns? '

21 A: No. Given that this portion of Mr. Tilghman's testimony is in support of a proposed

22 replacement to the existing net metering tariff, it appears the only action UNS is currently

23

Z4

25

26

27

28

is John, Jeff St. "HECO and SolarCity to Put Smart Solar Inverters Through Real-World Testing," December 8,
2014. https;//www,greentechmedia.com/anicles/read/HECO-and-SolarCity~to-Put-Smart-Solar-Inverters~Throu_lzh-
Real-World-Testing. Accessed October 19, 2015
16 Nelson, A., A. Hoke, S. Chakraborty, J. Chebahtah, T.Wang,and B. Zimmerly. "Inverter Load Rejection Over~
Voltage Testing," 2015.http://www.nreI.gov/docs/fy15osti/63510.pd£Accessed October 19, 2015
in by REL: Technology Transfer _ NREL's ESIF Offers Equipment Testing on Grand Scale."Smart Grid Today_
April 14, 2015. http3//www.nre1,gov/technologytransferlnews/2015/16491.htm1. Accessed 19 October 2015
18 Schari Mesa, and Michael Mills~Price. "Laying the Foundation for the Grid-Tied Smart Inverter of the Future."
Advanced Energy: SEGIS Program Concept Paper, 201 1.http://solarenergv.advanced-
energv.com/'upload/File/White Papers/'SEGIS-Laying%20the%20Foundation-2-F1NAL.pd£Accessed October 19,
2015
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1

2

3

4

5

taking is to change the value proposition for customers that would like to install and use

onsite solar generation. To the extent reducing the rate of distributed solar generation

growth would reduce integration challenges, I suppose that modifying the net metering

tariff to be less advantageous will have the desired result of slowing the rate of customer-

sited solar growth, but he does not show that this will address his concerns.

6

7 Q:

8

Does Mr. Tillman provide any other rationale of how UNS's proposed changes to

its net metering tariff might address these integration-related concerns"

9 A:

10

11

12

13

No. He simply summarizes the rate changes proposed by Mr. Dukes. Mr. Tillman does

not reference any of the widely available utility demonstration efforts related to

successfully integrating increasingly high penetrations of rooftop PV. For practical

purposes, the only way that this rate change can "address" his operational concerns is by

depressing distributed solar adoption. believe this is the intent.

14

15 111.

16 Q:

17

18

19

OTHER BENEFITS SHOULD BE CONSIDERED

UNS proposes that the Renewable Credit Rate be a rate "equivalent to the most recent

utility scale renewable energy purchased power agreement connected to the

distribution system of UNS Electric's affiliate, TEP." Are there benefits of distributed

generation that may not be reflected in a utility-scale avoided cost rate?

20 A.

21

22

23

24

25

26

27

Yes. As many studies have discussed and illustrated, there are unique values to distributed

solar generation. First, when a generation resource is located behind a customer's meter, it

is avoiding line losses when compared to more remote generation that is delivered across

transmission and distribution facilities. Second, distributed solar generation may enable a

utility to avoid or defer capital distribution projects. Benefits such as this, among others,

are not going to be reflected in a utility-scale power purchase rate.

Additionally, it is important to consider that net metered solar PV represents a

resource that leverages private funds to bring the resource to the grid. A utility does not

incur any direct costs to bring this capacity online. If a net metered system helps to reduce28

18
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3

4

5

6

a utility's revenue requirement overtime, then it will necessarily put a downward pressure

on rates. For example, a recent study conducted by Synapse Energy Economics for the

Mississippi Public Service Commission showed dirt instituting a net metering program in

that state would put downward pressure on rates."

I will provide further testimony on benefits in the next round of testimony related

to cost of service and rate design.

7

8 Q: Can solar DG be cost-effective relative to other resources?

9 A:

10

11

12

Yes. However, in order to understand how, one must look at the benefits beyond simple

reductions of short-term utility energy purchases or generation. In particular, one needs to

take a longer view to be able to see and quantify the contributions that solar DG makes. I

briefly mention a few of these below.

13

14 Q:

15

Can solar DG provide reliability benefits and reduce a utility's reserve margin

requirement?

16 A:

17

18

19

20

21

22

23

24

25

26

Yes. For example, a 2005 article by Duke, Williams and Payne in the Energy Policy

Journal notes that PV deployment makes it possible to reduce the reserve margins needed

to ensure power system reliability." Duke et al. point out that grids with large generation

facilities require a higher reserve margin since an unanticipated loss of output from even a

single generating facility could affect service continuity. In contrast, a power system with

a large number of distributed PV systems allev iates reserve requirements because

individual systems are far smaller than central-station plants, and the risk of unexpected

technical failure is uncorrelated across different PV systems.

This is echoed in a 2011 report prepared for the New York State Energy Research

and Development Authority (NYSERDA), which noted that in general, distributed

generation can increase system reliability by increasing the number and variety of

27

28

[9 Synapse Energy Economics, Inc, "Net Metering in Mississippi: Costs, Benefits and Policy Considerations."
Prepared for the Public Service Commission of Mississippi, September 19, 2014.
20 "Accelerating residential PV expansion: demand analysis for competitive electricity markets" Duke et al.,Energy
Policy 33, 2005 (Duke 2005) p. 1922
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8

9

10

11

12

13

generating technologies, reducing the size of generators and the distance between

generators and load, and by reducing loading on distribution and transmission lines."

The reserve margin benefit issue is illustrated by an example cited in the

NYSERDA study:

During the last wave of nuclear plant construction, single units were built as large

as 1100 MW in capacity. Seabrook l is an example. At the time Seabrook I came

into service, its loss became the single largest risk to the reliability of the New

England grid and substantially increased the risk of system outages. To remedy this

situation, the New England Power Pool had to increase the required reserve margin

for every utility in New England by several percentage points. A two percentage

point increase in the region's required capability would amount to something on

the order of 500 MW. The cost savings implicit in reducing the size of plants and

dispersing them can be appreciated from that obsewationn

14

15

16

17

While UNS is not contemplating adding a large nuclear plant, its acquisition of 138 MW

(Gila Bend) out of a system of 400 MW does represent a large fraction of UNS's supply

portfolio,

18

19 Q:

20

Beyond providing reliability benefits by lowering reserve margin requirements, can

solar DG provide other grid support or ancillary services?

21 A:

22

23 I

24

Yes. According to a 2013 meta-study by the Rocky Mountain Institute, grid support

services provided by solar DG can include reactive supply and voltage control, frequency

regulation and response, supporting energy imbalances, providing operating reserves, and

scheduling and forecasting benefits to ensure operational safety." The study notes that

differing standards and rules based on different systems could affect the valuation of solar25

26

27

28

21 "Deployment of Distributed Generation for Grid Support and Distribution System Infrastructure: A Summary
Analysis of DG Benefits and Case Studies." Prepared for NYSERDA by Pace Energy and Climate Center and
Synapse Energy Economics 2011 (NYSERDA 201 1) p.l7
22 NYSERDA 2011, p. 17
23 "A Review Of Solar PV Benefit & Cost Studies",Rocky Mountain Institute 2013 (RMI 2013) p. 15

20
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3

4

DG grid support services,24 however it is likely that with changes in technology, the net

value proposition of solar DG as grid support will increase."

. This fundamental conclusion that solar DG can provide grid support is corroborated

by reports and studies prepared for NREL2° and NYSERDA."

5

i 6 Q: Can solar DG provide a hedge against volatile fuel prices?

7 A:

8

9

10

11

12

13

Yes. A 2013 paper by the Interstate Renewable Energy Council notes that solar DG

provides a fuel cost price hedge benefit by reducing reliance on fuel sources that are

susceptible to shortages and market price volatility." It further notes that solar DG

provides a hedge against uncertainty regarding future regulation of greenhouse gas and

other emissions, which also impact fuel prices. Solar DG customer exports help hedge

against these price increases by reducing the volatility risk associated with base fuel prices

effectively blending price stability into the total utility portfolio.

14

15 Q: Does solar DG offer any environmental benefits?

16 A:

17

18

19

20

21

22

23

Environmental benefits are a commonly referred to benefit of renewable power generally,

and solar DG specifically. These benefits include reduced carbon emissions, avoided health

costs resulting from reduced criteria air pollutants and improved air quality, avoided

environmental compliance costs since solar DG is-a zero-emissions technology, reduced

stress on land and water resources.

These benefits can, of course, also be achieved through central solar facilities.

However, solar DG also offers the same negligible water use and zero emissions as UNS

central solar PV proposal, but without the potential habitat, visual and cultural impacts

associated with utility-scale solar plants."24

25

26

27

28

24 RMI 2013 p. 33
25 RMI 2013 P- 34
26 "Photovoltaics Value Analysis," Prepared for National Renewable Energy Laboratory by Navigant Consulting
2008 (NREL 2008) p. 13
27 NYSERDA 2011 P- 18
28 "A Regulator's Guidebook: Calculating the Benefits and Costs of Distributed Solar Generation", Interstate
Renewable Energy Council 2013 (IREC 2013) p. 30
29 "The SunShot Vision Study," Department of Energy, February 2012 (DOE 2012) p. 170
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1 Q: Does solar DG offer any socio-economic benefits?

2 A:

3

4
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E
5

6

5

7

8

9

10

11

12

13

14

15

Yes. As discussed in 2013 paper by the Interstate Renewable Energy Council, installation

and construction associated with onsite generation facilities is inherently local in nature, as

contractors or installers must be within reasonably close geographic proximity to

economically install a system and be present for building inspections. Accordingly, the

solar industry creates local jobs, thereby generating local revenue. Economic activity

associated with the growing rooftop solar industry can create additional tax revenue at the

state and local levels, as installers purchase supplies, goods and other related services

subject to state and local sales tax, and pay payroll taxes. Locally spent dollars displace

those frequently sent out of state for fuel and other supplies."

These jobs impacts are backed up by data. Overall, from 2010 to 2014, the solar

industry has added nearly 80,000 jobs in the US, an 86% increase,3l and is expected to add

another 36,000 jobs in 2015.32 Installers make up the largest part of the solar workforce,

with most working on small, distributed systems:59.6%on residential systems and 23.6%

on small to medium commercial systems (less than 200 kW).33

16

17 Q.

18

Should all of these benefits be considered in determining whether a shift away from

the existing net metering policy is justified or advisable?

19 A.

20

21

22

Yes. It is appropriate to consider the full range of benefits provided by net metered solar in

determining whether there is a conipellingbasis tO fundamentally change the policy and

justify a waiver of the net metering rules as well as the creation of an arbitrary class of

customers subj et to a discriminatory rate.

23

24

25

26

27

28

30 IREC 2013 p. 35
31 The Solar Foundation,National Solar Jobs Census 2014,Page 1.http://www.thesolarfoundation.org/wp-
content/uploads/2015/01/TSF-National-Census-2014-Report__web.pdfAccessed November 2, 2015.
32Ibo., p, 3
33 Ibid., p. 15
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1 Iv. -OR AT LEAST NOT

2

POLICY RESPONSE: ACC SHOULD SUPPORT

HINDER-DISTRIBUTED PV

Q:

4 A:

3 Does Arizona have any policies concerning distributed generation?

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

Yes. Arizona's Renewable Energy Standard and Tariff("REST") order, ACC Decision No.

69127, set out specific requirements for utilities in the state with respect to the acquisition

of  renewable energy to serve their retai l  customers. Included in that REST were

requirements for amounts of a utility's Annual Renewable Energy Requirement that must

be met by distributed energy ("DE") resources. The RES requirements and the set-asides

for DE resources reflect the Arizona policymakers' intent for renewable energy in general,

and distributed renewables in particular, to be included in the state's energy portfolio. This

is not simply because they result in the lowest possible rates. If that were the case, the

REST would not be necessary. But the REST and DE requirements exist because they offer

benefits, such as those I enumerated above, that cannot be easily reflected in a simplistic

short tern analysis.

Rate designs that directly or indirectly suppress renewable DE generation are at

odds with this general policy direction. In setting rates, which will be explicitly addressed

in the next round of testimonies, the ACC must keep in mind that customers who have, or

are wishing to install, solar. DG must not be not discriminated against through the

imposition of unique and onerous tariffs.

20

21 Q: Does this conclude your testimony?

22 A: Yes.

23

24

25

26

27

28

23
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MARK E. FULMER

PROFESSIONAL
EXPERIENCE

Principal
MRW & Associates, LLC
(1999 - Present)
Conduct economic and technical studies in support of clients involved in
regulatory and legislative proceedings and power project development. Advise
clients on the economic issues associated with taking electricity service tram non-
utility sources or self-generating power. Work includes expert testimony on rate
matters, economic analysis of end-use energy-efficiency projects, retail rate and
wholesale price forecasting, and pro forma analysis of cogeneration and
distributed generation facilities.

Project Engineer
Daniel, Mann, Johnson & Mendenhall
(1996 - 1999)
Acted as project manager and technical advisor on energy efficiency projects.
Work included management of PG&E program to promote innovative energy
efficient technologies for large electricity users. Coordinated the implementation
of an intranet-based energy efficiency library. Directed technical and market
analyses of small commercial and residential emerging technologies.

Associate
Tellus Institute
(1990-1996)
Advised public utility commissions in five states on electric and gas industry
deregulation issues. Submitted testimony on the rate design of a natural gas
utility to the Pennsylvania Public Utilities Commission. Testified before the
Hawaii PUC on behalf of a gas distribution utility concerning a competing electric
utility's demand-side management plan. Analyzed national energy policies for a
set of non-govemmental agencies, including critiquing the DOE's national energy
forecasting model. Developed model to track transportation energy use and
emissions and used the model to evaluate state-level transportation policies.
Developed model to track greenhouse gas emission reductions resulting from
state-level carbon taxes.

Research Assistant
Center for Energy and Environmental Studies, Princeton University
(1988-1990)
Researched the technical and economic viability of gas turbine cogeneration using
biomass in the cane sugar and alcohol industries. First researcher to apply
"pinch" analysis and a mixed-integer linear programming model to minimize
energy use in cane sugar refineries and alcohol distilleries.

EDUCATION M.S.E., Mechanical and Aerospace Engineering, Princeton University, 1991
B.S., Mechanical Engineering, University of California, Irvine, 1986
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SELECTED PUBLICATIONS

l. A Technical and Economic Assessment of the Co-Production of Electricity and Alcohol From Sugar
Cane. Presented at the International Engineering Conference on Energy Conversion (IECEC-90).
American Institute of Chemical Engineers. New York, NY. August 1990. Principal author and
presenter.

2. Cogeneration Applications of Biomass Gasifier/Gas Turbine Technologies in the Cane Sugar and
Alcohol Industries. Proceedings, Energy and Environment in the 21st Century,MIT Press.
Cambridge, Massachusetts. 1991 . Co-author.

3. The Environmental Impacts of Demand-Side Management. Electric Power Research Institute report
TR-101673. 1992. Co-author.

4. The Role of Gas Heat Pumps in Electric DSM. Presented at the 6th National Demand-Side
Management Conference. Miami Beach, Florida. March 1993. Principal author and presenter.

5. Applying an Integrated Energy/Environmental Framework to the Analysis of Alternative
Transportation Fuels. Invited paper at the European Council for an Energy Efficient Economy
(ECEEE) 1993 Summer Study. Principal author.

6. Mistakes, Misconceptions, and Misnomers in DSM Cost-Effectiveness Analysis. Peer reviewed
paper at the ACEEE 1994 Summer Study. Principal author and presenter.

7. A Social Cost Analysis of Alterative Fuels for Light Vehicles.Energy Strategies for a Sustainable
Transportation System, ACEEE. Washington, DC. 1995.

8. Strategies for Reducing Energy Consumption in the Texas Transportation Sector. Project for the
Texas Sustainable Energy Development Council. Austin, Texas. June 1995. Co-author.

9. Evaluation of Food Processing Effluent Treatment Alternatives. Paper presented at the American
Chemical Society meeting, Las Vegas, Nevada. December 1997. Co4Author.. .

10. Market Transformation Effect Indicators for Government, Utilities, Retailers and Manufacturers..
Invited panelist in a roundtable discussion at the American Council for an Energy Efficient Economy
(ACEEE) 1998 Summer Study.

ll. California: Crisis Over? Project Finance NewsWire, Chadbourne & Parke. October 2001. Co-
author.

12. California: Back to Basics or Déjà Vu? Natural Gas & Electricity, Volume 20, Number 12. July
2004. Co-author.

13. Nuclear Fuel Reprocessing: Issues and Future Prospects. Report for the California Energy
Commission. (Final Draft). March 2006. Co-author.

14. AB 1632 Assessment of California's Operating Nuclear Plants. California Energy Commission,
CEC-100-2008-005-F. October 2008. Co-author.
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15. Framework for Evaluating Greenhouse Gas Implications of Natural Gas-fired Power Plants in
Cadifomia. California Energy Commission, CEC-700_2009_009-F. May 2009. Co-author.

PREPARED TESTIMONY

1. Rhode Island Public Utilities Commission No. 2025
Prepared Testimony on Behalf of Rhode Island Department of Public Utilities and Carriers
(Commission Staff). Testimony addressed the costs, savings, and cost-effectiveness of the proposed
demand-side management programs of Providence Gas Company. April 1993 .

2. Pennsylvania Public Utility Commission R-943029
Prepared Testimony on Behalf of the Pennsylvania Office of Consumer Advocate. Testimony
reviewed 1307(t) filing of Columbia Gas of Pennsylvania, particularly the impact of the proposed
gas cost recovery mechanism on residential customers. May 1994.

3.
i

Public Utilities Commission of the State of Hawaii No. 94-0206
Prepared Testimony on Behalf of the Gas Company of Hawaii (Gasco). Testimony identification of
Gasco's concerns regarding HECO's proposed DSM programs for competitive energy end-use
markets. December 1994.

4. Arizona Corporation Commission No. E-00000A-02-0051 , E-01345A-01 -0822, E-00000A-01_0630.
E01933A_02_0069, E-01933A-98-0471
Rebuttal Testimony on Behalf of Constellation NewEnergy, Inc. and Strategic Energy, L.L.C.
Testimony addressed the future of the Arizona Independent System Administrator. July 28, 2002.

5. FERC Docket Nos. EL00-95-075 and EL00-98-063
Affidavit on Behalf of Duke Energy Trading and Marketing LLC. March 20, 2003 .

6. CPUC Rulemaking 01-~10-024 . .
Prepared TestiMony on Behalf of the Alliance for Retail Energy Markets." Testimony addressed the
utility procurement plans with respect to resource adequacy. June 23, 2003 .
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1 1. Introduction

2 Q: Please state your name.

3 A: Mark Fulmar.

4

5 Q: Did you provide testimony on behalf of The Alliance for Solar Choice (TASC) in

6 this proceeding on November 6, 2015.

7 A: Yes.

8

9 Q: What is the purpose of this testimony?

10 A: In this testimony I address the reasonableness of UNS's proposed residential three-part

11 rate and Rate Riders 10 and 11.

12

13 Q: Please summarize your conclusions.

UNS's14 A: First, while it may allow a utility to more easily collect its revenue requirement,

15 proposal to place all residential and small commercial distributed generation (DG)

16 customers onto a three-pan rate (Rider 10) is fundamentally flawed in numerous ways.

17 As such it must be rejected.

18 Second, UNS's proposal to credit DG exports at a rate that can change based on

19 the price of a power purchase agreement (PPA) for power purchased by a different utility

20 that may have very different attributes than UNS is unreasonable and should be rejected.

21 The current policy of banking credits month-to-month should be continued.

22 Third greater use of optional time of use (TGU) rates, be they for full-service

1
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Demand Charge
o - 7 kW

Over  kw
$5.00/kw
$9.95/kW

$6.00/kw
$9.95/kW

$0.0S4260/kWh
Energy Charge

All
Summer on-peak
Summer off-peak
Winter on-peak
Winter off-peak

$0.111110/kWh
50.043900
$0.108960
$0.043S79

I
r

4 u

1 customers in addition to customers with DG, can reflect cost causation as well as send

2 customers price signals to which they can actually respond. As such, if one were to

3 choose, it is better to encourage greater use of optional TOU rates than to pursue

4 residential demand charges.

5 11. There Are Fundamental Policy Problems With UNS's Proposal

6 Q= Please summarize UNS's proposed residential rate design changes for DG

7 ¢u5tgm€rg_

8 A: First, UNS is proposing to create two "three~pa1t" residential rates: REs~0l Demand and

9 RES-Ol Demand TOU. These rates would consist of (I) a monthly customer charge, (2) a

10 per-kilowatt-hour (kph) energy charge, and (3) acharge based on the peak demand of

11 the residential customer that occurred during the billing period (Table 1). These two

12 rates would be optional for standard residential customers, but residential DG customers

13 whose systems are installed after June l, 20]5 would be required to take service under

14 one of du: three-part' rates.

15

16 Table 1. Proposed Three-Part Residential Rates

Basic Service Charge $20/mo. $20/mo.

17
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1 Second, UNS is proposing Rider 10, Net Metering for Certain Partial Requirement

2 Service (NM-PRS), to take effect on June 1, 2015. Rider 10 applies to:

3
4
5
6
7

8
9

10

...any Customer with a facility for the production of electricity on its premises
using Renewable Resources, a Fuel Cell or Combined Heat and Power (CHP) to
generate electricity, which is operated by or on behalf of the Customer, is
intended to provide all or part of the Customer's electricity requirements, has a
generating capacity less than or equal to 125% of the Customer's total connected
load at the metered premise. (Rider 10, sheet 710)

11 Thus it applies to ALL customers with qualifying behind-the-meter DG, regardless of

12 whether or not that customer exports any electricity to the grid. Rider 10 also requires

13 that customers with DG must be on a demand-based rate. Lastly, Rider 10 requires that,

14 "If at any time within a billing month the Customer's generation facility's energy

15 production exceeds the energy condemned by the Customer, the Customer's bill for the

16 same billing period shall be credited for the excess generation priced at the approved

17 Renewable Credit Rate" (Rider 10 sheet 710-1). Thus this Rider is not technically "net-

18 metering," which under FERC PURPA standards requires that excess generation be used

19 to offset "electric energy provided by the electric utility to the electric consumer during

20 the applicable billing period."' In addition, the Corporation Commission's own Net

21 Metering Rules set forth that net metering involves a kph for kph credit for exported

22 €Il€Tgy.2

23 Rider ll specifies the Renewable Credit Rate at which DG customers would be

24 compensated for excess generation. The Renewable Credit Rate would be set at "the rate

25 equivalent the most recent utility scale renewable energy Power Purchase Agreement

26 (PPA) connected to the distribution system of the Company's affiliate, Tucson Electric

I See, Section 1251 (a) of the Energy Policy Act of 2005.
2See,R14-2-2306(D)
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1 Power Company.as

2

3 Q: What concerns do you have about how the Renewable Credit Rate in Rider 11 is

4 set?

5 A: I have five concerns. First, DG solar can provide greater benefit to the grid than utility-

6 scale generations, therefore the price of utility-scale resources is not an accurate or

7 appropriate proxy and would not adequately compensate the system owner for the DG

8 solar system's output.

9 Many of these benefits, such as potential transmission and distribution savings,

10 apply also when solar DG is compared to central solar stations. As I pointed out in more

11 detail in my November 6th testimony in this docket, DG solar offers a distinct benefit to

12 the utility and its ratepayers and offsets the variability issues inherent in utility scale

13 solar. The fact that DG is distributed makes it a more reliable and steady source of power

14 than even smaller utility scale projects.4 In addition, solar DG offers the same emissions

15 savings as central solar PV, but without the potential habitat, visual and cultural impacts

16 associated with utility-scale solar plants. For example, the Department of Energy's

17 SunShot Vision study from February 2012 draws from the draftSolar Programmatic

18 Environmental Impact Statement (Solar PEIS) on Solar Energy Development on BLM-

19 Administered Lands in the Southwestern United States to note that the primary ecological

20 and other land-use impacts of solar development relate to land used for utility-scale PV

3 E.g., "Deployment of Distributed Generation for Grid Support and Distribution System Infrastructure: A Summary
Analysis of DG Benefits and Case Studies" Prepared for NYSERDA by Pace Energy and Climate Center and
Synapse Energy Economics 2011, "A Regulator's Guidebook: Calculating the Benefits and Costs of Distributed
Solar Generation", Interstate Renewable Energy Council 2013.
4 Scc, Testimony of Mark Fulmar, November 6, 2015, at 13:19-15:16.
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1 and concentrating solar (rooftop installations have negligible direct land-use impacts).5

2 Even with the most careful land selection, utility-scale solar development may have

3 significant local land-use impacts, especially in areas of the southern United States where

4 there is large potential for solar.6 The impacts of utility-scale solar development include

5 direct impacts, such as soil disturbance, habitat fragmentation, and noise, and indirect

6 impacts, such as changes in surface water quality because of soil erosion at the

7 construction site.7

8

9 Q: What are your second and third concerns?

10 A: Second, the Rider 11 rate is set based upon a transaction of a different utility: the most

11 recent renewable PPA with Tucson Electric Power (TEP). While TEP is an affiliate of

12 UNS, it is not UNS. This begs the question, "why not Arizona Public Service (APS) or

13 Salt River Project (SRP) or even Nevada Power, whose load center (Las Vegas) is closer

14 to the bulk of UNS's load than Tucson is?"

15 Third, the potential variability of this payment rate is concerning. It can change

16 .significantly from year-to-year, depending upon the resource needs of TEP and the PPAs

17 it enters into to meet those needs. If UNS is treating excess generation more like a supply

18 resource, which I believe it is with this proposal by applying a utility scale electricity

19 purchase price to much smaller solar DG electricity, pricing the supply at an uncertain

20 value is not fair. I cannot imagine that a developer of a utility-scale solar project would

21 enter into a contract with a provision to base the PPA price upon the price of a contract

22 entered into by a different utility and a third-party solar provider, which would change

5 "The SunShot Vision Study," Department of Energy, February 2012 (DOE 2012) p. 170
6 Ibid.
7 Ibid.
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1 unpredictably the next time that utility entered into a new PPA. Under these conditions, a

2 utility-scale project would likely not even be able to secure financing. This kind of

3 variability and uncertainty is not even appropriate for a feed-in-tariff. Certainly, if UNS

4 is committed to treating its residential customers as if they are for profit PPA providers, it

5 should be prohibited from forcing terms on those residential customers that a PPA

6 provider would outright reject.

7

8 Q: What is your fourth concern with Rider 11?

9 A: Fourth, the value of renewable power is not the same across technologies. TEP might

10 acquire through a PPA with a geothermal project, which could provide caseload power

11 and thus likely have a lower price than solar, even though solar provides power during

12 times of high system load when power is more valuable. Or it might be tied to a wind

13 project, whose generation profile would also differ from that of solar PV and thus provide

14 a different--and likely lower-value to the utility.

15

16 Q: What is your fifth concern?

17 A: Last, I understand there to be concerns around taxation of income derived from exported

18 power sold to the utility in this manner, as well as potentially jeopardizing access to the

19 federal solar tax credit. TASC has raised these concerns when similar proposals have

20 been raised both in Arizona and elsewhere.8

21

22 Q: What is the impact of Rider 11 on a UNS customer contemplating DG?

8 Reply Comments of The Alliance For Solar Choice, Solar Energy Industries Association And California Solar
Energy Industries Association On Party Proposals, Appendix C. Submitted to the California Public Utilities
Commission in Rulemaking 14-07-002. September 15, 2015.
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l A: Not knowing at what rate the customer would be compensated for any power he or she

2 exports adds a serious layer of uncertainty in the decision-making process of whether or

3 not to adopt solar DG. As described above, the Rider 11 rate will be based on a utility-

4 scale project that contributes fewer benefits to UNS's system than DG, such as reductions

5 to line losses and peak load, and potential deferral of transmission, distribution, and

6 generation investments As a result, the Rider 11 rate will undervalue the electricity that

7 customers generate with DG solar. Further, as proposed, Rider 11 will likely act more

8 like a ratchet, ever going down. This obviously creates a problem for someone

9 considering an investment in a fixed asset.

10 Moreover, I know of no contracts for utility-scale power with pricing based on a

11 contract between an unrelated entity and a utility serving a different jurisdiction. A plant

12 subject to such a pricing scheme could never get financed. Applying this to DG-

13 generated power is just as unreasonable.

14

15 Q: How does UNS justify its three-part rate and proposed requirement that DG

16 customers be on it?

17 A: UNS witness Dukes states that a "Demand charge should provide customers with a price

18 signal that accurately reflects the cost of system resources that must be available to serve

19 the individual peak load"l° He further states that such a rate design will move some of

20 the so-called "fixed" costs into a rate component that DG customers must pay_' 1

21

9 See footnote 3.
10 Dukes at p. 17.
" Ibid., at p 23.
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1 Q: Do you find this rationale compelling?

2 A: No. UNS's arguments supporting the three-part rate focus solely on cost recovery and do

3 not consider other ratemaking factors and objectives.

4

5 Q: What other factors must be reviewed when considering a major rate changes such

6 as this?

7 A: A major concern that I have is that the arguments for the three-part rate, as well as its

8 design, are based on a shortsighted view of costs and cost causality. In UNS's cost-

9 causation world, there are two kinds of costs: sunk (fixed) and variable. The only variable

10 costs are those associated with the operating costs of power plants. As Mr. Dukes states

11 in his testimony, "The only completely avoidable cost is the variable cost related to the

12 energy production, primarily fuel, purchased power and any O&M costs directly related

13 to energy production or procurement."'2 Everything else is sunk and treated as fixed."

14

15 Q: Do you agree that all costs that are not associated with fuel and power plant O&M

16 are fixed?

17 A: No. While perhaps this division of variable and fixed costs may be true in the short run,

18 in the long run it clearly is not. Costs that are now sunk were based on assumptions of

19 the future. For example, in proposing to purchase Gila Bend, UNS did not simply

20 consider the cost of the plant." If the cost of capacity were the only consideration, UNS

21 could have acquired a simple-cycle combustion turbine for less. But UNS instead chose

22 a plant whose capital costs, which as soon as the ink is dry on the contract becomes a

12 Dukes at p. 10.
13 Ibid.
14 UNS Integrated Resource Plan, pp. 245-247.
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1 sunk fixed costs, are higher in order to reap the benefit of lower operating (variable) costs

2 in the future.

3 In the time running up to the purchase of a capacity asset, the prudent utility will

4 look at its needs in the future and consider all the options for meeting those needs in a

5 least-cost fashion, be it fossil generation, demand response, energy efficiency, or

6 something else. That is the heart of integrated resources planning.

7 Considering only very short-term costs in ratemaking ignores the long view. If

8 you can We actions NOW that can save ratepayers money (or reduce risk or meet some

9 other planning goal) in the future, at higher costs today, they are likely the correct actions

10 to take.

11 In order to make those kinds of decisions with respect to ratemaking, long-run

12 avoided costs must be considered. Even through reducing the load on a distribution

13 circuit now might not change its immediate costs, it very well might extend its life or

14 mitigate the need to install a greater capacity line in the future." This long-run marginal

15 cost view is already being used in Arizona to evaluate energy efficiency investments, not

16 the fixed-variable split being proposed here for ratemaking.

17 By not taking the longer view and Exiting on short run avoided costs and cost

18 recovery in their ratemaking, UNS will be implementing rates that may allow it to more

19 easily collect its return on investment at the expense of higher rates in the future. While

20 this may be beneficial to UNS, it is detrimental to its ratepayers.

21

22 Q: While UNS focused on cost recovery by proposing residential demand charges, what

23 are some of the other factors that should be considered in making rates?

15 See footnote 3.
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1 A: Mr. Duke cites to the authoritative text on rate design, John Bonbright's Principle of

2 Public Utility Rates, on a number of "foundational principles." These include simplicity,

3 understandability, public acceptability, Hee from controversies as to proper interpretation,

4 avoidance of undue discrimination, efficiency to discourage wasteful use of service,

5 revenue stability, and effectiveness in yielding total revenue requirement.l6 I find that

6 UNS has focused on the last two listed here-revenue stability and yielding total revenue

7 requirement, at the expense of some of the other principles. As I discuss throughout this

8 testimony, UNS's proposal to double the monthly customer charge and require new DG

9 customers to be on a three-part rates violates the principles of understandability, public

10 acceptability, avoidance of undue discrimination, and wastefulness.

11

12

13

111. UNS's Riders 10 and 11 Are Discriminatory Towards DG
Customers

14 Q: Is requiring DG customers to be on one of the two RES-01 DEMAND tariffs fair?

15 A: I do not believe so. Even setting aside my general concerns with a residential three-part

16 rate, the way that UNS is applying it via Rider 10 is unreasonable.

17 First, it is discriminatory towards those customers wlfo have chosen to use a

18 particular technology in their home. It doesn't matter if they never export power to the

19 grid, they would still be required to take service on a tariff that may not-and likely will

20 not-be in their best interest. In essence, UNS is proposing to "look behind the meter"

21 into someone's home (or at minimum on their roof) to see if they are using a particular

22 technology and then force them onto a different rate, This strikes me as unreasonably

16 Dukes at pp. 8-9.
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1 invasive of customers' privacy." UNS does not require customers with particularly

2 efficient (or inefficient) appliances to register and be placed on a special rate. Doing so

3 for customers who take a different action that changes their metered electricity profile is

4 Dot reasonable.

5 Furthermore, as UNS witnesses have pointed out, there are other low-usage

6 customers who may not be paying what UNS characterizes as their fair share of utility

7 costs: apartments, small efficient homes, seasonal residences and vacant homes. From a

8 kilowatt-hour per month perspective, without looking into the home, these customers are

9 not distinguishable. As witness Dukes has pointed out, "approximately two-thirds of the

10 bills issued in the last 4 years to residential customers (applying the current RES-01 rate)

11 did not provide fixed cost recovery equivalent to the class average."'9 While UNS is

12 partially addressing this concern through its proposed increase in monthly customer

13 charges, Rom $10 to $20 per month, a lack of fixed cost collection is also the major

14 rationale for requiring DG customers to be on a three-part tariff But since there are a

15 significantly greater number of customers with similarly less-than-average usage who

16 would not be subject to Rider 10, applying it only to customers with DG is clearly

17 discriminatory. Residential customers with DG do not constitute a separate rate class, and

18 as such should not be treated as one.

19

17 The only exception to this is when something on the customer-side of the meter could affect safety. Hence it is
appropriate for interconnection but not for billing.
is Dukes at p, ll.
"' Dukes at p. 13.
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1 Iv. UNS's Analysis Supporting Rider 10 Is Misleading

2 Q: How does UNS Witness Dukes characterize the impact of the proposed RES-01

3 DEMAND tariff on residential customers who install solar PV after June 1, 2015?

4 A: Mr. Dukes shows the average bill for a customer using an average of 500 kph per

5 month, 900 kWh/month, 1,200 kWh/month and 1,500 kWh/month under four cases :

6 RES-01 8111 requirements (i.e., no DG), RES-01 with net metering and banking, RES-0 l

7 excess power purchased per Rider 11, and RES-01 DEMAND plus Riders 10 and 1 1.20

8 He then focuses on the percentage bill savings experienced under the proposed rates for

9 customers with solar DG, characterizing them as "significant."2l In presenting the

10 information this way, he is implying that the impacts arc not great and would not

11 dramatically impact the economics of installing DG.

12

13 Q: Would the economies of installing DG be dramatically changed under the UNS

14 proposal"

15 A: Yes. This is clearly seen by looking at the same data Mr. Dukes used in his tables in two

16 other ways . First, rather than comparing the DG customer bill under the UNS proposal to

17 the bill with no DG, it is illuminating to compare the bill for a customer with DG under

18 the current tariff to that under the proposed tariff. This comparison is shown in Figure 1

19 and Table 2. As the figure shows, for most DG customers, their UNS bills would be

20 more then double under the proposed tariffs as compared to continuing to allow net

21 metering (with banking). Numerically, the annual UNS bill for a small user (500

20 Dukes at p. 29.
21 Dukes at pp. 29-30.
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1 kWh/mo. average) would be nearly $240 more under the proposal relative to NEM with

2 banking (status quo). For a large user (1,200 kWh/mo.), for whom solar DG would likely

be more attractive, the rate difference is over $530 per year.3

4

5
6 Figure 1. Annual Average Bill for a Customer with Solar DG

r
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10 Table 2. Impact on Residential DG Customer's UNS Bill Under Company Proposal
(relative to RES-1 with NEM and banking)

Average Monthly
Usage

Increase in DG Customer Bills
Under UNS's Proposal

Percent Annual
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1 Q: IsN't it true thatUNS's proposed Rider 10 won't be raising anyone's rates as it only

2 applies to future customers with solar?

3 A: No. UNS's rate changes are proposed to affect any DG customer who made the decision

4 to supply a portion or all of their own power after June 1, 2015. Consequently, should the

5 Commission approve the change, anyone who has chosen to self-generate after that date

6 until the tirneofthe tariff change would sec increased rates.

7

8 Q: Do the results of the proposed rate changes on future DG customers appear gradual,

9 fair orpt'udent?

10 A: No. 1 have never senna utility commission approve a rate structure that says all new

I I ciIsfomems.dia certain Will pay more than double the amount of existing customers

12 taking the.sn1ne.senriee. Forexample, it is almost impossible to imagine a commission

13 approving a rate on all new residential customers resulting in those new customers paying

14 upwards of 185% more than existing ones.

I 5

16 Q: How else might a customer considering solar DG or a solar.DG provider look at

17 this?

18 A: When considering the financial impact of a solar DG system, a key factor is the bill

19 savings that can be achieved. Paramount to this is identifying the price at which the solar

20 system would need to achieve in order to break even with utility service. In other words,

21 if the Icvelized cost of the DG system (or, if owned by a third party, the lease rate) is less

22 than the offset retail rate, then it might make financial sense, if not, then not.

23 If the prospective customer was able to take service under UNS's proposed RES-

14
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I 0] rate, the breakeven price for electricity Hom the DG solar unit would be

2 approximately 10.5¢A<wh.22 Under RES-1 DEIVLAND it would be 38% less at 6.5¢/kWh,

3 As I will discuss in the next section, this difference can make a profound impact on the

4 viability of rooiiop solar.

5

6

7

8

v. UNS's Proposal Will Likely Have Large Impact On PV
Adoption

Q: Mr. Dukes noted thattherewere a number of other utilities in the U.S. that have

9 three-part residential rates containing a demand charge. Were these threepart

10 residential tariffs optioNal or mandatory?

11 A:

12

In all the jurisdictions identified by Mr. Dukes but one, the residential three-part rate was

voluntary."

13

14 Q: Did any of the utilities cited require cusgémeiUl With DGto take service under the

IS three~part rate?

16 A: Yes. Here 'm Arizona, starting earlier this year, Salt River Project (SRP) began requiring

17. all customers installing new DG system to take service under a new Tariff, E-27.

18 Although the new tariff was approved by the SRP Board in February 20 I5, it was applied

19 retroactively to when the rate was 'initially proposed, December 8, 2014.

to

21 Q: How does SRP's E-27 tariff compare to UNS's proposal for customers with DG"

22 A: Table 3 shows SRP's E~27 rates and UNS's proposed RES-01 DEMAND. SRP's rate

23 differs from the UNS proposal by (a) having higher monthly charges; (b) differentiating

2: Energy Delivery Charge for usage over 400kWhlmonth plus Power Supply Charges plus riders.
pa The exception is Black Hills Power (Wyoming).

l5
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energy and demand rates by season; (c) using We highest demand during the peak period

2 as the demand billing determinant; (d) having higher peasilg-demnand rates while at the

3 same time meaning demand over 15 minutes rather than oneiaour; (43 having. two time-

4 of-use periods (on-peak and off-peak) for energy charges. It is similar to UNS's proposal

5 .in that the SRP E27 avoidable energy charges are low (4~6¢/kWh) and effective fixed

6 charges are relatively high.

7

8 Table 3. SRP E-27 and UNS's Proposed RES-01Demandplus Rider 10

9

10
11 Q: Has this new rate affected the adoption of residential solar DG in the SRP territory?

12 A: Yes, it has had a dramatic if not catastrophic effect. Figure 2 shows the monthly

13 applications for solar DG submitted to SRP from 2012 through September, 2015. In 2012

la and 2013, there were, on average, 201 applications for solar DG per month. In 2014, but

15 for December, there were on average 486 applications per month. In the first nine months

16 of 2015, the number of applications plummeted to 24 per month, a 95% decrease, One

17 month in 20 IN, in fact, experienced zero applications.
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l Figure 2. SRP Solar DG Applications

2
3 Source: www.Ai'i2¢9n1xGoqs§Q1ax43rz.Accessed November 24, 201 s

4 The dramatic number of applications in December was due to individuals wanting

5 solar DG but knowing that it would not be cost-cffcctivc if they were placed on the new

6 rate. In fact, ALL of the December 2014 applications occurred in.thc list eight days of

7 the month, with a majority being submitted on December 8.

8 Clearly, rates that collect much of the revenue through monthly fixed charges and

9 quasi-fixed demand charges can decimate, and in SRP tcITitory has decimated, the market

10 for distributed solar. I firmly believe that if UNS's proposal is adopted, a similar plunge
9
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1 VI. Customers Will be Confused

2 Q: Do you believe that customers will understand demand charges?

3 A: I am skeptical that customers, particularly residential and small commercial ones, will be

4 able to understand demand charges. Residential consumers have experience with their

5 energy use, in kilowatt-hours, because that is the basis on which they have been billed in

6 the past. They do not have experience with the concept of demand, measured in kw,

7 which is the rate at which a customer uses energy as a function of time. In mathematical

8 terms, it is the first derivative of energy use with respect to time.

9

10 Q: What evidence do you have that customers will not understand demand charges?

11 A: In 2013, the three major investor owned electric utilities in California commissioned a

12 customer survey as part of the CPUC's comprehensive Rulemaking proceeding on

13 residential rate design.24 The survey found "Possible that concept was confusing and

14 respondents did not understand that it varies based on kW demand levels, which made

15 demand charges appear low relative to monthly service fee."25 This lack of

16 understanding of rates in general is reflected elsewhere, where barely half of California

17 consumers realized that they were on a tiered rate plan." This despite the fact that

18 California has had default tiered residential rates since the late 1980's.

19 Furthermore, customers have also shown a strong preference for simplicity in

20 their rates. In a survey conducted for San Diego Gas & Electric Company concerning

21 rates for DG, when asked what they would prefer if NEM was not available, only 17% of

24 California Public Utilities Commission, Rulemaking 12-06-013. June 21, 2012.
25 Hiner and Partners, Inc. "RROIR" Customer Survey, April 16, 2013. at p. 22. Submitted as part of California
Public Utilities Commission, Rulemaking 12-06-013.
z6 Ibid. at p, 7.
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1 customers preferred demand charges, making demand charges one of the least preferred

2 options." When queried about the choice factors preferences (i.e., what they would like

3 in a solar rate), 57% stated save money, 39% said simple, and 34% said "fits my habits

4 and lifestyle."28 UNS's proposal is clearly out of step with the second and third choice

5 factor preferences. It is not simple, and in order to meet the first factor-save money-

6 would, as discussed later, likely require unrealistic and/or potentially expensive changes

7 in habits and preferences.

8

9 Q: What does witness Dukes say about the price signals that demand charges send?

10 A: Mr. Dukes says that a "...Demand Charge should provide customers with a price signal

11 that accurately reflects the cost of system resources that must be available to serve their

12 individual peak load. They then can make proper usage and equipment purchase

13 decisions that would reduce that portion of their bill while producing system benefits."29

14

15 Q: Do you find this to be reasonable?

16 A: No. First, as I have already discussed, the demand charge may reflect the cost of current

17 system resources, it does not reflect the long run marginal cost of providing those system

18 resources. Second, also as discussed, most of those costs are not to meet an individual's

19 peak but the system peak that reflects load diversity. In fact, for some solar customers,

20 maximum demand may occur during off-peak hours. Thus, the price signal being sent is

21 inappropriate: reduce demand at times where there already is plenty of capacity. Third, I

22 do not believe that a demand charge will provide a signal upon which customers can take

27 Hiner & Partners, Inc. "Solar (NEM) Rate Preferences Survey Results," Prepared for SDG&E. June 2015, at p. 7.
z8 Ibid.at p. 17.
29 Dukes at p. 17.
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1 concrete action to reduce their demand charge. I expect that aside from an air conditioner

2 or perhaps an electric water heater, customers do not have a good idea of what appliances

3 have a large kilowatt demand and as such are unable to accurately monitor their use.

4 Additionally, some appliances, such as refrigerators, run or cycle automatically,

5 eliminating the ability of a customer to anticipate or control their associated demand.

6 Furthermore, in order to reduce a demand charge, the customer must not operate

7 high demand appliances at the same time, Qnsistently throughout the billing period. For

8 example, the demand charge will be assessed on the one instance during the month where

9 a customer has the air conditioner (or in the winter a heat pump or other electrical heating

10 system), hair dryer, and laundry all running at the same time. Essentially, a customer will

11 have to be conscious of their individual appliance use, and the appliance use of every

12 member of their household at all times, in order to have any impact on the demand

13 charge. One slip-up and the customer will be paying a high demand charge. As such,

14 while a demand charge might send an economists' "correct price signal," it is not an

15 easily actionable one that people can change their behavior in response to. It is one thing

16 to send a price signal, it is another thing to have that price signal be one that customers 01

17 can effectively react to in a positive manner.

18
19 Q - Mr. Dukes also says that the demand charge will help improve a customer's load

20 factor and thus save them money." Is this reasonable"

21 A: No. Mr, Dukes' arguments are implicitly based on customers increasing their load factor

22 by decreasing their demand. Given that customers cannot easily reduce their peak

23 demand, this argument is not sound. The easiest and primary way that customers can

30 Dukes at pp, 24-26.
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1 improve their load factor is to consume more power. This result would incept customers

2 to use more electricity, as each unit decreases their average cost. For example, under the

3 RES-l demand tariff, a customer using 900 kph in a month with a maximum demand of

4 5 kW would be paying an average rate of l0.7¢/kWh. If they simply left their lights on

5 more or their computer or TV on, their usage could increase to (for example) 1200, which

6 would lower their average rate to 9.6¢/kWh. "The more you use, the more you save," is

7 not a message that I believe UNS should be sending.

8

9 Q: Mr. Dukes points out that "Customers continue to have more options to save in the

10 future when technology can help them manage and reduce demand."31 He follows

11 this statement with a hypothetical of a customer installing device(s) that would

12 ensure that the pool pump and air conditioner do not operate simultaneously. What

13 issues does this raise?

14 A: It raises three issues applicable to all residential customers, not just those with DG. First,

15 enabling devices can help customers react to a demand charge. With this I agree.

16 However, it also assumes that the customer has both the financial means to install such a

17 device as well.as a home to which it could be applied. Lower-income customers cannot

18 likely afford such equipment. Second, his simple example of a customer with a backyard

19 pool suggests that such demand charge-avoiding technologies would, at least initially, be

20 available only to those with financial means. Third, such devices would face the classic

21 split-incentive problem that energy efficiency programs experience." A landlord would

22 be the likely party paying for any building energy management systems while their

3\

32
Dukes at p. 26.
Arizona Corporation Commission Decision No. 74885, at p. 22. Docketed December 31, 2014.
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1 tenants would be the ones reaping the savings (through no action of their own). As such,

2 the landlord has no financial incentive to install such devices. Thus while enabling

3 devices are good in theory and may play a role in the future, they cannot be counted upon

4 to assist customers in managing demand charges in 2016.

5

6 Q: How do mandatory demand charges affect those considering solar DG?

7 A: A three-part rate, especially coupled with an uncertain buyback rate for excess

8 generation, makes it much more difficult for a homeowner to determine if solar makes

9 financial sense. Such rate design makes it nearly impossible for customer to calculate the

10 benefit of their investment. In particular, what should they assume about demand

11 charges? They would require a great deal of data on their own consumption patterns, as

12 well as different panel orientations, to do a proper analysis, and such an analysis would

13 be based on past energy demand patterns. Future demand patterns may be wildly different

14 as families grow and appliances change.

15 Compare the situation that those with DG would be in under the new tariffs to the

16 situation that every other UNS customer would be in if they were considering the

17 purchase of any single other energy saving piece of equipment. Customers looking to

18 upgrade their heat pump, their refrigerator, their stove, their hair dryer, or even their

19 lightbulbs could reasonably calculate their bill savings and therefore the value of their

20 investment, but those looking to save energy with solar would no longer be able to

21 calculate their bill savings and would have to guess about the benefit of such an

22 investment. On their face, these proposed tariffs appear to be aimed at singling out solar

23 technology for negative financial treatment.

22



1 Q: Does UNS propose any programs to educate customers about the threpart rate?

2 A: No. It is unconscionable to propose such a radical change in rates without public

3 participation hearings or without supporting it with some kind of education effort. As

4 discussed above, demand charges can be confusing and difficult to respond to. If UNS is

5 permitted to implement the residential demand rates, even if they are not mandatory for

6 customers with DG, then a customer education program plan should be submitted to and

7 approved by the Commission prior to the rate's implementation.

8 VII. Time-of-Use Rates Are Superior to Three-Part Rates

9 Q: You do not support demand charges for residential customers. Do you have an

10 alternative to more effectively align rates and utility costs?

11 A: In general, I believe that well-designed optional time of use rates are a better tool to send

12 capacity-related prices signals to residential and small commercial customers. First, Hom

13 a customer's point of view, they are much more easily understood than demand charges.

14 Older customers should still remember earlier telephone rate designs, where prices were

15 higher during the daytime and lower during the nighttime hours and on weekends.

16 Explaining that electricity rates are more expensive during the summer late aftemobns

17 and evenings should be much simpler than trying to communicate the notion of what is

18 effectively the first derivative of energy (kwh), which is power (kW) .

19 Second, customers can much more readily respond to time of use rates. Knowing

20 that the electricity they purchase during peak hours is more expensive, they can take easy

21 and appropriate steps to reduce their usage and thus, in aggregate, reduce UNS's peak

22 demand. As noted earlier, in order to get a positive financial response (i.e., a bill

23



1 reduction) to a demand charge, expensive equipment must be purchased and even then

2 action must be consistently taken each and every hour by multiple members of a

3 household. One slip-up and the reductions enacted every other day are for naught.

4 Customers who realize this will likely ignore the demand price signal and treat it as a

5 "fixed" element of their bill. But with an optional peak-period TOU rate, even though

6 any individual home might not reduce every hour of every afternoon, averaged across all

7 customers, demand reductions will occur.

8 Third, time-of-use rates can reflect utility cost causation. UNS has already

9 determined hours of peak system demand and can adjust its on-peak rates to reflect

10 capacity-related costs.

11 Fourth, demand charges can be counter to conservation. Once peak demand has

12 been hit, a customer is less incentivized to conserve throughout the month as their

13 incremental usage has less impact on their bill.

14 Fifth, time of use rates already existence, which would limit the need for customer

15 educatioN programs.

16

17 Q: UNS expresses concern about collecting certain costs from low-use customers. Is

18 there a better alternative than a demand charge to do this?

19 A: Yes. A minimum bill provision, combined with a purely volumetric energy rate, could be

20 effective in collecting the appropriate fixed costs 80m ALL low-use customers, and not

21 just those with DG. A minimum monthly bill amount could be set that collects a

22 reasonable amount of UNS's fixed charges. If at the end of the monthly billing cycle a

23 customer's bill (based on their usage and the volumetric rate) is less than the minimum
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1 bill amount, then the customer pays that minimum. This allows UNS to collect a

2 minimum amount, Hom all low-use accounts, be they part-year residences, vacant

3 buildings, those with DG or other."

4

5 Q: Have you calculated what an appropriate minimum Bil] would be for UNS?

6 A: No, I have not. I raise it here as an example of a rate that would meet UNS's primary

7 concern of revenue collection, but also be easily understood and send actionable price

8 signals to ratepayers for conservation.

9 VIII. Miscellaneous

10 Q: Does TASC have a position on UNS's proposed Lost Fixed Cost Recovery

11 Mechanism (LFCR)?

12 A: While I am not an attorney, I know it is TASC's position that the LFCR mechanism

13 violates the Arizona Constitution and that it as an illegal rate making mechanism. As a

14 result, `TASC believes the LFCR cannot be permitted to continue moving forward and

15 UNS's proposal in that regard must be rejected. Moreover, TASC's position is that any

16 previous amounts collected under this illegal device since UNS's last rate case must be

17 returned to UNS's ratepayers to avoid an illegal result. I am not offering this answer in

18 an effort to explain or support TASC's position but rather simply to state the fact that this

19 is TASC's position. TASC will be briefing the legal issues supporting this position as

20 part of the hearing process,

21

33 Provisions of course should be made for low-use low-income customers.
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1 Q: Can solar DG have a positive impact on Arizona's economy?

2 A: I believe that it can, and in fact already does. Attached as Exhibit MEF-2 is the 2014

3 National Solar Jobs Census,conducted by The Solar Foundation and the George

4 Washington University. The report found that in 2014 the solar industry was adding

5 workers at a rate nearly 20 times the overall economy and that solar industry employment

6 had increased by over 20% from 2013.34 Of the nearly 120,000 solar installer jobs

7 nationwide, over 83% are dedicated to installing primarily residential and small

8 commercial systems." Continuing to foster solar DG in Arizona will allow the continued

9 expansion of well-paying jobs in the UNS service territory and throughout the state.

10 Q: Does this conclude your testimony?

11 A: Yes .

34 2014 National Solar Jobs Census,at p.l.
is Ibid., at 15.
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The Solar Foundation (TSF) is a national 501 (c)(3) nonprofit organization whose mission is to in-

crease understanding of solar energy through strategic research that educates the public and trans-
forms markets. in 2010, TSF conducted its first National So/ar/obs Census report, establishing the
first credible solar jobs baseline and verifying that the solar industry is having a positive impact on
the U.S. economy. Using the same rigorous, peer-reviewed methodology, TSF has conducted an an-
nual Census in each of the last five years to track changes and analyze trends.

TSF would like to acknowledge and thank its research partners and sponsors. Without their foresight
and leadership, this report would not have been possible.
Research partners include:

The George Washington Universitly Solar Institute for providing assistance and support in re-
viewing and validating report rest ts and analysis,

Solar Energy industries Association (vElA) for use of its National Solar Database, in-kind re~
search support, and peer review,

Department of Energy's SunShot program and the National Renewable Energy Laboratory
his report was eveloped based upon partial funding rom the Alliance for Sustainable

Energy, LLC, the manager and operator of RE for the U.S. apartment of Energy, and,

Interstate Renewable Energy Council (IREC) for its ongoing support.

U.S.
{NREL).

Other sponsors and key contributors to this year's Census effort include: Energy Foundation, Wil-
liam and Flora Hewlett Foundation, Tilda Fund, SolarCity, Sun Power, Sun Edison, GTM Research/SFIA
for providing survey respondents with the U.5. So/ar Market Insight: 2073 Y/R report, and Cornell
University's School of Industrial Labor Relations for validating the original Census methodological
framework. .

We also want to thank all the solar employers that participated in the survey. Your responses were
critical in providing us with accurate and timely data.

For questions or comments about this report, please contact either:

Andrea Luecke, President and Executive Director
The Solar Foundation

505 9"' Street NW, Suite 800 Washington DC 20004
202-469-3750, info@solarfound.org, www.TheSolarFoundation.org

Philip Jordan, Principal and Vice President
BW Research Partnership
686 South Street, Unit 4, Wrentham, MA 02093
508-384-2471, pjordan@bwresearch.com, www.bwresearch.com

Please cite this publication when referencing this material as "National So/ar/ob5 Cen5u5 2074, The
Solar Foundation, available at: www.tsfcensus.org"
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E><@<3LJtiv@ Summary
The Solar Foundation's National So/ar/ob5 Census 2074 is the fifth annual update of current
employment, trends, and projected growth in the U.S. solar industry. Data for Census 2074
is derived from a statistically valid sampling and comprehensive survey of 276,376 estab-
lishments throughout the nation, in industries ranging from manufacturing, to construction
and engineering, to sales. Rapid change in this industry has warranted annual examinations
of the size and scope of the domestic solar labor force and updates on employers' perspec-
tives on job growth and future opportunities.

This year's Census found that the industry continues to exceed growth expectations, adding
workers' at a rate nearly 20 times faster than the overall economy and accounting for 1 .3 %
of all jobs created in the U.S. over the past year. Our long-term research shows that solar
industry employment has grown by 86% in the past five years, resulting in nearly 80,000
domestic living-wage jobs. The installation sector, made up of men and women placing
these systems in service, crew managers or foremen, system designers and engineers, and
sales representatives and site assessors, remains the single largest source of domestic em-
ployment growth, more than doubling in size since 201 0.

with leading market analyses continuing to project record-breaking increases in annual
installed solar capacity before the 30% federal investment tax credit (ITC) expires at the end
of 201 6, it is very likely that the national solar workforce will continue growing at its re-
markable pace in the short term. However, if the ITC reverts to the 10% level in 201 7, solar
employment growth is likely to slow or may even experience significant job losses.

As of November 2014, the solar industry employs 173,807 solar workers, representing a
growth rate of 21.8% since November'2013. Since Census 2073, U.S. businesses added
more than 2 million jobs, a growth rate of 1.1%, meaning employment in the solar indus-
try grew nearly 20 times faster than employment in the overall economy. Gver the next 12
months, employers s.urveyed expect to see total employment iii the solar industry increase
by 20.9% to 21 0,060 solar Workers.

1 In this survey, solar employees are defined as a worker that spends at least 50% of their time on solar-relat-
ed work. However, we have consistently found that 90% or more of these workers spend 100% of their time
on solar-related work,
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This report includes up-to-date information on the solar industry, quantifying employment
growth since last year's study and trends since the publication of Census 2070. These re-
search findings also provide stakeholders with current information on the potential for fur-
ther growth and the factors that are likely to impact the industry over the coming years.
Based on the observed growth in solar employment in this and previous Census reports, we
draw the following conclusions.

As of November 2014:

I Solar industry employment increased by nearly 22% since November 2013, which
is almost twenty times the national average job growth rate. There are 173,807 solar
workers in the U.S., up from 142,698 for the previous year. 2014 was the second con-
secutive year in which solar employment both grew by approximately 20% or more and
exceeded Census growth projections.

Employment in the U.S. solar industry increased nearly 86% over the past four years.
Since the first Nationa/50/ar/obs Census was published by The Solar Foundation in Sep-
tember 2010, the solar industry increased 85.90/0, adding over 80,000 workers.

• Solar is a major source of new U.S. jobs. Of the more than 31,000 new solar jobs added
since November 2013, 85 percent are new jobs (rather than existing positions that have
added solar responsibilities), representing approximately 26,600 new jobs created.

• The solar industry created 1.3% of all new U.S. jobs. One out of every 78 new jobs
created in the U.S. since Census 2013 was created by the solar industry - representing
1.3% of all new jobs.

Page 2



• The solar industry expects to add over 36,000 solar jobs over the next 12 months. If
realized, this 20.9% growth rate would make 2015 the third consecutive year that an-
nual solar job growth was near or above twenty percent. This estimate compares with a
projected 1% increase in employment in the overall economy over the next year.

i
i

• Of the 173,807 solar workers in the United States, approximately 157,500 are 100%
dedicated to solar activities. The "all-solar" percentage of workers is effectively un-
changed since 201 3.

The U.S. solar industry is becoming more efficient, to less than 15.5 jobs per megawatt
of installed capacity. This is down from 19.5 jobs per megawatt in 2012.

• Including indirect and induced impacts, the solar industry supports approximately
700,000 U.S. jobs. Censusdata include occupations critical to meeting domestic instal-
lation demand. These include most of the direct jobs and many of the indirect jobs in the
solar industry, with the exception of some indirect jobs in the component and materials
supply chain. Those jobs, combined with induced impacts of the industry, support an
additional 531,200 jobs, bringing the total employment impact for the U.S. solar indus-
try to over 705,000.

• Wages paid to solar workers remain competitive with similar industries and provide
many living-wage opportunities.
hour, with the mean wage for these workers rising by 1 .6% over the previous year. Man-
ufacturers pay their assemblers nearly $1 8 per hour, while internal sales people at these
firms earn approximately $44 per hour. Overall, salespeople have a wide range of pay,
from about $30 to more than $60 per hour, and solar designers receive between $30-40
per hour.

Solar installers pay an average wage of $20-24 per

e

Solar workers are increasingly diverse. Demographic groups such as Latino/Hispanic,
Asian/Pacific Islander, and African American, along with women and veterans of the
U.S. Armed Forces now represent a larger percentage of the solar workforce than was
observed in Census 2073. These higher percentages, coupled with overall growth in
solar employment, means workers from these groups are growing in number as well as
percentage of the workforce. Women account for over 37,500 solar workers - 21 .6% of
total - up from around 26,700 in 2013. Nearly 17,000 veterans are employed by solar
establishments, compared with just over 13,000 the previous year.

!

National 50/ar/obs Cen5u5 2074 continues to demonstrate that the U.S. solar industry is
having a positive and growing impact on the national economy and supports jobs across
every state in the nation.

As with the previous Census studies, this report includes information about all types of com-
panies engaged in the analysis, research and development, production, sales, installation,
and use of all solar technologies _ ranging from solar photovoltaics (PV), to concentrating
solar power (CSP), to solar water heating systems for the residential, commercial, industrial,
and utility market segments.
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The fin din s resented herein are based on rt rous curve efforts that include 66,986 tele-g  p g y
phone calls and over 25,655 emails to known and potential solar establishments across the
United States, resulting in a maximum margin of error for employment-related questions of
+/- 2.03°/0. gt
Unlike economic impact models that generate employment estimates based on economic
data or jobs-per-megawatt (or jobs-per-dollar) assumptions, the National 5o/ar /obs Cen-
sus series provides statistically valid and current data gathered from actual employers. This
analysis also purposefully avoids artificially inflating its results with questionable multiplier
effects often found in analyses of other industries.

About Time Solar FoLJmdati0n®

The Solar Foundation (TSF) is an independent 501 (c)(3) nonprofit organization whose mis-

sion is to increase understanding of solar energy through strategic research that educates the
public and transforms markets. TSF is considered the premier research organization on the
solar labor workforce, employer trends, and the economic impacts of solar. it has provided
expert advice to leading organizations such as the National Academies, the Inter-American
Development Bank, the U.S. Department of Energy, and others during a time of dynamic
industry growth and policy and economic uncertainty.

While TSF recognizes that solar energy is a key part of our energy future, it is committed to
excellence in its aim to help people fairly and objectively gauge the value and importance
of these technologies.

About BW Flesearclw Partrmerslwip
r

E

2

| BW Research is widely regarded as the national leader in labor market research for emerg-
ing industries and clean energy technologies. In addition to the Census series, BW Research
has conducted rigorous solar installation and wind industry labor market analysis for the
National Renewable Energy Laboratory, wind energy and energy retrofit studies for the Nat-
ural Resources Defense Council, a series of comprehensive clean energy workforce studies
for the Commonwealth of Massachusetts, Illinois, Vermont, Florida, Pennsylvania, Iowa, and
California and numerous skills and gap analyses for community colleges, workforce invest-
ment boards, state agencies, and nonprofit organizations.

1

BW Research provides high-quality data and keen insight into economic and workforce
issues related to renewable energy, energy efficiency, transportation, recycling, water, waste
and wastewater management, and other environmental fields. The principals of the firm are
committed to providing research and analysis for data-driven decision making.
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Overview

The Solar Foundation's Nafiona/50/ar/ob5 C`en5u5 2074 is the fifth annual review of the size
and scope of the U.S. solar industry's employment landscape, and represents the most sig-
nificant analysis of solar labor market trends to date. This year's Census survey went out to
more than 55,000 U.S. business establishments and includes data gathered from more than
7,600 of them, with full survey completions from over 2,000 solar establishments. The data
illustrate a rapidly growing industry that is gaining strength and efficiency while showing no
signs of slowing down in the near term.

Between November 2013 and November 2014, solar employment grew nearly 20 times
faster than the overall economy. U.S. businesses added more than 2 million jobs since Cen-
5u5 2073, a growth rate of 1.10/>.2 One out of every 78 new jobs created in the U.S. since
Census 2013 were created by the solar industry - 1.3% of all jobs."

Solar employment reached 173,807 jobs (at 25,491 locations) as of November 2014, an
increase of 85.9% from September 2010 to November 2014. This has been driven largely
by the massive growth in the demand for solar energy systems over the same time frame,
rising from 929 megawatts (MW) installed in 2010 to 7,243 MW expected in 2014.4 Global
demand, which drives much of domestic manufacturing, has grown from just over 17,000
MW in 2010 to an estimated 50,000 MW in 2014.5

Installation firms account for nearly 56% of all solar jobs, while manufacturing accounts
for almost 19%. Collectively, demand-side sectors (installation, sales and distribution, and
project development) make up 76% of overall solar industry employment.

2 Class of Worker Employment EMS! 20143, see methodology for further information on data sources

3 Current Employment Estimates, Bureau of Labor Statistics, for period of Nov 2013 - Oct 2014, Revised Jan
9, 201 5.
4 SEIA/CTM Research Solar Market Insight QS 2014
5 REN 21 Global Status Report 2014; IEA Solar Thermal Electricity Technology Roadmap 2014

Page 5
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Table 1: 201 4 Sector Employment

Installation 97,031 55.8%

3

Manufacturing 32,490 18.7%

Sales & Distribution 20,185 11.6%

Project Developers 15,112 8.7%

Na Other 8.989 5.2%

Total 173,807 100.0%

Solar firms added more than 31,000 jobs since Census 2013, representing 21 .8% growth
in employment from November 2013. Installers were responsible for 27,373 of these new
jobs, or 88% of total growth. However, all sectors, with the exception of "Other," grew over
the past year.

Table 2: 201 O - 201 5 (Projected) Sector Employment°

Installation 43,934 48,656 57,177 69,658 97,031 118,942

37,194M anufacturi ng 24,916 37,941 29,742 29,851 32,490

Sales & Distribution 11,744 13,000 16,005 19,771 20,185 25,480

I Project Developers no category no category 7,988 12,169 15,112 18,004

NI Other 12,908 5,548 8,105 11,248 8,989 10,439

Total 93,502 105,145 119,016 142,698 173,807 210,060

6 Due to rounding, yearly sector employment may not sum to overall yearly total.
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While "Other" is a catchall category that includes various critical supporting elements of the
solar industry, it is notable that early stage investments (Seed, Series A, and Series B), from
both public and private sources, are down sharply over the past several years." This lack of
funding is likely negatively impacting employment at companies in research and develop-
ment. s

r
r
I
5
I

W h i l e  s o l a r  e n e r g y  s t i l l  r e p r e s e n t s  o n l y  1 %  o f  t o t a l  U S  e l e c t r i c i t y  g e n e r a t i o n ,  t h e  s o l a r

i n s t a l l a t i o n  s e c t o r  i s  a l r e a d y  l a r g e r  t h a n  w e l l ~ e s t a b l i s h e d  s e c t o r s  o f  f o s s i l  f u e l  g e n e r a t i o n ,

s u c h  a s  c o a l  m i n i n g  ( 9 3 , 1 8 5  j o b s ) .  i n  a d d i t i o n ,  t h e  s o l a r  i n s t a l l a t i o n  s e c t o r  a d d e d  n e a r l y

5 0 %  m o r e  j o b s  i n  2 0 1 4  t h a n  t h e  t O t a l  c r e a t e d  b y  b o t h  t h e  o i l  a n d  g a s  p i p e l i n e  c o n s t r u c t i o n

i n d u s t r y  ( 1 0 , 5 2 9 )  a n d  t h e  c r u d e  p e t r o l e u m  a n d  n a t u r a l  g a s  e x t r a c t i o n  i n d u s t r y  ( 8 , 6 8 8 ) . ' *

g
8E
8
I

S o l a r  e m p l o y e r s '  r e p o r t e d  p r o j e c t e d  g r o w t h  o f  2 0 . 8 %  i n  2 0 1 5  i s  n e a r l y  e i g h t  t i m e s  g r e a t e r

t h a n  t h e  g r o w t h  e x p e c t e d  i n  t h e  o i l ,  g a s ,  a n d  c o a l  i n d u s t r i e s  o v e r  t h e  s a m e  p e r i o d .  M o r e -

o v e r , .
m u c h  l a r g e r  f o s s i l  f u e l  i n d u s t r y , "  W h i l e  t h e  g r o w t h  p r o j e c t i o n  o f  s o l a r  e m p l o y e r s  m a y  s e e m

o v e r l y  o p t i m i s t i c ,  c o n s i d e r  t h a t  s o l a r  e m p l o y e r s  h a v e  e x c e e d e d  t h e i r  p r e d i c t i o n s  i n  e a c h  o f

t h e  l a s t  t w o  y e a r s  b y  2 . 7 %  a n d  6 . 2 0 / 0 ,  r e s p e c t i v e l y .

t h e  s o l a r  i n d u s t r y  w i l l  a d d  r o u g h l y  t h e  s a m e  n u m b e r  o f  j o b s  i n  t h e  c o m i n g  y e a r  a s  t h e

S i n c e  2 0 l O ,  i n s t a l l a t i o n  f i r m s  h a v e  a d d e d  m o r e  t h a n  5 0 , 0 0 0  j o b s ,  r e p r e s e n t i n g  m o r e  t h a n

1 2 0 %  e m p l o y m e n t  g r o w t h .  S o l a r  s a l e s  e s t a b l i s h m e n t s  h a v e  a d d e d  8 , 5 0 0  j o b s  w h i l e  m a n -

u f a c t u r e r s  h a v e  i n c r e a s e d  t h e i r  p a y r o l l s  b y  7 , 5 0 0  w o r k e r s ,  w i t h  g r o w t h  r a t e s  o f  7 2 %  a n d

3 0 % ,  r e s p e c t i v e l y .

7 Cleantech Group in data, reviewed December 19, 2014.
8 EMSI Class olIWorker Employment 20143. Note that applying industry~wide employment change from 2012
Lhrough 2014 (8.l% decline) in coal mining to the National Mining Association's 2012 report's Endings of 144,580
non-transportation jobs (which are excluded from this Census' solar employment total) results in 133,870 coal
mining jobs, which is 23% smaller than U.S. solar employment.
9 ld The ii NAICS industries that make up the oil, gas, and coal industries are projected to add 37,206 jobs
over the period, up 2.7%.
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Figure 1: Solar Employment Growth From 2010-2014 (Overall and by Sector)'°
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Employers expect to see total employment in the solar industryreach 210,060 solar work-
ers (a 20.9% increase) by the end of 2015. This compares with only 1% employment
growth projected overall in the U.S. over the same period. Solar sales firms expect the fast-
est percentage growth at 26.2% (adding almost 5,300 jobs), while iNstallation firms expect
to add almost 22,000 jobs over the coming year (22.6% growth).

Figure 2: Expected Solar Employment Growtl'n FrOm 2014-2815 (Overall and by Sector)
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10 Project Developer growth is set to 2012, the first year the category was used.
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About three out of every four businesses state that the 30% Investment Tax €redit (ITC),
an income tax credit for renewable installations, has significantly helped their business.

Figure 3: Perceived Effect of the ITC on Solar Businesses

an Significantly
improved our
business

red I Somewhat
improved our
business

lot has
iciness

Has not improved
or has harmedpur
business

n DK/NA

However, nearly 40% of all respondents believed that lowering the ITC to 10% after 201 6
for commercial projects and eliminating the ITC for residential projects would not impact
their workforce. This is possibly due to a large number of companies that work in sectors not
eligible for the tax credit, including manufacturers, companies that primarily sell products
and services abroad and companies that sell solar pool heaters (which don't qualify for the
ITC). in addition, some respondents were in states that expect to be least impacted by sched-
uled changes to the ITC or are facing more pressing challenges to market growth from other
policy or regulatory changes. Moreover, solar installers, which make up the largest solar sec-
tor and accounted for 88% of job growth in the past year, felt the ITC was vital to their sector.

The solar industry is becoming increasingly diverse. A greater percentage of women, mi-
norities and veterans of the United States Armed Forces were employed by solar firms in
2014 as compared to 2013. Employers were also asked to report about their workers' union
membership for the first time since 2012. Approximately 6.2% of the solar workforce be-
long to a union, totaling nearly 1 1,000 jobs.

Page 9



Table 3: Solar Worker Demographic Breakdown 201 3 vs. 2014

Women 18.7% 21 .6°/>

Latino Cr Hispanic 15.6% 16.3%

Veterans of the U.S. Armed Forces 9.2% 9.7%

Asian or Pacific Islanders 6.7% 7.0%

Africa n-American 5.9% 6.0%
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The installation sector represents the end of the solar value chain and is the largest sector of
the U.S. solar industry. Nearly 9 out of 10 new solar jobs since Census 2073 were created
by the installation sector. Composed of companies that primarily install photovoltaic, solar
water heating, and other solar energy technologies, the installation sector's growth is primar-
ily driven by installed solar capacity gains.

The installation sector is still primarily comprised of small firms - more than half of all
installers have 10 or fewer employees ._ yet since the first National 50/ar/obs Census was
conducted in 2010, the number of large firms, defined as having more than 100 employees,
has more than doubled to almost 10%.

I
Solar installers employ a wide range of workers, though the majority are connected to the
building trades, particularly electricians, construction laborers, and plumbers. They work on
systems of all sizes, including smaller residential systems as well as large commercial and
utility-scale systems.

Big News in Installation:

•

Over 7,200 megawatts (MW) of solar energy are expected to have been
Leading market research suggests that 2014 was a banner year for solar installations
across the U.S.
installed in 2014, enough to power nearly 1.2 million U.S. homes. If achieved, this
capacity figure will represent 40% growth over the total new solar capacity installed
throughout 201 3.1 1

11

Installation growth was particularly strong in certain market segments in several states,
including California, North Carolina, Massachusetts, New lersey, Arizona, Nevada, New
York, and New Mexico. This continued growth in capacity, however, is seeing solar
spread to new states. Georgia, for example, is expected to have installed over 100 MW
of solar this past year for the first time ever, narrowly edging out Hawaii for a spot in the
top 10 states for 201 4. Driven by large amounts of utility-scale solar, states like Indiana,
Virginia, and Tennessee will install more solar capacity this year than in all previous
years combined. In addition, some major solar markets are experiencing precipitous
growth in the residential market segment, with NewYork, Texas, and Massachusetts see-
ing capacity grow by 100% or more compared with the previous year.'2

I

H SEIA/CTM Research Solar Market Insight Q3 2014
12 SEIA/CTM Research Solar Market Insight Q3 2014 and IREC Solar Market Trends 2013
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Tina Long
Occupation: Electrician Foreman
Company: Bombard Electric
Years at Occuoaiion; 8
Location: Las Vegas. NV
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Figure 4: Annual Solar Power Capacity Installations, 2005-2014
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Several big players in the installation sector made major announcements in 2014. In
August, Verengo Solar was recognized by Inc. Magazine aS One of the fastest-growing
companies in the nation. Shortly thereafter, the company announced plans to expand
to new markets on both coasts.'3 Throughout the year, SolarCity has continued to make
progress toward its goal of opening 20 new operations. centers across seven states, an
expansion that is expected to create 600 new jobs."

I
i

Crowth in annual installed capacity continues to be primarily driven by the falling
installed costs of solar energy. As shown in Figure 5 below, capacity-weighted average
installed costs have declined by nearly 35% for residential installations, 49% for non-res-
idential systems, and 61% for utility-scale projects since the beginning of 201 0."*

This decline in installed costs continues to make solar more cost-competitive with conven-
tional electricity generation. For utility-scale solar PV projects, a 5-year average percentage
decrease of 78% was observed in the unsubsidized Ievelized cost of energy (LCOE), with the
latest averages ranging from $0.072 - $0.086/kWh."'

i1t8l :»: ':'¢8jns ' I ; . ' 3 -.

r ig ;  m:>- ~».~¢.»,u38,1; .81s*\»,&i , $ . , J 4 f T4 "PT ="  . f .: - I  1 ~ r * :  ; l " a - F " -  1 f-r .x i »1 z i * ; j ,~~=Ql ar~m i l § ; s t ¢ i>§ ; ''4KTi F( ,* f  .s

Em; >.,Q "Qt,

I 1 L M

13 See: "Vercngo Reaches 75 MW Residential Solar Milestone", from Energy industry Today at:

14 See: "SolarCity is opening a Baltimore County operations center" from Baltimore Business journal at:

15 SEIA/GTM Research Solar Market Insight report series, 2010-2014
16 Lazard Levelized Cos! of Energy Analysis -Version 8.0

.r
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Figure S: Capacity~Weighted Average for Installed Costs of Solar Energy Systems, 201 0-2013
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This sediun includes a summary of key findings from information gathered from nearly
1,000 U.S. solar installation companies.

s
i
I

Installation companies now employ 97,031 workers, growing by nearly 40% since No-
.vember 2013 and 120% since September 2010, and now account for 56% of total indus-
try employment.

More Americans work at solar installation companies than work at petroleum refineries in
the United States," The installation sector anticipates adding the most new jobs in 201 5 as
well, reaching nearly 120,000 jobs by year's end with an expected employment growth rate
of 22.6°/0.

i
4

8

T7 EMSI Class of Worker Employment, 2014.3
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Figure 6: Installation Employment Cromer from 2010 to 201 5 (Projected)
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59.6% of solar installers work primarily on residential systems, while another 23.6% re-
port working on small to medium commercial systems up to 200 kw.

There are some significant differences between these types of establishments, including that
installer median wages are about 20% higher at firms that predominantly work on utili-
ty-scale projects than those that install commercial or residential systems.

Page 15
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Table 4: Installation Market Segments

Overall 32.0 53.5% 62.3% 7.31

Residential 32.0 62.7% 64.6% 9.39

Commercial 40.0 50.6% 66.1% 4.30

Utility-Scale 24.0 50.0% 16.7% 7.79

Nationally, installers report that about half of residential systems are financed or leased
through the company (as opposed to purchased outright), while about 70% of commercial
systems are financed/leased as opposed to purchased.

These results correspond with established trends and observations in financing for various
market segments. In six states representing approximately 75% of the total capacity expected
in the national residential market in 2014, third-party ownership accounts for approximately
70-90% of all new residential installationsfa Taken together, third-party owned residential
systems in these states will account for nearly 60% of all residential installations projected
nationwide this year.

Commercial projects seem to rely more on third-party owned systems, presumably due to
the comparatively greater upfront cost of these systems and the greater responsibility for sys-
tem operation and maintenance that would fall onto a commercial owner-operator. For ex-
ample, companies such as Walmart - the largest single corporate user of solar energy - has
financed most, if not all, of°these installations through third-party ownership." The same is
true of WalgreenS, another top corporate user of commercial solar, which recently contract-
ed a developer to install, own, operate, and maintain systems on 200 of its stores. There are,
of course, notable exceptions to this trend. IKEA has nearly 40 MW of solar installed on its
facilities around the country, and it owns and operates each of these installations.

29

81

While third-party ownership has driven significant growth, many installation companies are
also offering zero-down loans as part of their sales strategy. Current monthly costs for ze-
ro-down loans and solar leases (power purchase agreements) are strikingly similar in many
markets, and the popularity of loan versus leased systems will be an important trend to
watch in 201 5.
18 SEIA/GTM Research Solar Market Insight QS 20i4
19 SElA Solar Means Business Report, available Ar Mu1:.»'/x*v\\'x~..>4»i,1.c>rgjri.==.¢>,ar<'.h- .441 r *>fs(»lal>-;xn*4:l1&~~i81_|»1-

ness-repori
20 See: "Financing Options Open Up for Commercial Solar", from Solar Industry Magazine at heap: ~.v~.v"
>-silarinduslr : in '.;4,1u1-~'u,~ ~" ̀ 0 /F "AT ii Finnux.ir1;;;Qplions~()pc>ii~l Ali* r- . i Ill<'r(.i:ll-5-ol 1r.h ml

21 See: "Solar Leasing vs. $0-down Solar Loan - Scenarios in 10 States" from CleanTechnica at
cle>nx1k'<J)_i]_4_;.<.§;im/' I-hU-)1)()!<(»1!ir-l "H »~vs-£1-solar-Iorm-scenurio -I i  - :

1
8
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While PV dominates in all markets, nearly half of all installation firms. in the Southeast
work withsolar water heating technologies, including pool healers.

Table 5 below shows the breakdown of installer companies' reported activities by region.
Installers of'solar photovoltaic systems account for most activity in all regions of the country.
Solar water heating installers are more likely to be found in the Southeast, which (in the last
year for whichdata are available) accounted for over one-third of cumulative installed solar
water and pool heating in the U.S.22

Table 5: installed Products by Region"

Photovoltaic 92.1% 972% 96.3% 84 4% 94.1% 92.1% 92.0% 89.5%

Water heating. which
includes pool heating 28.4% 22.2% 23.2% 2 2.2% 22.0% 48.2% 26.8% 29.9%

Concentrating solar power 5.9% 5.5% 8.3% 4.8% 25% 96% 35% 49%

*Other 7.5% 8.3% 5.0% 6.8% 98% 916% 9.8% 68%

*Does,not muaI.100% as many companies work across multiple technologies.

I
t
E
E

I
9
E

s

5 m88
:38

' M

"\Y 4' M
4 '

22 SEINCTM Research Solar Market Insight 2010 Year-In-Review
23 For this analysis,  the West region was spl i t  into the Northwest (Oregon, Washington, Idaho, Montana, and
Aiaskal and the Pacif ic {Calit 'ornia, Nevada,  and Hawai i ) regions.
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Installers were the Most concerned that changes to the ITC would force job losses.

Almost every installer company surveyed (94%) believes the 30% ITC has significantly im-
proved their business. When asked how eliminating the residential credit and reducing the
commercial credit after 2016 would impact their hiring decisions, 61 .7% said they would
likely lay off staff and/or contractors.

Such a dramatic expected decrease in employment in this sector makes sense as annual
capacity additions in a given state are highly correlated with the number of solar jobs in that
state (the single largest category of which are installation jobs), and that nearly every market
segment in every state is expected to experience a decrease in annual installed capacity in
201 7, when substantial changes to the ITC are scheduled to take effect."

About half of all solar installer firms receive all of their income from solar goods and ser-
vices.

Compared with previous Census reports, this figure has grown over the past several years
and demonstrates that more companies are "pure-play" solar firms as the industry continues
to trend toward consolidation and maturation.

s
{

Installer companies employ more African-Americans and Latinos than their counterparts
in other solar sectors, and are generally more diverse than related sectors such as oil, gas,
coal, and construction.

i

8
In addition, 8.9% of the installation sector's solar employment in 2014 are veterans of the
U.S. armed forces, and 9.4% are members of a union. While the solar installation sector
employs a higher percentage of women than the construction industry, the coal industry
and the oil and gas extraction industries, there are fewer women working in the installation
sector than in other solar sectors. Table 6 below includes additional information on the de-
mographics of solar workers in the installation sector in 2014.

24 SEIA./CTM Research Solar Market Insight QS 2014
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Table 6: 2014 Installation Solar Worker Demographic Breakdown"

Latino or Hispanic 18.821 194% 13.0% 16.7% 19.1% 3.0%

Women 17.137 17.7% 49.6% 14.4% 16.6% 6.3%- ~.......

Belong to a Union 9.105 9.4% ala ala rxfa ma

Veterans of the U.S. Armed Forces 8.6.19 8.9% 7.0% Mia (Va Ma

Africa n-America n 6.269 6.5% 11.7% 53% 5.1% 2 4%

Asian or Pacific lslanders 6.013 6.2% 5.2% 21% 2.1% 0.4%

5
I
I

I

25 See: EMSI Class of Worker 2013.4;
tics, available at:

, The Employment Situation - November 2014, Bureau of Labor Statis-
51W2;.'-'u@w " . |» |4Q»x!1; v~-f<'l .. 1.lt*.f" <i f.
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Manufacturing
i.

Solar manufacturers produce a variety of finished products and components for domestic
and international markets. From solar water heaters to photovoltaic modules, U.S. produc-
tion of solar goods and services is growing, thanks to a rapidly expanding global market.

Big News in Domestic Manufacturing:

An improved balance of supply and demand in global markets has benefited domestic
module manufacturing. As shown in Figure 7 below, QS 2014 saw the greatest domes-
tic module production in two years, with output up over 275% since the low levels
observed in mid-20I2."'

Domestic production of pp components (e.g., polysilicon, cells, wafers, inverters) is also
up year over year and/or quarter over quarter.-"

Figure 7: U.S. Domestic Solar Module Production, 201 0-2014
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• 2014 saw several notable additions or announcements of new domestic manufacturing
capacity.

o Mission Solar Energy opened a new 100 MW cell and module facility in fall
2014 in San Antonio, Texas, which is expected to create over 400 new jobs
in the area."
Georgia-based Suniva announced it plans to open a second U.S. manufac-
turing facility in Michigan. Once fully-operational, the 200 MW facility is

o

26 SEINGTM Research Solar Marker Insight series,  2012-2014
27 SEINGTM Research Solar Marker Ins ight  QS 2014
28 See "Miss ion Solar producing solar panels" f rom My San Antonio al hllp:f.'wvm.1ng 5.\n¢\niuniu.( un1.'l»u\i-
gg§§¢]Qg,,.\l/nrliclu.'Misa-iQ|1-Solar-5rrudug ll1g-3,1 »l.\|-|».:m-l>- 3708! la l .pop
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expected to create 350 new jobs in the community."
In November 2014, REC Silicon announced its plans to expand polysilicon
production capacity at its Moses Lake, Washington facility by 3,000 metric
tons. Though not expected to be completed until late 201 6, this expansion
will represent a 20% increase in overall U.S. polysilicon capacity (compared
with QS 2014 figures).3°' 31
In lune of 2014, Solar City announced its acquisition of solar manufacturer
Silevo and its plans to build a 1 CW module production facility in New York
State. Construction began on the facility in September 2014.32
This year also saw progress made on plans for a Wacker Cherie production
facility in Charleston, Tennessee. Thus far, 200 employees have been hired
to staff the facility, with an additional 450 people expected to be brought on
through 2015.33
In November 2014, First Solar announced plans to add two new product
son lines and hire 120 employees at its manufacturing facility in Perrysburg,
0hi0.34
Also during the fall, SolarWorld announced its plans to add a new module
production line at its Oregon factory, increasing production capacity at the
facility by nearly 40%. This expansion, along with the addition of 100 MW of
cell production capacity, is expected to create 200 jobs in early 201 5.35

Lgi ;.;;.5_;§j_.;;;_,;r~»<_-:1if3Lhl11wlia.L;;Q_;;.3.;gi4 iL'f3.!r=;'¢1( 1,f'< I 3111 ! ;1erL.e-L|<*!>¢lr1mLn¥~ hire-4 l1I£1£85u-r);g3.e|- rmwlwr »-»*u|!|w~|1|§;|1
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30 See "REC Silicon ExpandingPpolysilicon Production and Mulling 20,000MT IV in Saudi Arabia"
v,»'\vww.;3\~lL'd-i.c.JI9't1evva/r¢*<. §~Ih ot1 g;§<J 3<i%ru§; J14mlj §_g3-l;>.43_L1.£.i_|.Q11_;1£I molt

I5(iLI(I

29 See "New Tariffs on Chinese Solar-Panel Makers Split the US Solar industry" from GreenTech Media at

from PvTech at 1J&1.2
Q;3 )()Ui)rn_1; ow

QHIJ:/,»\~.wm»w.¥,-v-I§_gl . o r g ;

full stonw/"5
34 See
Iolrid(»l>.L1g!e~.L_g)n-|/I-Iwr 1 =/'2Qjjgj_LLl[Lirst-Solar-ggac ic l - ll _( 111pII.t 'ees-.lt-l(:L.al1l;j_@_Ql h | '

35  See

SolarW or ld at  l 1 ig;J } ' v-wv.

4;;;.e.\ msl(>l1>-l1-1-r1r.c-Hun

' ' vs/

31 SEINCTM Research Solar Market Insight QS 2014
32 See "SolarCity Breaks Ground on CW Silveo fob in New York" from PV Tech at
g3g3;s§,.<.>_larc;il}_ _lggj_eaks__gg)unrl o n M ¢ . m j ; l > i n r1e»v___y;3

33 See "Wacker Still Looks for 2015 Start-up" from Cleveland Daily Banner at 'x ( uvvlnnrl _l3er.<7ol11./
')3 3 045f¢i;1L(_le-\'. ncker-:slill-looks-for-20 l§;51HI'l-.U121in§LaL13;gEyoLIrs ( ~s

"First Solar to Add 120 Workers at Perrysburg Township Plant" from The Toledo Blade at DJLMAMML
u2___l_§=_x.a.- . . . l ; i .JJL; i l . m o l

"SolarWorld Announces Expansions of Solar Panel and Advanced Cell production in Oregon" from
. ¢Jl1r 1- . / |  \  r 1/ =ws-release='nevv- .2014/solarwcmrlrl-:mnL>unL -

/I
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Given current trends, U.S. module manufacturing capacity could increase to more
than 3.5 GW by 2018 (compared with 1.6 GW currently), and cell manufacturing
capacity could increase to 2.0 GW (up from 0.7 GW) in the same time frame." Such
efforts stand to benefit from additional investments aimed at manufacturing process im-
provements. One example is the Smart Manufacturing Innovation Institute announced
by the White House in December. This public-private partnership will seek to leverage

$140 million to improve the energy efficiency of manufacturing processes in energy
intensive industries, including solar cell manufacturing.37

Unfortunately, the ongoing U.S.-China solar trade conflict created unintended con-
sequences for some of the U.S. solar industry. In December 2014, U.S. polysilicon
manufacturer Hemlock Semiconductor was forced to close its Clarksville, Tennessee
production facility largely due to retaliatory restra-ints on U.S. polysilicon exports to
China." The new $1.2 billion dollar facility had yet to enter commercial production,
Most of the approximately 50 affected employees will havethe opportunity to relocate
to other Hemlock Semiconductor or Dow Corning sites." Hemlock Semiconductor will
continue to manufacture and sell materials from its Hemlock, Michigan, site, which has
been in operation for more than 53 years, and has received more than $2.5 billion of
investment in the last 10 years.

.wt-intwrw

36 See "SunShot Q2/Q3 '14 Solar industry Update (October 31, 2014)" from U.S. Department of Energy
SunShot Initiative athttp://ny-sur n . >ov/-/me(lia/NYSu|m]l.es/MeetQ 0i4-1 1 -O§/SunShot-Sol<1r-lnclL.§.;
irv-Umlatein(lr
37 See: "FACT SHEET: President Obama Launches Competitions for New Manufacturing Innovation Hubs
and American Apprenticeship Grants" from the White House at: btg;//www.whitebouse.gow'the-press-of--.
;_ig_€!2_D14/i2/i l/'fact-sheet-pre:ent-Ql)ama-laul1<-l8=s-coigpftitiog.-new-manutagtur1
38 See "Hemlock Semiconductor Group Closes Tennessee Manufacturing Facility as a Result of industry
Oversupply, International Trade Disputes" from Hemlock Semiconductor at Mp 11sc|_4m1v.u)m/(.on-
tent/hsc comr;/hsn-tennessee-manufacutrintz-iacilltv-clo~.ure.aspx
39 ld.
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Occuoaiionz Production Technician Lead
Company: SolarWorld USA
Years at Occupation: 6
Location: Hillsboro. OR
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This section includes the key findings from the data gathered from more than 250 solar
manufacturers.

Manufacturers currently employ 32,490 solar workers, equating to growth of 8.8% since
November 2013 and 30% since September 2010.

By way of comparison, overall manufacturing employment in the United States has grown
by only 3.2% since 2010 and declined between 201 3 and 2014 by 1.6%.40 Solar manufac~
tubers predict strong employment growth of 14.5% through the end of 201 5, adding about
4,700 new jobs. Meanwhile, the overall manufacturing sector in the United States is ex-
pected to shed more than 130,000 jobs, a decline of 1,1%, over the same period.*'

i
I

Figure 8: Manufacturing Employment Growth from 2010 to 201 5 (Projected)

96.886

#1218 i}(><fL>
37,941 37,194

3iU.F1='@.i>

Hz, ,,.
*9Q 2988"*""

24,9I6"*"

21l~,»3{}3

1 ( 1 , 9 9 9

U

2 0 1 6 2911 2G12 2038 2834 23015

0

Employees spending at least 50% of their time
an solzmlelated work

Manufacturers largely produce photovoltaic modules or components.

Seven in ten manufacturers produce photovoltaic modules or components, while another
l 8.4% report producing goods related to solar water heating. This figure has been relatively
consistent over the last few years, with 19.9% of manufacturing firms involved in solar water
heating in 2012, and 18.8% in 2013.

As shown in Table 7 below, the majority of solar manufacturers across all regions of the
country produce photovoltaic modules or components, reflecting the fact that solar electric
systems are currently in higher demand not only nationally, but globally. While manufac-

40 EMSI Class of Worker Employment 2014.3.
41 ld.
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tubers are not constrained by local demand considerations, the large concentration of man-
ufacturers producing solar water heating equipment and components in the Southeast may
be due to the fact that Florida led the nation in cumulative total solar water heating (SWH)
and solar pool heating (SPH) installations in 2010 (the last year for which reliable data is
available). At the time, Florida had installed 80% more SWH systems 'and 27% more SPH
systems than California, the next largest state market for solar thermal systems."

Table 7: Manufactured Products by Region

Photovoltaic 707% 74.0% 69.4% 65.2% 66.7% 87.1% 59,3%

18.4% 18.2% t3.9% 1 7.4% 25.6% 16.1% 185%
iv

8.2% ?.88i» 11 1% 109% 5.1% 9.7% 31%
- v v w

Water heading, which Includes pa

Cn4ncentrating solar power

7Od1er -»~»--..

'Does not equal 100% as- many companies work across multiple technologies.

19.9% 19.5% 13.9% 26.1% 20.5% 19.4% 18.5%
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42 SEINGTM Research Solar Markel Insight 2010 Year-In-Review
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Figure 9: Solar Products Pitvduced Manufacturers
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About half fall solar manufacturing establishments exclusively produce solar goods and
services.

Only one in three solar manufacturing establishments derive less than half of their revenues
from solar products-. As with other sectors within the solar industry, more manufacturing
firms report that solar representSer majority source of revenue. This figure correlates with an
increase in the number of large solarmanufacturers, suggesting that solar is becoming more
integrated ihto mainstream production by firms that offer multiple, related products rather
than remainings niche industry. This movement is similar to other production industries
that have had comparable trajectories, such as organic food production, mobile software
application development, and LED light bulb manufacturing.

Figure 10: Company Revenues Attributable to Solar
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Compared with the installation sector, many fewer manufacturers expect to be impacted
by the ITC expiration.

Domestic manufacturers will likely see little impact with the expiration of the ITC because
they sell the bulk of their product as components or feedstock to foreign manufacturers (e.g.
polysilicon, backsheets, metal pastes) or because the products they sell are not eligible for
the ITC (et. solar pool heaters). Moreover, a significant portion of the companies are not
"pure~play" solar manufacturers, and over half of these establishments expect to not be im-
pacted by the ITC decline. By comparison, firms focusing solely on solar see themselves as
less likely to not be impacted by changes to the ITC, with some domestic manufacturers of
heavy products for mostly domestic consumption (including module, racking, and inverter
manufacturers) potentially face a more challenging market in 201 7.

Table 8: Solar Manufacturer Action for Anticipated ITC Decline by Amount of Firm Revenue
Attributable to Solar Products

FJ M B!'i§'5! m In m
ran

No impact 31.9% 55.6% 42.6%

Expect to increase our workforce in 2017 14.9% 6.2% 10.8%

Expect to lay off staff 2(}.2% 13.6% 17.6%

Expect to lay off subcontractors 3.2% 2;s% 2.8%

Expect to lay off staff and subcontractors 29.8% 22.2% 26.1%

Table 9: Percent of Manufacturers that Work with Solar Products by Amount of Firm Reve-
nue Attributable to Solar Products"

rn-. rm! £8u U'ral MFI
.Rea

'at

Photovoltaic 74.6% 67.2%

Water heating, which includes pool heating 19.7% 17.2%

Concentrating solar power 7.4% 9.4%

Other 18.0% 21.9%

43 Multiple responses permitted, may sum to more than 100%

Page 27

-1111111 ill



9 Alsout 30% if solar rnanufadurers sought financing over the last 12 months, seeking both
leans' and equity investments. About one in four experienced significant difficulty-'obtaining

a:~trend that bears watching to ensure that lack of capital does not derail potential
.growth in the sector.

Figiigié 11: ~ifficulty Trying to Obtain Financing over Past 12 Months
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The manufacturer workforce is more diverse than other segments, particularly for women,
Latino/Hispanic workers, and veterans. Table 10 illustrates the 2014 demographics of solar
workers in the manufacturing sector.

Table 10: 2014 Manufacturing Solar Worker.Demographic Breakdown"

mm m 'Mm m
"*.r:s

é i n

mm

in

Ra raT
hf

Women 7,929 lx, 49. 28.4%

Latino or Hispanic 6.072 18.7% 13.0% 13.9%

Veterans of the U.S. Armed Forces 3,853 11.9% 7.0% n/a

Asian or Pacific Islanders 3,063 9.4% 52% 5.8%

African-American 2,382 7.3% 11.7% 9.3%

44 See EMS! Class of Worker 2014.3; The Employment Situation
tics, available at: h.ItlD:!/wWw,bls.Qnvinevs5,rf*le>.4:»¢:!p< h.n>mps=it.ndi.

November 2014, Bureau of Labor Statis-
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The solar sales and distribution sector is made up primarily of wholesale and retail trade
establishments engaged in selling (but not installing) solar and other ancillary services to
customers and/or warehousing and distributing U.S. and foreign made solar goods to in-
stailers. Because this report delineates companies by the activities at each business loca-
tion to gather the most accurate employment information, much of the data for this section
includes data from sales offices and distribution warehouses from companies across other
segments of the value chain.

As the industry matures and companies grow, much of this work is carried out in-house,
while developing markets are likely to be more reliant on distributors _. since such markets
may not be sufficiently large to account for direct sales.

Big N@vvs ire Sales and Distribution:

2014 saw continued federal support for firms seeking to streamline solar sales efforts,
helping to reduce soft costs. Through its SunShot Incubator Program, the U.S. Depart-
ment of Energy (DOE) has continued to make investments in firms with promising ideas
for reducing customer acquisition soft costs, thus enabling greater efficiency in sales
efforts for solar firms and lower installed costs for customers. Since fall 2013, DOE has
invested nearly $6 million in a half dozen firms developing new tools to reduce custom-
er acquisition costs.45

A number of solar companies with establishments active in the sales and distribution
sector announced new expansions or partnerships.

O Oakland-based Sungevity is in the process of building out a new sales and
service center in Kansas City, Missouri.4" Once fully staffed, the new location
will employ nearly 600 workers - approximately 20% of the total number of
solar jobs in the state in 2013.

o This past summer, the solar crowd-funding company Mosaic announced a
partnership with microinverter manufacturer Enphase aimed at offering $1 00
million in solar loans designed to help homeowners finance new installa-
tions."7

45 See "Current SunShot Incubator Projects" from U.S. Department of Energy Office of Energy Efficiency and
Renewable Energy at /74-I1 v.vrnvzg-.ere/sunslwoVcurrent-sun ot-im:ul>;-msr-;4)ivLls
46 See "Sungevity Shines on with Office Build, Hiring Spree" from the Kansas City Business journal at hut .):.

. . _. . . . . .=-._._.___. . . . . e - b u ' l r l - h l r i m 1

47 See "Enchase and Mosaic loin Forces in a Bid to Push Solar Loans and Supplant the Lease" from Green-
Tech Media at DJLDLL/".vv'wJ3recJnLeg:l1media.conv'a1.tic l(.'s/rL-zx(i!imnxa -in-rake-.1 he-r is-out-of-l esiclenl ial-s( ilar-
l(J<lli'

xx vv.w.Enz;4LIt'mzim om'k.\l-l:.asc_i;y!;1e\v_§Q_(M 5/01/06/s4nge8L;;3hines-on-wi1h-oI-|.|L
4

-5;;6Q.htm!
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O Late 2014 saw the announcement of a strategic partnership between First
Solar and Colorado-based Clean Energy Collective to expand CEC's efforts to
develop and market utility-owned community solar projects.48

o In October 2014, the nation's largest independent power producer, NRC
Energy, acquired Pure Energies Group, which created an online and tele-
phone-based solar customer acquisition platform. The acquisition, along with
other recent acquisitions by NRC Energy, position it as potentially one of the
nation's largest vertically integrated solar company featuring sales, financing,
and installation services" These types of acquisitions illustrate the growing
trend that many sales and distribution establishments are offices or subsidiar-
ies of firms that belong to other sectors (e.g.,most of NRC Energy's establish-
ments focus on project development). .

o Er\ergySage, based in Cambridge, Massachusetts, announced several new
partnerships in 2014. East Coast Petroleum, Staples, Walgreen's, World Wild-
life Fund, and many local chambers of commerce and cities have partnered
with EnergySage in the last year to provide their employees, customers, and
other constituents with a central marketplace for receiving and comparing
price estimates from multiple solar installers at the same time.50

48 See "First Solar takes stake in Louisville-based Clean Energy Collective" from The Denver Post at hllp://
wwv./.denverlzost.Lum/business/L.: £71 U`42_i i/fu s_L;s iiar-takes-stake-louisville-based-c.lean-energy
49 See "NRC Acquires Pure Energies to Lower the Cost of Winning Solar Customers" from GreenTech Media
at lwttuz./,»'\x»u»w'~.*'.i3ree111e~;bQ1<cl i 1.< cnrgj a r t i s l c » 5 / r e ' m l / ' N R Q)-A¢; -qL1ir(.>5-l"ure-Energ1e<,~t(>-L(JwL=r-QIwf>-(QrJsl~f-nI;} ' - i . Q ;

n i I 1 5 3 - S o la t - C u 5 4 o l11e r s

5 0  S e e  " N e w s / P r e s s "  p a g e  f r o m  E n e r g y S a g e  a t hir;>s:.»"4~..a»'w.@11erQ*v5;18;g;. L u r n / .11c~v»g
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Occupation: Director of Marketing
Company: Day and Night Solar
Years at Occupation: 5
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This section includes highlights from the responses of nearly 300 solar sales firms.

Solar firms primarily engaged in sales and distribution currently employ 20,185 solar
workers, an increase of 72% since September 2010.

By comparison, the national wholesale and retail trade sectors grew by a rate less than 1/10"'
of the solar sales and distribution sector, showing just over 6% growth over the same peri-
0d.5' However, solar sales firms posted the weakest growth of any solar sector at 2.1 % over
the past 12 months, though this is still three times the growth expected in the national retail
and wholesale sectors over the same period."

Figure 12: Sales and Distribution Employment Growth from 2010 to 2015 (Projected)
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Employers are optimistic, expecting gains of 26.2% (5,295) through 2015, the fastest growth
rate of any sector.

About one in three sales and distribution firms applied for financing and nearly two-thirds
of those had at least some difficulty obtaining financing (with 20.5% experiencing signif-
icant difficulty).

Sl EMS! Class of Worker Employment 2014.3
52 ld.
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Figure 13: Difficulty Trying to Obtain Financing over Past 12 MQn'ths

l5tg11ifl£'ant tiifficuliy I Soma difficulty I No difficulty
;
I
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Solar sales and distribution firms most typically pursued loans or other debt financing when
seeking capital over the past year. It will be important to determine whether and to what
extent lack of capital is to blame for the weaker performance of the solar sales sector, and
Whether policies or incentives could help free capital for these businesses. Alternatively,
it is likely that solar is comprising a larger share of business for existing distributors. Thus,
despite demand for solar products growing in the last year, increasing efficiency and labor
productivity among these established businesses may have been largely sufficient to meet
the higher volume of sales.

1

Fewer sales and distribution firms indicated that they fully understand the Investment Tax
Credit and the impact it has in their business. Perhaps as a result, the majority believe that
it will not harm their business prospects.

g A growing number of sales and distribution firms are working with solar water heating prod-
ucts (though the percentage of the total is declining as the number of PV firms is growing
at an even faster rate). Currently, about one quarter (27.2%) of solar sales and distribution
firms work with solar water heating products, while the overwhelming majority work with
photovoltaics.
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Figure 14: Solar Products Sold by Sales and Distribution Firms
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Sales and distribution rims offer many opportunities for women, but are less diverse than
other sectors of the solar industry.

Table 1 t demonstrates the demographic breakdown of the solar sales workers over the past
year

1
Table 11: 2014 Sales and Distribution Solar Worker Demographic Breakdown"

8

Warren 4,850 24.0% 49.6% 30.5%

Veterans of the u.s. Armed Forces 1,525 7.6% 7.0% We

Latino or Hispanic 1,385 6.9% 13.0% 12.9%
* *****

Asian or Pacific Islanders 1,352 6.7% 52% 5.6%

African~American 682 3.4% 11.7% 6.9%

53 See EMS! Class of Worker 2014.3, The Employment Situation - November 2014, Bureau of Labor Static
tics, available at: by: :!f»-=4~,;J,*;is.g<;v.»'iv>w,milf-.1>;3.§l;g8;;;g;~;;_l,u;l5.
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Project Deavelcxnmerwt
The project development sector includes companies that work on the largest, utility-scale
solar projects. Predominantly using photovoltaic or thermal electric generation (concentrat-
ing solar power or CSP), these facilities generate and sell bulk power to utilities or directly
to consumers as part of the electricity grid system.

Project developers and utilities require a wider range of workers and contractors, including
civil engineers, land surveyors, and power plant operators. Permitting, finance, and land ac-
quisition is more complex, requiring more administrative and professional workers as well.
Employers in the sector tend to be larger and highly efficient with specialized labor for each
component of the project.

Big News ire Project Development

By the end of 2014, the U.S. is expected to install a record-high 4,900 MW of utili-
ty-scale solar capacity (including both PV and CSP), approximately 50% more than was
installed in the previous year.5'*

•

|
|

i

I

I

|

A number of noteworthy utility-scale solar projects came online in 2014. Near the start
of the year, BrightSource's lvanpah Solar Electric Generating System _ a 392 MW con-
centrating solar power plant - came online, with the capacity to provide enough solar
electricity to power i 40,000 average U.S. homes.55 Also this year, First Solar's Topaz
Solar Farm, currently the largest solar project in the world at 550 MW began producing
electricity."

Drivers of this growth include the sharp decline in installed costs observed since 201 O,
the value of solar in providing a hedge against fuel price volatility (possible with compet-
ing conventional technologies), the use of solar energy to replace retired coal capacity,
and the desire of some utilities to "front load" large projects in their RPS compliance
timeline to ensure these facilities will be completed in time to benefit from the 30%
ITC.57 I

s The short-term outlook for utility-scale installations remains healthy, with still greater
levels of annual installed capacity expected in this market segment in 2015 and 201 6.
These projections are in line with employers' expectations of continued employment
growth over the next few months. However, a reduction in the federal ITC to 10% at the
end of 2016 can be expected to result in 201 7 annual capacity additions that are over
80% lower than those expected in 2016, leading to a large contraction in employment
in this sector."

54 SEIA/GTM Research Solar Market Insight QS 2014
55 See "What You Should Know: The 7 Notable Solar Power Plants of 2014" from Forbes at J;//www..
ft$§s.( om/ sites/uc iliav./agg/_2() I 4/12/31/vvlwat-vou-§l1I;u l_d-know-Ihe-7-notal)|v-sular-p5;wer- '_lzmI$-of-2() IN/.
56 Id.
57 SEIA/CTM Research Solar Market Insight QS 2014
58 Id.
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Annual utility-scale installed capacity has grown by nearly 170% since 2012, while em~
ployment has grown by 89°/0.59 At the Same time, these installations represent 63% of solar
capacity added over the same period," yet due to the efficiencies of scale associated with
these larger systems as well as increased labor efficiency,"' only 13% of all new jobs since
November 2012 were created in this sector.

This section includes the key findings from nearly 200 project developers and utilities.

Project development is one of the fastest growing solar sectors, gaining nearly 3,000 jobs
to total 15,112 solar workers, a growth rate of 24.2% from November 2013 to November
2014.

Developers expect to add approximately 3,000 more solar jobs over the coming 12 months,
at a growth rate of 19.1%.

Figure 15: Project Developer Employment Growth from 2012 to 201 5 (Projected)"'
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28,000 18,004
15,112

12,169
4981949-nsntvi'

10,000
¢i\s¢¢¢1vbwQ1»4¢n4=*'

0

2012 2013 2014 961%

Employees spending as least 50% of their time

on solar-related work

Developers are more likely to be "pure-play" solar firms, with over half receiving all of
their revenue from solar. This is logical given the large size of the projects they work on;
however, about one in four receives less than half of their revenue from solar projects.

59 ld.
60 ld.
61 In 2014. employers reported that 74.3% of the installation workforce spends a majority of their time on
installing systems, nearly double the amount reported in 2013 of 37.5%.
62 2012 was the erst year that project developers were counted as a separate category.
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Figure 16: Percentage of Establishments by Portion of Solar Revenue
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Nearly half of developers sought financingover the .l3$iyegr (4§3%), over two-thirds
(66.7%) had difficulty obtaining it, with one in fivéireportiiig,si§hificant='difficulty.

Employers' stated difficulties in obtaining financing may be a reflection of the limited ft
~nancing options available to solar developers, forcing them to continue to pursue existing
financing mechanisms with higher costs of capital than would be available with greater
alternatives. Significant work has been done by numerous organizations on the prospect of
financing alternatives to "traditional" tax equity partnerships, such as Master Limited Part-
nerships, Solar Real Estate Investment Trusts, and "yieldcos.""' Nevertheless, broad adoption
of any of these or other financing arrangements among developers and lenders does not
yet appear to have occurred. Continued reliance on tax equity partnerships may result in
unrealized development without an increase in the»tax appetite of lenders, particularly as
developers rush to begin projects before the expiration of the lTd.

63 See: "Master Limited Partnerships and Real Estate Investment Trusts: Opportunities and Potential Compli-
cations for Renewable Energy" from the National Renewable Energy Laboratory at Itttp:/.»'wwwv.nrc=l.5;t_»v!clu¢.ls/
i J i.- t i :  04i l' and "Solar YieldCos: Proven Concept or Hype?" from GreenTech Media at httg;4'w\v\v.
gLf»enIvs;i111\<-di<1.c'Qmfarticies/rvnclfsolar~vieIdc<Js~prQven-congzgggnffmwhypg-,among others.
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Figure 17: Difficulty Trying to Obtain Financing over Past 12 Months

Significant difficulty an Some difficuitv l No difficulty

Not surprisingly, about half of the firms who sought financing looked for project fi-
nance, which is most typically a combination of debt and equity.

Nearly 60% of developers expect to lay off workers if the ITC is reduced as-planned.
Again, this significant reduction in employment is likely tied to the fact Mat pr9jed=eco=-
nomics for Utility-Scale solar installations stand to be impacted the 'greatest ;Ely. reduc-
tions in the ITC. With industry analysts projecting an 80% decline in these installations
in 2017 (when the commercial ITC is scheduled to decrease to 10% and some major
utilities are expected to have mostly fulfilled their renewable poMolio standard targets),
it should come as no surprise that employment in this sector will also be affected dra-
matically.°" -

Project developers employ a large proportion of women and veterans, but solar work-
ers are less racially and ethnically diverse in this sector than in other solar sectors.

64 SEIA/GTM Research Solar Market Insight QS 2014
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Table 12 shows the recent hires of project developers by demographic group.

Table 12: 2014 Project~Developer'SolarWorker Demographic Breakdowr¢"5

s
s

3.657 24.2% 49.6% 11.2%Women

Veterans of the u.s. Armed Forces 1,932 12.8% 7.0% NO

Latino or Hispanic 1.283 8.5% 13.0% 18.0%

Asian or Pacific Islanders 1,130 7.5% 5.2% 1.4%

African-Arrerican 699 4.6% 1'I.7% 5.8%

65 See EMS! Class of Worker 20143; The Employment Situation -. November 2014, Bureau of Labor Statis-
t\c5 available at hits u Viv» bk gov Ne ws rf, ii. l>4,'pdf¢ mpql pala
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Entities such as research and development firms, nonprofits, government agencies, and aca-
demic research centers play a small but important role in the U.S. solar industry.

~ig News in the "OtI*1er" Sector:

• The U.S. solar industry has continued to expand its efforts to create and employ new
forms of project financing. 2014 saw the creation of a number of "yieldco" structures
designed to provide investors with an attractive investment opportunity and companies
with a means of financing new projects with cheaper capital. Based on the success of
the half dozen or so yieldcos created to date, some analysts are predicting the creation
of several more in the coming year."' The last year has seen companies take further steps
toward large scale securitization'7 of solar assets and the first-ever registered offering of
"solar bonds" to public investors."'* In addition, more lending institutions whether in
partnership with solar companies or independently" - have been offering new financial
products for solar or have increased the amount they are willing to finance through ex-
isting financing options (including home equity lines of credit, which have become an
option for more homeowners since the housing market has improved).

i

•

Early-stage investment in pre-commercial f irms rose sharply through 2011, but has
since fallen to pre-2007 levels. Private investment at the early stages (Seed, Series A,
and Series B) has dropped most significantly." While there are many potential reasons
for this decline, such as high-profile bankruptcies and declines in traditional PV, the need
for innovation in the long-term is unchanged. .

About.5.2% ofthe s:olar workforce, or 8,989 workers, are engaged in other solar activities
such as research and development, nonprofit advocacy, academic research, or government
oversight.

66 See "Deutsche Bank expects more publicly traded PV-based yield cos" from PVTech at ht1p://www.pv-
tech.orf.;/news/cieutsche bank expects more publicly traded pp based yield cos
67 See "Debt Financing Tied to Solar Project Pools Will Spur Growth for Residential Developers" from Cre-
enTech Media at http://www.greentechmeclia,com/articles/read/Del>1_~Financing3»Tied-to-Solar-Proiect-Pools;
Yi/jll-Spur-Grow!h-For-Resirlenlial
68 See "SolarCity Starts Selling.'Solar Bonds' Online to Public investors" from GreenTech Media at lwlto:/7
www_,qreel3lechmeci ia.com/Qrticles/read/SolaiQQy-ln renovates-Aga i n-With-a-Publ in~()iferi ng-of-Solar-Bonds

69 See "Admirals Bank and SunPower Partnership Announces $200 Million Loan Funding Program for
Residential Solar Systems" from Admirals Bank at http://vvwvv.adm.Iralsl>al orninfgys/pr*ess-l.<=leases/a<lm
ral5-bank-antl-sunnovver-tinar1ce~i1ovn¢'3;t>laI.~s\,/slemg

70 Cleantech Group's in data.
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Figure 18: Percentage Breakdown of "Other" Employment
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The "other" sector declined from November 2013 to November 2014~and has declined by
more than 30% since September 201 o.

Figure 19: Percentage Breakdown of "All Other" Establishments
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*In the chart above, "other" includes any activities that had two or fewer responses in the
survey.
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Figure 26: "Other" Employment Growth from September 2010 to November2015 (Projected)
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Some of this contraction can be attributed to declines in research and development (evident
from declining public and private research investments), while a large portion is due to the
maturation of the industry. As more "pure play" solar firms proliferate, many of the ancillary
support functions previously provided by "other" firms are now being brought in-house.

E
i
I
!
Ii

'Two areas that seem to be growing are project and bank financing and international consult-
ing. This may be fueling the sector's anticipated 16% growth over the coming year.

Women account for more than 40% of solar workers among these "other" solar firms.
Veterans also make up a greater share of employment in the "other" category as compared
.to the overall industry, though Latino, Asian and Pacific Islander, and African-American em-
ployment is lower than average, as Seen in Table 13 below.

Table 13: 2014 "Other" Solar Worker Demographic Breakdown"

Women 3,928 43.7% 49.6%

Veterans of the U.S. Armed Forces 966 10.7% 7.0%

Latino or Hispanic 848 9.4% 13.0%

Asian or Pacific Islanders 622 6.9% 5.2%

African-American 477 5.3% 11.7%

71 See EMS! Class of Worker 20143; The Employment Situation
tics, available at:

November 2014, Bureau of Labor Statis-

I1np.:!Avwvmbls.gov/nmvs.release/pdfiempsi!.pdf.
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The solar industry has added tens of thousands of jobs over the past five years in a variety
of occupational categories including engineering, sales, production, and, most abundantly,
the construction trades. This growth has occurred during a time of slow economic recov-
ery in the United States, as other industries have struggled to add jobs. with historically
high unemployment rates - particularly in the trades - following the economic recession,
solar employers had little difficulty finding qualified applicants with abundant related ex-
perience in their fields. in fact, 2010 (the year of the first National So/arjobs Census) was
the worst year for employment across five related, traditional occupations: electricians,
plumbers, HVAC technicians, electrical equipment assemblers, and technical and scientif-
ic product sales representatives.

Electricians, which are particularly valuable to solar installation firms, were hit hard.
Between 2007 and 2010, almost 19% of electricians (about 136,000) across the United
States lost their jobs. Since 2010, about 40,000 of these jobs have been recovered, but
there are still 93,000 fewer electrician jobs today than there were in 2007.

Figure 20: Comparison Occupational Employment 2007-2015
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These statistics illustrate the key role that the solar industry has played in providing em-
ployment for many of the hardest hit occupations and a road to recovery for thousands
who were out of work. At the same time, the surplus of experienced workers made for
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a very competitive solar labor market for some job seekers. inexperienced trainees, for
example, have faced very long odds when competing against applicants with licensure,
experience, and a solid track record in related industries.

The tide is slowly turning and much of the slack of the construction-trade and broader so-
lar labor market is being quickly absorbed. As this trend accelerates, there will be fewer
experienced candidates available, and employers will be more likely to turn to education
and training (both on-the-job and with outside training providers) to meet their needs
for a skilled workforce. Two key metrics for understanding the supply and demand of the
workforce are employers' reported difficulties in finding qualified workers and the wages
paid to employees in different industry sectors, both of which are reviewed in detail in this
section.

Difficulty Hiring

One of the most important metrics for understanding potential gaps and surpluses in the
labor market is employers' reported difficulty in hiring. Overall, solar employers report
increasing difficulty in finding qualified workers as compared to previous Census reports,
though it is not yet to a critical level. Nearly one in four solar employers overall report that
they have no difficulty finding the employees they need, and about one in six report that it
is very difficult to find qualified employees.

Figure 21 : Difficulty finding solar employees over the last 12 months
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Difficulty finding qualified employees was highest among solar installation firms, with
83% of employers reporting at least some difficulty (63% somewhat difficult and 19%
very difficult). Of the installation firms having difficulty, onethird reported that it is most
difficult to find electricians with solar expertise (33%), solar installers (29%), finance staff
(19%l, and software engineers (18%). The most frequently cited reasons forth difficulty
are lack Of appropriate skills (24%), competition with other firms (21%), and general lack
of qualifications in the workforce (21 %).

Employers in the Pacific Region note the greatest difficulty finding workers, followed close-
ly by the Northeast and Southeast.

Table 14: Difficulty finding solar employees by region.

Very difficult 17.2% 20.5% 16.1% 14.7% 20.0% 29.4% 10,4% 15.1%

Somewhat difficult 59.8% 51.3% 642% 58.3% 50.5% 48.0% 85.2% 65.1%

Not of all difficult 23.0% 28.2% 19.7% 26.9% 29.5% 22.5% 24.3% 19.7%

Manufacturers and project developers note great difficulty finding engineers (nonelectri-
MI), while sales firms mostfrequently cite issues with hiring salespeople Lack of relevant
skills and experience are the most frequently cited reasons for these difficulties.

Wages

In addition to the trends for employer-reported hiring difficulties, changes in wages paid
offer insight into supply and demand as wages rise in response to the scarcity of talent.
Wages for installers have risen slightly since 2013, with the mean rising $0.38 per hour (a
1.6% increase). At the same time, wages for production/assembly workers fell $0.63, a
decline of 3.5%.

For the first time, this year's Census survey asked firms about their average pay for solar
designers and salespeople. Solar designers earn $30-40 per hour on average, while sales-
people have a wider range of pay, from about $30 to more than $60 per hour. From a
sector standpoint, developers and utilities pay the highest wages to sales staff, followed by
manufacturers, sales firms, and installers.
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Table 15: 2014 Average Hourly Wage by Solar Sector

Overall $24.01 $36.25 $17.60 $36. 16

Installation $24.01 $34.50 n/a $32.25

Manufacturing ala $44.0s $17.60 $31 .63

Sales and Distribution ala $36.15 ala $30.35

DeveloperslUtilkies Ufa $53.15 na $40.78

The median wage for installers at utility-scale firms is approximately 20% higher than at
firms working on commercial or residential scale projects. There are several other key dif-
ferences, noted in the table below.

Table 16: 2014 Difficulty Hiring Use of On-the-job Training, and Views on the Importance
of Credentials by Solar installation Sectors

Overall 19/63/17 89/11 75/25

Residential 18/68/14 90/10 81/19

Commercial 20/60/20 89/11 75/25

Utility-Scale 14/68/18 ants 36/64

Workforce Profiles

Solar employers were asked to provide information regarding the background of their hires
over the last 12 months in order to determine how many had previous experience related
to the position or college degrees. More than two-thirds of all solar workers hired over the
last 12 months had previous experience, but only 27.3% have at least an associate's de-
gree. This is quite low when compared to other fast-growing industries.

Previous experience is most important for developers and installers, and less so for manu-
facturers and salespeople. These groups differ dramatically in terms of education require-
ments, however, as more than 70% of new hires at developer/utilities had a bachelor's
degree, compared to only 10.9% of those hired by installers.
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Table 17: 2014 New Solar Employees Experience and.Education Requirements by Sector

Overall 67.3 21.4 5.9

Installation 68.4 10.9 2.6

Manufacturing 59.9 40.7 17.3

Sales 45.5 43.9 20.4

Developers 85.5 70.3 12.9

Employers were also asked about the value they place on technical credentials, such as
the North American Board of Certified Energy Practitioners (NABCEP) and Underwriters
Laboratories (U L), as well as training program accreditation from the Interstate Renewable
Energy Council (IREC). Credentials have more value to installers and developers, while
manufacturers and sales firms place less importance on them during the hiring process.
Some employers remain somewhat skeptical about the importance of such credentials, but
over 50% of respondents indicated that they think credentials either "definitely" or "prob-
ably" help them find higher-quality employees. Both credentialing bodies and the industry
should continue to work together to recognize and demonstrate the value of credentials in
hiring practices and workforce training programs.

About three quarters of all solar firms offer formal on-the-job training to supplemenfthe
Skills of their workers.

Figure 22: Use of On-the-job Training by Solar Sector
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The infographic (on the next
page)illustrates the typical so-
lar photovoltaic installer career
pathway. The information is
drawn from Monster Govern-
ment Solutions and PayScale data
and reviews the most frequently
reported occupation, wage, edu-
cation, and skill data for photo-
voltaic installers. The data also
include the most prevalently held
occupations prior to becoming a
solar installer (within five years),
as well as the most typical five
year progressions.

|

A distinct career progression
has yet to form for photovoltaic
installers. A large number of pp
installers worked previously in
higher wage positions in the past
five years. Given the high un~
employment in the construction
industry five years ago, it is likely
that the solar industry has helped
to reemploy laid-off tradespeo-
ple such as roofers, construction
managers and foremen, and other
laborers. The data clearly indi-
Cate that, at least in the short-
term, experience in the construc-
tion industry is a must for solar
installers.
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Ccrwclusiorws 8 Fiecommendatiorws

The U.S. solar industry continues on its well-documented positive growth trajectory, post-
ing 22% employment growth from November 2013 to November 2014, and 86% job
growth since September 201 0. Firms across the entire value chain of solar goods and ser-
vices have noted significant employment gains, though none more so than the installation
sector, driven by the historic increases in installed solar capacity across the country. Giv-
en the relationship between installed capacity and employment growth, the next couple
of years ... when annual installed capacity is expected to be 18% (2015l3and 69% (2016)
greater than that coming on~line in 2014 .. will surely see this upward growth trend con-
tinue in the short term.

Though employers remain optimistic about near-term growth - anticipating 20.9% job
growth when employment in the national economy is expected to increase by only 1%
- results and trends from the Census series reveal challenges and opportunities for future
growth.

The greatest looming threat for continued employment growth is the expiration of the
30% federal Investment Tax Credit (ITC) Ar the end of 2016. With this policy in place,
approximately half of all employers have reported job growth iri each of the last several
years, with only a few (typically 2-3% of all firms) experiencing declines in employment.
in Census 2014, only less than 40% of solar employers stated reductions in the ITC would
not impact their workforce. Installation and project development firms - which together
employ nearly two-thirds of the entire solar workforce - stand to be affected the greatest,
with 62 % of installation firms and 60% of project developers expecting to shed Workers
once the current ITC expires. ' . ' .

Even as employment continues to grow in the next two years, improvements in labor
efficiency (the amount of capacity installed by each worker) may start reducing the rate at
which new solar workers are added. In 2012, the U.S. solar industry required about 19.5
workers per installed megawatt. This number dropped sharply in 2013 to 16 jobs per
megawatt, and continued to decline by about a half of a worker to 15.5.

On the bright side, solar jobs are becoming increasingly available to workers of differing
backgrounds, Overall, the solar industry places greater emphasis on previous related ex-
perience (which two-thirds of new hires in 20i 4 possessed) than on education (with only
21 % of new workers holding a bachelor's degree or higher and less than 6% having an
associate's degree or credential). Though certain sectors are more likely to require employ-
ees with higher education (such as project development), firms in every sector still place
greater weight on experience over education. in the installation sector, nearly 70% of new
hires had some form of previous experience, whereas less than 14% had some form of
higher education, suggesting these jobs -. which constitute the bulk of total solar employ-
ment - may be filled by workers with little or no formal higher education.
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The industry is also becoming increasingly diverse in terms of worker gender, racial/ethnic
background, and veteran status. In 2014, each of these demographics represented a larger
proportion of the solar workforce than in the previous year, indicating more members of
these groups are seeking employment in the solar industry, and that these jobs are becom-
ing more available to them.

Analysis of industry trends across the entire Census series indicates that the observed solar
employment growth has not come without some growing pains. As the national employ-
ment situation continues to improve and electricians, roofers, and workers in other trades
related to solar find work in their respective industries, this pool of qualified workers will
become less available to the solar industry. This phenomenon may already be impacting
industry growth. Over three-quarters of solar employers experience at least some difficulty
in finding the employees they seek, with about one in six reporting it has been very diffi-
cult to find qualified workers.

An increase in demand for qualified workers relative to supply can be expected to com-
pel employers to offer higher wages in order to attract the talent they seek, as seen in the
1.6% increase in average wages for installers (the sector reporting the greatest difficulty
in finding new workers) over the previous year. While welcome news for solar workers,

rising wages could also drive up labor installation costs, which constitute the single largest
category of solar soft costs.

One obvious way to limit the impact of rising wages is by increasing the supply of quali-
fied workers through education, training, and apprenticeship. Given the stark differences
among employers in their reporting regarding the use of on-the-job training, third-party
training, and credentials, it is becoming clearer that the solar industry is one that is search-
ing for a consistent framework for training and evaluating talent. This may become a prob-
lem quickly as the growth of the industry accelerates.-

|

Based on these conclusions, we make the following recommendations
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Promote stability in federal policy. The U.S. solar industry continues to demonstrate its
strength across most of the value chain. Although this may change as labor efficiencies
improve, there is currently a very strong link between solar adoption and job creation. As
has been the case with every domestic energy industry in our nation's history, the solar
industry continues to benefit from policies and incentives that accelerate growth and help
bring the industry to scale, particularly those policies with the multi year certainty needed
to leverage project financing. In Census 201 2, employers cited federal tax incentives for
solar investment as one of the top three drivers of industry and employment growth. Simi-
larly in Census 201 4, three out four employers reported that the ITC had helped their busi-
ness. Given the importance of such policies to the deployment of solar technology, it is not
unreasonable to expect that the continuation of demand-side incentives will continue to
have a strong, positive impact on job creation and competitiveness. Civen the incredi be
history of job creation by the solar industry over the last several years, there seems little
reason to change the status quo at the federal level.

l
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Increase access to financing. Approximately two-thirds of firms in each of the installa-
tion, manufacturing, sales and distribution, and project development sectors experienced
difficulty in obtaining financing. These difficulties are likely a reflection of the limited
financing options available to solar companies, forcing them to continue to pursue existing
financing mechanisms with higher costs of capital than would be available with some al-
ternatives. For installation and project development firms, an increased ability to leverage
promising financing arrangements such as Master Limited Partnerships, Solar Real Estate
Investment Trusts, yieldcos, and securitization of solar assets may help alleviate this prob-
lem.
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While access to capital is important for solar companies, it is also key for consumers.
Increasing the number and availability of solar financing options for home and business
owners will help further drive solar adoption, in turn leading to increased solar employ-
ment. Though the solar industry has continually proven its ability to develop and offer
innovative financing solutions, there remain many key in(der)addressed markets. As one
example, consider that the solar boom has not spread uniformly across the spectrum of
household incomes because, unlike many more affluent families, lower-income house-
holds face a number of inherent barriers to going solar. These barriers include being less
likely to own their roof, having limited access to affordable financing, being more likely
to live in buildings with deferred maintenance, and being unable to realize the financial
benefits of fuel-free electricity because their utility bills are partially or fully subsidized.
Finding ways to serve the low-income markets is essential for the solar industry to expand
beyond its current market of relatively affluent early technology adopters. At the same
time, many of the more affluent households in the U.S. are aging, and less likely to remain
in their homes for the number of years that may be required for full-payback of their sys-
tems. Programs that allow loans to follow the home rather than the owner (such as prop-
erty assessed clean energy, or PACE) could unlock this untapped potential..
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Continue to develop bridge programs for veterans. Veterans of the U.S. Armed Forces
continue to represent a larger proportion of the solar workforce as compared to the over-
all economy. This strong representation may be driven in part by a high degree of skill
transferability between military occupations and solar jobs, which has been supported by
interviews with select solar employers conducted for the 2014 report Veterans in Solar:
Securing America's Energy Future, co-authored by The Solar Foundation and the Truman
National Security Project. Despite this potential skills overlap, some groups of veterans
- especially those in the 18 to 24 age group - continue to grapple with high unemploy-
ment. A deeper understanding of the skills developed in military occupations -- especially
non-technical workplace skills that are in high demand in the solar industry - can help
these former service members transition into jobs in the solar industry. Workforce training
providers are aware of this opportunity but need greater support to further develop the
solar industry as a strong employer of military veterans.

5
I

In addition, workforce training providers and solar employers should become more family
tar with the Post-9/1 l GI Bill and the education and training opportunities it provides.
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Online portals such as the "Veteran's Employment Center" (https://www.ehenefits.va.gov/'
benefits/jobs), provided by the Department of Veterans Affairs and the Department of

Defense, as well as "America's job Centers" run by the Department of Labor (http://www.
servicelocator.org/onestopcenters.asp), can help employers identify and connect with
veterans seeking employment. Finally, The Solar Foundation encourages industry to partici-
pate in the White House's joining Forces initiative and publically commit to hiring increas-
ing numbers of veterans.

Support worker evaluation efforts and the development of comprehensive assessment
tools. As the supply and demand balance for qualified workers continues to shift, the
industry will have a growing need for workers able to meet their technical, educational,
and soft skill requirements. As documented in this report, solar employers most frequently
focus on a candidate's experience when determining whether they would make a good
fir. An overreliance on experience can cause companies to overlook otherwise qualified
.- though inexperienced .- candidates, and may cause them to face even greater difficulty
in recruiting talent in the face of contracting pools of experienced workers. The develop-
ment of a comprehensive set of assessment tools that evaluate all aspects of a candidate's
suitability for employment (not just technical skills) can be of great value in overcoming or
avoiding these issues.

Support early stage R&D. Due in part to continued declines in the price of traditional
solar goods, investment in early-stage research and development is down sharply. Techni-
cal innovation is critical for the long-term competitiveness of the industry, yet both public
and private dollars to support it are significantly lower. Given the low returns on R8<D
investments expected in the private sector, the gap in research funding from private sourc-
es will likely persist, suggesting an increased need for public sector support of early stage
research on new and more efficient solar technologies and applications.

/. \
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APP \DIX: Csrwsus Mstlwodology and Data Sources

The Nafiona/ 50/ar/ob5Censusmethodology is the most closely aligned with the Bureau of
Labor Statistics' methodology for its Quarterly Census of Employment and Wages (QCEW)
and Current Employment Statistics (CES). Like BLS, this study uses survey questionnaires and
employer- reported data, though ours are administered by phone and email, as opposed to
mail.

§ |

|
|
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Also like BLS, we develop a hierarchy of various categories that represent solar value chain
activities (within their broader NAICS framework), develop representative sample frames,
and use statistical analysis and extrapolation in a very similar manner to BLS. We also con-
strain our universe of establishments by relying on the most recent data from the BLS or the
state departments of labor, depending on which is collected most recently. We believe that
the categories that we have developed could be readily adopted by BLS should it choose to
begin to quantify solar employment in its QCEW and CES series.
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The results from the Census are based on rigorous survey efforts that include 66,986 tele-
phone calls and over 25,655 emails to known and potential solar establishments across the
United States, resulting in a margin of error +/- 2.03% at a 95% confidence interval. Unlike
economic impact models that generate employment estimates based on economic data or
jobs-per-megawatt (or jobs-per-dollar) assumptions, the National Solar jobs Census series
provides statistically valid and current data gathered from actual employers.
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The survey was administered to a known universe of solar employers that includes 15,552
establishments and is derived from SElA's National Solar Database as well as other public
and private sources. Of these establishments, 2,839 provided information about their solar
activities (or lack thereof), and 1,634 completed full or substantially completed surveys. The
margin of error for the known universe is than +/-2.26%. .~ . .

The survey was also administered to a stratified, clustered, random sampling from-various'in-
dustries that are potentially solar-related (unknown universe) that include a total of 260,824
establishments nationwide. After an extensive cleaning and De-duplication process, a sam-
pling plan was developed that gathered information on the level of solar activity (including
none) from 6,230 establishments. Of these, 435 establishments qualified for and completed
full surveys. The margin of error for the unknown universe is l .1 %.

The indirect and induced job figures were gathered using averaged figures from EMSl's input
output model (see Data Sources, above). The industries selected for installation were electri-
cal contractors and power and communication line construction, for manufacturers, semi-
conductor equipment manufacturing and other electronic and electrical assembly, for sales
and distribution, wholesale trade of electronic appliances and wholesale trade of heating and
hot water apparatus, and for project development, heavy civil construction and engineering
and power and communication line construction.
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The following three-phased methodology describes the survey process used to gather
employer information from both self-identified or known solar employers, those establish-
ments that are connected to solar industry associations and can be found on solar employ-
er databases, and unknown solar employers that are found in industry classifications that
are more likely to have solar employers. This methodology describes the process that was
followed for all of the solar employer surveys except for those completed by utilities in
earlier editions of the Census.

Phase 1: Develop, classify and analyze a database of self-identified or known solar em-
player

The first phase created a comprehensive database of all known or self-identified solar
employers across the country. This database was developed by SEIA and its partners. The
comprehensive database was developed from all of the partners' contact information of
employers. Duplicates were identified and removed following a stringent evaluation of
firm phone numbers, locations, and firm names.

The database of employers did not include variables that consistently identified which
sector (manufacturing, installation, sales and distribution, project development, and other)
each employer was involved in, the size of the employer, or whether the employer had a
single location or represented multiple locations.

Phase 2: Survey of self-identified or known solar employers.

The second phase of the survey research was a census, using online and telephone surveys
of all solar employers from the database developed in phase one. Employers were asked
which sector they were involved in (installation, manufacturing, wholesale trade, research
84 development and other) and based on their response they were forwarded to the ap-
propriate surveyinstrument..All employers in the database with email information were
sent multiple online invitations and for those that did not complete an online survey, they
were called up to three times. The employers without email information were Called up to
five times and asked to participate in the survey by completing a brief phone survey. These
results represent the solar employer community that°is connected"to regional and national
solar trade associations.

It is important to note that surveys were completed for each employment location and not
necessarily for each firm. So if a solar employer was asked to participate in a survey, s/
he would be asked about the employment profile of a given location and not of the entire
firm.

A random sampling of employers in industry classifications that are most likely to
have unknown solar employers.
Phase 3'



The final phase of the survey research was a sampling of employers in specific industries
within wholesale trade, manufacturing, and the construction (installation) industries. The
survey was completed over the phone and the sample was stratified by industry, region,
and firm size (4 or fewer employees or 5 or more employees). These results represent the
solar employers that make up the wholesale trade, manufacturing, and construction indus-
try employers within the industry classifications noted below.

It is important to note that the percentage of overlap between the known and unknown
universe of solar employers was calculated based on a thorough search of the known firm
database to the unknown universe file or establishments that indicated they had already
completed a similar survey. The resulting calculation of overlapping establishments was
taken out of the total estimate of establishments in the unknown universe of solar employ-
ers.

Data for the "other" category does not capture aft jobs or establishments in the category.
Although some "other" establishments are included in the known universe (see section
accounting, legal, finance, and other ancillary establishments spend only a very small por-
tion of their time on solar activities. Thus, full inclusion would lead to inflated employment
counts.

This report cites comparison data from the Bureau of Labor Statistics Current Employment
Statistics and Economic Modeling Specialists International Class of Worker data for 2014.
EMSI is typically selected for instances where self-employed and covered total employ-
ment comparisons (such as past and future growth rates) are required. BLS data are used
for monthly absolute jobs figures.

EMS! Data Sources arid Calculations

I-ndustry Data

In order to capture a complete picture of industry employment, EMSI basically combines
covered employment data from Quarterly Census of Employment and Wages (QCEW)
produced by the Department of Labor with total employment data in Regional Economic
Information System (REIS) published by the Bureau of Economic Analysis (BEA), augment-
ed with County Business Patterns (CBP) and Nonemployer Statistics (NES) published by
the U.S. Census Bureau. Projections are based on the latest available EMSI industry data,
15-year past local trends in each industry, growth rates in statewide and (where available)
sub-state area industry projections published by individual state agencies, and (in part)
growth rates in national projections from the Bureau of Labor Statistics.
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This report uses state data from the following agencies: Alabama Department of Industrial
Relations, Alaska Department of Labor and Workforce Development, Arizona Department
of Commerce, Research Administration, Arkansas Department of Workforce Services,
California Labor Market information Department; Colorado Department of Labor and Em-
ployment, Connecticut did not provide us with a data source, Delaware Office of Occupa-
tional and Labor Market Information, Delaware Wages 2004; District of Columbia did not
provide us with a data source; Florida Agency for Workforce Innovation, Georgia Depart-
ment of Labor, Workforce Information and Analysis, Occupational information Services
Unit, Hawaii Department of Labor and Industrial Relations, Research and Statistics Office;
Idaho Department of Labor, Illinois Department of Employment Security, Employment Pro-
jections, Indiana Department of Workforce Development, Iowa Workforce Development,
Kansas Department of Labor, Labor Market Information Services, Kansas Wage Survey,
Kentucky Office of Employment and Training, Louisiana Department of Labor, Maine did
not provide us with a data source, Maryland Department of Labor, Licensing and Regu-
lation, Office of Labor Market Analysis and Information; Massachusetts did not provide
us with a data source, Michigan Department of Labor and Economic Growth, Bureau of
Labor Market Information and Strategic Initiatives, Minnesota Department of Employment
and Economic Development; Mississippi Department of Employment Security, Missou-
ri Department of Economic Development, Montana Department of Labor and Industry,
Research and Analysis Bureau, Nebraska Workforce Development; Nevada Department of
Employment, Training and Rehabilitation, Information Development and Processing Divi-
sion, Research and Analysis Bureau, New Hampshire Department of Employment Security;
New jersey Department of Labor and Workforce Development, New Mexico Department
of Labor, Bureau of Economic Research and Analysis, New York Department of Labor, Di-
vision of Research and Statistics; North Carolina Employment Security Commission, Labor
Market Information Division, North Dakota lob Service, Labor Market Information Center,
Ohio Department of job and Family.!

J State Data Sources

1

I

I

r

s
\

W

l
I

Services, Labor Market information Division, Oklahoma Employment Security Com-
mission, Oregon Employment Department, Oregon Labor Market Information System;
Pennsylvania Department of Labor and industry, Center for Workforce Information and
Analysis; Rhode island did not provide us with a data source, South Carolina Employment
Security Commission, Labor Market Information Department, South Dakota Department
of Labor, Labor Market Information Division, Tennessee Department of Labor and Work-
force Development, Research and Statistics Division, Texas Workforce Commission, Utah
Department of Workforce Services, Vermont did not provide us with a data source, Virginia
Employment Commission, Economic information Services, Washington State Employment
Security Department, Labor Market and Economic Analysis Branch, West Virginia Bureau
of Employment Programs, Research information 8< Analysis Division, Wisconsin Depart-
ment of Workforce Development, Bureau of Workforce Information, Wyoming Department
of Employment, Research and Planning.
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Input-Output Data

The input-output model in this report is EMSI's gravitational flows multi-regional social
account matrix model (MR-SAM). it is based on data from the Census Bureau's Current
Population Survey and American Community Survey, as well as the Bureau of Economic
Analysis' National income and Product Accounts, input-Output Make and Use Tables, and
Cross State Product data. In addition, several EMSI in-house data sets are used, as well as
data from Oak Ridge National Labs on the cost of transportation between counties.

This report uses data release EMSI Complete Employment 2014.3
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For questions about this report or to explore options for an in-depth solar jobs study for
your state/region, please contact Andrea Luecke at The Solar Foundation, aluecke@solar-
found.org.

Unless otherwise noted, all design, text, graphics, and the selection and arrangement
thereof are Copyright January 2015 by The Solar Foundation and BW Research Partner-

ship. ALL RIGHTS RESERVED. Any use of materials in this report, including reproduction,
modification, distribution, or republication, without the prior written consent of The Solar
Foundation and BW Research Partnership, is strictly prohibited.
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1 1. Introduction and Summary

2 Q: Please state your name.

3 A: I am Mark Fulmar.

4

5 Q: Did you provide direct testimonies in this proceeding on November 6, 2015 and

6 December 9, 2016 on behalf of The Alliance for Solar Choice (TASC)?

7 A: Yes.

8 Q: What is the purpose of this surrebuttal testimony?

9 A: I respond to a number of issues raised by witnesses for Staff Arizona Public Service

10 (APS) and RUCO in their December 9 testimonies, as well as UNSE witnesses Tillman,

11 Dukes, and Overcast. My silence on any particular issue should not be construed as

12 agreement or assent.

13

14 Q: Did UNSE make a major change in its proposal with respect to residential rates?

15 A: Yes. It is now proposing that a three~pa1't rate with time-of-use (TOU) periods be applied

16 to all residential and small commercial customers.1 This differs from its initial proposal

17 of requiring three-part rates only for residential and small commercial customers with

18 new distributed generation (DG) systems, and no mandatory TOU.

19

20 Q: Please summarize your conclusions.

21 A: My main conclusion is that the UNSE proposed rates and policies would not provide an

I Rebuttal Testimony of David G. Hutchins at 2.

1
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1 opportunity for residential customers to make cost-effective investments in solar DG. For

2 purchased systems, the payback periods would be measured in decades rather than years,

3 and for systems that are leased, positive cash flow would not occur.

4 My other conclusions are:

5 1. There is no foundation for UNSE to impose a mandatory three-part TOU rate

6 on residential customers. There has been only a smattering of opt-in pilot

7 programs testing residential customer understanding of and response to

8 demand charges and to my knowledge no utility has yet implemented

9 mandatory residential TOU. More first-hand knowledge is needed.

10 2. UNSE and Staff greatly understate the difficulty customers will have

11 understanding and responding to demand charges. Even the educational

12 materials of the only utility with a mandatory residential demand charge

13 identified in the proceeding offered suggestions on how to respond to the

14 demand charges that were so generic so as to be equally applicable to any

15 time-of-use tariff.

16 3. A number of parties rely heavily on the raternaking priNciples of James

17 Bonbright. As aptly stated by APS witness Dr. Famqui, "each of Professor

18 Bonbright's principles should be read in conjunction with the others."

19 However, UNSE and Staff have not heeded this advice, and as such, the

20 Commission must be cautious when considering these arguments in the

21 context of setting a residential rate.

22 4. The recent examples of utility regulators' rulings on DG in other states raised

23 by UNSE are not applicable here, and in the case of Nevada, actually provide

2
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1 a cautionary tale of how not to reform net energy metering.

2 5. I calculate that the impact of UNSE's and RUCO's proposals will be as

3 detrimental to existing and new solar DG customers as the final rates

4 approved in Nevada.

5 6. Using data from UNSE's 2014 Integrated Resource Plan (IRP), I calculate the

6 levelized value of solar DG to UNSE to be on the order of l0¢-14¢/kWh. This

7 is relatively close to UNSE's average residential rate, indicating that in the

8 long run, full-service customers would be held neutral and, in fact, could even

9 receive a net benefit by continuing current net metering policies.

10 11. A Three-Part TOU Rate Is Not Ready for Prime Time

11 Q: What does this portion of your testimony address?

12 A: In this section I discuss the reasons why it inappropriate to for UNSE to introduce a

13 mandatory three-part rate, particularly one with TOU energy charges. In doing so, I rebut

14 other parties' witnesses who argue otherwise.

15 Q: Throughout your testimonies in this proceeding you have been very skeptical of

16 demand charges for residential customers, be they full-service or those using DG.

17 Are you alone in this skepticism?

18 A: No. I note that the Regulatory Assistance Project recently issued a paper urging "great

19 caution" in designing residential demand charges The paper confirms many of the

20 concerns that I raise, as well as others such as impact on apartment dwellers, disregard of

2 Lazar, Jim, November 2015. "Use Great Caution in Design of Residential Demand Charges," Montpelier:
Regulatory Assistance Project. Included as Attachment A. The Regulatory Assistance Project is a nonprofit that
"advises public officials on regulatory and competitive utility policies."

3



l diversity patterns and mis-allocation of costs into demand charges

2

3

A. There is Li t t le To No Experience W ith Residential  Demand Charges On This
Scale, Let Alone With Mandatory TOU

4 Q: All the examples of utilities with residential three-part rates provided in Mr.

5 Tillman's opening testimony were voluntary: the customer had to choose to be on

6 the rate. Have any witnesses addressed the prevalence or even presence--of

7 residential tariffs with mandatory demand charges?

8 A: UNSE witness Dr. Overcast was able to provide one single example of a utility with

9 mandatory residential demand charges: Butler Rural Electric Cooperative (Butler REC)

10 in El Dorado, Kansas.4

11

12 Q: Do any other witnesses provide examples of mandatory or default three-part

13 residential rates?

14 A: No. Arizona Public Service (APS) witness Dr. Famqui provides testimony suggesting

15 that residential customers could respond to. demand charges. He states:

16
17
18
19
20

More than 40 pilot studies and full-scale rate deployments involving over 200 rate
offerings over roughly the past dozen years have found that customers respond to
new Price signals by changing their energy consumption pattem.5

However, none of the over 40 pilot studies or 200 rate offerings included rates with

21 demand charges. They were solely time of use rates, peak time rebates, and critical peak

22 pricing rates.

23

3 Ibid.
4 Overcast at 35.
5 Faruqui at 14.

4
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a

1 Q: Did Dr. Faruqui cite any academic studies explicitly exploring residential demand

2 charges?

3 A: Yes. However, with the exception of one study from 2009, all of the studies were at least

4 30 years old.6 The one more recent study is for an opt-in program in a town in Norway.

5 Given that the participants in the Norwegian study were self-selected, coupled with the

6 cultural and climatic differences between Norway and Arizona, I cannot recommend the

7 Arizona Corporation Commission (ACC) rely upon this study as a justification for a I

8 three-part rate for UNSE.

9 Q: Do any other witnesses provide examples of mandatory TOU residential rates?

10 A. No. To my lmowledge there are no utilities in the U.S. that currently employ mandatory

11 TOU rates for all residential customers. California is set to move all residential customers

12 to default TOU rates starting in 2019, butdefault TOU is very different thanmandatory

13 TOU. Default TOU rates allow all residential customers to maintain the flexibility to

14 choose a rate design that is right for them, while mandatory TOU rates leave customers

15

16

with no options if they find that they are unable to adapt. While the California Public

Utilities Commission did recently vote' to move only all new DG customers onto

17 mandatory TOU rates starting likely in 2017, this decision was in response to a much

18 higher penetration of DG customers than exists in UNSE's territory. Mandatory TOU for

19 DG customers remains an uncommon rate design that is typically only explored in areas

20 with very high DG penetration.

21

6 Faruqui Ar 15.

5
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1 Q: What considerations are being made by California utilities in the transition to

2 default residential TOU?

3 A. The transition to residential default TOU is not being taken lightly. The California PUC

4 has ordered the utilities to implement extensive piloting to determine how ratepayers will

5 respond to TOU rates and to ensure that such a transition is not unduly handful,

6 particularly to vulnerable rate classes such as elderly or low-income. To ensure |

7 successful implementation, these pilots will collect data on several differ rate TOU rate

8 designs over the course of 15 months from more than 50,000 participants.7

9

10 Q: Has UNSE proposed any pilot programs to explore the impact of mandatory TOU

11 rates or demand charges?

12 A. No. UNSE has not proposed to do any piloting for these extreme rate designs either

13 before or after implementation. In my opinion, adoption of these rates without thorough

14 testing is simply experimenting on ratepayers unnecessarily. with such untested rate

15

16.

17

design, the outcomes could be severe. Furthermore, both Staff and UNSE suggest that

demand charges be implemented after providing the customer with only three months of

historical usage data.8 Given the highly varied seasonal climates in Arizona, this is

18 clearly insufficient. Usage data from March, April, and May are not sufficient for a

19 customer to understand or manage their demand and TOU energy consumption during the

20 following summer and winter months. If UNSE is authorized to implement such

21 drastically different rate design, it should provide customers with at least a full year of

22 usage data prior to implementation.

7 Statewide TOU Pilot Design Final Report, p. 99.
a Solganick at 31, Dukes at 9.
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1 B. A Three-Part Rate Cannot Currently Encourage Innovation

2 Q: A number of witnesses suggest that a three-part residential rate would encourage

3 innovation, prompting customers to react to the demand charge.' In his rebuttal

4 testimony, Mr. Tillman provides the examples of battery storage and fuel cells.'°

a 5 Are these innovations costly?

6 A: Yes. While demand charges would in theory create a market for demand-reducing

7 technologies, these technologies are not nearly as simple as installing a new thermostat,

8 light bulb, or windows. For example, the TESLA Powerwall battery with 7 kph of

9 storage costs $3,000, plus the cost of installation by a qualified electrician, and if used

10 without solar PV, the cost of an inverter." With respect to the other technology

11 mentioned by Mr. Tilghlman, fuel cells, the non-profit Upgrade Energy California says a

12 residential fuel cell can cost over $50,000 in addition to installation costs.12

13 These are serious investments for households at virtually any income level. Given

14 that the average income in Mohave and Santa Cruz Counties are 26% and 29% lower,

15 respectively, tha.n the national average, that over 26% of the population of Santa Cruz

16 County is below the federal poverty line, and that over % of Mohave County residents arc

17 senior citizens, investments of this magnitude should not be expected to be widespread."

18 And while innovative entrepreneurs may develop business models to deliver these

19 technologies (and others) in a way that lower-income citizens can afford, they currently

9 E.g., Faruqui at 14, Tillman at 5, Broderick at 8.
10 Tillman at 5. All citations to Tillman refer to his January 19, 2016 Rebuttal Testimony.
11https://www.teslamotors.comgpowenwall Accessed 2/13/16.
12http://www.energyupgradeca.or2/en/save-energy/home/make-your-power/_make-your-power-with-fuel-cells
Accessed 2/13/15
13 Statistics from U.S. Census Bureau: State and County QuickFacts.
http://quickfacts.census.gov/qfd/states/04000.html. Accessed 2/13/16
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1 do not exist.

2

3

c. it Has Not Been Demonstrated That Residential Customers Will Understand

and be Able to Respond to Demand Charges

4 Q: Staff witnesses Broderick testifies, "residential customers can be quickly educated"

5 on how to respond to a demand eharge;1" that "Staff believes that new meter

6 technology, internet communications portals, and smart phone applications have

7 made it feasible and much easier for residential customers to understand and accept

8 a three-part tariff than ever before;"'5 and "Staff does not presume that any group

9 is so vulnerable as to be unable to understand and tolerate a demand kW charge."1'

10 Has Mr. Broderick provided any evidence to support these opinions?

11 A: No. They are simply assertions with no discussion or evidence to support them.

12 Furthermore, educating the customers in Santa Cruz County will present an extra

13 challenge, as over % of the population speaks a language other than English at home."

14 Given that the only pilot programs for residential demand charges cited so far in this
|

i

1

15 proceeding were opt-in,18 believe that data from a pilot program with randomly assigned

16 participants is needed in order to conclude that "customers can be quickly educated" and

17 meaningfully respond to demand charges.

18 Mr. Broderick also testifies that "Solar DG customers will, therefore, need to

19 carefully consider their lifestyle decisions and additional related technology choices for

20 those hours, for example, in the summer from when the sun starts to set and until 8

14 Broderick at 8.
15 Broderick at 7.
16 Broderick at 9.
17 Statistics from U.S. Census Bureau: State and County QuickFacts.
http://quickfacts.census.gov/q_fd/states/04000.html. Accessed 2/13/16
18 Butler REC was not a pilot and is discussed later.
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1 p.m."19 Since Staff and UNSE also propose having full service customers on demand

2 charges, they too will have to "carefully consider their lifestyle decisions." I am skeptical

3 that a rate design, which requires customers to carefully consider their lifestyles in order

4 to adjust their electric bill, is rational or fair.

5

6 Q: UNSE witness Dr. Overcast points out that one rural electric cooperative in Kansas,

7 Butler REC, has residential demand charges, and included as an attachment to his

8 testimony the educational material that Butler REC provides for its customers. Did

9 you review this attachment?

10 A: Yes. The Butler REC educational material emphasizes "FREE demand" (emphasis

11 original), in that customers don't pay demand charges a majority of the time. The "tips"
I
I

12 for how to reduce demand include only one that is specific to reducing demand charges:

13 running large appliances outside of the peak demand periods." The other nine

14 suggestions are equally applicable to general energy efficiency. The Butler REC message

15 to its demand-charge customers is no different than what' a utility would provide

.16

17

concerning a .time-of-use rate, except that the ramifications of using power in the peak

hours are much greater. Nowhere does the Butler REC educational material state that the

18 customer has to reduce demand every weekday evening between 5:00 and 8:00 with no

19 exceptions-in order to reduce the demand charge portion of their bill. If a Butler REC

20 customer has to run one load of laundry in the evening, or cook one meal using an

21 electric range, they're paying a hefty the demand charge for that month. I cannot

22 conclude from either Dr. Overcast's testimony or the Butler REC education materials that

19 Broderick at 8.
20 HEO-5, page 4.
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1 he provided that the Butler REC customers in general fully understand demand charges
I

2 and are reacting in a knowledgeable way.

3

4 Q: Witnesses for UNSE have pointed to the mandatory threepart rate instituted by

5 Salt River Project (SRP) for customers with solar DG. Has SRP management been

6 consistently positive about residential demand charges?

7 A: No. At a SRP Special Board Meeting on February 12, 2015, SRP General Manager Mark

8 Bonsall was perhaps a bit more candid than he intended, when he flatly stated that it

9 would be difficult for him to put his grandmother on a three-part rate, and that she'd

10 likely be paying more than she needs to:

11

12
13
14
15
16
17
18
19
20

MR. BONSALL:I guess the bottom line on that is I think it would be very
difficult, were she still with us, to put my grandma ma on a demand charge. I mean,
we're gonna have people that just don't want to do that or it's too complicated for them
to understand and/or they don't care about it. I think we need to be sensitive to some of
those issues as well.

MR. HOOPES: I hope you're not suggesting thats want your grandmother to
pay more than she needs to, but -- .

MR. BONSALL: Actually, President Hoopes, I was assuming d1at.2I.

21 Q: Have there been societal repercussions from SRP's rate design"

I 22 A: According to the Solar Jobs Census, Arizona lost 2,282 of its 9,204 solar jobs last year."

23 While solar employment in Arizona is expected to grow 8.4% in 2016, this figure will be

24 much lower and possibly negative if UNSE's mandatory 3-part TOU rate design is

25 approved, particularly if other Arizona utilities follow suit.

26

21 Salt River Project Special Board Meeting Continuation Special Board Meeting On Proposed Changes To Standard
Electric Price Plans And Terms And Conditions Of Competition. February 12, 2015. Transcript at 46. Attachment B
22 The Solar Foundation, 2015.Stale Solar Jobs Census Compendium at 119.
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1 Q: Please summarize your testimony concerning customer understanding and reaction

2 to demand charges.

3 A: Neither UNSE or any other party has provided shldies or evidence that residential

4 customers generally understand demand charges and will be able be able to react to the

5 "price signals" they send. Additionally, movement of residential customers to mandatory

6 TOU rates, especially in the absence of extensive piloting, would be unprecedented and

7 inappropriate. As such, it would be putting the cart way in Hort of the horse to institute a

8 three-part TOU residential rate throughout the service area. Additional controlled studies

9 are needed to ascertain how much customers would actually understand about demand

10 charges and TOU. Furthermore, additional affordable tools need to be in place for

11 customers to meaningfully react to demand charges and TOU before the ACC

12 contemplates implementing such a rate.

13 111. Rate Design Principals

14 Q: A number of witnesses in the proceeding have referred to fundamental ratemaking

15 principals as formulated by James C. Bbnbright and presented inPn'neiples of

16 Publie Utility Rates." Can you summarize who has referred to Bonbriglit in

17 testimony, and what they have said?

18 A: Yes. First, in his December 9th testimony APS witness Dr. Faruqui summarizes

19 Bonbright's ten "attributes of a sound rate structure," grouping them into five general

20 categories: economic efficiency, equity, revenue adequacy and stability, bill stability, and

z3 Bonbright, James C., Albert L. Danielson and David R. Kamerschen, 1988.Principles ofPublic Utility Rates
(Second Addition). Arlington VA: Public Utility Reports, Inc.
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1 customer satisfaction." He then focuses on "cost causation," arguing that while not

2 explicitly listed in Bonbright's list, is clearly implied by it (particularly on economic

3 efficiency and equity). 25 To his credit, he also testifies, "cost causation may need to be

4 balanced against the other core principles," and "Each of Professor Bonbright's principles

5 should be read in conjunction with the others."26

6 UNSE rebuttal witness Dr. Overcast frames his testimony around three principles:

7 fairness, efficiency, and gradualism, stating that, "These principles are consistent with

8 rate principles developed by Bonbright and discussed widely by others."27 He further

9 includes quotes attributed to Bonbright throughout his testimony, however specific

10 citations are not provided.

11 Other witnesses also refer to Bonbright, although not in the detail that Drs.

12 Faruqui and Overcast do. RUCO witness Huber testifies that his recommendations arc

13 based on Bonbright's principals, as summarized in a NARUC document." SWEEP

14 witness Schlegel and VoteSolar Witness Kobor both cite to Bonbright when discussing

15 very specific cost and rate issues.29 Lastly,I responded in my December 9th testimony to

16 how UNSE witness Dukes used Bonbright's text, pointing out that he focused on only

17 two of the foundational principals, revenue stability and rates that yield total revenue

18 requirements, at the expense of others, such as simplicity, understandability, public

19 acceptability, avoidance of undue discrimination, and wastefulness.3°

20

24 Faruqui at 5-8.
z5 Faruqui at 8.
26 Faruqi at 9.
21 Overcast at 40.
28 Huber at 5.
29 Schlegel at 7, Kobor at 57.
30 Fulmar at 10.
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1 Q: Can these rate making principles sometimes conflict?

2 A: Yes, and as such, regulators must strike a balance: too much emphasis on any one

3 principle can lead to undermining the others.

4

5 Q: Please provide an example of how some of these ratemaldng principles are in

6 conflict.

7 A. A prime example of this is the tension between revenue adequacy and economic

8 efficiency. Revenue adequacy requires that the utility can recover all of its costs. Utility

9 revenues are typically detennined using embedded or marginal short-term costs.

10 Economic efficiency requires that customers be provided with price signals that will

11 allow them to make economically efficient decisions with regard to their electricity

12 consumption levels. In other words, customers must be given the proper price signals to

13 invest in energy efficiency measures, invest in distributed generation resources, or simply

14 consume less energy in order to save on electric bills.

15 As I have noted in my prior testimonies in this docket, there can be significant
l

16 differences between short-term costs used for determining revenue adequacy and long-

17 term costs used for sending economically efficient price signals. In the short-tenn, fixed

18 costs can include capacity costs associated with generation, transmission and distribution,

19 while over the long-term, none of these costs are truly fixed. Setting rates based on short-

20 mm price signals will not be efficient in the long run.

21

22 Q: Do you have any concerns with the way other witnesses are using Bonbright's

23 principles?

13
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1 A: Yes. First, I note that near the beginning of his chapter on Cost of Service, Bonbright

2 states, "In the first place, the principle [the cost standard of ratemaking] is followed far

3 more closely as a measure of general rate levels than a measure of individual rate

4 schedules."31 However, much, if not all, of the cost-of-service discussions raised by Drs.

5 Faruqui and Overcast focus solely on "individual rate schedules." As such, the

6 Commission must be cautious when considering these arguments in the context of setting

7 a residential rate.

8 Iv. Mischaracterization of TASC Testimony

9 Q: What do you address in this section of your testimony?

10 A: I will point out some of the mischaracterizations of, and misleading statements about, my

11 testimony made by UNSE witnesses.

12

13 Q: Mr. Til lman testif ies, "The Company will credit every kph of energy produced

14 from the DG system that the customer uses at the full retail rate."32 Is this correct?

15 A: First, characterizing the savings of reduced customer use at the electric meter, for

16 whatever reason, as a "credit" bestowed by the utility is disingenuous. It isn't a credit, it

17 is simply the value of not paying for power that is not purchased. This is true whether the

18 customer is not a home, has installed energy efficient equipment or self-provides a

19 portion of their electricity usage, Second, federal law requires that utilities allow

20 customers to self-provide power behind the meter." UNSE is not crediting the customer,

31 Bonbright at 110.
32 T il lman at 6.

33 See 18 C.F.R. 292.303(c)(e)
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1 it is following the law.

2 Q: In response to your testimony on the differing environmental impacts between solar

3 DG and central solar, Mr. Tillman states, "Even without the Company's site

4 selection criteria to minimize these impacts, it is irrational to argue that any

5 minimal environmental impact associated with utility scale facilities just:iEes a solar

6 DG credit equal to twice the cost of energy from utility scale facilities."3' How do

7 you respond?

8 A: In this sentence from his rebuttal, Mr. Tillman is responding to an argument thats did

9 not make. Nowhere in my Direct Testimony do I say that the differences in the

10 environmental impact between central solar and DG solar alone justify any purported cost

11 difference between the two technologies. would not make such a statement. Instead, I

12 point out that there are differences in the environmental impacts of DG and central solar,

13 and that those differences should be noted and accounted for. Never do I argue that "any

14 minimal enviromnental impact associated with utility scale facilities justifies a solar DG

15 credit equal to twice the cost of energy from utility scale facilities."

16

17 Q: How do the UNSE witnesses mischaracterize solar DG's contribution to peak

18 hours?

19 A: First, Mr. Tillman states: "[Mr. Fulmar testifies that] 'solar provides power during

20 times of high system load when power is more valuable,' once again highlighting his lack

21 of actual operational experience in grid management and relying on an often repeated, yet

22 incorrect, statement that applies to only a few months during the year."35 While I have

34 Tillman at 13.
as Tillman at 13.
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l not participated in grid management, 1 have prepared and critiqued integrated resource

2 plans (IRes) and testified in state utility commission proceedings on electric resource

3 planning. As I will discuss below, utilities plan their supply capacity portfolio based on

4 the anticipated demand occurring on a few highest days--if not hours ~of the year.

5 Second, Mr, Tillman says,

6
7
8

9
10

"The Company has previously shown that at no time during the year does the system
peak when solar peaks, In fact, during the winter months when the system_peaks
before the sun rises and after the sun sets, solar has absolutely zero value during the
times of greatest need and when prices are the highest."3"

Dr. Overcast also makes analogous statements."

12

13 Q: How do you respond?

14 A: First, nowhere do I state that solar PV's output coincides with UNSE's system peak.

i
g

15 Simply because the PV panels' maximum output docs not occur at the exact same time as

16 the utility's maximum load does not mean that it does not contribute to reducing system

17 peak. In fact, in the value of solar analysis presented later in this tesfimdny, 1 explicitly

18 take this fact into account using UNSE's own solar "coincidence factor." The
9

» 19
1

coincidence factor is a number that reflects what fraction if power solar PV's capacity

20 contributes to system peak demand.

21 Second, I do not understand why Mr. Tillman and Dr. Overcast suggest that the

22 fact that the UNSE system peaks during winter months is applicable to the capacity value

23 of solar. As noted in UNSE's 2014 Integrated Resource Plan, UNSE is a summer-peaking

24 utility." As shown in the Charts 12 and 13 from its IRP (repeated below). UNSE's

Jo Tillman at IN.

31 Overcast at 12-13.
as UDR L006: Unisource Energy 2014 Integrated Resource Plan (IRP), April I. 2014 at 44. This is also shown in

16
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I typical peak summer load is ~l60 MW more than its typical winter peak load.

2 Furthermore, the two figures show that the typicalpeak winter load is less than the
»
g

3 average summer load.. Given that generation capacity is planned around the system's

4 peak load, the fact that solar PV does not generate power during early winter mornings is

5 not relevant when considering PV contribution to a utility's generating capacity.

6

7

8

9
i
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3 Q: What does Dr. Overcast testify concerning rate options to address DG?

4 A: Dr. Overcast states. f

5
6
7
8
9

10

All of this evidence suggests that with a two pan rate and net metering with
banking can never result in just and reasonable rates for partial requirement
customers.
customers equitably is a separate rare class with a three- part rate."39.

The only possible alternative to meat partial requirements, DG

This statement is a classic example of a false dichotomy. Setting aside whether or not net

mlztcring with banking is just and reasonable or not, he simply asserts that the "only

12 possible alternative" is the one he supports: DG as a separate rate class with a three-part

13 rate. Obviously, this isn't the only possible alternative. RUCO has proffered alternatives.

14 Staff has suggested altcmativcs. Even UNSE's own recommendation to move all

39 Overcast at 19.
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I residential customers onto the three-part TOU rate, and not just DG uses, contradicts Dr.

2 Ovcercast's statement. There are many ways to address solar DG besides the two stated

3 by Dr. Overcast. To assert that his is the only answer is disingenuous and misleading.

4 In fact, I recommend that Staff and UNSE work together to examine ahematives

5 to both the simple two»-part rate and a three~parl me with TOU. Some options that I

6 believe should be considered include default time of use, minimum bill provisions, and

7 critical peak pricing (i.e., very high rates a few hours a year during system peaks).

8 v. Miscellaneous issues

9 A * Rl¥("`(; Rate Prapwsals

10 Q: Please Summarize RUCO witness Huber's proposals concerning residential

I I customers with DG.

i
l
l 12 A: Mr. Huber suggests three alternatives to UNSE's proposal.

13 1. A "non-export" policy, whereby customers with DG system are not allowed to

14 export power to the grid, or if the Commission is not agreeable, to allow

15 exports to be valued at wholesale rates. 40 §

16 2. A "DG TOU rate," with "energy and TOU demand intended to recover fixed

17 costs from customers with DG."

18 3. A "simple fixed credit mechanism," whereby the customer with DG simply

19 pays the tariffed rate for all if his or her actual consumption while being

20 credited for all of the output of the customer's DG system. I would classic

.Sn Huber at 13.

*' Huber at 14.

4
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1 this as a "buy-all-sell-all" or a feed-in tariff.

2 Q: Do you find Mr. Huber's first suggestion-non-export policy-to be reasonable"

3 A: No. Although Huber would grandfather existing DG customer into their current DG

4 compensation mechanism, forbidding grid export or crediting exports is poor policy.

5 First, it would remove much of the economic value of solar DG, which I believe would

6 reduce new solar DG adoptions to a trickle. This violates the Commission's REST goals

7 (as later discussed by Huber).42 In addition, the non-compensation or minimal

8 compensation (short-run wholesale power market prices) would grossly understate the

9 value that DG systems are providing to UNSE and its customers. This is discussed in

10 depth later in Section VII of my testimony.

11

12 Q: Do you find Mr. Huber's second suggestion-the three-part TOU DG rate-to be

13 reasonable?

14 A: No. As discussed in Section VI and shown in Table 1 of my testimony, Mr. Huber's

15 proposed flat energy rate with a seasonal TOU demand charge would not offer a viable

16 economic opportunity for customers desiring solar DG.

17

18 Q: What about his feed-in-tariff proposal?

19 A: While a feed-it-tariff can be a piece of the solar DG puzzle, it isn't a replacement for net

20 metering. First, it is equally as difficult to set an appropriate FIT rate as it is to determine

21 how or if costs shifting with net energy metering. Second, there are significant tax

22 implications, such as loss of certain tax benefits that accrue to residential solar that serves

42 Huber at 21.
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1 onsite load as well as the sales to the utility of power being seen as income.

2

3 B. Intermittency And Geographic Diversity

4 Q: Mr.Tighlman also states "Mr. Fulmer's and Ms. Kobor's claims that there isa

5 benefit of intermittency smoothing that lacks any credible, real-world evidence.""3

6 Is this accurate?

7 A. No. Pages 13 through 15 of my November 6 Direct Testimony list many credible studies

8 based on real-world evidence that geographically dispersed DG provides a "smoother"

9 more reliable solar power source than a central solar station. For example:

10 • A study that analyzed the power fluctuations of seven PV plants scattered

11 throughout Spain concluded "[t]he geographical dispersion of the PV plants is a

12 highly effective way of smoothing the power fluctuations, even for ten minute

13 sampling intervals. It is sufficient to locate two PV plants at a distance of6 km,

14 one from the other, to ensure that the fluctuations over 10 minute intervals are

15 independent of each other and are smoothed out when combined."44

16 • A similar study conducted in Colorado arrived at the same conclusioNs: "[o]verall,

17 a significant smoothing effect was observed when the averaged solar irradiance at

18 four solar sites across Colorado is compared to the individual sites."45

19 • Lave et al. concluded in their study that "[w]hile the variability of PV powerplants

20 can be a concern, geographic diversity within the plant will lead to a reduction in

43 Tillman at p 12

44 Marcos, J., L. Marroyo, E. Lorenzo, and M. Garcia. "Power Output Fluctuations in Large PV Plants." In
International Conf. on Renewable Energies andPower Qualify,2012. http://www.icrepq.corn/icrepq'12/676-
marcos.pdf.
45 Lave, Matthew, and Jan Kleissl. "Solar Variability of Four Sites across the State of Colorado."Renewable Energy
35, HO, 12 (December 201 O): 2867-73. doi:l0.1016/j.renene.2010.05.0l3.
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1 variability versus a single point. By examining a 2. IMW residential rooftop PV

2 plant in Ota City, Japan and a l9Mw central PV plant in Alamosa, Colorado, the

3 relative variability as a function of capacity was found to decay exponentially for

4 both p1ants."46

5 • A Lawrence Berkeley National Laboratory study "conclude[d] that the costs of

6 managing the short-term variability of PV are dramatically reduced by geographic

7 diversity and are not substantially different Hom the costs for managing the short-

8 term variability of similarly sited wind in [the Southern Great P1ains]."47

9 • Finally, a report by the National Renewable Energy Laboratory, citing studies in

10 Japan,48'49 and Germany," concluded "[i]t is well studied that aggregation of sites

11 produces a smoother output of power on a per capacity basis. These studies

12 primarily address smoothing through geographic dispersion, and attempts have

13 been made to mathematically model this phcnomenon."51

14

46 Lave, Matthew, Joshua S. Stein, and Abraham Ellis. "Analyzing and Simulating the Reduction in PV Powerplant
Variability due to Geographic Smoothing in Ota City, Japan and Alamosa, CO." In Photovoltaic Specialists
Conference (PVSC), Volume 2, 2012 IEEE 38th,1-6. IEEE, 2012.
http://ieeexplore.ieee.org/xpls/abs_all.jsp'?arnumbe1=6656719.
47 Mills, Andrew. "Implications of Wide-Area Geographic Diversity for Short-Term Variability of Solar Power."
Lawrence Berkeley National Laboratory, 2010. http://escholarship.org/uc/item/9mz3w055.pdi
48 Murata, Akinobu, and Kanji Otani. "An Analysis of Time-Dependent Spatial Distribution of Output Power from
Very Many PV Power Systems Installed on a Nation-Wide Scale in Japan."Solar Energy Materials and Solar Cells
47, no. I (1997): 197, 202.
49 Omani, Kanji, Bunya Minowa, and Kosuke Kurokawa. "Study on Areal Solar Irradiance for Analyzing Areally-
Totalized PV Systems."Solar Energy Materials and Solar Cells 47, no. 1 (1997): 281-88.
so Wiemken, E., H. G. Beyer, W. Heydenreich, and K. Kiefer. "Power Characteristics of PV Ensembles:
Experiences from the Combined Power Production of 100 Grid Connected PV Systems Distributed over the Area of
Gennany."Solar Energy 70, no. 6 (2001): 513-18.
31 Urquhart, Bryan, Manajit Sengupta, and Jamie Keller. "Optimizing Geographic Allotment of Photovoltaic
Capacity in a Distributed Generation Setting."Progress in Photovoltaics: Research and Applications 21, no. 6
(2013): 127 85.
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1 c. Recent Development Examples

2 Q: Mr. Tilghman also provides examples of states where actions have recently been

3 taken to change their met metering policies. What examples did he provide?

4 A: He pointed to three states: Hawaii, Utah and Nevada. However, he did not include a

5 major one-California, where the commission chose to continue net energy metering

6 with compensation based on retail rates and month-to-month banking." Furthermore, I

7 found none of the policy recommendations in the three states to be compelling or

8 applicable to Arizona.

9 • Hawaii: First and foremost, Hawaii Electric is at a much higher DG penetration level

10 that UNSE, making the technical and economic issues associated with net metered

11 solar ripe for discussion. Also, retail rates in Hawaii are significantly higher that

12 UNSE's rates, with residential and small commercial rates ranging from a low of

13 22¢/kWh up to 35¢/Kwh." Additionally, the current buyback rate offered by

14 Hawaiian uti1ities~is no less than 15.07¢/kWh and ranges as high as 27.88¢/kWh.54

15 Even their new pricing, which is many times higher than that proposed by UNSE, is

16 higher than UNSE's retail rates.

17 Utah: Mr. Tillman provides a number of "fallacies" from a recent Utah Public

18 Service Commission order addressing solar DG issues. However, none of the issues

19 enumerated in the Utah decision cited by Mr. Tillman are new, and in fact most are

20 addressed organically by the dispersed nature of small solar DG. In fact, all six issues

52 California Public Utilities Commission Decision 16-01-044.
53 Hawaiian Electric Effective Rate Summaries, January 29, 2016.
https://wvirw.hawaiianelectric.com/Documents/my_account/rates/effective_rate_summary/efs_2016_02 ,pd
54 Customer Grid Supply prices. https://www.hawaiianelectric.com/clean-energy-hawaii/pr_oducing-clean-
energy/customer-grid-supply»and-self-supply-programs. accessed 2/ I8/16.
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1 listed by Mr. Tillman focus on the fact that the utility does not have control over

2 customer-side solar DG systems. This is true, but reflects the utility's (and frankly,

3 the Utah Commission's) discomfort with elements outside of its control, while not

4 considering the actual impacts. Yes, customers decide if and how much solar to

5 install (Issues 1, 2, 4 and 6), how to maintain it (Issues 3 and 5). But this does not

6 account for the fact that these decisions are made by thousands of independent actors

7 (customers) as well as the fact that actors' best interests are generally aligned with the

8 utility's. It is in the best interest of both the utility and the solar PV user (or if

9 different, the PV owner) to keep the system well-maintained and operational.

10 Furthermore, a diversity of actors (i.e., decisions concerning each system are made

11 independently) litigates most of the remaining concerns. People will not abandon

12 their solar PV at the same time, creating the system problems implied by the six listed

13 issues. Electric utilities need to be able to predict the load that they must serve, not

14 control it.

15 Nevada: The Nevada'decision cited by Mr. Tillman has caused widespread

16 economic and political reverberations throughout the state. Major solar PV providers

17 have pulled out of Nevada, laying off thousands of workcrs.55 Solar customers have

18 tiled a class-action 1awsuit.56 If Arizona wants to avoid these problems, looking to

19 Nevada for guidance would be poor advice.

http1//www.pv-magazine.com/news/detai Is/beitrag/solarcitv-pulls-out-of-nevada_l00022579/#axzz40UTiCx5
Accessed 2/15/16
56httpI//lasvegassun.com/news/20l6/jan/15/lawsuit-filed-over-ncw-rooftop-solar-utilitv-rates/ accessed 2/15/16.
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1 VI. Impact of Proposed Rates on Prospective Solar DG Customers

2 Q: Have you reviewed the impact that UNSE's proposed rates would have on solar

3 customers' electric bills and how that would likely impact the business of solar"

4 A: Yes I have.

5

6 Q: Please explain the economics of solar to the utility customer and what you found in

7 your analysis.

8 A: It appears most electric customers implement solar because it is a sound investment and a

9 good use of their money. Before going solar, a utility customer has one bill for all his

10 power. This bill comes from the utility, in this case, UNSE. In order to acquire solar, the

11 customer either purchases or leases solar equipment to generate solar power for his

12 use. After the customer purchases his solar equipment, and it is up and running, the

13 customer pays the utility a reduced amount on a monthly basis, reflecting his reduced

14 reliance on the utility for much of his electricity. The reduced monthly payments to the

15 utility act as the return on the solar investment, ultimately paying the customer back for

16 his sizable investment over a period of time. This period of time is also called the

17 "payback period" in the-solar business, The old adage, "the shorter the payback period,

18 the better the investment," clearly applies here. If the payback period gets too long, then a

19 customer could make wiser investments elsewhere, potentially eliminating the financial

20 incentive to purchase a solar system entirely.

21 In the lease situation, the customer ends up with two bills related to his

22 consumption of energy. The customer continues to receive a bill from the utility,

23 reflecting his reduced reliance on the utility for his power needs, but also receives a

25



1 monthly bill from the solar leasing company for the lease payments on the solar

2 equipment. When these two monthly bills are added toddler, they should be less than

3 what the customer would otherwise pay to the utility if the customer was still relying on

4 the utility for 100% of his electric needs. If the two bills added together are more than the i

5 customer would otherwise pay a utility for 100% of his power needs, then the customer's

6 investment in solar will not be a profitable one and, like other poor investments, will be

7 avoided.

8 I examined UNSE's proposed tariffs using the spreadsheet tool first circulated by

9 Staff (per Staff data request to TASC, SFT-BG 2.1), as modified to accurately account

10 for appropriate assumptions and to model specific rate plans at issue in this case as

11 described below, to determine what impact they would have on the payback period for a

12 purchased solar system and the impact they would have on a solar leasing customer's

13 ability to save money by leasing solar panels. As I summarize below in Table 1, the
4
|
I 14
I

proposed UNSE tariffs leave the payback period much too long to justify the purchase of

15 solar equipment and eliminates the opportunity for customer to save money with a solar

16 lease.

17 I examined each proposed UNSE tariff, under both status.quo net metering and

18 proposed net billing scenarios, using public load and generation profiles appropriate for

19 the geographic territories that UNSE serves. I focused primarily on northern Arizona,

20 using NREL Las Vegas billing determinants and load shape.

21 Under the proposed UNSE transition rates and final rates and a net billing

22 mechanism, solar customers would pay significantly more per year than full-service

26
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1 customers (Table 1). Using the NREL billing determinants," solar lease customers under

2
I

the proposed 2-part non-TOU net billing transition rate would pay roughly $188 more per
I
|
|

|

I 3 year for solar, or $ I6 per month. With the same rates, but under the current net metering

4 billing mechanism, solar customers would save roughly $207 per year, or $17 per month.

5 For customers that purchased their system outright, under the 2-part net billing transition

6 rates it will take roughly 46 years to recoup the investment of their system, far exceeding

7 the expected system life of roughly 35 years, and compared with roughly 23 years under

8 the two-part transitional rate with net metering. Under the proposed final TOU demand

9 charge rates, solar customers would lose under both net metering and net billing. Under

10 net metering, customers would pay $347 more per year for solar ($29 per month), and

11 $409 per year ($34/month) under net billing. With the proposed demand charges, solar

12 customers who buy their systems outright would likely never be able to recoup the
i

13 upfront cost of their investment, with the payback under both net metering at 58 years,

14 and the payback under net billing exceeding 100 years.

15

16

av Assumes NREL Las Vegas high load estimate, most indicative as solar customers typically have higher than
average load. Further assumes average monthly consumption at roughly ~l ,500 kph per year, with a system sized
at 8.5kW offsetting 80% of load.
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Pre Solar Utility Bill $2,030 $2,030 $1,816 $1,816 $2,220 $1,985

Post-Solar Utility Bill $513 $907 $853 $914 $1,533 $1,009

Utility Bill Savings $1,517 $1,123 $963 $901 $687 $976

Total Lease Cost* $1,311 $1,311 $1,311 $1,311 $1,311 $1,311

Total Solar Bill $1,823 $2,217 $2,163 $2,225 $2,844 32,319

Annual Bill Savings $207 ($188) ($347) ($409) ($623) (S334)

Breakeven Lease Rate $0.10 $0.08 $0.07 $0.06 $0.05 $0.07

Discounted payback** 22.8
Years

45.5
Years

57.6 Years 100+ Years 100+ Years 100+ Years

1 Table 1. Economics of Solar DG Under Proposed Rates I

|
I

I

2
3
4
5
6
7

*As reported in Greentech Media, the LCOE for solar leases in Arizona is ll.l cents per kph. Year 1 lease
rate of 330.08946/kWh converted from LCOE by assuming 2.9% escalation, 7.2% discount rate, and 0.5%
annual degradation.
**Assumes system cost of $3.60/watt (DC),58 2.9% escalation, 7.2% discount rate, and 0.5% annual
degradation.

8 Q: How does this compare to the tariff's recently implemented in Nevada?

9 A: The impact of the rates that will be implemented over a transition of several years in

10 Nevada, which have led to the near shutdown of the solar DG industry in the entire state,

11 is similar to the impact of UNSE's proposed final 3-partrate.To determine the Nevada

12 results, I simply input into my UNSE impact~1nodel the final approved Nevada fixed

13 charge, energy, and export rates under a net billing scenario, consistent with Nevada's

14 new rates. As shown in the table above, the Nevada rates result in customers paying

15 roughly $623 more per year for solar, which, from a customer's perspective is not

16 significantly different than the anticipated $347 per year increase under UNSE's

17 proposed 3-part net metering rate, or the $409 per year increase resulting from UNSE's

as Lawrence Berkeley National Laboratory, Tracking the Sun VIII, August 2016, p. 32.

28

ulunll



I
i

1 proposed 3-pa1t net billing rate. Under UNSE's proposed 3-part net billing rate,

2 customers would need to obtain a solar lease rate of no more than $0.06 per kph in order

3 to not lose any money going solar. Under a 3-part net metering rate this breakeven is

4 slightly higher at $0.07 per kph. Compare these rates to the breakeven rate at $0.05 per

5 kph under the Nevada scenario. Any rate design resulting in a breakeven rate well below

6 the estimated $0.08946/kWh currently available to Arizona customers is unreasonable.

7

8 Q: Have you evaluated the rate proposals of other parties in this proceeding?

9 A: Yes. I also calculated the impact of RUCO's "Advanced DG TOU Option," which is a 3-

10 part DG-only net billing rate design with three components: 1) a minimum bill of $12.25

11 per month, 2) a base energy rate equal to $0.085/kWh, and 3) and a summer only demand

i

12 charge of $19.50/kW, assessed over peak hours (2-8 p.m.).59 The proposed export rate

13 under RUCO's Advanced DG TOU Option is $0.085/kWh. I compared the solar bill

14 savings Linder this DG-only rate to pre-solar costs assuming that a customer would

15 otherwise take service on the Residential Service rate schedule. Revenue neutral rates for

16 this rate schedule were provided by RUCO in Exhibit 2 of Huber's testimony.

17

18 Q: Please explain your findings from your RUCO analysis.

19 A: The impact of RUCO's proposed 3-part rate is included in Table 1. RUCO's Advanced

20 DG TOU Option would be extremely detrimental to solar customers, with impacts very

21 similar to UNSE's proposed rates and the Nevada rates. Under RUCO's proposed rate,

22 customers would spend roughly $334 more per year ($28 per month) for solar, requiring

59 Huber Direct Testimony, p. 14.
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l a solar lease rate of $0.07/kWh to bring this loss to $0.

2 Q: So what does this suggest about what would happen to the solar industry in UNSE

3 service territory if the proposed rates are implemented?

4 A: It is clear that UNSE's and RUCO's proposed tariffs would render investing in rooftop

5 solar through purchase or lease a poor economic choice for consumers. In other words,

6 the economics of the solar investment would make adopting solar actually more

7 expensive than simply continuing to purchase all power from the utility. In other

8 instances where this has occurred, like SRP territory and Nevada, the market for rooftop

9 solar has essentially grounded to a halt. Given my analysis, that is what I would expect to

10 happen in UNSE territory if these tariffs are adopted. I expect UNSE's proposed tariffs to

11 essentially stop the implementation of DG solar in UNSE's service territory.

12 VII. Value of Solar Analysis

13 Q: What is the purpose of this section of your testimony?

14 A: UNSE witness Dallas Dukes noted'that TASC and Vote Solar simply opposed all rate

15 design changes without proposing any substantive aItematives.60 This' is because TASC

16 believes that net metering continues to be an appropriate policy for residential and small

17 commercial solar DG. To support this assertion, present a value of solar analysis, which
1

18 shows that the long-tenn value of solar DG is comparable to the forgone rates that the

19 solar offsets.

20

60 Dukes at 3.
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1 A. Method and Assumptions

2 Q: How did you conduct this value of solar analysis?

3 A: In general, I followed the structure outlined in the report "The Benefits and Costs of Solar

4 Distributed Generation for Arizona Public Service" (Crossborder Report).61 The report

5 was prepared on behalf of solar interests in response to a January 23, 2013 ACC order for

6 APS to conduct a multi-session technical conference to evaluate the costs and benefits of

7 renewable DG and net energy metering (NEM). This report identified a number of key

8 utility areas where solar DG can, in the long run, avoid costs to the utility costs, thus

9 providing value to the utility.

10

11 Q: Please describe your analysis.

12 A: To calculate the value of DG solar, I estimated values for seven areas where DG solar can

13 avoid or cause utility costs. I looked at each of these elements over the long run,

14 projecting the levelized value of each element over the 20 year life of a typical solar DG

15 system. I used the UNSE weighted average cost of capital from its 2014 Integrated

16 Resource Plan (IRP)62 for the discount rate.

17 The seven elements considered are:
r

18 1. Avoided energy: Avoided energy is the variable cost of power plants that is

19 avoided due to the effective load reductions provided by solar DG. They can be

20 calculated assuming a specific proxy power plant (e.g., a combustion turbine) or

21 using wholesale market prices.

61 Beach, R. Thomas and Patrick G. McGuire, "The Benefits and Costs of Solar Distributed Generation for Arizona
Public Service," Crossborder Energy, May 8, 2013.
62 IRP Table 27 at 214

!

I
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1 2. Avoided generation capacity: Avoided generation capacity cost is value of the

2 forgone or deferred power plants caused by the load reduction provided by solar

3 DG.

4 3. Avoided transmission cc>sts: Avoided transmission cost is value of the forgone,

5 deferred or downsized transmission investments caused by the load reduction

6 provided by solar DG.

7 4. Avoided distribution costs: Avoided distribution cost is value of the forgone,

8 deferred or downsized distribution investments caused by the load reduction

9 provided by solar DG.

10 5. Avoided greenhouse gas (GHG) emissions costs: Avoided GHG emissions costs

11 are the emissions associated with the reduced output of the marginal power plants

12 which set the avoided energy cost. These emissions are multiplied by an assumed

13 carbon dioxide (CON) cost ($/metric ton) to arrive at the avoided greenhouse gas

14 cost. Separately, in the avoided environmental externality component, I account

15 for the full social cost of greenhouse gas emissions.

16 6. Incremental integration costs: Even with geographic diversity, there is a cost to

17 integrate solar DG into the UNSE system; Based the UNSE IRP, these integration

18 costs cover the incremental ancillary services to support the added solar

19 generation.

20 7, Avoided environmental externalities. Like with avoided greenhouse gas emissions

21 costs, solar DG can reduce criteria air pollutant (NOt, SOx and fine particulate

22 matter) emissions associated with the reduced output of the marginal power plants

23 which set the avoided energy cost. These emissions are multiplied by an assumed
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1 emissions cost to an*ive at the criteria air pollutant cost. Because there is currently

2 no market value for these pollutants in Arizona, and one is not anticipated, these

3 costs are best described as externalities.

4 I also included the estimated marginal cost of water. Given the arid

5 climate of Arizona and the increasing demand for water in the Southwest,

6 including the marginal cost of water (i.e., the cost of water reclamation or

7 desalinization) is appropriate.

8

9 Q: What data do you use?

10 A: I consider two cases. In one, I rely upon data from UNSE's 2014 IRP to the fullest extent

11 possible. This is labeled throughout as "IRP Case." I also show a case using some

12 alternative data, which differs from the IRP Case in that it assumes a west-facing PV

13 array (so as to maximize on-peak production) and uses data from the Crossborder Report

14 for distribution avoided costs and integration costs. In each section below, where I

15 explain my calculations, I note what dataII use and their source.

16 I must be clear that simply because I choose to label the second case "Alterative"

17 does not mean that the results in the IRP are truer or more reliable. Rather, the purpose of.

18 the IRP case is to show that using UNSE's own data, solar DG can have much greater

19 value than has been asserted in this proceeding

20 B. Results

21 Q: What did you find?

22 A: Overall, I found that the Ievelized benefits of solar DG are on the order of 10¢-l4¢/kWh

23 ($l00-$140/MWh). This analysis is detailed in Table 2. The value of each component
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1 listed above for each of my cases is shown, along with subtotals at key intervals: only the

2 avoided costs, the avoided costs net the integration costs, and the avoided and integration

3 costs plus a value for air emission externalities. When avoided costs alone are considered,

4 the value of solar is ~$100/MWh (using IRP data and $142/MWh with a west-facing

5 array and alternative assumptions). Accounting for integration costs reduces these

6 amounts by about $4.50/MWh. Including air emissions externalities brings the totals back

7 to $136/MWh and $180/MWh for the IRP and Alternate cases, respectively.

8

9 Table 2. Value of Solar (Levelized S/Mwh)

Energy
Gen. Capacity
Transmission
Distribution
GHG
Avoided Costs
Integration costs
With Integration costs
Eniv. Externalities
With Emissions costs

[RP Case

$50.44

$40.16

$2.78

$0.00

$6.76

$100.13

(144.551

$95.58

$40.28

$135.86

Alternate

$50.44

$77.62

$5.15

$2.00

$6.76

$141 .97
($2.00)

$139.97

$40.28

S180.25

10

11

12 Q: What do these values mean for this proceeding?

13 A: Other solar advocates and I have been arguing in this proceeding that net metering can

14 provide value to UNSE in ways that are not captured in the narrow, short-tenn cost of

15 service perspective that UNSE and others have taken. Because the avoided cost value of

16 solar DG is approximately equal to UNSE's residential rate, net metered solar DG should

17 not impact and may even benefit full-service customers in the long run. Solar DG should

18 be held to similar cost-benefit standards as other behind-the-meter activities such as

19 energy efficiency; a high bar singling out solar DG is inappropriate.
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1 c. Avoided Energy

2 Q: How did you calculate avoided energy costs?

3 A: I calculated avoided energy costs as the price of natural gas multiplied by a market heat

4 rate and added in a loss factor (Table 3). A market heat rate is the implied relationship between

5 the market price of natural gas and the market price of power. Inherent in this, is the assumption

6 that natural gas generation is predominantly on the margin in power markets, which indeed is the

7 case throughout the Western US. The natural gas price used here is calculated from the current

8 Henry Hub futures prices, a basis swap to the Permian Basin, and transportation to a gas plant in

9 UNSE territory (UNSE schedule T-1). The Henry Hub futures prices and basis swap values are

10 from Platt's Gas Daily, while the market heat rate is taken from the 2014 IRP.63 I then included a

11 factor of 10% to account for the transmission and distribution losses from a transmission-

12 connected power plant to the customer meter.64 This calculation results in a levelized cost of

13 energy of $50.44/MWh.

14

63 [RP at 219, Chart 42, rounded mean value.
64 Tillman at 1 1.
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1 Table 3. Derivation of Avoided Energy Cost

Gas Price

S/mmbtu

Market Heat
Rate

mmbtu/MWh

Power
Price

$/Mwh
loss

factor

Price
$/Mwhyear

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

$3.92

$4.06

$4.20

$4.35

$4.49

$4.65

$4.80

$4.96

$5.1 1

$5.27

$5.43

$5.58

$5.71

$5.80

$6.08

$6.34

$6.60

$6.88

$7.13

$7.40

8

8

8

8

8

8

9.5

9.5

9.5

10

10

10

10

10

10

10

10

10

10

10

$31.37

S32.51

$33.58

$34.77

$35.95

$37.18

$45.63

$47.08

$48.58

$52.70

$54.30

$55.83

$57.12

$57.97

$60.81

$63.40

$66.05

$68.76

$71.29

$73.99

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

10%

$34.51

$35.76

$36.93

$38.25

$39.55

S40.90

S50.19

$51.79

$53.43

$57.98

$59.73

$61 .4 l

$62.83

$63.77

$66.89

$69.74

$72.65

$75.64

$78.42

$81.39
Levelized $50.44

2

.

i-
E

3

4 D. Avoided Capacity

5 Q: Why is it reasonable to include an avoided generation capacity cost in your

6 calculation?

7 A: Including avoided generation capacity in my calculation is consistent with the IRP. In the

8 Sensitivity section of the IRP, UNSE considered the case where it achieved only 50% of

9 its energy efficiency and distributed generation targets. The case stated that this reduction

10 would cause UNSE to install additional combustion turbines in 2019 and 2024.65 This

65 IRP at 244.
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1 means that energy efficiency and DG are offsetting the need for additional generation

2 resources, and as such should take credit for those capital savings when considering their

3 cost-effectiveness.

4 The combustion turbines cited in the IRP were 21 MW LM2500s. As the IRP did

5 not contain cost data for this model, I used the closest one for which explicit data were

6 provided, the LM6000. The Figures on pages 79 and 83 of the IRP suggest that this is a

7 reasonable assumption.

8

9 Q: How did you calculate avoided generation capacity cost?

10 A: The calculation is shown below in Table 4. As is common practice (e.g., see RUCO

11 witness Huber's December 9 testimony), I assumed that avoided generation capacity cost

12 can be represented by the cost of a new combustion turbine (CT). This is because CTs

13 tend to be the least-cost source of new utility-scale capacity, as well as the explicit type

14 of resource identified as offset by DG and energy efficiency in the IRP.

15. I took the total construction cost of the LM6000 CT from the IRP, adjusted the

16 value to 2017 dollars and applied a carrying charge. A carrying charge effectively

17 translates an investment amount over the life of the asset. The value used here, 1 l.17%, is

18 from the value of solar DG study commissioned by APS in 2013 and performed by SAIC

19 (as cited in the Crossborder Report). he I then added the fixed operating and maintenance

20 (O&M) cost and gas transportation reservation costs from the IRP. 67 This sum was then

21 scaled up to account for reserve margin savings (i.e., a 10% reduction in peak load results

66 Crossborder ReportCrossborder Report at 10.
67 Unless it was explicitly stated otherwise, I assumed that all costs in the UNSE IRP were in 2014 dollars, and were
adjusted to 2017 using deflators from the Department of Energy Information Administration in this analysis.
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1 in an 11.5% reduction in capacity needs) and losses from the avoided CT to the meter.

2 then applied a coincident factor from the 2014 IRP_68 The coincident factor

3 reflects the output of the solar system at time of system peak. For the Alternative case, I

4 scaled the coincident factor up by the ratio of PV output during peak hours between a

5 standard south-facing PV array and a west-facing array (using data from the NREL

6 model, P arts). A west-facing array is instructional to consider: while it generates less

7 overall electricity than a south-facing one, it generates more during the summer late

8 afternoon and early evening hours, coinciding with UNSE system peaks. then applied

9 the capacity factor for solar PV to arrive at the levelized dollar per megawatt-hour value.

10

11 Table 4. D

IRP-Qase

derivation of Avoided Generating Capacity Cost

Alternate

$1,123

11.17%

$125.39

$16.68

$18.04

$160.10

15%

$184.12

10%

$202.53

-33%

$66.83

19%

$40.16

$1,123

11.78%

$132.23

$16.68

$18.04

$166.95

15%

$191.99

10%

$21 1.19

52%

$109.82

16%

$77.62

per kW total consMction cost

Carrying Charge
per KW-year
fixed O & M
gas transl $/kW-yr
per KW-year
Reserve Margin
per KW-year
losses
per KW-year
coincidence factor
per KW-year
'Capacity Factor .
per MWh

12

13 18. Avoided Transmission and Distribution

14 Q: How did you calculate avoided transmission cost?

15 A: The only quantitative data provided in the [RP for marginal transmission costs was for

68 IRP at 70.
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l connecting a new generator to the UNSE grid." These costs included a mile of

2 transmission line plus the substation interconnection. Consistent with the avoided

3 generation calculation, I used the interconnection cost assumptions associated with a

4 LM6000. I then used a process similar calculating the avoided generation capacity, the

5 only difference is that I used a slightly different carrying charge, per the Crossborder

6 Report." This calculation is shown in Table 5.

7

8
9

Table 5. Derivation of Avoided Transmission Cost
(based on marginal generator interconnection)

Ill_Case A mata
$4.866

8_5
108.13

12%

$12.74

10%

$14.01

33%

$4.62

19%

$2.78

$4.866
Q

108.13
12%

$12.74
10%

$14.01
52%

$7.29
16%

$5.15

million per installation
MW per installation
per kW
Carrying Charge
per KW-year
losses
per KW-year with losses
coincidence factor
per KW-year of solar
Capacity Factor solar
per MWh solar

10
:

11

12 Q: Shouldn't an avoided transmission cost calculation consider deferred or avoided

13 investment in transmission assets?

14 A: Yes. However, there was insufficient data in the IRP to make such a calculation. Thus,

15 the values I show below should be considered conservative.

16

17 Q: What did you assume for avoided distribution east?

69 IRP at 101 .

70 Crossborder Report at ll (Table 6)
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1 A: The IRP afforded no data that would allow me to estimate an avoided distribution cost.

2 In the name of conservatism, I did not assume any avoided distribution costs for my IRP

3 case. This is not because I do not believe that avoided distribution does not exist. Rather,

4 that for this analysis, I could not quantify it based on the IRP. For the Alternative case, I

5 used the value calculated in the Crossborder Report: $3/MWh.71

6 F. Avoided Greenhouse Gas

7 Q: How did you calculate a value for avoided greenhouse gas costs?

8 A: For the initial years 2017 through 2022, shown below in Table 6, I assumed the avoided

9 cost of CON to be zero. In 2023, I assumed a value of $17.26/metric ton, which I then

10 escalated at 6% per year. This matches the carbon cost assumptions in the Emissions
l

11 Prices section of the IRPY2

12 then multiplied the emissions cost by the carbon content of natural gas (117 lb

13 per MMbtu) and by the mean market heat rate (rounded) from the IRP.73 As shown

14 below, the levelized cost of carbon emissions offset by solar DG is $7.43/MWh.

15
16

71 Crossborder Report at 12.
72 IRP at 213.
73 IRP at 219.
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1 Table 6. Derivation of Avoided Greenhouse Gas Cost

S/ton

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$17.26

mmbtu/MWh
With 10%

LossesVear

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

$18.30

$19.39

$20.56

$21.79

$23.10

$24.48

$25.95

$27.51

$29.16

$30.91

$32.76

$34.73

$36.81

lbs/tonne

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

2200

lbs/mmbtu
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117

8

8

8

8

8

8

9.5

9.5

9.5

10

10

10

10

10

10

10

10

10

10

10

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$9.59

$10.17

$10.78

$12.03

$12.75

$13.51

$14.32

$15. 18

$16.09

Levelized:

$/Myvh

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$8.72

$9.24

$9.80

$10.93

$11.59

$12.28

$13.02

$13.80

$14.63

$15.51

$16.44

$17.42

$18.47

$_9.58

$6.76

$17.06

$18.08

$19.17

$20.32

$21.54

$7.43
2

3

4 G. Integration Costs

5 Q: How did you calculate a cost of integrating the solar DG into the utility system?

6 A: I followed the method laid out in the Renewable Resources Integration Costs section of

7 the 1RP.74 There, Table 21 showed the integration cost for three renewable types,

8 including solar PV, with each cost's sensitivity to renewable capacity and gas price. The

9 base integration cost from the IRP for solar PV was $7.60/MWh, based on 25 MW of

10 solar and Penman Basin gas prices of $6.00/mmbtu. However, this $6/mmbtu assumption

11 is not consistent with my analysis. Given the gas futures price analysis described earlier,

74 IRP at 170.
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1 the levelized cost of Permian gas in my analysis is $3.40/mmbtu. With the integration

2 cost sensitivity shown in the IRP ($1 .40/MWh change in integration cost for every $1

3 change in Permian gas prices) this results in an integration cost of $4.14/MWh, or

4 $4.55/MWh with losses. This calculation is shown in Table 7.

5

6 Table 7. Derivation IRP Interconnection Cost

Per IRP
Azyustmentsfor lower gas priees

Assumed Gas

Used gas

$7.60 /Mwh

Dwel'ence

Change in gas price

Change in integration cost

integration cost

losses
With losses

/mmbtu
/mmbtu
/mmbtu
mmbtu/Mwh
/Mwh
/Mwh

$6.00

$3.53

$2.47

$1.40

$3.46

$4.14

10%

$4.55 /Mwh
7

8 H » Environmental Externality Savings

9 Q: How did you calculate the cost of avoided air emissions?

10 A: First, took the emissions rates for sulfur oxides (SOx), nitrogen oxides (NOt), and fine

11 particulate matter (PM10) for a combustion turbine (CT) and a natural gas combined

12 cycle (CC) from the IRP.75 Because the market heat rate tended to fall between that of a

13 combustion turbine and combined cycle, I used a simple average if the two emissions

14 rates, I then multiplied these emission rates by the emissions cost from the Crossborder

15 Report and summed the costs to arrive at the final air emissions cost." This process is

16 illustrated in Table 8.

17

75 IRP at 73, 74.
76 Crossborder Report at 13.
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4

1

SOx
NOt
PM10

Emiss

CT

0.006

0.323

0.73

Table 8. Derivation of Air Emission Externality Cost

ions rate. lb/Mwh Cos_t Total

CC Ave_. $/tonne lb/tonne $/Mwh

0.004 0.005 $1 1,144 2,200 $0.03

1.094 0.7085 $6,926 2,200 $2.23

0.054 0.392 $1 ,642 2,200 $0.29

$/lb

$5.07

as, 15

$0.75

Withl0%

Losses

$0.03

$2.45

$0.32

$2.80

2

3 I
4 Q: Did you calculate the marginal east of water consumption?

5 A: Yes. I used the same basic method for estimating the marginal cost of water as I used for

6 estimating the emissions costs. I used the simple average of the water use for a CT and a

7 CC from the IRP77 and then multiplied these water consumption amounts by the marginal

8 water cost from the Crossborder Report to arrive at a marginal avoided cost of water of

9 $1.88/MWh.78

10

11 Q: Did you consider greenhouse gas emission costs above the market values you

12 included earlier?

13 A: Yes. For an incremental externality cost for GHG, I made two adjustments. First, I

14 accounted for methane leakage during transport from the wellhead to the marginal power

15 plant. The Us EPA's "inventory. of U.S. Greenhouse Gas Emissions and Sinks" places

16 methane emissions from natural gas infrastructure from the wellhead to a gas-fired power

17 plant at 1.1% of production." But because methane is a much more potent greenhouse

18 gas than carbon dioxide, I multiplied the natural gas leakage emissions by methane's

77 IRP at 73, 74.
78 Crossborder Report at 13.
79 EPA, "Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2013," US Environ. Prof. Agency, pp. ES1-
ES26, 2014.
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1 global warming potential, 25.80 Second, I used the EPS's societal cost of carbon rather

2 than the market value per the UNSE IRP.81

3

4 Table 9 Greenhouse Gas Externaltiy Cost, S/MWh

Powerplant Emissions
Natural Gas System Methane Losses
Net Market Cost

$33.75

$9.28

($7.43)

$35.60
5

6 I. Other, Not Easily Quantifiable Benefits
E

7 Q: You included eight elements in your value of solar analysis. Are there additional

8 elements that might be included in such an analysis"

9 A: Yes. There are a number of other benefits that distributed solar can provide that are much

10 more difficult to quantify. In this section of my testimony, I address a few of these and

11 note values that other parties have placed on the benefits. I have chosen not to include

12 them in my quantitative analysis as they require more analysis than time allowed for in

13 this proceeding.

14 Q: Can solar DG provide reliability benefits and reduce a utility's reserve margin

15 requirement?

16 A: Yes. For example a 2005 article by Duke, Williams and Payne in the Energy Policy

17 journal notes that PV deployment makes it possible to reduce the reserve margins needed

18 to ensure power system reliability. 82 Duke et al point out that electric grids with large

80 Ibid.
81 https://www.whitehouse.gov/sites/default/fiIes/omb/inforeg/scc-tsd-final-iuly-20l5.pd£3% discount rate.
Accessed 2/19/16.

"Accelerating residential PV expansion: demand analysis for competitive electricity markets" Duke et al.,Energy
Polio 33, 2005 (Duke 2005) p, 1922

82
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1 generation facilities require a higher reserve margin since an unanticipated loss of output

2 from even a single generating facility could affect service continuity. In contrast, a power

3 system with a large number of distributed PV systems alleviates reserve requirements

4 because individual systems are far smaller than central-station plants, and the risk of

5 unexpected technical failure is uncorrelated across different PV systems.

6 This is echoed a 201 1 report prepared for the New York State Energy Research

7 and Development Authority (NYSERDA), which noted that, in general, distributed

8 generation can increase system reliability by increasing the number and variety of

9 generating technologies, reducing the size of generators and the distance between

10 generators and load, and by reducing loading on distribution and transmission lines."

11 The reserve margin benefit issue is illustrated by an example cited in the

12 NYSERDA study:

13
14 During the last wave of nuclear plant construction, single units were built as large

as 1100 MW in capacity. Seabrook] is an example. At the time Seabrook I came
into service, its loss became the single largest risk to the reliability of the New
England grid and substantially increased the risk of system outages. To remedy
'this situation, the New England Power Pool had to increase the required reserve
margin for every utility in New England by several percentage points. A two
percentage point increase in the region's required capability would amount to
something on the order of 500 MW. The cost savings implicit in reducing the size
of plants and dispersing them can be appreciated 'from that obsewation.84

15
16
17
18
19
20
21
22
23

24 Q: Beyond providing reliability benefits by lowering reserve margin requirements, can

25 solar DG provide other grid support or ancillary services?
F

26 A: Yes. According to a 2013 meta-study by the Rocky Mountain Institute, grid support

83 "Deployment of Distributed Generation for Grid Support and Distribution System Infrastructure: A Summary
Analysis of DG Benefits and Case Studies." Prepared for NYSERDA by Pace Energy and Climate Center and
Synapse Energy Economics 2011 (NYSERDA 201 1) p.17
84 NYSERDA 201 1, p. 17
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1 services provided by solar DG can include reactive supply and voltage control, frequency

2 regulation and response, making up for energy imbalances, providing operating reserves,

3 and scheduling and forecasting benefits to ensure operational safety.85 The study notes

4 that differing standards and mies based on different systems could affect the valuation of
i

5 solar DG grid support services,86 however it is likely that with changes in technology, the

6 net value proposition of solar DG as grid support will increase.87

7 This fundamental conclusion that solar DG can provide grid support is corroborated by reports

8 and studies prepared for the National Renewable Energy Laboratory," and NYSERDA.**° These

9

10

studies assign values as high as 1.5 cents/kWh to the ancillary services provided by distributed

generation.9° Further evidence of benefits with respect to power quality, conservation voltage

11 regulation, equipment life extension, and reliability and resiliency benefits have been quantified

12 in the recently published SolarCity paper "A Pathway to the Distributed Grid." (Attachment C)

13 While I do not attempt to replicate So1arCity's analysis for UNSE due to a lack of available data,

14 I note that the estimates of the value of solar in this analysis are conservative given the limited

15 data available to estimate these difficult-to-quantify values.

16

16/ Q: Can solar DG provide a hedge against volatile fuel prices?

18 A: Yes. A 2013 paper by the Interstate Renewable Energy Council notes that solar DG

19 provides a fuel cost price hedge benefit by reducing reliance on fuel sources that are

85 "A Review Of Solar PV Benefit & Cost Studies", Rocky Mountain Institute 2013 (RMI 2013) p. 15
86 RMI 2013 P- 33
87 RMI 2013 P- 34
88 "Photovoltaics Value Analysis," Prepared for National Renewable Energy Laboratory by Navigant Consulting
2008 (NREL 2008) p. 13
89 NYSERDA 2011 p. 18
90 NREL 2008, p. 13
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1 susceptible to shortages and market price volatility. 91 It further notes that solar DG

2 provides a hedge against uncertainty regarding future regulation of GHG and other

3 emissions, which also impact fuel prices. Solar DG customer exports help hedge against

4 these price increases by reducing the volatility risk associated with base fuel prices,

5 effectively blending price stability into the total utility portfolio.

6

7 Q: What is the value of this fuel price hedge?

8 A: A number of studies have placed values on this benefit. These include Duke 2005

9 (0.7¢/kWh in California for natural gas price risk),92 NREL 2008 (up to 0.9¢/kwh);93

10 NYSERDA 201 1 (0.4-0.9¢/kWh, quoting Americans for Solar Power 2005),94 and Xcel

11 Energy 2013 (0.66¢A<wh).95

12

13 Q: Does this conclude your surrebuttal testimony?

14 A: Yes.
i

91 "A Regulator's Guidebook: Calculating the Benefits and Costs of Distributed Solar Generation," Interstate
Renewable Energy Council 2013 (IREC 2013) p. 30
92 Duke 2005 p. 8
93 NREL 2008 p. 5
94 NYSERDA 2011 p- 25
95 "Costs and Benefits of Distributed Solar Generation on the Public Service Company of Colorado System"
Prepared by Xcel Energy Services 2013 (Xcel 2013) Table 16, p. 43
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Rates \

Use Great Caution in Design of
Residential Demand Charges

=

3

Jim Lazar

For decades, electricity prices for larger com-
mercial and industrial customers have included
demand charges, which recover a portion of the
revenue requirement based on the customer's
highest usage during the month. Data being col-
lected through smart meters allows utilities to
consider expanding the use of demand charges
to residential consumers.

•

including the vast majority of low-income
customers.
Mult mily Dwellings: The utility never
serves individual customer demands in
apartment buildings, only the combined
demand of many customers at the trans-
former bank.
7?me Variation: IF demand charges are nor
focused on the key peak hours of system
usage, they send the wrong price signal to
customers.

Dzeia being cauected through smart meters allows
unw @= 1 .ans Er expanding the use hf demand
cha.we lo residential consumers.

~

In the recent Regulatory Assistance Project
(RAP) publication Smart Rate Design for Hz
Smart Futures we looked at many attributes of
rate design for residential and small commercial
consumers. We identified three key principles
for rare deign: .

l

•

Great caution should be applied when
considering the use of demand charges,
particularly for smaller commercial and
residential users. Severe cost. shifting may
occur. Time-varying energy charges result
in more equitable cost allocation, reduce
bill volat i l i ty, and improve customer
understanding. The caution applied should
address the Following key issues in most
demand-charge rate designs: •

A customer should be able to eonncct ro the
grid for no more than the cost of connecting
ro the grid. .
Customers should pay for power supply and
grid services based on how much these cus-
tomers use and when they use it.

I to
should receive Full and Fair compensation-
no more and no less.

Customers supplying power the grid

•

Diversity: Different customers use capacity at
different times of the day, and these custom-
ers should share the cost of this capacity.
Impact on Low-Use Customers: Most de-
mand-charge rate designs have the effect
of increasing bills to low-use customers,

Jim Lazar (jlazar@raponline.org) is a senior
advisor at the Regulatory Assistance Project.

This article is @ 2016 Regulatory Assistance
Project. Reprinted with permission.

""=»»..

Applying these principles results in an
illustrative rate design that constructively
applies costing principles in a manner that
consumers can understand and respond to.
Exhibit 1 shows the illustrative rate design,
including a customer charge For customer-
specific billing costs and a demand charge
For customer-specific transformer capacity
costs. The exhibi t also includes a t ime-
varying energy price ro recover distribution

FEBRUARY 2016 NATURAL GAS & ELECTRICITY DOI 10.1002/988.21884 /CO 2016 Regulatory Assistance Project 13



Exhibit 1. I!lustrat§ve Rate Design
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that charges the customer on the basis of the
highest measured demand over the previous £2-
month period or other muirfi-billing*pcriod span
hf  mc.

system capacity costs and power supply
costs designed so align prices with long-run
marginal costs,

Customers can and will respond to rate
design. We need to make sure that their actions
actually serve ro maximize their value and
minimize long-run electric system costs. The
illustrative rate is clearly directed toward these
ends.

l 6'¢i» I  f ' . : r 3v w t
¢=f'< 4X4' M fitetr

Kg §':;»~

E81

QT _ t

DEMANI) CHARGES HAVE ALWAYS
BEEN ONLY AN APPROXIMATION

D e m a n d  c h a r g e s  a r t :  i m p o s e d  b a i c d  o n  a

customer s demand for clcuriciry, rypicaily
measured bythchighcsr one-hour(or I5-minute)
usage during a month, Demand charges are
sometimes coupled with a "ratchet" provision

Exhibit 2 is a typical medium commercial
rate design. it includes a demand component.

Utilities often justified demand charges on
:he basis of two arguments. i'irs.t, they were

E
l ll '

Exhibit z. Hiustrative Demand Charge Rate
Key Terms for Demand Gharges

Bask Tacit! Far Large Commercial Customer

Cnslomcr Chaxgc Sfnmamh "$=2\}.L¥i3

CP. coincident peak demand: the cos
tomes's usage at the time of the system
peak demand.

NCP: non-coincldem peak demand the
customer's highest usage during the
month. whenever it occurs.

Energy Chnxgv: S/k\\'!\ so UB
Diversity: the difference between the sum of
customer NCP and the system CP demands

J
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Garfield and °LovejoyCriteria
TOU Energy

Charge
NCP Demand

Charge
CP Demand

Charge

v YNAEI customers should contribute to the recovery
of capacity costs.

NN YThe longer the period of time that customers pre-empt
the use of capacity, the more they should pay for the
use d that capacity.

YNYAny service making exclusive use of capacity should be
assigned 100% at the relevant cost.

YN N
.

.v

The allocation of capacity costs should change gradually
with changes in the pattern of usage.

N YN
s
.

4

7

¢

f

YY N

Allocation of costs to one class should not be affected
by how remaining costs are allocated to other classes.

More demand costs should be allocated to usage
on-peak than off-peak.

NY Ylrtterruptible service should be allocated less capacity
costs, but still contribute something.

. .

4

. . .. .

in .1v~". .. f .
.

a

- -

_-

Q

-

asserted as a "fairness" rate that assured that all
customers paid some share of the utilities' system
capacity costs. Second, especially when coupled
with ranchers, they had the effect of stabilizing
revenues.

1

Res i den t i a l  consum ers  have m uch  m ore
diversity in their usage, with individual cusec-mer
m imam demands seldom can c.riit g with he
system peak, I

commercial customers, because their highest
usage usually (but not always) coincided with
the system peals

Residential consumers have much more
diversi ty in their usage, wi th indiv idual
custom er  m ax im um  dem ands se ldom
coinciding with the system peak. The rough
accuracy that exists For using non-coincident
peak (NCP) demand charges for  large
commercial customers is woefully inaccurate
For residential consumers. But coincident-
peak (CP) demand charges have other
shortcomings, leaving some customers with
more than their share of costs and others with
none at all, as shown in Exhibit 3.

cosing cf w I Fe d

al the r.(;»n2h_ HU! jwsl a =~8ngie hour of usage.

with "late :mm eunart m€t€-:!'s. uillatv regulators can
be mc>re targaisd in *we ccs4s are recovered. fo-

wer-deemed peak and sit-peak periods

But demand charges arc a shortcut, measuring
each customer's individual highest usage during
a month, regardless of whether the usage was
coincident with the system peak. The customer's
individual peak was used as a proxy for that
customer's contribution to system capacity costs.
Demand charges were implemented in this way
even though customers' individual demands did
not coincide with the peak system demand, or
more accurately, with the coincident peak for the
individual components of the system involved,
each of which may have peaks different from
the system peak. This was always a "second-
best" approach. It is roughly accurate for large I

Today, with data from smart meters, utility
regulators can be more targeted in how costs are
recovered, focusing on well-defined peak and offs
peak periods of the month, not just a single hour

ea

I
I

:
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of usage. This more precise usage data makes
demand charges a largely antiquated approach
for  al l  customer  c lasses-and par t icular ly
inappropriate for residential consumers.

DIVERSE USER PATTERNS VARY
GREATLY

Applying demand charges to recover system
capacity costs based on non-coincident peak
demand to churches and stadiums has long been
recognized as inappropriate. Such charges have
the eiifect of imposing system capacity costs on
customers whose usage patterns contribute little,
if anything, to the capacity design criteria of an
electric utility system at the same rate as customers
using that capacity during peak periods. The
same problem applies For residential consumers.

On a typical distribution system, multiple
residential consumers share a line transformer,
and hundreds or thousands share a distribution
f eed er .  T h e  i n d i v i d u a l  n o n - c o i n c i d en t
demands of individual customers are not a
basis For the sizing of the distribution feeder;
only the combined demands inf luence this
cost. Even at the transformer level, some level
of diversity is assumed in determining whether
to instal l  a 25-ki lovol r -amp or  50-ki lovolu
amp transformer to serve a localized group of
perhaps a dozen customers.

Residential customers use system capacity at
different times of the day and year. Some people
are early-risers, and others stay up late at night.
Some shower in the morning, and some in the
evening. Some have electric hear, and others
have air conditioning.

This variability results in great diversity
in usage. It is important to anticipate and
recognize this diversity in choosing the
method For recovery of system capacity costs.
Demand charges are not very useful for this
purpose.

A hal icenrury ago, Garf ield and Lovejoy
discussed how system capacity costs should
be ref lected in rates.2 Their observat ions,
summarized in Exhibit 3, are as relevant today
as when they were published. We compare the
performance of three rate-design approaches to
these criteria. shiv

Demand changes avnfiea on NGP ugmvre this cHver~

. Cl':8:T;i¥.r- F: n=z81n'ne1 us'ng power fer one off»

peak hour per m<Jn1h the same as another customer

using power oorninuc:usl~,f for every h"Qouf Q! oNe mQrQI:.
Variability results in great diversity in usage. ii is
irnuc-=1;;m in anfinépate and recognize this diversity
in chr.-ns.»ng the method for recovery of system

r:f6MF2€'i.v CfJF!!=

i

3
i

1
!
I

Demand charges appl ied on NCP ignore
this diversity, charging a customer using power
For one off-peak hour per month the same as
another customer,using power continuously for
~cvcry hour of the month. Some customers (think
of a doughnut shop and nightclub) use capacity
only in the morning or evening, and can share
capacity, while others (think of a 24-hour mini-
mart) use capacity continuously and preempt
this capacity from use by others. Modem rate
design needs to distinguish between diffizrcnt
characteristics in the usage ofcapacity and ensure
all customers make an appropriate contribution
to system capacity costs.

Time-varying rates do this very well, while
simple CP and NCP demand charges do not.

IMPACT ON LOW-USE CUSTOMERS
l

Fol lowing this guidance, capaci ty costs
need ro be recovered in every hour, with a
concentration of these charges in system peak
hours. The illustrative rate design in Exhibit I
docs this effectively. The typical commercial
rare design in Exhibit 2, loading system capacity
costs to an NCP demand charge, does not,
because it recognizes only one hour ofcustomer-
specific demand.

Churches and s tadium s i l l us t rate th i s
problem with demand charges. Churches have
peak demands on days of worship--most often
Wednesday nights and Sunday mornings, and
stadium lights are used only a few hours per
month, in the evening hours in the fal l  and
winter. None of this usage is during typical peak
periods. a

Individual residences have very low individual
customer load Factors bur quire average collective
usage patterns.

is ©2016 Regulatory Assistance Pfoiect I DOI 10.1602/gas NATURAL GAS a ELECTRICITY FEBRUARY 2016
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E x h i b i t  4  s h o w s  d a t a  f r o m  S o u t h e r n
C a l i f o rn i a  E d i s o n  C o m p a n y .  A s  i s  e v i d e n t ,
w h i l e  t he  i nd i v i dua l  cus t om er  l oad  f ac t o rs  o f  l
small-»u.se residential customers are only about
10 percent ,  t he i r  g roup co inc ident  peak l oad
factor  i s  more l i ke 60 percent ,  qu i te  c lose to
an overal l  system load factor. A demand charge
B ased  on  N C P  dem and  g rea t l y  ove rcha rges
t h e s e  c u s t o m e rs .  M e a n w h i l e ,  t h e  h i g h -u s e
res ident i a l  cus tomers ,  who have more  peak-
oriented loads,  would be undercharged wi th a
s imple NCP demand charge based on overa l l
residential usage. ~i

A P A R T M E N T  D l V E R S l T Y
About  30 percent  o f  Amer i can households

l i v e  i n  s o m e  s o r t  o f  m u l t i f a m i l y  d w e l l i n g .
A pa r t m en t s  gene ra l l y  have  t he  l ow es t  cos t
of  serv ice of  any res ident ia l  customer group,
because the u t i l i t y  p rov ides serv i ce  t o  many
customers at  a single point  of  del ivery through
a  t rans f o rm er  bank  s i zed  t o  t he i r  com b i ned
loads. Because the sum of individual  customer
NCP dem and  g rea t l y  exceeds  t he  com b i ned
g r o u p  d e m a n d  t h e  u t i l i t y  s e r v e s ,  . a n d  b y
a  g r e a t e r  m a r g i n  t h a n  f o r  o t h e r  C u s t o m e r
subclasses,  NCP demand charges shi f t  costs
inappropriately to these mult i fami ly customers.

The evlcience is that tlwe eiie
smaller-use custcwnere.

l~ .
in L

: 4~;»<» ,Jr~§'* 'X

Arc»u= SG nercenz of American hauserwids =:ve in
t of mu\tHamily dwelling.4. c s  .Q, re* 4 ."»

8

I
I

R at e  ana l ys t s  have  exam i ned  t he  i m pac t
of  demand-charge rate designs on resident ia l
customers.  The ev idence i s  that  the ef fect  i s
to  sh i f t  costs  to  smal ler-use customers,  w i th
a b o u t  7 0  p e r c e n t  o f  s m a l l - u s e  r e s i d e n t i a l
cu s t o m e rs  e xp e r i e n c i n g  b i l l  i n c re a se s ,  a n d
a b o u t  7 0  p e r c e n t  o f  l a r g e - u s e  r e s i d e n t i a l
customers exper ienc ing b i l l  decreases,  even
before any shi f t ing of  load.3 I

L o w - i n c o m e  c o n s u m e r s  a r e  m o r e  l i k e l y
ro res ide in  apartments,  and nat ional l y ,  l ow»
income household usage i s  about  70 percent
o f  a v e ra g e  h o u s e h o l d  L 1 s a g e . 4  T h e re f o re ,
imposing NCP demand charges on resident ia l
c o n s u m e r s ,  w i t h o u t  s e p a r a t e  t r e a t m e n t  o f
a p a r t m e n t s ,  w o u l d  h a v e  a  s e r i o u s  a d v e rs e
impact on these CLlS[OITlCl'$» many of whom are
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owned utilities impose NCP demand charges
For distribution costs, and CI' demand charges
for generation and transmission capacity on
larger commercial consumers, More recently,
some utilities have imposed demand charges on
smaller customers based on summer on-pede
hour demands only. All of these reflect gradual
movement toward equitable recovery of system
capacity costs, but full time-of-use (TOU) energy
pricing is more effective, more cost-based, more
equitable, and more understandable.

low-income households and often strain to pay
their electric bills.

Exhibit 5 shows the sum of  indiv idual
customer monthly non-coincident peaks For a
26-unit apartment complex in the Los Angeles
area, and the monthly group peaks of these
customers actually seen by the utility at the
transformer bank sewing the complex. The
exhibit shows that billing customers on the
basis of non-coincident peak demand would
dramatically overstate the group responsibility
For system capacity costs.

TIME~VARYlNG COST RECOVERY i
E

is
"T . .
a €.8':

gal"

i'{3{;9"

:. ;8L{;§; 4

; (
, .

v.f i?*'\ interval dare; 4'r:rr~. sari meters. we

.169 data Odell thy actual usage during

now <4 :*1r mmth

.xAs expressed by Garfield and Lovejoy, the
optimal way to recover system capacity costs
is through a time~varying rate design. This
can be as simple as a higher charge for usage
during on-peak hours than off-peak hours. or
it can be a Fully dynamic hourly time-varyihg
energy rate. What is clear is that a single demand
charge, applied to a single one»hour NCP or CP
measure of demand, is unfair to those customers
whose usage patterns allow the shared use of
system capacity.

Some utilities have implemented time-
varying demand charges. California investor- R

I

Todav, with interval data from smart meters,
we can easily collect data on the actual usage
during each hour of the month. Usage during peak
periods can be assigned the costs ofpeaking power
supply resources and seldom-used distribution
system capacity costs installed For peak hours.
Usage during other hours can be assigned the cost
of caseload resources and the basic distribution
infrastructure needed to deliver that power.

18 ©2016 Regulatory Assistance Project / Dot 10.1002/gas NATURAL GAS & ELECTRICITY FEBRUARY 2016
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•

¢

criteria above the find line transformer, and
only there if the transformer serves just a sin-
gle customer.
Accountingfbr Diversity: Diversity is greatest
among small-use customers and needs to be
fully accounted for.
Apartments: Apartments have the lowest cost
of service of any residential customer group,
the highest diversity, and suffer the most
when a single rate design is applied to all resi-
d¢nI131 customers.

The pricing can be as granular as the analyst
chooses and the regulator approves-but a key
element of rare design is simplicity. For that
reason, most analysts shy away from rate design
Mth more than three time periods and a few rate
elements.

The illustrative rate design in Exhibit 1 shows
a three-period TOU plus critical peak price for
both power supply and distribution capacity
cost recovery, a customer charge for billing costs,
and a demand charge to recover the cost of the
final line transformer. It may be as complex a
rate design as most residential consumers will
reliably understand.

GUIDANCE FOR COST-BASED DEMAND
CHARGES

The Following guidelines can be used;
TRANSITIONING To A Tou RATE
DESIGN •

•

o

Many Cl.1s[om€I` groups are apprehensive
about time-varying utility rates, because some
consumers will receive higher bills and may not
be able easily to change their usage patterns. This
same concern would apply ro implementation
of a demand-charge rate design. but because
that produces a less desirable result, we do not
consider Ir a meaningful option. There are the
Following tools that can be used for a rransicion:

Limit any demand charges to customer-spc-
cific capacity.
Fully recognize customer load diversity in
rate design.
Demand charges upstream of the customer
connection, if any, should apply only to the
customers contribution to system coinci-
dent peak demand.
Compute any demand charges on a multi-
hour basis co avoid bill volatility.

I

•

•

Modern metering and data systems make it
possible to increase greatly the accuracy, and
therefore the fairness, of cost allocation among a
diverse customer base. Legacy concepts, such as
demand charges, especially those based on NCP
demand, prevent the implementation of these
improvements and should be eliminated. Time-
varying cost assignment is preferred, so that
these new technologies can deliver their full
value to customers and utilities alike. CJ

Shadow billing: Provide consumers with both
the current rate design and the proposed
TOU rate design calculated on the bill prior
ro rollout..
Load control: Prior to ixnplementinga TOU
rare, assist customers to install controls on
their Major appliances to ensure against in-
advertem usage during on-peak periods.
Customer-Je/cated TOU periods: The Salt
River Project in Arizona has had excellent
success allowing customers to choose a three-
hour "on~pcak" period out off four-hour sys-
tem peak period

NOTES

COMMON ERRORS IN DEMAND-CHARGE
DESIGN

Common errors include the following:

c

•

Upstream Distribution Costs: Any capacity
costs upstream of :he point of customer con-
nection can be accurately assigned to usage
and recovered in time-varying prices.
Using NCI' Demand: NCP demand is not
relevant to any system design or investment

I. Lazar, I.. BC Gonzalez, W. (2015). Smart ear: d¢:ignj%r 4
.cmarrfilmra Montpelier, VT- Rx:gulamryAssisunce Project.
Rerricved from httpzl/raponlinnorgldocumemldownloadl
idl7680.

2. Garllcld. P. j., BC Lovejoy. W. F, (1964). Public uri/-
ity eranamicr. Englewood Cliffs, Ni: Prentice Hall: pp.
163-164.

3. Hledik, R. (2015). 77Jr landscape of rnidrmia/ demand

charges.Prcscnmd Ar the EUC! Demand Charge Summit.

Denver.

4. Testimony oflohn Horan. National Consumer law Cen-

ter. Indiana Utility Regulatory Colmnission, Cause No.

44576. 2015.
5. SRP "EZ-3" Rare. Rcuicvcd from ht:p:/Iwww.srpllcr.com/

pricalhome/Choum-YuurPrioePlan.aspx.
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1

2

3

continue to look at that possibility because if we're

going to be all about price signals producing appropriate

results, then I think we need to be fair and consistent in

how we look at that .4

MR. LOWE:5 Understood. Thank you.

6 MR. BONSALL: If I could kind of amplify a little

7 bit on some of those answers. You know, we already have

8 demand charges in our industrial customers, our commercial

class.9

10

As you know, you're on EZ-3, EZ-3 is getting

closer to a demand kind -- it' s a demand related version

11 of an energy charge.

12

If you took EZ-3 and you compressed

it down to an instantaneous number, you basically got a

13 Betweendemand charge. You got Time-Of-Use customers.

14 EZ~3 and Time-of-Use, we've got a quarter of a million

15

16

residential customers, plus or minus currently, correct me

if I 'm wrong, on time differentiated pricing which is a

17 reflection of demand cost. You've got seasonal

18 differentiation as well in the wintertime, summertime,

19 summer peak seasons |

20 So we 've got a number of versions that are kind

21 of along those lines economically and it 's the customer's

22 I mean,

23

24

choice, frankly, which price plan they select.

ultimately in this discussion, you will get to the point

where you' re weighing the benefits of customer choice or

25 customer preference versus how (unintelligible) you want
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1 to be on sending an economic signal and Rob economically

2 established it would be the purest economic thing to do to

3 send a demand signal.

4

5

On the other hand, when people buy a commodity,

they are not just buying a commodity.

6

They're buying a

lot of things that go around the commodity, including

7 information, including convenience, including just their

8 It'slevel of interest in the commodity purchase itself.

9

10

not just explicitly through the commodity.

I guess the bottom line on that is I think it

11

12

would be very difficult, were she still with us, to put my

I mean, we 're gonna havegrandma ma on a demand charge.

13 people that just don't want to do that or it ' s too

14 complicated for them to understand and/or they don' t care

15 about it. I think we need to be sensitive to some .of

16 those issues as.well.

17 MR. HOOPES° I hope you' re not suggesting that I

18 want your grandmother to pay more than she needs to,

19 but

20 MR. BONSALL:

21 assuming that.

Actually, President Hoopes, I was

Knowing you, I thought, "He makes some

22 sense."

23 MR. HOOPES:

24

25

You can deal with those things with

a more transparent subsidy of the core or price plan, poor

people, people who don' t have the capabilities of making a



l

It's all about2

3

Page 47

rational choice, but I would suggest to some degree that's

throwing the baby out with the bath water.

the numbers, how many would benefit from it and how it

4 would be applied.

5 But I guess also to carry on with one of Wendy's

6 comment is, is we 're doing it for the solar people and I

They can makeunderstand it ' s -- those are new customers7

a choice as to whether or not they want to play at all,8

9

10

but we make much of the price signal for them and I

think -- I 'm not suggesting it makes sense now or it will

11

12

13

make sense three years from now, but I think it ' s not fair

and is inappropriate to just categorically exclude the

possibility that it might make sense over time to move to

more of a tiered demand for more customers and distributed14

•15 generation customers

MR. BONSALL: I wash' t suggesting that we would16

not do that.17 I just think there 's a no trade off involved

Youthere that we all consistently need to keep in mind.18

19 know, one option that we could consider here is the

20 possibility, frankly, of opening up E-27 on a pilot basis

to other customers and see what they think21

Yeah.MR. HOOPES:22

MR. BONSALL: Just try it out and see what they23

think.24

Mark.MR. WHITE:25

l l l
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regardless of service supplier eliminating the current his toward utility-owned investments.

Utility planning approaches must also be modernized to capture these Benefits. Utilization of an in leqrated
giszr@uuon QLznnin framework will unlock the economic promise of distributed energy resources. while widely
sharing utihly grid data iii standard data formats will invite broader stakeholder engagement and competition.
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Call for Input

We offer this paper as an effort to support the utilization cf grid modernization to maximize ratepayer benefits. The
cast/benefit analysis we develop here is an effort meant to expand the industry's ability re quantify the holistic cont: ihutirm

that DE.Rs offer Io the gt id aria its customers, extending the familiar cost/beneiit framework beyond PV-onlv analyses and
into full smart inverter and pen portfolios. Furthermore, we recognize that important regulatory proceedings such as the
CPUC Distribution Resource plains (E)RP) and CPUC integrated Distributed Energy Resources (1QER) _.. will play an important
role in giving stakeheitiers the tools to calculate the value of DERs, and offer this paper a as resource in those efforts.

No single- r=-pr?rz could adtequa:e'y .address all :he issues engineering, economic, regulatory that natural'\= arise during
sucil a lransformateve time 1.. we industry. By ccrnprling the ma;or issues in one place, we attempt so advance the dlscus5lG"
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|. Introduction

Grid Investments are Increasing

In

U.$. Grid Investments

I
E

3

Total $1,577 blilion

$697

'8, *cy

Grid infrastructure planners-are responsible for some of the most significant infrastructure investments in the United States.
As of 2011, U.S. utiiitles had almost half a trillion dollars of undepfecuated transmission, distribution and generation assets on
their balance sheets, growing at a rate of 6 to 8°4» per year.'

As depicted in the adjacent figure, the Edison Electric

institute forecasts that another $879 billion dollars

distribution and transmission investments alone will occur
in the twenty year period of 2010 through 2030 - about
$44 billion dollars per year significantly larger than
investments seen in the previous 20 year period." Grid

investments have a significant and increasing impact on the

total electricity costs faced by U.S. consumers.

... -:.§:.¢

4
Total 5523 billion

$298

Est $196
$84

$243

s5az

{I`2lll';t2'§I'iSi{*I'; 81475 1989-2009 20I0~2030

Generation I Transmission Distribution
4

In light of this huge level of grid investment Qccurrmg over
the next few decades. an imperative exists ts ensure that
these investments are deployed re maximi1€ :ratepayer
benefits. There has been relatively little locus to dale on

how to effectively focus and reduce these infrastructure
costs, particularly in the areas al

distribution planning, despite the fact that they Gfti- ̀  =':ai<<=
up half of the av..:a,8e resiN:-title* tustrnrie-r i-=i: ".. gt l

of investment calls for a reexamination hf the 'erhnulogital Sr eziorw ¢xx-.=l LC! 'p 'intact the grid'5 needs and an overhaul of
the planning. process that deploys these solutions. Sttiles like i.'aliff.>t"ll.¢ E-'iid New York have begun this process, primarily
spurred by a focus on how distribution planning and ocieratloris 'no t'v:3!ve' HE a Lit
resources." While these nascent discussions and mlemaifings are positive first stems, the planning framework 'Cr grid
modernization must change considerably to avoid :.c~s1:.._.t iattelmayers hilfioris sri unnecessary, underutilized investments-

=ture with high penetratuzm hf rinstnbuted

Current Utility Regulatory Model scents a Build More to Profit More Approach
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from utilizing infrastructure resources that are not owned Hy the uliiity, even ii competitive alternatives could deliver
improved levels of service at a lower cost tn ratepayers. BeyoriO regulatory oversight. this model contains no inherent
downward economic pressure on the size of the utility rate base, ,. r the cumulative amount of assets upon which the utility
earns a rate of return. As such, utility rate bases have consistently Ami szeadliy Ge own over time. For example, the following
cizart depicts the size and recent growth of the electrlcllv rate base for '.aln'otnia investor-owned utilities, which continues to
significantly grow even in the presence of "e' aler triply consumpt on in short, the fundamental incentive utilities have to

build more utility~owned infrastructure in order to profit more coivl=c.:s with the public interest as the grid becomes more

customer-centric and distributed.
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Distributed Energy Resources Offer Increased Grid Flexibility

Lltili7mg DER solutions will require a shift in grid planning approaches, as well as
planning and operational data needed to enable DERs to operate mes: effectively in concert with the grid .
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ll. Distributed Energy Resources Offer a Better Alternative

Motivated by the challenge Faced in designing a grid appropriate to the 21" century, this report first focuses on determining

the quantifiable net economic b€nefits that DERS can offer to society. The approach taken builds on existing avoided cost
methodologies .- which have already been applied to DERS by industry leaders - while introducing updated methods to r\ard~

to-quantify BER benefit categories that are excluded ham traditional analyses. While the final net benefit calculation derived
in this report is specific Io California, the overall methodological advancements developed here are applicable across the lJ.s.

Moreover, the ultimate conclusio-- from this analysis that DERs offer a better alternative to many traditional infrastructtine
solutions in advancing the 21" century grid .. should also hold true across the U.S., although the exact net benefits of DERs

will vary across regions.

A. Methodology

The methodology uuirzed In this paper is bulla upon well-established frameworks for valuing policies, programs and resources
~- frameworks that are grounded in :he quannfiralion of the costs and benefits of distributed energy resources. Speclhcalsy,

the methodology employed here:

n" 1
$1\

{\.!§ a " n 1. 5 3 *r§w1'>*'1=€=¢"* a?:ei.§,»*€` '
1 §,»€";~,= gt ' W :°  "*a \  . L
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m ... r . .M 1('3§2 »3 \.¢;8§¥§.'l8u.1

l e g ! f- in

u avu'ldr=d ws! l11pifm»9°c»!cls; 1< 'i>'{m:lded b+:vL.-41d EPRV4 h. H . 4 .
' ¢  '  u

3_

4.

quantify total ne: sot -e 'ossa elfin benefits m a framework that applies nationally. :..
Quantifies hr» benefits for the state of California, where the modeling of individual cast and benefit categories IS
possible us-ng the California Public Utilities Commission 2015 Net Energy Metering Successor Puhlir Tool. s Within

r = l it -1 . Ir l'_.i}"l '. "l v Lr _y a bf. u s '-1. -t' .. 1ir~\~

'o incorporate commonly recoglwed ia'though not always quantified) categories of benefits and costs, while also

proposing methodologies for save-ral izard-ro~quanufy categories using the Public Tool.
incorporates the lull costs of [>£R integration, including DER integration cost data as identified by California utilities
in their 2G33 Distribution Resource Plans to determine the net benefits of achieving 2020 penetration levels.
Repeats the methodology in .t concrete case study by applying it to the planned distribution capacity projects from
the most recent phase l Genera! Rate Case in California.

Enhancing Traditional Cost/Benefit Analysis and Describing Benefits as Avoided Cost

(lest/benefit analyses have been conducted for many decades to evaluate everything from utility-owned generaluon to uuliw .

ad ministers-a €USZOm£" programs such as energy efficiency rebates and demand response program funding. fhls paper
replicates estabhsned rnethodnloglea wherever pczssible. and offers-new or enhanced methcydolognes where approprxaze So

consndes rzevv bene'w <at.=~'v"es that nove l t o  cus tomer -d r iven  adop t ion  o f  DERs ,  and  the re for e  o f t en  exdur f en ire. '1

tradixionat analvse'~

I

A key component ii' rost./befiefit analysis commonly used for valuing the benefits of DER is the avniced cost con-;ep1, who ..
considers the benefits of a pafiry fairway iv quantifying me reduction in costs that would otcrwlse be imiurred in ,z

business-as-usual 'rajerawv V\.'i..llu avoided cost caicaiiarions can be performed with varying scopes," there is some dei,rpe
of consents on what the apgvozs1-are vek.e categories are in a comprehensive avoided cost study Groups like IREC; " QM! .

and EPRI .5 .et g v
some of the benefit categni yes that .are niter excluded from traditional analyses.

have atrerr~p'e»d to take these standard va.uatictn frameworks even further, deslcNbrng general methods for raéumg

Eacll step taken by researchers ro enhance previously used avoided cost methodologies advances the industry beycmc

outdated historical r>Hraci=grv=s. uL-4 s:wec»f%c mezhodolclglcal updates include the consnderahon of new types Q! avoadecl Hsu
the; C'&li?G` be p'ovided by dsstliulecl resow,rcps 'H a revesicn cf the assumption that resources aciopled Hy customers are
uncontrollable, passuvr del-.vcfevs of LC the grad and that proacréve planwirmg and policies cannot or wlll
Implemented tr: Ma;<.r~ii2e the value o' these grid-lnzeracnve resources.
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The Value of DERS within California

While the overall methodology enhanced within this report is applicable nationwide. the focus of this report". economic

valuation of DERs in the cost/benefit analysis :s limited to =1=< 'IJ1ll =.ai-'==rnia= ì ¢l (Lai-lf,rnia's NLM 9.0 proceeding, the
energy consulting firm £nergy+Environmemal =corirJ'n:i,s -'.31 heated a ¢.o;:histicaled model ma: parties used to determine
the impact of various rate design proposals. A marc-I compcm-:rl of 81u5 model was the ability to assess DER avoided costs

under different input assumptions. The more traditional avoided cost values in this paper are derived from the inputs used in
the NEM 2.0 proposal filing of The Alliance of 50lar (_'1N'€e 11 ASC* for the ET model, which IS available publicly online."

mdirionally, benefit are cost categories for Das along with auumpar\ying data Ami quantification methods - are being
developed in the cpuc Distribution Resource Plans risk? proceeding. this update of the DER valuation framework in the DRP
proceeding, however, is not present In the exist-ng methodologies fern used to quantify the benefits of redtop solar in
California as pan of the NEM 2.0 proceeding due re the ram urgent urn ng of the two proceedings. This report bridges these
two connected proceedings in its economic analysts of the value al or Rs within California.

a Clforru.a I' go key see" m under:.tanding the trial potential value

.:-.r- v./h<=lh¢-' caicu!a'ed not beneflls can actually be
n i.f=I= 1_ I . I'I¢ll\I\I!.l8. Tn i1\:€ end, thee, enalysns applies the developed

' : - '~JI -\| .' Q.-:nd PRF i~rm:¢-\edEI1gs_ this analysis delivers a
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while evaluating Ne: soczelal benefit. at IhL :4-.s»\»=~»=- Ir-=.¢.~I -= =

cf DERs. *mere remains r.111cI1 discussion v.' i t! :l1 €! .»;. II1:l l :s::.y ref. '°

rralszed f'(,m changes in lranS:1\1§S=¢:=r1 and d1:-8: =tu-.::.-»- e- -
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Analysis Scope, Assumed Scenario, and End State

Thus report evaluates the b9nefirs al cuslumer 53% .a:i(..p1-i=r:1, :ho aswrzated costs. and the resulting net benefit/cost.
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Incremental D€R Adoption Scenario /or 2016~2020

E
=

TECHNOLOGY QUANTITY

Solar 5.5 GW

With Scoragn

with Loud Control

900 man (10% Adoption)

150mw ixrx*Afxopxmnl

' r '~ Y"é<€§4>'.¥ ;"'~q,f

To simplify the discussion, solar deployment as focused on the years 2016~2020, adopting the penetration levels and costs

associated with the TASC reference case as filed in the CPUC NEM 2.0 proposal filing, which corresponds approxrmateiv ro
'urge Plan Scenario 3. Of the approximately 900,000 new solar installations expected to be deployed

during this period, SolarCity estimates 1086 would adopt residential storage devices and '*O% would adopt controllable loads
(assrirnptions are based on customer engagement experience and customer surveys). These adoptions are central to the

ability of customer DER deployments to defer and avoid traditional infrastructure investments as assessed in this paper. \

g

The assumptions d@sr.rlbed above are used to complete the cost/benefit analyses al DERs tor the whole of Callforma. After

evaluating net societal benefits at the system level, the methodology is then applied to a partscula: case study of actual
distlilh.l1o': Pyotr€c{$ proposed under the latest GRC filed within Califr»=v=»a, FG&E'~- 2017 bwleral Raw Mes# has-9 ` films.| \

in the following sections, the deployment scenario is evaluated hath qualitatively and quanlitatlvely under a cos:-nenetit

fra~r work that IS grounded in established methodologies. but enhanced to consider the impart of such a large change in the
way :he electncr system is operated. The study consolidates a range of- existing analyses. reports and nietliodologles on DERs
:MO one place, supporting a holistic assessment of the energy policy pathways in front of policy-makel s today.
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8. Avoided Cost Categories
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The avoided cost categories evaluated in this report are summarized in the following table. The lira Sr-ww cawgiu'ies are
indudefi wiihév d  o benefit: analyses, and as such ate not substamiailv extended Ir» l**i'5 'Grimm flea Ati;i<»r'8ix fur

mr:*i-=cdc:1f»;;.- .il overviews a'1i.1 TASQ NEM Successor Tariff filing for comprehensive ricwcrigwlioni inti -a*.-\l .; Fm
< Ir*;*-tiurl-i' i. 'l '~e next five categories (in yellow highlight) represent new methodulagy enliancerne-ms 113 |. -r<i-m-q:.1ai=t:'v

avoided cost ca1='=goriz*.s (Le. benefit categciries3 that are often excluded loom traditionei a-ialvses. in Ellis wcunn. we detail
Fig fwf*th<*ffo5c:-gf y aria rationale for quantifying these- five avoided cost eataguries.

AVOIDED COST DESCRIPTION

I S

_Energy + Losses

Thy va!u€ of wholesale energy that would afnerwise he generated In the abs-wce <~' J' Hs.
adwuf-rec: far losses tivat would cancun In CA, Me cm =.-1 raven aiiewarn es ffrym -aw ion and Trane
crsgram as embedded an the who-resale energy vaun-

Generation Capacity
The value of avoiding the need for system generation capac; r€sGur£es ro meegpeak hoar and
If avanlng yes¢rvé requirements

Transmission Capacity The value of avcndzng the need ¥»:» ewsfrsai transm:ssi¢"- canacztv to: iv-eet peak ioaiL1:~ I
8Distribution Capacity The value of avoiding the need ro expand distribution capacnxv to meer peak leads

Ancillary Services rho value of a reduced need for operations- reserves base-ci Ur. loan priucncn Lhruugh 'IERs

Renewable Energy Compliance
!Ne value of reducing nrocurernent requirements for renewable meefgv crests, G4-=
delivery of retail energy on whack RPS comnhance levels are based

et ~~-.:<~l

Societal Benefits The value or benehxs that accrue to socsew, Ana are not costs dwesrly evo.npn ay me ~J{X1t\V

Voltage and Power Quality
Thr- »,aiue of wafxding no reducing :he cost required to maintain vn.*.1age and f1m.~=f `v W:'mf\

acceptable f anger for custcmef servnze

Conservation Voltage
Reduction

The valueof enabling conservation voltage reduction ben:-'us by p¢ov»nm,; lczalizuti voltage
support

Equipment Life Extension
The value or extending the useful life and umprszvsng the efficiency o' dlstrlhutmv= mfrastrucmure by
reducing Mad and thermal stress eawrrment

Reliability & Resiliency The value of avoiding of reducing the imnacm outages have on <1 -stcfrners

Market Price Suppression
The vain a! reducing £?'e e=e¢.usa de*t118¢1d an Me mal Kat. Hence recurs-ng ma: set 1 fear ."e an was

rM ail consumers al esectrscztv

s

>
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At the distribution lever, smart inverters can provide voltage regulation and improve customer power quality, functions that

are traditionally handled by distribution wluipmenz such as capacitors, voltage regulators, and load tap changers. While the
provision al reactive power may Roms: .=l the expense of real power output (e.g..such as power otherwise produced by a pp

systems, invar ter-lieadroc.-rn either CXISI: or ran readily be incorporated into new installations to provide this service without
impacting Rea: power ou'put. l he capability of oar: smart inverters to provide voltage and power quality support is curremlv
belg <'emonstrn=;5~d in sever facial cienlomlralioiz projerzs across the country. For instance, a demonstration prolec< in
partnership wlrh an investor owrle' Ty is CUI'!p;'
smart inverters w .
delivered to suopcit louai voltage. ¢r» zhra inslarzce :'~:arl inverter support resulted in a 30% flatter voltage profile."E

Solar pp and battery energy storage with 'i w=¢;l' re inverters are capable of providing reactive power and voltage
support, both at the bulk power and local distribution ievefs. At the bulk power level, smart inverters can provide reactive
power support for s:eady»state and transient events. serve»ces tradition:-:ily supplied by large capacitor banks, dynamic

reactive pov./er support, and synchronous condensers, For example, in Southern California the abrupt retirement of the San

Onofre Nuclear Generation Station (SONGS) in 2013 created a local shortage of reactive power support, endangering stable
and operations for SCE iii We Los Angeles Basra area. to meet this reactive power need, SCE sought approval to deploy

traditional reactive power equipment at a r 1 of Szoo-s35o million, as outlined in the table below. DERs were not included
in the procurement to meet this need. Had DERs with smart inverts's been evaluated as part of the solution, significant
reactive power capacity could have been obtained to avoid the deployment of expensive traditional equipment.

Voltage, Reactive Power, and Power Quality Support

Total

Penasquitus 230 kg ivnchrcnous Condenser

SouthOrange County Qynamsc; Reactive Support

Tafega Area Dynamic Reactive Suanorz

*v'z&'§0 E1EC* Ku i.8»:.=2<:i§;»f 8an:t~

lahanna and San ago 220 kV Capacitor banks

Huntington Beach Synchronous Condensers

PROJECT

-fly demonstrating the voltage support from a portfolio of roughly 150
only;-Ilmq l00< v wurzh if residential pp systems. the Chart below depicts the dynamic reactive power

Hear me power and vo/rmgesupper! fran n 5n»art inverter

' .|._1

SON€»5 Re-acnve Power Repiacemenl projects
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Projects such as the SONGS reactive power procurement project provide recent examples where utility investment was made

for reactive power capacity. These projects were used to quantify the economic benefit of DERs providing reactive power
support. To do so, a corresponding S/kVAR-year value was applied ro the inverter capacity assumed in the deployment
scenarios to determine the value of the services offered by the DER portfolio. Note, also. that markets including Nyls0, pnvl,
is-nE, misc, and CAlSO already compensate generators for capability to provide and provision of reactive power."

Conservation Voltage Reduction

8
4.41

Smart inverters can enable greater savings from utility conservation voltage reduction (CVR) programs. CVR is a demand
reduction and energy efficiency technique that reduces customer service voltages in order no achieve a corresponding
reduction in energy consumption. CVR programs are often implemented system~v.--rir- or L-nge pcirltf.=ri5 of ii utiiilv'=
distribution grid in order to conserve energy, save customers on their energy bills, and reduce greenhouse gas emissions.
CVR programs typically save up to 4% of energy consumption on any distribution circuit. the utilization of smart inverters is

estimated to yaeid another 13% of incremental energy consumption savings and g: henhouse gas emissions reductions.
é

g

iFrom an engineering perspective, CVR schemes aim to reduce custom' voltages lo the lowest allowable limit as allowed by

American National Standards institute (ANSI) standards. However, CVR programs typically only control utility-owned
distribution voltage regulating equipment, changes to which affect all CuSlom€fs downstream of any specific device. As such,
CVR benefits in practice are limited by the lowest customer voltage in any utliltv voitag-;~ regulation Zoe\@ (often a portion of a

distribution circuit), since dropping the voltage any further would violate Aral standards 'or that customer.

Since smart inverters can increase Cr decrease the voltage at any indrvtdual locaiirm. UERs with smart inverters can be used

to more granularly control customer voltages in (TVR schemes. Fer example, if the *Qwest customer voltage in a utility voltage
reguialion zone were to be increased by. say, 8 volt by controlling a local smart averter, the entire voltage regulation zone
could then be subsequently lowered another Volt, delivering subslaninally increased CVR benefits. Such an example is

depicted iN the image below, where the green line represents a circuit voltage profile where smart inverters support CVR.
Granular control of customer voltages through smart inverters can dramatically increase CVR benefits.

3

33
§

8 3
D£Rs control voltage lacully and enobfe CVR

x

No ova
*..,.,. r

"i
_ g

Q

8 9 83 s
1
a

5i  m - n
\ "ETraditional

CVR
9 '33-~89
CVR with

pp .`2;> 9
126 v

' x
x

Additkanal CVR
Unlocked by PK T 120 v

v v

'~»
u'x

*o

~..___§\._"
114 v

Equipment Life Extension

Either through local generation, load shifting, and/ni e"=argv <.~ff=ilp"fv. M95 -ere Ru mile fret load at individual customer

uremlses. A portfolio of optimized DERs dislwrscd across dist ibuuulr -;:w.u\l in lump 'educes the net load for all equipment
along viral distrzbulion circuit. Dstiibutiori equipment, such as subsralror. 1rans'c>rri»ers. uueratrng at reduced loading will

benefit from increased equipment tile Arrl higher operalfronal effscieriw.

r



Distribution equipment may operate at very high loading during periods of peak demand, abnormal configuration, or
emergency operation. When the nominal rating of equipment is exceeded, or overloaded, the equipnwrit suffers from
degradation and reduction in operational life. The more frequently that equipment is overloaded, the more that such
degradation occurs. Furthermore, the efficiency of transformers and other grid equipment falls as they perform under
increased load. The higher the overload, the larger the efficiency losses. utilities have significant portions of their grid
equipment that regularly operate in overloaded fashion. DER! ability to reduce peak and average load on distribution
equipment therefore leads to a reduction in the detrimental operation of the equipment and an increase in useful life, as
shown in the following figure. The larger the peak load reduction, the larger the life extension and efficiency benefits.

r

DistributedEnergyResources Extend Transformer We

Transformer Life

100%

50%

1

0%
*

Life with Base Load

Life with Solar

Life with Solar 4 Smart Homes

to 30
Time (years

40

iTo quantify these benefits, medium to large liquid.-f illed transformers were modeled with typical load and DER generaiiarf

pruféles. The magnitude of the reduced losses and resulting. equipment degradation avoidance were calculated using IEEE
C5?.1°.00 2000 standard per unit life calculation meIhodolQgy.'"'33 DERs such as energy storage are able to achieve an even

greater avoided cost than solar alone. as storage dispatch. can more closely match the distribution peak. Quant ffied benefits

"contributing to net societal benefits calculation include the deferred equipment investment due ro extended equipment life

and reduced energy losses through increased efficiency.

I

1
»

franc twat man opeirwired DERs can be cried as having negative impact an equipment life. W hile highiv vaisabie gméretirm
am* can <.an ~u=gatively impact equipment life -- such as driving increased operations of line -regula*'Jrs oprirnized and

'c>orde:1atf>d *mart inverters mirigau this poteritiaivotatiiitv impacinn equipment life.

Res i l iency and Rel iabi l i ty

Distributed Energy Resources Improve

Customer Resiliency and Reliability

Backup
Loads

Appliances

[)ERe such as euevgy storage Cara provide backup power to
l?rIU€,3l fundS..mprovirrg customer teléabxlnty during routine
outages and ~°esi! iencv during major outages. The rapidly
8r0.»:ng pa-netrauorx of batter ies  combined with PV
dap=n,=men:\ v.'¢ll r-°duCé? the frequency and duration of
CIJs('ofu€'! oumagee, g¥lIG nrovrde sustained power for critical
devices. as dep.sled m the adlacem figure.

Lights
Battery system

Security

r PGA Si (»

:r=v=?'.T Tavxi S Inter net

gnu>lc~ve*d letiabtlttg' and resihencv has been the goo!  cf
signvfftant ..-tunny investments, including feeder

rec.or=duf:»:>ring Ana: d;stribution automation programs such
as fault lnralvon, rsoiation, and senesce restoration (FLISR).
battery dc*»'f _ ~w~»= f"~n-.=p_hot.t the distfiburian system can
eve ~u.-.aIiy : ulii ify reliability and resehenry

s- !*ow£~v€~", rh=s analysis utslrzes a conservat'v<=
app-rnaciu. univ crwnsvdermg average customer savings from

aeouced 'Jut ages end excludes avoided utility investments.
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Ta quantify near-term reliability and resiliency benefits, the value of lost load as calculated by Lawrence Berkeley National

lab" was applied to the energy that could be supplied during outages. Outages were based on 2014 CPUC SAlFl statistics.

Market Price Suppression Effect

Cf aaari > <;€f=;»;1au,m is" 1§143115 W:so

wholesale electricity markets provide a competitive framework for electric supply tn meeT demand. In general, as electric

demand increases market prices increase. DERs can provide value by reducing the electric demand in the market, leading to a
reduction in the market clearing price for all consumers al electricity. This effect was recently validated in the U.S. Supreme

's u Si "r-1 ..4'. noting that operators accept demand response bids if and only if they bring down
the wholesale rate by displacing higher-1:.l i .~ 'itsratrrw tie' - c»-srl » ',

in peak periods), the easing of pressure on the grid, and the avoidance of service problems, further contributes ro lower
<harges."" As a behind-the-meter resource, rooftop solar impacts wholesale markets in a similar way to demand response,
effectively reducing demand and thus clearing prices for all resources during solar production hours. while the CPUC Public
Tool attempts to consider the avoided cost of wholesale energy prices, it does not consider the benefits of reducing

wholesale market clearing prices iron what they would have been in the absence of solar.

vi *.3.\. aha nphaszzed that "when :hos of:cur*» fust :men

Relationship between Electric Demand

and Wholesale Market Prices
Price

t
M. ? Change

in Load

This effect is illustrated in the adjacent

figure. In the presence of DERs, energy
Prices. are al the lower 'p"' ;»=~ .- .. -

otherwise would have been at the higher

"F" price abs the DERs. Market pric»2
suppression could then be quantified as
the difference between prices multiplied

by load ,or l .p - .  i -  l .
iv"

P
Change
in Price

pa

l

8
8

Le L
Load

To quantify the magnitude of cost

reductions due to market price
suppression, this report estimates the
relationship between load and market
prices based on historical data. it is
important to isolate Gther driving factors

to only capture the effect of load change
on prices. One of these driving factors is
natural gas prices, which directly impacts
electric prlceshecause the marginal supply res-snurce M lialifomia is often a natural gas~fired power plant. This can be isolated
by riormalizrng market prices Over gas pi ii es, krakow:' as lmnhvd Heat Rate ('HR}, and estimating the relationship between IHR
a116 load, which is shown i* figure below for PGM DLAP prices and load.
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Smart energy homes equipped with energy stnrxge are able to achieve an even greater avoided cost than distributed solar

alone. Storage devices that Mischa-rge in peak demand hours with high market clearing prices can take advantage of the
stronger reiatinnship between load and price at high i@ads.

Results

After establishing the 2016-2020 penetration scenario and defining the methodologies for each category of avoided cost, the
CPUC Public Tool was utilized to estimate the benefits of achieving the 2GZU penetration scenario. For avoided cost

categories the CPUC Public Tool was not able to incorporate, calculations were completed exiernallv using common
penetration and operational assumptions for each technology woe in order to be consistent with the CPLIC Public Tool
outputs, levelized values are expressed in annual terms in 2015 dollars below.

Annual8ene19ts cf2016~2020 DER Deployments

é

8
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AVOIDEB COST CATEGORY PV4~ SMART INVERTER
1$M,fY£AR)
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Previous assessments of high penetration DERs have replicated existing rnethndoiogies vhgil have often been applied lo
massive assets like energy efficiency, however, these approaches fail to recognize the pnwntiaé valufi of advanced UERs that

v---i he deplayegi during the 2016-2920 timeframe. When 5 more comprehensive suite of b»:»'=@ : the* cc.i.
DERS today is considered, total benefits of the 2016 2020 DER portfcuiioin Cal.forn -8 extends $2.5 bilhen r=@=. year.

c. The Casts of DistributedEnergy Resources

As presented above, distributed resources offer signify-:ant ratepayer 'i-.1-uwfita, hue-v<>=, the-se benefits Are not available
without incurring incremental costs to enable their deployment. In eruei to quamifv *Ne Ne! societal benefit of DERs, these
costs must be subtracted from the benefits. ,oss for distributed energy rescurrvs u'dude i f \t<:gl.ahor1 at me distribution and
bulk system levels, utihry program management, and customer equipment.

Distribution Integration Costs

DEfs are a critical new asset class being depioved on the disrributirm gr=d Which -vI=.:->r he tnroacziveiy planned for and
integrates' with existing assets. This integration process will scrveiunes require -.inavnidabie additional investments.

However, it is essential to separate incremental DER integration costs from business as usual utility investments. Recent
us&i*v funding requests far DER integration have included costs above H1056 needed to successfully integrate DERs. This

subseclinn will explore typical DER integration costs and evaluate ire validity ;-.r ll =~J+ Levi. l §J;lz8.4.

while view DER integration ivies of thumb eNd planning guidelines are €*1~=e.glng.. 'EU <~s!alJi1si\<'d approach exists for
ideffiilving D:R integreiion lrwestlv-c4=ts or estimating their cost. it is ClG8'&!i_ *(1vvGV&'. , that iriiegratson el forts and costs vary by
SFR Genelratiore level. Generally, inner DER peswtratlon requires fewer imegratian .nv4>§l1y\€-nt$. while hleher pwerraticn

E i 4
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i may lead to increased investment. As depicted in the following chart, NEM pp penetration levels vary across the U.5.36 Most
states have very low (<5%) penetrations, while only Hawaii experiences medium(10-28%) penetration. California €xhib:t5 low
(5-10%) penetration overall, although individual circuits may experience mu.ch higher penetration.

NEAL .solar capacity as a Percentage of Tore! SystemPeak
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I
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For this analysis, DER integration costs were developed from estimates submitted by California utilities to the CPUC as part of
their Distribution Resource Planning (DRP) filings. This analysis incorporates the specific cost categories and figures from

_ of" . hying, since this filing alone included specific cost estimates. in assessing these costs, each
proposed investment was reviewed to determine whether it was a required incremental cost resulting from the integration
of DERs. if so, ii Should indeed be included in the cost/benefit calculation. if the investment (or a portion thereof) was
determined to be a component of utility busings asusualoperations, such investment was not included in the analysis.

"~(8UI€.=Lt VE
I

:a§¥f\\rr=LI» 8.42 .

In order to determine whether a proposed utility investment is required, the following thresholqglggggggg was asked :

D Would these costs be incurred even in the absenceof.IJE'R adoptionP

If the mosts would be incurred regardless ml DER adoption, or if the utility had previously requested regulatory approval Ku
the investment but lustrfred *he mveszrnent via é program unrelated to DER adoption, then the costs should not be classifies
as DER mregratron cbsls. Fe: example. of a utlhtv had previously requested approval to upgrade (Le. cutover) 4kv clrcui's :cl a

higher voltage Lr order to mcfeelse capacuy and reliability before DERs were prevalent, yet now associates the upgrade costs
to DFRs, then the rnveszment should not be attributed to DER integration. This threshold analysis ehminares 'mm

considerer:-on or reduces 5»:>1=1@ al the opposed utility integration costs.

o

Of W e r¢28%ma=rI:rlg mats, cu8~;i? was iuriher assessed by asking the following set of screening q gyonsz

Do more cost effective Maugation measures exist for the proposed investment? Can advanced DER functionalities
.,. v¢.»!:A'AR supporii mitigate Er eiiminaie the need for the investment ?

A"e- costs relevant !'or the iivecasred DER penetration levels, or only for much higher perieirations?

Do slated L uses reflect fealisin' coal figures, or co they reflect inflated estimates?

Several siihtv integration lnvvstmerlts are proposed to mitigate an integration challenge where more cost effective solutions
exist. For example<>_ voltage-related c.onc<»rns due to PV variability are often used to justify replacement of capacitor banks on
distribution feeders. However. the use r embedded voltage and reactive power capabilities -n smart inverters male the
cleploymenl of new fapacifor banks redundant and overly expensive in most instances. Furthermore, while some urozzosed

ccisrs may be relevant 'or his". penetrations of DERs . such as bl-directional relays to deal with reverse power flows these
ilwestfilents may not he necessary at low penetrzltior~ levels.
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maceration costs for all Caiifomxa u1i5i'i6~1; the:s>fnre, ?.§'e€* Gabie
21836-2020 For each investment, dtxzliamlilv 4; f**' s . \

R M 873.942
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cf each highievel integration carvsegury is pro- .r:- ci ante I

types and assessment raticxrzale alT€re=' he r 'Eh's met q1.J»1

d&8:ax£s available for each in~.=es€".ment type. As surf. s11:_:r¢l-8 sr;=-I-*€;:fI<..»ssesstllerlt
investment p=ans. This €138f{%\; .r lf1==ntzf=e< r.' s. W it".4-5"-4 -.-=.

arxnuaily3`), as truly applicable: to DER integratirr._ .v' =» M .5 the: nurrzr-¢>

:lvf=sf=nts total Calrionna disrribulian integrawen meta Qver

is assessed u=ing the threshold and screening quesirons
'I-l.;!llr¢hi== 1.(l ~=» :~ " An avewievv hf the assessment

to 'HOIG detailed teasznical discussion of each investment

I. mficatien is necessarily high~leve!  due to the lack Qt
c 1 as 's necessary in order to evaluate integratizwu

or $1,/150 mdiuon (or tenderized to $189 miilin .

.ehlizev in lace ccs<t/'b»er~=fli anaiysia in :his paper.
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CATEGORY INVESTMENTS UTILITY COST
CLAIM (SM)

APPLICABLE
To DERs (Se)

Distribution Autornatiun
Automated switches w/enhanaed xelemeu v remote
fault ind£a!i=" aw ;

Substation Automation Subsrannn auromahor; Mnnrrn wntecnon relays 5691 -\143 .

g2

Communication Systems Flt'ld area netwuvk. fiber new :w:v.z>:k S388 8%

GridRehrfoframenx
Csanaucmf upgrades tn a L1f;1g\=r '. 2+
nira'\:i!f- lo higher vnltalge

.  f f  v\ '3"§=~ s v. x$,8.=?i. 5838

Tadxnalogy Platforms and
Applications

Sj;»2}/ T3594
' u : l " » a g ¢ . = u ~=~.==:¢= ..=;'.t(=-vs

Grid anaiyhcz nla1f<:»rrv~!appi=;a=1ons, son;1 iv".
p'al=n=ng 'url sea, Gas!rlbuht='= (swf art °°1nfclz=?ing Toni,
\:'=termn:1ec=1ors apphcanrr' lace-as-"°l=:. DR? day
5 n a r ; t a 5 ;  p u n s go 438 '~' r=¥ ' i s

archsteuute art: LaUer 5e¢:u¢=tv. d=s.rlb=.rf-mx V:\iuVAR
onnmlraaeon

Tore! Dlsidhurton lnteglaucn costs $5,697 25% (1,450)

Bulk System Integration Costs

Integration of variable resources with the bulk power grid 15 expected to result in an increase in variable operating tests

associated with the way the-generation f leet as used to accommodate the variability. En quantify this cost, S/MW h values
quantifying this cost for 33% renewable portfolio standard were- sraled per calculations adopted by the California put."

i\

i

Ut i l i ty Program Management  Cos ts

To estimate the incremental utility program costs assrsclawd wlih W R adoption, the default inputs within the Public Tocwl
were used, which include upfront ¥nslaIIn8lo'* Md me>&p-mg <m.. he, will as tnuenwentai bmlhng costs. All meld. these costs

amounter to $26 miiiion per year based cm the ref . f .~86 :M : i n -2*-:t..' R £3<,Q S£"&'¥38{l{̀ ).

Customer Equipment Cos ts

. Mr =3Q33r
i n@r9y §"8§va8sf;=

*he costs of DERS themselves my#t be cansidefed.

's ~'.£aiI'*. e='==»=€ race, n .,;:~' i:\i . .
!: *~' _..

S

1 nveatsnewt4t2020 timeframe, factoring in the Iieccfmber
forecast was based on Navigant r f .  543 ~

§.xi~-'

=!~< =..=ding the was of e't.;urpn=ent, 'abbr. and financing CPUC

s u--ed tn :ietefmiue -he cos* of deployed equipment in the 2016-

'G1°3 e*xl¢~"sac>n of UM: Fedraf Tax credit. For storage, the prune

for conlrcdlalalf- rh€4'\':xOSta!s, current vendor prices were used.

Credit (UC) In absolute terms, the total cost of adoatio°~ to . billion (nominal) for 4.5GW of
rooftop solar. For co--located storage and load ~on\roL oh it inv

Based on these forecasts, deployments forecasted for the 3016-.'0Jf} timeframe yielded a blended average adoption cost of

the installed base of $3.86/W  for the 2916-?02{.' timeframe or <1 7G/W  Myer rellt-'hug the 30% Federal Investment Tax

F d .. l  \ A/e5A1'.=- ii) r=:eet Arlr>pt:0n forecasts totals 4259 million.
:lifmfz"=2e3fle. smzxsiamef *c* QS

Results

IQ an
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;5G!¢
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< 4 * " r :

Socseta' £192 benefz15 caiculatnons require a comurehens:ve ¢`xm$¢dQ:.4tcn cy costs treat society bears as a res.:lt of auaimng
the specified 2620 penetration Ieveis, mcludlng the costs of :aa.ir=ssne.c-'»ng -.storm Urrbgrami. grid integration casts needed

. -'rxlwcdéle new assets, and the cost of the assets ¥'-e\x71sel\.-'&f .v&ur!~ are bur"e by customers. in the table beklw, e
totaling $1.1 bit$ion per year
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CATEGORY
PV + SMART INVERTER
(SM/YEAWI

+DERs
ISM/YEAR)

TOTAL
($M/YEAR)

;

$26Utihly Program Management Costs $24 SO

MtegraNon Costs (Distriburisn 4~ Bulk) swf S189
2:

Customer iqurpmerxZ Casts S770 $119 $889

Total Costs $964 $141 $1,105

I

3

!

I D. Quantu'ying Net Benefits

In this section, we ccmpiere EPR S4* Const/Benefit analysis by comparing benefits and costs of DER; during the 2016-2928
deployment timeframe. For consistent comparisons, levelized costs.and benefits are based on the year 2620, with all benefits

and cost values translated to 2015 dollars."

Establishing a common DER penetration scenario and ccinverting all benefits and costs lo net present value terms allows

simple summation of each category to provide indicative societal net benef it, suggesting a signif icant societal value fn:

widespread DER adoption. in total, the benefits of the analyzed scenario are $2.5 billion per yeai- uampaied to fasts al $t.1
bilhcrx pc-'r year, resulting in a net societal benefit to Californians of $1.4 billion per year by 2020.

Results of EPR!Societal Net Benefit Tes t

CATEGORY
pv+smAR1 QNVERTER +DERS

[SM/YEAR)
TOTAL
ISM/YEAR) I

E'=<~' 4 L§}3'E€5
§

»
*a

G esner s t i on c a p a c i t y

l}as lr»bunQ- rv @wc\§y

859691 Caaacltv
Q : t . n

Ancs i ia t v

k =  i i = w E v C a mp i i a n c e

= vantage f in-duzxiara

stet E {8f}<.!§"lf,
m

$i.8'\€\tI3'.

:,»1%<\1\!`:

§: x 'ét i ia"  E arw f i t s

Ton! Benefits $ 2 . 5 2 1

era \£.:5"

's!@¢Ca*sur\ C4419-

f f

Tota l  Costs St.

Total Net Benefiix

E. Case Study: PG&E's Planned Distribution Projects in 2017 General Rate Case

u v r e  c m . . . l . w f i f i e f i  f - : 8 r  Y M '
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xiun, categories of avoided coats were described and the Corresponding vahws
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gears. Ca!-.fcl5§;. utilities seek approval to recover expenses and Investments, -nrludina
fiecessaw for the prudent provision of uxihty services. Fair perspective, ha-
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divers by the '\varfas' aM <4 1r*.== al€~.trlc. gun m 2u144 and £.:ill§aflna s, ¢nve»*.lar c,v¢ner1 utxlnlees are expected to addw=".»,.,¢.1 I

e
v

r- 31 l*}i.

$143 billion of new capital investment into their dfstributian rate bases through 20so."*

8
2=:.r*.§.v.

85

Despite the significant size of :his avoided cost category, DERs have historically been considered passive assets having little
potential <:-r1 the " .v1i_:>' side r-1 :hr'~ hush - while not all distribution investment can be avoided by DERs, some al the

currently-planned projects ale being implemented to accommodate demand growth and replacement of aging assets, these
projects could instead he deferred or avoided by DERs. While the CPUC Public Tool uses a generalized treatment of
distribution capacity avoided costs to estimate the potential value of deferrals across utilities, more specific values are used
in this section sourced from publicly available documents.

2

5

g

The :able below summarizes the large capacity~re1ated distribution projects detailed in Nirilif A_ General Raze C'a=:&e_ wives

seeks approval of S353 million lot these distribution system investments." When this $353 million PG&E capital mvesrmern

is adjusted to factor in the rate-payer oerspectzve - which includes the lifetime cost. of the utility's target profit level and

recovery of costs related to operations and maintenance, depreciation, interest and taxes from ratepayers the net preses:
societal cost to PG&E ratepayers of these distribution capacity projects is approximately $586 million. 1: This $586 million cost
to ratepayers adds over 1GW of conventional dislriburion capacity but addresses only 256 MW of near~term capacity

deficiencies lm l-'c-'\é=}l' ~i Lem when deployed.~8 in.9-i : 1
\.x£<>t

i
Summary of P685 E!eCtHC Distribution CapacityRequest 2017 c;tfc'58*

x
Net Present Ratepayer Cost of Capital investment ($M)" $586

i
Near-term GRC Forecast Deficiency Addressed (MW) 256

8 u\

Based on this societal cost, we consider the net Oenetits of an aitemative, DER-centrir. solution, which relies on solar with
smart eveners, energy storage aid ccmtmllable thermostats. Du-.: to lack of sufficient detail from PG8iF'.> -irenerar
regarding the operational profiles of the electric distribution capacity projects in question, a Simplifying assumption of 75% is
used for the DER arc . 'ow c distribution load carrying capacity ratio, which is based on the CPUC's Public Tool default peak

'dL=i.'r 8 ti i., inF 'L I .i Q 1 C ' I " " "
based on customer adopt ions wi th a s torage s iz ing rat io hf  2 kph of  energy s torage for every  1 kW of  pp capac i ty ,  or
approximately 10 kph of energy storage for a customer with 5i<W of solar installed, as well as a compliable thermostat.

m44§)4441 3 .3HGCn"1i€L'tl§ Qt I r u¢'=E ulail.i1sul1s n planning areas. ahas load carrying capannw rn
8raai

5 i`5i.F§ SG§;.5 .

the full lifetime cost of the DER solution as considered, wh»<.h includes
=.=de-£i to accoxnmodaw ¥oaci growth over the lifetime of the conventional solution

fwplrv ile, which continuously addresses incremehral capacifv
hi: bull:-

I is

In order to accurately compare the Di R sot Notion.

costs of additional 'JEts that would be d
assumed to be 5 ye=r< . k'»v needs
on the grid, contrasts with f*\¢> Zradn »~» ' deoloyr schedule. which requires a large upfront in ¢€5t!'|1£:n° fr
capacity to addle<< a seal. ncromental nee' [48rm need. rlhtle a DER solution delivers sufficient Caoaclty ~~~h yea

Jrovlde comparable levels al vs rd $e/»~rr=$, rieplrnvments occur steadily {'/V€l rime rather than in :me urJfrmv
IG

>I¢'*n£%\r¥i

is approach higiihghts ons- n thi? xiv potemiai benefits :f uziiizing a DEH solution over a traditional, bulky arid asset- DFRs

:an be flexibly depioye :I b;.~ndI-.= over time. -u benefit that is further explored in Section fv - she benes's
transitioning to rnofe rate Ted distribution nl.1nnInfz.

W e  [ } l ' Q . : t ! > 4 (
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x types Qr protects. Whereas convent
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Using these assumptions, wide me'l§"f~- applied to DERs avoiding V
capacity projects. but ui- :ive assu1*.»:>t:c"=s are made. first. the scope of benefits 15 limited in a
cost categories that would be déreciiv considered by 'Jtihly planners to>dav for

equipment used tc- meer dish; prcyects are generally unidimensional I nor
iistrébution lanai aY provide multiple sources of value. .ve

avoided cost value* rather than (:-gr own. tc- demcnstiate Thai £he"e are net benefits even under a cl
W

.:5&1"v3t 1V8 so CO "wt (ii).

addlilon in awldirzsz the ratepayer I 'ad t

==~-»',= .¢ i , ~!.

4 S586 million for planned district
void S946 !!lb(\5;

genevauon caper. 'u ==v' ̀
cost side, prngtan "as:

rust resent vo

Irrmzses, r@3:',t=r;iivc'lyv0l§ed 4-rxewabie energy cm,
:anion rests and e*quls'-nent ram for

" r rateoavers of -104 n:-.91on. ̀ h1s Ne! bane#
"'s considered in .esc so ¢,

capacity prciucts. the DERs decnoved
ch; ..c»s and c vo. ' 599 mll!n1n :I

totaling 51,709 million Ir: berm fits rM tiu

assocsaiei DERQ rotal 20 38.685 rméliou. fee ""' | -
'suit is perticulariy notable go ~=» -éle»d srrwe- <

=r avoided in~<t values_
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Net Benefit of DER Solutions to PG&E Electric Distribution Capacity Request .-

(Calculations Eased on PG&E Cost and Benefit Assumptions)
2017 GRC

TYPE oumsscnv SOURCE r4pv ¢zo1s sol
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Tore! Costs $1,605

Tata! net Benefits $104

In this section, the data available to third-parties around distribution capacity projects from the most recent California Phase
I General Rate Case (PG8rF's 203: ERC f iling; was used to explore the potential benef its of  leveraging DERs to avoid

conventional distribution capacity-related investments. t r "-9: -5
assumptions from NEM Successor Tariff filings and General Rate €ase filings. Results indicate max deploying DER solutions in
lieu of l>6&E's planned distribution r..apar_itv expat* ion roi-;» 's an li 3'<81'/ :'.'h_ iijuld yield net benefits, even looking only at

the energy. capacity, and renewable energy compliance values al :he DER soiuiions. while not preferred, s implif ied
assumptions were used to fill missing sources of information and data leg. distribution peak capacity allocation factors and
forecasted load growth) where necessary. That such simplify.ng assumptions an necessary highiightsthe need for additional

data sharing on specific infrastructure projects in order ro assess *Ne-p(:t.e= :Ki of SERS so offset these investments.

{Q:e§<:ui~.;t;: iv
4

\ . 4\"*y ; P  d **}!i¢ Q red he.-ed on PG&&'s own avoided cost

III. Utility Regulatory Incentives Must Change in Order to Capture DER Benefits

'.»...,m=_

Senior ll demonstrated how Callfomia could realize an addiuoraal ¢i.4 bllhor per yea: by 2029 in Ne!  benef its from the
deployment of raw DERs during the 2016-2020 tlmelrame. this state-wlde m¢=lhud0lQgy was :hen applied xo the planned
distribution capacity projects for .f 2m1a's most rec em GRC req-.=s~sl, shc'wm,8 how the deployment of DERS nm lieu of

planned distribution capacity expansion projects sri -l =. :raw ccosd save cuslomews over $108 million.'WX .' .
V48

Despite this potential value from embracing a distribut1on-cvrll1lc grid, utllluva fisce lnsululianal barriers to realizing these
benefits. Reducing #he 5 i1-'€* Q* ii ifziili-'s f alena its wires-r€»lafpd ~~:vestrnems cuts direcllv into shareholder prof its.
Expeclilig utilities to prsactivelv integrate D€Rs into grid: piannlng, when ding so has tile- potemiai to adversely impact
shareholder earnings, IS a structurally =lawed anproacfi. pa WII8 he impossible to iumpletely capture the potential benefits of

DERS until thee slailnes. flrlarlclai :_-rlllcl with the deplcaymerit gr DERs is neutralized.I

Incentive Barriers

Realigning the incentives of the god planner to solely focus QT: de8lverl='»~ a safe. ¢¢=habk+ and a f*f:>~dable grid, regardless Ni :he

Gwnership and service models that materialize in The marlzet, 's a Ne:es>arv fie: so so realize the uotenteal et DERs. There
are two fundamental paths forward to adciress this confect of interest.

x I
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The first path towards realizing this objective would be to separate the role of distribution planning, sourcing, and operations
fzgm the role of distribution asset owner, similar to the evolution of independent System Operators (SOs) and Regional
Transmission operators (RTO) at the bulk system level. ll. RUS decree to create independent operators in Order 2009 was
driven by the observation that the lack of independent operation of the bulk power system enabled transmission owners to
continue discriminatory operation of their systems to favor their own aiiiliaies and further their Own inc-rests."

591:

However, whale an independent distribution system operator uns0) is an appealing governance model. some state
regulators may choose a second path for addressing the utility conflict of incentives: Maintaining in-. itrf' ' u.ri~.iir.i.ai r. '

in planning and operating the distribution grid, while neutralizing the misalignment by changing utility incentives. Given the
near-term focus in many .agates on retaining the utility's current role in grid planning and operation, this paper chooses to

focus on this path and proposes a model that ensures the utility incentive against non-utility owned assets iS neutralized.

Proposed Solution

(
4

IN rude: to ensure feast rest/best fit dish ibutiorx investments in states without an IDSO, this paper promises the creation of a
new utility incentive model. infrastructure-as -a-Service, which would neutralize the utility tr\cE':'.ilvE Lo deploy utility-owned

infrastructure iN lieu of more <:ost»effer:tive thy=rd~party options. This model would enable utility shareholders to derive

income ¥'S1"1 third party grid services, mitigating the finandai impact that may bias utshty decision-making../vs. s. mode!
would iwf , ensure that utilities take fun advantage of DER readily being adopted by customers.

Infrastructure-as~a-Service

Irifrastructuze~as a-Service is a regulatory mechanism that would modify the irireritives laced by utilities when sourcing
solutions to meet grid needs. This new mechanism would allow utilities to earn income. or e 'ate of return. from the

successful provision cf grid services from non~utility owned DERs. Infrastructure~as-a-Sewice facilitates the least cost/best fit
development of distribution grids by creating competitive pathways for DERs to aelei or replace ronverrtional grid
frivestrnerlts. while maintaining equal or superior levels of safety, reliability. resiliency, power quality, and customer

satisfaction. As the figure below shows, the three primary steps of a utility distribution planning process (forecast, identify
needs and evaluate solutions) remain identical to the current process, followed by the infrastructure-as-a-Service

1n@€h:4n!S-lr\'$ erllweticemr-i»r< t-; sourcing in steps four (select and deploy) arid five (operate and cciiect)."

Utility Planning and 5ourcing Utilizing lnfmstructu:e-as.n-Service Mode!

+ 4

4.Select & Deploy Equlpment

5 . Operate & Collect

Investment Income



r

¢

Under the proposed approach, after evaluating all leasable technical solutions for a particular grid need, including alternative

grid solutions derived from DER portfolios, infrastructure-as-a~Service would empower distribution planners to select and
deploy third-party assets that address the specified need V more cost-effective for ratepayers than conventional solutions.

importantly, infrastructure-as-a-Service would create an opportunity for utilities to operate and collect streams of service
income, or a rate of return, based on the successful deployment of competitively sourced third-party solutions. This service
income provides fair compensation for effective administration al third-partv contracts that enable alternative resources to
deliver grid services, and helps mitigate the structural bias towards utility»owned infrastructure that currently exists under

distribution "car plus" regulation Note that other mechanisms attempting to achieve a similar utility indifference to DER
solutions have been proposed, such as the modified clawback mechanism being discussed in New York.'9 While the clawback

mechanism offers the potential to reduce the financial disincentive that utilities face in utilizing DERs, the potential utility
upside may be small as compared to the lost ooportunlty and insufficient to neutralize the utility disincentive. This downside

to the clawback mechanism may be overcome via the infrastructure--as-a~servlce mechanism.

Distribution Loading Order

in

Neutralizing the utility disincentive tc- utilizing f)ERs is Cri(ical but not sufficient to drive transformation in distribution

planning. New incentives may be ignored in practice without corresponding changes to long~established and familiar utility

processes that have sourced only self-supplied solutions to date. The adoption of a Distribution Loading Order" would
borrow an existing concept from bulk system procurement policy m California, which prioritizes procurement of preferred
resources, including energy efficiency, demand response, did renewable energy, ahead of Fossil fuel-based sources. in the
distribution context, a Distribution Loading larder prioritizes the "Lzation of flexible DER portfolios over traditional utility

infrastructure, when such portfolios a.- cost -effective arid able la meet grid needs. The table below depicts the types of
resources that would be prioritized over traditional liivestmerils iii such a pollcv.

i

PRIORITY RE$OURC£ TYPE

Disrriburiorr Loading Order: Sourcing Solutions

RESOURCE EXAMPLES

1
Distributed Energy
Resources

irwfgy efficiency, carnxnllabie loads/demand rescans renewable
generafzon, advanced ¥n~.*e¢:ers, energy storage, electric vehicles

2
conventional Disxnbuticn
lrzfrastructure

Tran fsrmen, reccnduduring, capacitors, voltage regulators.
secreonalizers

In concer t wi th a mechanism l ike frr jro- :rw rrrre-as-n-Servim a l `»r>tnbutron LO8drng Order provides the procedural  framework

1or evaluating distribution solutions in ordE'r to ensues grfrd péanmng is consistent with long'er term policy' objectives that
support environmental. reliability, and customer Wire goals. wnportantly. a Distribution Loading Order would ensure that

DER solutions are properly incorporated into grid planning. Howe"°'. utilities would always maintain the authorrW'to sefec=
and deploy a suitable portfolio of solutions. inc ...dreg conventional solutions when more appropriate, to ensure reliability. For
these conventional investments, utilities would cnnlimre- to earn an authorized rare of return.

Benefits of Infrastructure as a Service

Creating a pathway for DERs to fv ffer god sefvwes Lr lieu of ulnhty imrestrucanre mvegtmetmr wou#d be beneficial far uuéitv

ralepayefs for a variety of reasons.

i .

2.

3.

4 market Gr.=pQrtunslie.s f£;: shied-party solutions p-omozes product and service

saves ratepaqrgggrnong*-_y: Allowing fUT encl fair cunsicieratéon of w=R solutions equips grid planners with a broader

suite of tools to meet grid needs. resulting in higher in aatructure utilization and lower customer electricity bills.
QrQ_rp_g;g§.g;Qg8j;_e_1;i§o_n: Expanding the set of suppliers that are- eligible to offer distribution solutions unleashes the

pm/er of markets to benefit ratepayers. \i'~.-'ell-riestgned competitive markets can deliver superior solutions that are
more affordable than those resulting from .i self- iv "r-~..r;t s.-1= ' planning model.

lggeased figibil itvgn d Sc>urces__the best solution: Sourcing mechanisms that can deliver res0urc€s with new
desirahie r characteristics (et. granular sizing fast lead-tunes, iiexible operational traits) into the disuwtnution
planners' toolbox creates nr>~iegr€~ts *lexib1l-tv And by rendering a utility neialral to the choice of ownership
structure, the planner can focus url i-.= singular objective of' delivering the leasbcost best-fit solution.
§ng*gu_:'§pe.§§ innovation: Providing deal
innovation. putting the coliecrlve innovation capabilities of all market partirruants and customers to work.
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5. lineages _¢;u.§;9_n2ig[s.: Utilizing DERs to provide grid services increases the capability and willingness of individual
customers to actively manage their energy prof iles. Ultimately, a neutral decision model like lnfrastructure-as-a-

Service will help foster the transition from passive ratepayers to proactive customers.

The CPUC recently enhanced the 2016 scope for its Distribution Resource Plan proceeding to formally consider the utility
role, business models, and financial interest with respect to DER deployment.51 lnfrastructure-as-a»service is one mechanism

to consider that would reduce the conf lict of  interest towards third-party services inherent in the utility incentive model
today. Alternative efforts, such as creating greater functional independence between ownership and operations, as in an

IDSO model, should also be explored. Irrespective of the mechanism, an effort to neutralize the utility decision model is

needed to ensure that DERs are fully utilized and valued for grid services.

IV. Grid Planning Must be Modernized in Order to Capture DER Benefits

A second structural impediment to fully realizing DER benefits is the current grid planning approach, which biases grid design

toward traditional infrastructure rather than distributed alternatives, even if  distributed solutions better meet grid needs.
Outdated planning approaches rely on static assumptions about DER capabilities and focus primarily on mitigating potential

DER integration challenges, rather than proactively harnessing these flexible assets.

A. Adopt Integrated Distribution Planning

Grid planning can be modernized by utilizing an approach to meeting grid needs
while at the same time expanding customer choice to utilize DERs to manage their

own energy. We call this holistic process Integrated Distribution Planning.

|
|

In fegroted Distribution Planning encourages the incorporation of DERs into every
aspect of grid planning. The framework, as depicted in the adjacent figure, expedites
DER interconnections, integrates DERS into grid planning, sources DER portfolios to
meet gr id needs, and ensures data t ransparency f or  key planning and gr id

information, Ultimately, the approach reduces overall system costs, increases grid

reliability and resiliency, and fosters customer engagement.

T47
Data

I
i

If grid planning de.cisions are made before consideration of customers' decisions to adopt DERs, 4 which is frequently the

case today - grid investments will underutilize the potential of DERs to provide grid services, ultimately resulting in lower
overall system utilization and higher societal costs of the collective grid assets. in contrast, prudent planners who proactively

plan for customer adoption of DERs may avoid making unnecessary and redundant grid investments, while also enabling the
use of customer DERs to meet additional grid needs. Ultimately, planning processes must ensure that DERs are effectively
counted on by grid planners and leveraged by grid operators. For more details on integrated distribution planning, see the
"Integrated Distribution Planning" white paper overviewing the framework at www.solarcity.com/gridx.

i
E B. Grid Planning Data Must be Transparent and Accessible
I

The f irst step in grid planning is to identify the underlying grid needs. As discussed throughout this paper, the use of
alternative solutions such as DERs should be included in the portfolio of solutions that are considered to meet these grid
needs. While utilities could ostensibly assess these alternative solutions within their existing process, opening up the planning

process by sharing the underlying grid data would drive increased competition and innovation in both assessing and meeting
grid needs. Any concerns from sharing such data - such as customer privacy, security, data duality, and qualified access can
be mitigated through data sharing practices already common in other industries. in fact, stakeholder engagement and access

to planning data is already a central tenet in electric transmission planning across the country. The challenges of ushering a
new industry norm of data transparency are far outweighed by the potential that broader data access can drive in increased

stakeholder engagement and industry competition,
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Data transparency efforts should first focus on communicating the exhaustive list of grid needs that utilities already identify

in their planning process. While utilities may claim that such needs are already communicated within general rate cases, the

information contained in those filings are incomplete. A standard set of comprehensive data should be shared about each
grid need and planned investment so that stakeholders can proactively propose and develop innovative solutions to those
needs. This proactive data access broadens the set of innovative solutions made available to utilities and guards against an

insular approach to deploying grid investments. The table below is an initial set of minimally-required data to foster adequate
stakeholder engagement in regards to specific, utility-identified grid needs.

Dam to Foster Engagement in Grid Needs and Planned Investments

DATA NEED DESCRIPTION

Grid Need Type
The type of grid need (e.g. capacity, reactive power, voltage, reliability, residency, spurring/nom
spinning reserves, frequerwcv response)

Location
The geographic (et. Gas, address) and the system location (et. planing area, substation, feeder,
feeder node) of the grid need

Scale of Deficiency The scale of the grid need (et MW, knAR, CAIDi/SAID! deficiency)

Planned Investment
The traditional investment to be deployed in the absence of an alternative solution (et 40 MVA
transformer, l2kv reconductor, line reclosed, line regulator)

Reserve Margin
Addirionai capacity embedded within the planned investment to provide buffer for contmgencv
scenarios (et. 20% margin above expected deficiency embedded within equipment raNngs to
ensure available capacity during contingency scenarios)

Historical Data
Time series data used to inform Identification of grid need (et. Ioadmg data, voltage profile, trading
versus equipment ratings, etc.)

Forecast Data

Tame series data used to inform identification of grid need and specification of planned investment
(e g loading, voltage, and reliability data). Forecast to include prompt year deficiency (Le. near~term
deficiency driver), as well as longterm forecast (Le long-term deficiency driver)

Expected Forecast Error

Historical data that includes forecasts relative to actual demands for relevant grid need type in
skylar projects Data to be used xo evaluate uncertainty of needs and corresponding value of
resources with greater optionality (e.g. lead times, sizing, etc.)

While data on specific utility-identified grid needs is critical to assessing innovative solutions in place of traditional

investments, uNderlying grid data should also be made available tO foster broader engagement in grid design and operations.

Access to underlying grid data allows third.parties to improve grid design and operation by proactively identifying and
developing solutions to meet grid needs, even before they are identified by utilities. The following data should be made
available and kept current by utilities in order to encourage broad engagement in grid design.

Data to Foster Engagement in General Grid Design and Optimization

I

DATA NEED DESCRIPTION

Circuit Model The information required to model the behavior of the grid at the location of grid need.

Circuit Loading
Annual loading and voltage data for feeder and SCADA line equipment (15 mm or hourly), as wet! as
forecasted growth

Circuit DER Installed DER capacity and forecasted growth by circuit

Circuit Voltage SCADA voltage profile data (et. representative voltage profiles)

Circuit Reliability Reliability statistics by circuit (et. CA\DI, sAIFI, SAIDI, CEMI)

Circuit Resiliency Number and configuration of circuit supply feeds (used as a proxy for resiliency)

Equipment Ratings,

Settings, and Expected Life

The current and planned equIpment ratings, relevant settings (e.g protection, voltage regulation,
etc.), and expected remaining life.

Area Served by Equipment
The geographic area that is served by the equipment in order to idermfy assets which could be used
to address the god need. This may lake the form of a GIS polygon
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The use of standard, machine-readable data formats is nievalent ah many industries and within the utility industry itseifg
organizations like the Energy Information Agency (FIA) foster such broad access to electronic, standardized data sets.
Distribution grid needs and planned investments sitfsuld follow sun. To llitistrate a potential path forward, below is an

example of traditional grid capacity needs and corresponding capacity investments as communicated via PG8rE's 261 .' i.3R**

Phase 1 filing; the image of the text file on the right shows how those same grid needs and planned investments could be
translated :nm a machine~readable format.

Data that is made available on grid needs and planner investments is rarely provided in an accessible format. Often,
information is provided in the form of photocopied images of spreadsheet tables within utility GRC filings, hardly a format the
enables streamlined analysis. This data communication approach requires stakeholders to manually recreate entire data sets

into electronic version in order to carry out any meaningful analysis, a lime~intensive and needless exercise. Qther potential
stakeholders never attempt to engage due Io the barrier of data access.

Share Standardized, Machine-Readable Data Sets

Gensezal Rare Case

Worksheet PU!-'

Standard Forma!

7e'x£ File (Ag. JSON)
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c. Benefits of Integrated Distribution Planning

1
F

Opening the door to Dr R solutions in grid planning provides Me nbv.ous benefit of a new suite of technological options for

grid planners. In some cases. DEfs may slmpiy be lower cost on 2 S/kw basis or more effective at meeting the identified grid
need than the convemiorlal solution, making then. obwm.. :dolce. DERs. however, also offer an advantage over
conventional options due in their targcleii and flexible naiuiia which fundamentally changes the paradigm of grid planning.

8? l"̀

i

Status quo grid planning relies on deploying bulky, 1 radiiionai anf=asii-.iuure solutions to address forecasts of incremental,
near-term grid needs. in many cases. ccsiwvenwonai soli=:m~. we ;ex larger titan the near-term grid need that is driving the

actual deployment of the mirasiructu"e." it Rea 1' d

to deliver better value: to ratepayers than rnnventic-nal solunons. 11
llexibilitv of DER portfolios .

This iuvdamemal ealiw cl* grid planning creates two major opportunities for D£Rs
utilizing small and targeted solutions, and 2) utilizing the

Value of Small & Targeted Solutions in Modern Distribution Planning

The first source of value i, the resul: of more increments targeted investment, which captures the benefit of time value

of money Bulky utility solutions with iopg equepmem '='et»mes present a lumpiness rhailenge for planners. Needs for new
resources are driven at the margin, but the available solutions are wily cost-effecive when sized co match their long lifetimes,
often resulting in low lifetime utilization rates Pre ';1gnillr.anlly smaller building blocks that mode-rn DERs offer planners

effectively overcome this historical pf oh1e'11. The llgufes heiow compare the deployment timeline of d trade:iona' bulky
solution installed to meet demand grown- long Ir' '*1€' fu:i.- ='elat=vc! to a targeted DER solution deployed in small batches to

meet Ccvvtinuous demand growth, and the corresponding expo-cfation al idle Lapacity Over time..3

1 . ; 1
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Option 1: Bulky Deployment Option 2: Targeted Deployment
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Conventional Solution
Conventional Idle Capacity
Planning Resave Margin
Demand

83

Distributed Solution

DG Idle Capacity

Planning Reserve Margin

Demancias

Years Years

-.vi r',. r .u 4 ;rue¢:rlv la requirement by deploying large solutions rnlrequenliv. whereas Ciprrnn 2 meets annual

needs through smaller and more ronhnuous deployments. W hile the rnfraslruclure deployed W ith Cplron 1 will continue to

meet the required planning reserve margins decades unto the lutuie. rt requlre$ a srgrerfrrant upfront I*-iE§\mcy\l. Option 2
targets the nea- term required planning reserve margins on a continuous basis. Bot" options ensure that the planning
reserve margin for reliability purposes rs mer, but Option l results rn h-gher idle aapnsrty :ates over me lifetime of  the
rnlrastrurlrrre rn aggregate when compared to Option 2.

.§1"" ¥;}§A§8§=f

I

Extending the basic f inancial Idea d the me value of money. nay-es for r.ap.»ntv today is more expensive than paying for

tapacntv tomorrow even belong considering any cost decreases resulting ham u_\c,lmNlol;lral Mal=ze-ments. DER solutions

the: can preserve reluabslity. while delaying capital investments for new rapacity unto' lutuue peucds. are inherently valuable

la ratepayers. This value dryer means that solutions that may look more expense on a per unit oh nameplate capacity bats
are actually more cost effective on a net present value basis.

*z

2

if
Value of Increased Flexibility in Modem Distribution Planning Q

2
.3

8°
3
N*he second source Of value to be revalued from modernmng planing stems Irony a related but separate challenge that grid

planners fate: the risk of suboptimal decisions arising from forecast error. This ~-sk is ptmeavllv driven by two dynamics: g

8
1 long lead times are necessary to deploy traditional mtrasuuctun-

Lung deurecaation hfehmes are allowed be regulators for those assets.

8As wsull. god planners commonly make lIWtstm¢m Dec isiovis many yen ll\.{! :I-¢- uncenam future. and then charge

cusltmels for the Mai-tenance, depveriatlon, profit and :axes associated wt" thaw asst-ls ave' r- Lr. 30 ye-ws of mole.

Irma-stnwn: unrltr' 1-"certainty imposes risks, we»ch, :f not managed gzmpwly. create- unlnec-se-vi. ' ° " : '

i:lhpr g;l.8!l1°e5 pf u-1..erlilnty, grid planning aland expansion 0514 trad=t.<=l:al bulky I1\lra.\t'tIf.t=-ss > h d
uncriwritv aW  technology uncertainty. Both of these Imxast Eric' s tan be Inge and uxmnswe .

l l .ever coals. Among
§\.l){GC so demand growth

r"'\'?v¢-'-'orhrasung demand ran result an an overhuslt system for whl¢'h raw-paver-. n-.rs1 new a lu l l  hulda,  Quip of  the
rnlraslruUulc was not needed. Under-faecastung demand car rcquno the »nsraI!auon ml subom=m.¢z. enpensn-e patchwork

mlutrnns. nr mm-alen reliabrlny If  sokmons cannot be provided nn ume. Sumrlariy. on the lorvrlnlogy suds, mautuutelv
louw.-1s'Ing the' 'u! .m: wets and Cafrabdllres cf 1ech-=ulog=es may (sufi Ill s°'L-n1.at:=u= 0t*§i.'l°P5f8l1( l* zechnnloaucal
ad¢an=:emen: dramalifallv reduces equipment costs or increases equnpnuont l'He¢wnrv. we=le pllvdlt' f irms lypic.1l9y beau

lhcsa- mvcstrm-nl r15k5 »rt other mduslnes. utility ratepayers bear 1007:. o' :nose '=.ne:.as: :row uses m ' .v elecmc industry
ul-.le-ss We unmanly rellulaxor Aus to disallow cost rerowrv.
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Policy Considerations

The additional sources of value, including time value of money and real option value, associated with a transition towards
integrated distribution planning that fully leverages DER deployments were explored above, but are not explicitly quantified

due to the limited data publically available. Ongoing proceedings in California, such as the Distribution Resource Plan (DRps)
and Integrated Distributed Energy Resources (IDER), create important vehicles to share information between parties in order

to explore these important but less conventional sources of value that are not yet well quantified.

v. Conclusion

3 In this report, we explored the capability of distributed energy resources to maximize ratepayer benefits while modernizing

the grid. The opportunity associated with proactively leveraging DERs deployed over the next five years is significant, creating
$1.4 billion a year by 2020 in net societal benefits across the state of California. Applying the state-wide methodology to a
subset of real distribution capacity projects identified in California's most recent utility General Rate Case yielded similar

results, suggesting DERs can cost effectively replace real-world planned distribution capacity projects today.

The impediments to capturing these benefits in practice remain significant. Utility incentives must be realigned to ensure
that the full potential of DERs can be realized. Shifting the utility's core financial incentive from its current focus of "build

more to profit mere" towards a future state where the utility is financially indifferent between sourcing utility-owned and
customer-driven solutions would neutralize bias in the utility decision making process. However, modernizing grid planning is
also necessary. Grid planning must be updated to incorporate DERs into every aspect of grid planning, and the process itself

must become radically more transparent with greater access to and standardization of data.

The benefits of achieving these changes would be real - and large. While initially complex to consider, the greater flexibility
DERs can provide to grid planners and operators leads to greater reliability and resiliency. Similarly, the more targeted and

incremental deployments of DERS can enable more efficient and affordable grids. Most importantly, utilities that can
successfully modify planning processes would be able to fully take advantage of the assets their customers chose to adopt.

while no single report will adequately address all the issues .. engineering, economic, regulatory - that naturally come with a
transformative time in the industry, we hope that compiling these issues in one place, even with a high-level focus, advances
the discussion and provides an overview of the critical topics for regulators and industry stakeholders to consider when
evaluating the full potential of distributed energy resources.

About Grid Engineering Solutions

Our Grid Engineering Solutions team is leading efforts to make the 21" century's distributed grid a reality. At Solarfity, gt id

engineering is more than understanding how the current power system works and how to interconnect distributed energy
resources. it encompasses a cross-functional approach to evaluating engineering, technology, economic, and policy

considerations side-by-side. We apply our expertise in power systems engineering, energy economics, and advanced grid

technology to unlock innovative solutions that enable the grid of the future.

I

)

The majority of the Grid Engineering Solutions team members, including the authors of this paper, are former utility
engineers, economists, technologists, and policy analysts. We treat the design and operation of the electric grid as a major

opportunity to partner across the energy industry, with the aim of driving innovation to benefit consumers and our
environment. Collaboration across utilities, grid operators, regulators, national laboratories, philanthropists,
environmen'alists, distributed energy resource providers, energy service providers, and customers is paramount to meeting
the challenge of modernizing our grid, We welcome any dialogue that helps foster the next generation of grid design and

operations. For more information, please visit us at www.solarcity.com/gridx or contact us at gridx@soiarcity.com.
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Appendix 1: Overview of Traditional Avoided Cost Categories and Methodologies

The traditional avoided cost categories evaluated in this report are detailed in the following table. Descriptions of the avoided
cost, overview of the CPUC Public TooTs treatment of these avoided costs, and TASS's adjusted methodologies are provided,

The adjusted TASC methodologies are used to quantify the traditional avoided cost values used in this paper. See TASC NEM

Successor Tariff filing for more details on quantification approach.

AVOIDED
COST DESCRIPTION

CPUC PUBLIC TOOL
METHODOLOGY TASC INPUT

Energy + Losses

The Public Tool creates a forecast of
future energy prices using a simplified

dispatch model and applies those prices
to the DER generation in each hour The
model also allows a locational multiplier
to be applied to capture the additional
value of DER generation that occurs in
specific locations.

TASC used the default assumptions
for calculating energy value, but
utilized the locational multiplier
with a value of 4.8%, which was
the premium derived from the
empirical correlation between DER
locations and CAISO locational
marginal prices (LMps).

Generation
Capacity

The value of wholesale energy
that would otherwise be
generated in the absence of
DERs, adjusted for losses that
would occur, in CA, the cost
of carbon allowances from
the Cap and Trade program is
embedded in the wholesale
energy value.

The value of avoiding the
need for system generation
capacity resources to meet
peak load and planning reserve
requirements.

The Public Tool calculates the long-run
cost of capacity by determining the Cost
of New Entry (CONE) for a combustion
turbine, and nets that cost against the
energy and ancillary services revenues
that a plant would be expected to earn.

TASC used the default assumptions
for net CONE, and assumed that
the long-run marginal cost that
net CONE represents is the value
of capacity starring in 2017,also
known as the Resource Balance
Year (RBY).

Transmission

Capacity

The value of avoiding the
need to expand transmission
capacity to meet peak loads.

TASC assumed the avoided cost was
the marginal cost of transmission
capacity, which was estimated to be
S87/kw-year based on regression
analysis of historical transmission
costs and their correlation with
load growth .

|
Distribution
Capacity

The value of avoiding the need
to expand distribution capacity
to meet peak loads.

TASC assumed the avoided cost was

the marginal cost of distribution

capacity, which was sourced from

each IOU's most recent CPUC

general rate case.|
I

The Public Tool allows the user to input a
S/kW-vear value for avoided transmission
capacity. The model takes this input and
assesses the avoided cost by taking into
account the level of coincidence of DER
generation with the coincident peak that
drives transmission expansion.

The avoided cost attributable to
DERs takes into account the level of .
coincidence of D.ER generation with the
drivers of these marginal costs, which are
allocated to specific Nme periods by Peak
Capacity Allocation Factors (PCAFs),

Ancillary

Services

The value of a reduced need
for operational reserves based
on load reduction through
DERs.

TASC did not modify any
assumptions with respect to how
avoided ancillary services are
calculated .

Renewable

Energy
Compliance

The value of reducing
procurement requirements
for renewable energy credits,
due to reduced delivery of
retail energy on which RPS
compliance levels are based.

The Public Tool defines the cost for
ancillary services as a 1% of wholesale
energy costs, and allocates the value
based on hourly load.

The Public Tool bases this value on the
above market costs of RPS generation.
Under a 33% RPS, each kph of DER
generation reduces the need for RPS
generation by 0.33 kph.

TASC assumed a 33% RPS by
2020 and did not modify any
assumptions with respect to how
avoided RPS costs are calculated.

Societal

Benefits

The value of benefits that
accrue to society, and are not
costs directly avoided by the
utility.

The Public Tool model provided the
flexibility to insert assumptions for
societal benefits based on S/tonne of
emissions or S/kwh benefits.

TASC included the Environmental
Protection Agency's value for the
social cost of carbon, as well as
estimates for NOt, PM10, land use,
and water use benefits.
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Appendix 2: Utility-proposed Distribution Integration Investments in CA DRP

The following table presents the DER integration investment categories as identified in SCIE's DRP filing. SCE's mosts were
scaled up to estimate total integration costs for all California utilities over 2016-2020. SCE cost estimates were stated at the
category level, and were uniformly spread across the underlying investments. For each investment, applicability to DER
integration is assessed using the threshold and screening questions identified in this paper. This quantification is necessarily

high-level due to the lack of details provided, and additional details are necessary in order to fully evaluate investment plans.

INVESTMENT
CATEGORY INVESTMENTS ggggfv APPLICABLE

cLAIM($Ml To mens (%) RATIONALE

$355 0%
Business as usual: Automation programs are
rellabulitv driven and not necessary for DER
integration.Distribution

Automation

Automated switches
w/enhanced
telemetry

Remote fault
indicators

$355 0%
Business as usual: fault indicators are reliability
driven and not necessary for DER integration.

Substation
automation

$346 0%
Business as usual: Autornadon programs are
rellabnhty driven and not necessary for DER
integration

Substation
Automation Modern protection

relays
$346 60%

Investment in protective relay upgrades can be
valid at high penetration of DERs, although setting
changes can frequently eliminate need for relay
replacements

Communication
Systems

Field area network

Fiber optic network

$444-

5444

0%

0%

Business as usual: supports greexusring utility
efforts to extend SCADA vii ility throughout
distribution system.

Grid analytics
platform

$119 33%

Grid analytics
applications

$119 33%

Investments in identification and communication
of grid needs are valid for high DER penetrations.
However, only some of these costs are applicable
to DERs as these tools broadly support grid
modernization and will be used to process data
from smart meters and uNlityi grid devices.

Long-term planning
too! set

s119 50%

Distribution circuit
modeling tool

$119 50%

Long-term planning and distribution circuit
mo cling tools are used to forecast all grid needs
and scenarios, including reliability, loads, and DERS,
therefore, only a portion of these costs are driven
by DER integration.

$119 100%
Investments that support DER interconnection are
directly related to DER integration.

Technology
Platforms and
Applications

Intertonnecrion
application
processing

DRP data sharing
portal

$119 100%

Grid and DER
management system

S119 50%

Grid and DER management systems are used to
manage all grid assets, including utility equipment
and DERs, only a portion of these costs are driven
by DER integration.

System architecture
and Cyber security

S119 25%

As the grid becomes more reliant on more granular
visibility and control, system architecture and
cybersecurity investments are needed irrespective
of DERs. Therefore, only a portion of these costs
are driven by DER integration.

Distribution VOltNAR
optimization

S119 25%
preexisted DER deploy/ments:
VoltNAR benefits, on v a portion of these costs are
driven by DERS.

Business as usual VoltNAR Optimization programs
while DERs increase

Conductor upgrades
to a larger size

51,168 50%

Capacity and conductor upgrades driven primarily
by safety, reliability and resiliency needs. However
capacity investments for high DER penetrations
resulting in thermal limit violations are valid.

Grid
Reinforcement

Conversion of circuits

to higher voltage
$1,168 10%

Business as usual; Supports preexisting utility
efforts to convert circuits to higher vo toge.
incremental costs associated with accelerated
replacement could be driven by DER integration in
some cases.

Tote I $5,697 25% ($1,450)
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1 Q- PLEASE STATE YOUR FULL NAME, ADDRESS, AND OCCUPATION.

2 A. My name is J. Randall Woolridge, and my business address is 120 Haymaker Circle,

3 State College, PA 16801. I am a Professor of Finance and the Goldman, Sachs & Co.

4 and Frank P. Steal Endowed University Fellow in Business Administration at the

5 University Park Campus of Pennsylvania State University. A summary of my

6 educational background, research, and related business experience is provided in

7 Appendix A.

8

9

10

1. SUBJECT OF _TESTIMONY AND SUMMARY_OF RECOMMENDATIONS

11 Q- WHAT is THE PURPOSE OF YOUR TESTIMONY IN THIS PROCEEDING?

12 A. I have been asked by The Alliance for Solar Choice ("TASC") to provide an opinion on

13 the overall fair rate of return or cost of capital for UNSE Electric, Inc. ("UNSE" or

14 "Company") and to evaluate UNSE's rate of return testimony in this proceeding.

15

16 Q- WHAT COMPRISES A UTILITY'S "RATE OF RETURN"?

I 17 A. A company's overall rate of return consists of three main categories: (l) capital

18 structure (i.e., ratios of short-term debt, long-tenn debt, preferred stock and common

19 equity), (2) cost rates for short-tenn debt, long-term debt, and preferred stock, and (3)

20 common equity cost, otherwise known as Return on Equity ("ROE").

21

22 Q. WHAT Is A UTILITY'S ROE INTENDED To REFLECT?

23 A. A ROE is most simply described as the al lowed rate of  prof i t  for a regulated

1
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1 company. In a competitive market, a company's profit level is determined by a

2 variety of factors, including the state of the economy, the degree of competition a

3 company faces, the ease of entry into its markets, the existence of substitute or

4 complementary products/services, the company's cost structure, the impact of

5 technological changes, and the supply and demand for its services and/or products.

6 For a regulated monopoly, the regulator determines the level of profit available to the

7 utility. The United States Supreme Court established the guiding principles for

8 establishing an appropriate level of profitability for regulated public utilities in two

9 cases: (1) Eluefield and (2) Hope.l In those cases, the Court recognized that the fair

10 rate of return on equity should be: (1) comparable to returns investors expect to am

11 on other investments of similar risk, (2) sufficient to assure confidence in the

12 company's financial integrity, and (3) adequate to maintain and support the

13 company's credit and to attract capital.

14 Thus, determining an appropriate ROE requires determining the market-based

t5 cost of capital for the regulated firm. The market-based cost of capital for a regulated

16 firm represents the return investors could expect from other investments, while

17 assuming no more and no less risk. The purpose of all of the economic models and

18 formulas in cost of capital testimony (including those presented later in my

19 testimony) is to estimate the percentage rate of return equity investors require for a

20 given risk-class of firms in order to set an appropriate ROE for a regulated firm. This

21 analysis requires using market data of similar-risk firms.

22

' Federal Power Commission v. Hope Natural Gas Co., 320 U.S. 591 (1944) ("Hope") and Blue field Water
Works and lmprovemenz Co. v. Pub/ic Service Commission of West Virginia,262 U.S. 679 (1923) ("8Iuefield").

2
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1 Q. HOW IS YOUR TESTIMONY ORGANIZED?

2 A. First, I review my cost of capital recommendation for UNSE and summarize the primary

3 areas of contention between UNSE's rate of return position and my rate of return

4 position. Second, I provide an assessment of capital costs in today's capital markets.

5 Third, I discuss my proxy group of electric utility companies for estimating the cost of

6 capital for UNSE. Fourth, I present my recommendations for the Company's capital

7 structure and debt cost rate. Fifth, I discuss the concept of the cost of equity capital, and

8 then estimate the equity cost rate for UNSE. Finally, I critique the Company's rate of

9 return analysis and testimony.

10

11 Q- PLEASE REVIEW THE COMPANY'S PROPOSED RATE OF RETURN.

12 A. The Company has proposed a capital structure of 47.17%

13 common equity. The Company has recommended a long-term debt cost rate of

14 4.66%. UNSE witness Ms. Ann E. Bulkley has recommended a common equity cost

15 rate of l0.35%. UNSE's overall proposed rate ofretum is 7.67%.

16 Q, WHAT ARE YOUR RECOMMENDATIONS REGARDING THE

17 APPROPRIATE RATE OF RETURN FOR UNSE?

18 A. I have reviewed the Company's proposed capital structure and senior capital cost

19 rates. I have adjusted the capital structure to be more in line with the capitalizations

20 of electric utility companies and UNSE's parent organizations. I have employed the

21 Company's recommended long-term debt cost rate. I show that interest rates and

ill | l I' ll
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1 capital costs remain at historically low levels. As such, I believe UNSE's common

2 equity cost estimate of 10.35% is significantly overstated.

3 To estimate a more appropriate equity cost rate for UNSE, I have applied the

4 Discounted Cash Flow Model ("DCF") and the Capital Asset Pricing Model

5 ("CAPM") to my proxy group of electric utilities ("Electric Proxy Group") as well as

6 the proxy group developed by UNSE's rate of return witness Ms. Bulkley ("Bulkley

7 Proxy Group"). My recommendation is that the appropriate ROE for UNSE is

8 8.75%. Combined with my recommended capitalization ratios and senior capital cost

9 rate, my overall rate of return or cost of capital for UNSE is 6.71% as summarized in

10 Exhibit JRW- l .

11

12 Q- PLEASE SUMMARIZE THE PRIMARY ISSUES REGARDING RATE OF

13 RETURN IN THIS PROCEEDING.

14 A. I show that the Company's proposed capital structure, with a common equity ratio of

15 52.83%, has more equity than the capitalizations of electric utilities. I have adjusted
I

16 the proposed capitalization ratios and used a capital structure with 50% debt aha 50%

17 common equity. Other than the Company's proposed capital structure, the primary

18 dispute is with respect to the appropriate ROE for UNSE. Ms. Bulkley has

19 recommended an ROE of l 0.35%, whereas my analysis indicates that an equity cost

20 rate of 8.75% is appropriate for UNSE. Both Ms. Bulkley and I have applied the

21 DCF and the CAPM approaches to groups of publicly-held electric utility companies.

22 Ms. Buckley has also used Risk Premium ("RP") approach to estimate an equity cost

23 rate for UNSE.
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1

2 Q. WHAT ARE THE PRIMARY ISSUES REGARDING THE ANALYSES USED

3 TO DETERMINE THE EQUITY COST RATE OR ROE?

4 A. As I discuss in detail later in my testimony, my equity cost rate recommendation is

5 consistent with the current economic environment. Long-term interest rates and

6 capital costs are still at historically low levels. Ms. Buckley has employed constant-

7 growth and multi-stage growth versions of the DCF model. There are two primary

8 errors in Ms. Bulkley's DCF analysis. First, she has given little weight to her DCF

9 results. Second, she has used a projected Gross Domestic Product ("GDP") growth

10 rate of 5.51% in her multi-stage DCF model which is excessive, is not reflective of

11 prospective economic growth in the U.S., and is about 100 basis points above

12 projections of GDP growth. In developing a DCF growth rate, I have reviewed thirteen

13 growth rate measures, including historic and projected growth rate measures. I have

14 also evaluated growth in dividends, book value, and earnings per share.

15 The CAPM approach requires an estimate of the risk-free interest rate, beta,

16 and the equity risk premium. The major area of  disagreement involves the

17 measurement and magnitude of the market or equity risk premium. III short, Ms.

18 Bulkley's market risk premium is excessive and does not reflect current market

19 fundamentals. As I highlight in my testimony, there are three procedures for

20 estimating a market or equity risk premium - historic returns, surveys, and expected

21 return models. Ms. Buckley uses a projected market risk premium of 10.67%. Ms.

22 Bulkley's projected equity risk premium uses analysts' long-term earnings per share

23 ("EPS") growth rate projections to compute an expected market return and market

5
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1 risk premium. These EPS growth rate projections and the resulting expected market

3 2 returns and risk premiums include unrealistic assumptions regarding future economic

3 and earnings growth and stock returns. I have used an equity risk premium of 5.5%,

4 which: (1) factors in all three approaches to estimating an equity premium, and (2)

5 employs the results of many studies of the equity risk premium. As noted in my

6 testimony, my assumed market risk premium reflects the market risk premiums that

7 are: (1) determined in recent academic studies by leading f inance scholars, (2)

8 employed by leading investment banks and management consulting firms, and (3)

9 found in surveys of companies, financial forecasters, financial analysts, and corporate

10 CFOs.

11 Ms. Buckley also estimates an equity cost rate using the RP model. Her risk

12 premium is based on the historical relationship between the yields on long-term

13 Treasury yields and authorized ROEs for electric utility companies. She uses three

14

15

estimates of die thirty-year bond yield: (1) the current yield of 2.50%, (2) a near-term

forecast of 3.20%, and (3) a long-tenn forecast of 4.90%. She computes the risk
I

16 premium based on quarterly authorized ROEs for electric utilities. There are several

17 issues with her RP approach. First and foremost, this approach is a gauge of r

18 commission behavior and not investor behavior. Capital costs are determined in the

19 market place through the financial decisions of investors and are reflected in such

20 fundamental factors as dividend yields, expected growth rates, interest rates, and

21 investors' assessment of the risk and expected return of dif ferent investments.

22 Regulatory commissions evaluate capital market data in setting authorized ROEs, but

23 also take into account other utility- and rate case-specif ic information in setting

6
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1 ROEs. As such, Ms. Bulkley's RP approach and results reflect other factors used by

2 utility commissions in authorizing ROEs in addition to capital costs. Second, Ms.

3 Bulkley's RP methodology produces an inflated measure of the risk premium because

4 she uses historic authorized ROEs and Treasury yields, and the resulting risk premium is

5 applied to projected Treasury yields. Finally, the risk premium is inflated as a measure

6 of investor's required risk premium since electric utility companies have been selling

7 at market-to-book ratios in excess of 1.0. This indicates that the authorized rates of

8 return have been greater than the return that investors require.

9

10 Q. HOW DO Ms. BULKLEY'S RP ESTIMATES COMPARE To THE ACTUAL

11 STATE-LEVEL AUTHORIZED ROES FOR ELECTRIC UTILITY

12 COMPANIES NATIONWIDE?

13 A. Ms. Bulkley's RP equity cost rate estimates for electric utility companies range firm

14 9.70% to 10.72%. These figures are above the actual average state-level authorized

15 ROEs. The authorized ROEs for electric utility companies have decreased in recent

16 years such that the trend and the norm for authorized ROEs is below 10%.

17

18 Q- PLEASE SUMMARIZE THE PRIMARY DIFFERENCES IN POSITIONS

19 REGARDING THE COMPANY'S COST OF CAPITAL.

to A. In the end, the most significant areas of disagreement in measuring UNSE's cost of

21 capital are: (1) the Company's proposed capital structure that includes a common

22 equity ratio of 52.83%, (2) Ms. Bulkley's DCF equity cost rate estimates, and in

7



'r

1 particular, (a) the lack of weight she gives to her growth DCF results, and (b) the

2 unrealistic projected GDP growth rate of 5.51% in her multi-stage DCF model, (3)

3 the projected interest rates and market or equity risk premiums in her RP and CAPM

4 approaches, and (4) whether or not an equity cost rate consideration is needed to

5 account for the size of UNSE.

6

7
8

11. CAPITAL COSTS IN TODAY'S MARKETS

9 Q-.\ WHAT ARE YOUR OBSERVATIONS REGARDING THE OUTLOOK FOR

10 INTEREST RATES AND CAPITAL COSTS?

11 A. Appendix B provides a more detailed assessment of the current market conditions.

12 These are my summary observations:

13 First, the economy has been growing for live years, and, despite some

14 weakness in the global economy, the Federal Reserve continues to see growing W

15 strength in the U.S. economy and is now expected to increase the Federal Funds rate

16 in December. The labor market has improved better than expected, with

17 unemployment now down to 5.1%.

18 Second, interest rates remain at historically low levels and are likely to remain

19 low. There are two factors driving the continued lower interest rates: (1) as noted by

20 the Federal Open Market Committee ("FOMC"), inflationary expectations in the U.S .

21 remain very low and are below the FOMC's target of 20%, and (2) global economic

22 growth - including Europe and Asia - remains stagnant. As a result, while the yields

23 on ten-year U.S. Treasury bonds are low by historic standards, these yields are well

8
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1 above the government bond yields in Germany, Japan, and the United Kingdom.

2 Thus, U.S. Treasuries offer an attractive yield relative to those of other major

3 governments around the world, thereby attracting capital to the U.S. and keeping U.S.

4 interest rates down.

5 Third, reflective of the improving economic conditions and earnings growth

6 and low interest rates, the stock market is near an all-time high.

7 Fourth, with the end on the Federal Reserves' monetary stimulus program and

8 with the prospect of the Federal Reserve raising the Federal Funds rate, there have

9 been ongoing forecasts of higher interest rates for some time, and these forecasts have

10 continued to be wrong These forecasts have consistently been wrong. Whereas the
I

11 Federal Reserve can affect short-term rates, long-term interest rates are driven by

12 economic growth and inflation.

13

14 Q- PLEASE SUMMARIZE YOUR CONCLUSIONS ON THE STATE OF THE

15 MARKETS AND CAPITAL COSTS.

16 A. Overall, the economy and capital markets have recovered and are looking to the

17 future, and, with low interest rates and high stock prices, capital costs continue to be

18 at historically low levels. Because an appropriate ROE should reflect the current cost

19 of capital, and capital costs are historically low, ROEs should concomitantly be

20 lower.

21

2 Ben Eisen, Yes, 100% of economists were dead wrong about yields, MARKET WATCH, October 22, 2014.
Susanne Walker and Liz Capo McCormick, "Unstoppable $100 Trillion Bond Market Renders Models
Useless," Bu)olv1BERG.com (June 2, 2014), http://www.bloomberg.com/news/2014-06-01/the-unstoppable-100-
trillion-bond-market-renders-models-useless.htm1.
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III

1

1 111. p1;oxy GRQUP S;ELEgTIQN

2

3 Q~ PLEASE DESCRIBE YOUR APPROACH To DEVELOPING A FAIR RATE

4 OF RETURN RECOMMENDATION FOR UNSE.

5 A. To develop a fair rate of return recommendation for the Company, I have evaluated

6 the return requirements of investors on the common stock of a proxy group of

7 publicly-held electric utility companies ("Electric Proxy Group"). Given the

8 operations of UNSE, I have employed a proxy group of electric utility companies as

9 well as the group of utilities developed by Ms. Bulkley ("Bulkley Proxy Group").

10

11 Q- PLEASE DESCRIBE YOUR PROXY GROUP OF ELECTRIC COMPANIES.

12 A. The selection criteria for the Electric Proxy Group includes the following:

13 1. At least 50% of revenues from regulated electric operations as reported by

14 AUS Utilities Report,

15 2. Listed as an Electric; Utility by Value Line Investment Survey and listed as an

16 Electric Utility or Combination Electric & Gas Utility in A US Utilities Report;

17 3. An investment-grade corporate credit rating,

18 4. Has paid a cash dividend in the past six months, with no cuts or omissions,

19 5. Not involved in an acquisition of another utility, the target of an acquisition,

20 or in the sale or spin-off of utility assets, in the past six months, and

21 6. Analysts' long-term earnings per share ("EPS") growth rate forecasts

22 available from Yahoo, Reuters, and/or Zacks.

23
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1 Q, PLEASE PROVIDE SUMMARY FINANCIAL STATISTICS FOR YOUR

2 PROXY GROUP OF ELECTRIC COMPANIES.

3 A. The Electric Proxy Group includes twenty-nine companies. Summary financial

4 statistics for the proxy group are listed in Panel A of page 1 of Exhibit JRW-4.3 The

5 median operating revenues and net plant among members of the Electric Proxy Group

6 are $3,261.8 million and $9,173.5 million, respectively. The group receives 82% of

7 its revenues from regulated electric operations, has BBB+ and Baal issuer credit

8 ratings from S&P and Moody's respectively, a current common equity ratio of 47.7%,

9 and an earned return on common equity of 9.2%

10

11 Q- PLEASE DESCRIBE THE BULKLEY PROXY GROUP.

12 A. Ms. Bulkley's group is smaller and includes only twelve electdc companies.4

13 Although I believe that my group provides a more comprehensive sample to estimate

14 an equity cost rate for the Company, I will also include the Bulkley Proxy Group m

15 my analysis.

16 Summary financial statistics for Ms. Bulkley's proxy group are provided in

17 Panel B of page 1 of Exhibit JRW-4. The median operating revenues and net plant

18 for the Bulkley Proxy Group are $2,199.9 million and $7,053.2 million, respectively.

19 On average, the group receives 91% of its revenues firm regulated electric

20 operations, has BBB+/BBB and Baal issuer credit ratings from S&P and Moody's, a

3 In my testimony, I present financial results using both mean and medians as measures of central tendency.
However, due to outliers among means, I have used the median as a measure of central tendency.
4 I have excluded Southern Company from the group since it has become involved significant merger and
acquisition activity.

11

1



..- " -

nr

1 current common equity ratio of 49.3%, and a current earned return on common equity

2 of8.8%.

3

4 Q- HOW DOES UNSE COMPARE To THE TWO PROXY GROUPS?

5 A. Summary financial statistics for UNSE are listed in Panel A of page 1 of Exhibit

6 JRW-4. UNSE's operating revenues and net plant are |

7 respectively. The Company receives of its revenues from regulated

8 electric operations respectively, has an and AS issuer credit rating from Moody's, a

9 current common equity ratio of and a current earned return on common equity

10

11

12 Q, How DOES THE INVESTMENT RISK OF THE COMPANY COMPARE TO

13 THAT OF THE TW O PROXY GROUPS?

14 A. I believe that bond ratings provide a good assessment of the investment risk of a

15 company. Exhibit JRW-4 also shows S&P and Moody's issuer credit ratings for

16 UNSE and the companies in the two groups. UNSE has an AS issuer credit rating

17 f rom Moody's,  but is not rated by S&P. UNSE's Moody's issuer rating was

18 upgraded from Baal to AS on March 2, 2015. The Company's AS rating is one-notch

19 above the average Moody's ratings of the Electric (Baal) and Bulkley (Baal) Proxy

20 Groups. Therefore, I believe that UNSE is less risky than the two proxy groups.

21

22

23
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1 IV. CAPITAL STRUCTURE RATIOS AND DEBT COST RATES

2

3 Q. PLEASE DESCRIBE UNSE'S PROPOSED CAPITAL STRUCTURE AND

4 SENIOR CAPITAL COST RATES.

5 A. The Company has proposed a capital structure of 47.17% long-term debt and 52.83%

6 common equity. The Company has recommended a long-term debt cost rate of

4.66%. This is summarized on Panel A of Exhibit JRW-5.7

8

9 Q- ARE YOU ADOPTING UNSE'S RECOMMENDED CAPITAL STRUCTURE?

10 A. No. The Company is proposing a capital structure that includes a higher common

11 equi ty rat io than the averages of  the two proxy groups as wel l  as i ts parent

12 organizations.

13 Q- PLEASE DESCRIBE YOUR RECOMMENDED CAPITAL STRUCTURE

14 For UNSE.

15 A. The capital structure data for UNSE has a higher common equity ratio than the two

16 proxy groups. To balance these capital structures, and to provide for a more reasonable

17 capitalization, I use a capital structure with a common equity ratio of 50.0%. A capital

18 structure with a 50% common equity ratio is still above the average common equity

19 ratios of the proxy groups. The details of my proposed capital structure are provided in

20 Appendix c.

21 In Panel C of Exhibit JRW-5, Shave used a common equity ratio of 50.0% and I

22 have adjusted UnSEe's long-term debt upwards on a pro rata basis such that they

13
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1 account, collectively, for 50.0% of total capital. The resulting capital structure includes

2 50.0% long-tenn debt, and 50.0% common equity.

3

4 Q- ARE YOU ADOPTING UNSE's RECOMMENDED SENIOR CAPITAL COST

5 RATES?

6 A. I am adopting UNSE's recommended long-term debt cost rate of 4.66%.

7

8 v . THE COST OF common EQUITY CAPITAL

9

10 A. Overview

11 Q- WHY MUST AN OVERALL COST OF CAPITAL OR FAIR RATE OF

12 RETURN BE ESTABLISHED FOR A PUBLIC UTILITY?

13 A. In a competitive industry, the return on a firm's common equity capital is determined

14 through' the competitive market for its goods and serv ices.. Due to the capital

15 requirements needed to provide utility services and the economic benefit to society

16 f irm avoiding duplication of these services, some public utilities are monopolies.

17 Because of the lack of competition and the essential nature of their services, it is not

18 appropriate to permit monopoly utilities to set their own prices. Thus, regulation

19 seeks to establish prices that are fair to consumers and, at the same time, sufficient to

20 meet the operating and capital costs of the utility (i.e., provide an adequate return on

21 capital to attract investors). A more detailed discussion of the cost of equity capital

22 for utilities, and the approaches to estimate the cost of equity capital, are provided in

23 Appendix D. In the sections below, I discuss the methodologies that I have applied to

14
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1 my proxy group of electric utilities, the Discounted Cash Flow Model ("DCF") and

2 the Capital Asset Pricing Model ("CAPM"), to estimate a more appropriate equity

3 cost rate for UNSE.

4

5 Q, How DO YOU PLAN To ESTIMATE THE COST OF EQUITY CAPITAL

6 FOR UNSE?

7 A. I rely primarily on the DCF model to estimate the cost of equity capital. Given the

8 investment valuation process and the relative stability of the utility business, I believe

9 that the DCF model provides the best measure of equity cost rates for public utilities.

10 It is my understanding that this Commission has traditionally relied on the DCF

11 model. I have also performed a CAPM study, however, I give these results less

12 weight because I believe that risk premium studies such as CAPM provide a less

13 reliable indication of equity cost rates for public utilities.

14

15 B. DCF Analysis

16

17 Q. WHAT FACTORS SHOULD ONE CONSIDER WHEN APPLYING THE DCF

18 METHODOLOGY?

19 A. One should be sensitive to several factors when using the DCF model to estimate a

20 firm's cost of equity capital. In general, one must recognize the assumptions under

21 which the DCF model was developed in estimating its components (the div idend

22 yield and the expected growth rate), The dividend yield can be measured precisely at

23 any point in time, however, it tends to vary somewhat over time. Estimation of

15
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1 expected growth is considerably more difficult. One must consider recent firm

2 performance, in conjunction with current economic developments and other

3 information available to investors, to accurately estimate investors' expectations.

4

5 Q- WHAT DIVIDEND YIELDS HAVE YOU REVIEWED FOR YOUR DCF

6 ANALYSIS?

7 A. I have calculated the dividend yields for the companies in the proxy group using the

8 current annual dividend and the 30-day, 90-day, and 180-day average stock prices.

9 These dividend yields are provided in Panel A of page 2 of Exhibit JRW-10. For the

10 Electric Proxy Group, the median dividend yields using the 30-day, 90-day, and 180-

day average stock prices range from 3.7% to 3.9%. I am using the average if the

12 medians - 3.85% - as the dividend yield for the Electric Proxy Group. For the

13 Buckley Proxy Group, provided in Panel B of page 2 of Exhibit JRW-10, the median

14 dividend yields range from 3.8% to 3.9% using the 30-day, 90-day, and 180-day

15 average stock prices. I am using the average of the medians - 3.90% ... for the

16 Bulkley Proxy Group.

17 Q- PLEASE DISCUSS THE APPROPRIATE ADJUSTMENT TO THE SPOT

18 DIVIDEND YIELD.

19 A. According to the traditional DCF model, the dividend yield term relates to the

20 dividend yield over the coming period. As indicated by Professor Myron Gordon,

21 who is commonly associated with the development of the DCF model for popular use,

22 this is obtained by: (I) multiplying the expected dividend over the coming quarter by

16
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1 4, and (2) dividing this dividend by the current stock price to determine the

2 appropriate dividend yield for a firm that pays dividends on a quarterly basis.5

3 In applying the DCF model, some analysts adjust the current dividend for

4 growth over the coming year as opposed to the coming quarter. This can be

5 complicated because firms tend to announce changes in dividends at different times
r

6 during the year. As such, the dividend yield computed based on presumed growth

7 over the coming quarter as opposed to the coming year can be quite different.

8 Consequently, it is common for analysts to adjust the dividend yield by some fraction

9 of the long-term expected growth rate.

10

11 Q- GIVEN THIS DISCUSSION, WHAT ADJUSTMENT FACTOR DO YOU USE

12 FOR YOUR DIVIDEND YIELD?

13 A. I adjust the dividend yield by one-half of the expected growth to reflect growth over

14 the coming year. This is the approach employed by the Federal Energy Regulatory

15 Commission ("FERC").6 The DCF equity cost rate ("K") is computed as:

16
17
18

K=[(D/P)*(1 +0~58)]+8

19
20 Q. PLEASE DISCUSS THE GROWTH RATE COMPONENT OF THE DCF

21 MODEL.

5 Petition for Modification of Preseribed Rate ofReturn,Federal Communications Commission, Docket No. 79-
05, Direct Testimony of Myron J. Gordon and Lawrence I. Gould at 62 (April 1980).
6 Opinion No. 414-A,Transcontinental Gas PoneLine Corp., 84 FERC 1]61,084 (1998).

17
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1 A. There is much debate as to the proper methodology to employ in estimating the

2 growth component of the DCF model. By definition, this component is investors'

3 expectation of the long-term dividend growth rate. Presumably, investors use some

4 combination of historical and/or projected growth rates for earnings and dividends per

5 share and for internal or book~value growth to assess long-term potential.

6

7 Q. WHAT GROWTH DATA HAVE YOU REVIEWED FOR THE PROXY

8 GROUPS?

9 A. I have analyzed a number of measures of growth for companies in the proxy groups.

10 I reviewed Value Line's historical and projected growth rate estimates for earnings

11 per share ("EPS"), dividends per share ("DPS"), and book value per share ("BVPS").

12 In addition, utilized the average EPS growth rate forecasts of Wall Street analysts as

13 provided by Yahoo, Reuters and Zacks. These services solicit five-year earnings

14

15

growth rate projections from securities analysts and compile and publish the means

and medians or these forecasts. Finally, I also assessed prospective growth as

16 measured by prospective earnings retention rates and earned returns on common

17 equity.

18

19 Q- PLEASE DISCUSS THE HISTORICAL GROWTH OF THE COMPANIES IN

20 THE PROXY GROUPS, AS PROVIDED BY VAL UE LINE.

21 A. Page 3 of Exhibit JRW-10 provides the 5- and 10-year historical growth rates for

22 EPS, DPS, and BVPS for the companies in the proxy groups, as published in the

23 Value Line Investment Survey. The median historical growth measures for EPS. DPS.

18
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1 and BVPS for the Electric Proxy Group, as provided in Panel A, range from 2.5% to

2 5.0%, with an average of 3.7%. For the Bulkley Proxy Group, as shown in Panel B of

3 page 3 of Exhibit JRW-10, the historical growth measures in EPS, DPS, and BVPS,

4 as measured by the medians, range from 0.8% to 4.5%, with an average of 3.0%.

5

6 Q~ PLEASE SUMMARIZE VALUE LINE'S PROJECTED GROWTH RATES

7 FOR THE COMPANIES IN THE PROXY GROUPS.

8 A. Value Line 's projections of EPS, DPS, and BVPS growth for the companies in the

9 proxy groups are shown on page 4 of Exhibit JRW-10. As stated above, due to the

10 presence of outliers, the medians are used in the analysis. For the Electric Proxy

11 Group, as shown in Panel A of page 4 of Exhibit JRW-10, the medians range from

12 4.0% to 5.0%, with an average of 43%. For the Bulkley Proxy Group, as shown in

13 Panel B of page 4 of Exhibit JRW-10, the medians range from 4.0% to 5.5%, with an

14 average of4.6%.

15 Also provided on page 4 of Exhibit JRW-10 are the prospective sustainable

16 growth rates for the companies in the two proxy groups as measured by Value Line's

17 average projected retention rate and return on shareholders' equity. As noted above,

18 sustainable growth is a significant and a primary driver of long-run earnings growth.

For the Electiic and Buckley Proxy Groups, the median prospective sustainable19

20 growth rates are 4.2% and 3.5%, respectively.

21

22 Q- PLEASE ASSESS GROWTH FOR THE PROXY GROUPS AS MEASURED

23 BY ANALYSTS' FORECASTS OF EXPECTED 5-YEAR EPS GROWTH.

19
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1 A. Yahoo, Zacks, and Reuters collect, summarize, and publish Wall Street analysts'

2 long-term EPS growth rate forecasts for the companies in the proxy groups. These

3 forecasts are provided for the companies in the proxy groups on page 5 of Exhibit

4 JRW-10. I have reported both the mean and median growth rates for the groups.

5 Since there is considerable overlap in analyst coverage between the three services, and

6 not all of the companies have forecasts from the different services, Shave averaged the

7 expected five-year EPS growth rates from the three services for each company to an*ive

8 at an expected EPS growth rate for each company. The mean/median of analysts'

9

10

projected EPS growth rates for the Electric and Bulkley Proxy Groups are 4.6%/4.8%

and 5.1%/5.2%.7

11

12 Q- PLEASE SUMMARIZE YOUR ANALYSIS OF THE HISTORICAL AND

13 PROSPECTIVE GROWTH OF THE PROXY GROUPS.

14 A. Page 6 of Exhibit JRW-10 shows the summary DCF growth rate indicators for the

15 proxy groups.

16 The historical growth rate indicators for my Electric Proxy Group imply a

17 baseline growth rate of 3.7% The average of the projected EPS, DPS, and BVPS

18 growth rates Hom Value Line is 43%, and Value Line's projected sustainable growth

19 rate is 42%. The high end of the range for the Electric Proxy Group are the projected

20 EPS growth rates of Wall Street analysts, which are 4.6% and 4.8% as measured by

21 the mean and median growth rates. The overall range for the projected growth rate

22 indicators (ignoring historical growth) is 4.2% to 4.8 %. Giving primary weight to the

7 Given variation in the measures of central tendency of analysts' projected EPS growth rates proxy groups,
have considered both the means and medians figures in the growth rate analysis.

I
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Dividend
Yield

l + %
Growth

Adjustment

DCF
Growth Rate

Equity
Cost Rate

Electric Proxy Group 3.85% 1.02375 4.75% 8.70%

Bulkley Pro Group 3.90% 1.02500 5.00% 9.00%

1 projected EPS growth rate of Wall Street analysis, I will use 4.75% as the DCF

2 growth rate for the Electric Proxy Group. This growth rate figure is clearly in the

3 upper end of the range of historic and projected growth rates for the Electric Proxy

4 Group »

5 The historical growth rate indicators for the Bulkley Proxy Group indicate a

6 growth rate of 3.0%. Value Line's average projected EPS, DPS, and BVPS growdi

7 rate for the group is 4.6%, and Value Line's projected sustainable growth rate is 3.5%.

8 The mean/median projected EPS growth rates of Wall Street analysts for the group

9 are 5.1%/5.2%. The range for the projected growth rate indicators is 3.5% to 52%.

10 Giving primary weight to the projected EPS growth rate of Wall Street analysis, I

11 believe that a growth rate of 5.0% is appropriate for the Buckley Proxy Group. As is

12 the case for the Electric Proxy Group, this growth rate figure is clearly in the upper

13 end of the range of historic and projected growth rates for the Buckley Proxy Group.

14 Q~ BASED ON THE ABOVE ANALYSIS, WHAT ARE YOUR INDICATED

15 COMMON EQUITY COST RATES FROM THE DCF MODEL FOR THE

16 PROXY GROUPS?

17 A. My DCF-derived equity cost rates for the groups are summarized on page 1 of

18 Exhibit JRW-10 and in the table below.

19 Table 1: DCF-derived Equity Cost Rate/ROE

20

21
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1 The result for my Electric Proxy Group is the 3.85% dividend yield, times the

2 one and one-half growth adjustment of 1.02375, plus the DCF growth rate of 4.75%,

3 which results in an equity cost rate of 8.70%. The result for the Buckley Proxy Group

4 includes a dividend yield of 3.90%, times the one and one-half growth adjustment of

5 1.02500, plus the DCF growth rate of 5.00%, which results in an equity cost rate of

6 9.0%.

7

8 c. CAPM ANALYSIS

9

10 Q- PLEASE DISCUSS THE CAPM APPROACH

11 A. According to the CAPM, the expected return on a company's stock, which is also the

12 equity cost rate (K), is equal to :

K = (Rf) + B * [F(R»-) - (Rf)]13

14

15

16

17

18

19

20

21

22

23

24

Where: .
• K represents the estimated rate of return on the stock, . .
• .E(R,,,) represents the expected return on the overall stock market. Frequently,

the 'market' refers to the S&P 500;
(Rf) represents the risk-free rate of interest,
[E(R,,,) - (Rf)] represents the expected equity or market risk premium~the
excess return that an investor expects to receive above the risk-free rate for
investing in risky stocks, and
Eeta-(B) is a measure of the systematic risk of an asset.•

25 Q- PLEASE DISCUSS YOU INPUTS FOR THE CAPM APPROACH.

26 A. Exhibit JRW-11 provides the summary results for my CAPM study. Page 1 shows

27 the results, and the following pages contain the supporting data. The inputs for the

28 CAPM approach include the risk-f ree interest rate, Beta, and the market risk

22
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1 premium. Additional detai ls on the CAPM methodology and support for my

2 assumptions be discussed in detail in Appendix D.

3

4 Q~ PLEASE DISCUSS THE RISK-FREE INTEREST RATE.

5 A. The yield on long-term U.S. Treasury bonds has usually been viewed as the risk-free

6 rate of interest in the CAPM. The yield on long-term U.S. Treasury bonds, in tum,

7 has been considered to be the yield on U.S. Treasury bonds with 30-year maturities.

8

9 Q- WHAT RISK-FREE INTEREST RATE ARE YOU USING IN YOUR CAPM?

10 A. As shown on page 2 of Exhibit JRW-I1, the yield on 30-year U.S. Treasury bonds has

11 been in the 2.5% to 4.0% range over the 2013-2015 time period. The 30~year

12 Treasury yield is currently in the middle of this range. Given the recent range of

13 yields and the possibility of higher interest rates, I use 4.0% as the risk-fiee rate, or

14 Rf, in my CAPM.

15

16 Q. WHAT BETAS ARE YOU EMPLOYING IN YOUR CAPM?

17 A. Beta (B) is a measure of the systematic risk of a stock. The market, usually taken to

18 be the S&P 500, has a beta of 1.0. The beta of a stock with the same price movement

19 as the market also has a beta of 1.0. A stock whose price movement is greater than

20 that of the market, such as a technology stock, is riskier than the market and has a

21 beta greater than 1.0. A stock with below average price movement, such as that of a

22 regulated public utility, is less risky than the market and has a beta less than 1.0.

23



Estimating a stock's beta involves running a linear regression of a stock's return on

the market return.

As shown on page 3 of Exhibit JRW-1 1, the slope of the regression line is the

stock's B. A steeper line indicates that the stock is more sensitive to the return on the

overall market. This means that the stock has a higher B and greater-than-average

market risk. A less steep line indicates a lower B and less market risk.

Several online investment information services, such as Yduoo and Reuters,

provide estimates of stock betas. Usually these services report different betas for the

same stock. The differences are usually due to: (1) the time period over which B is

measured, and (2) any adjustments that are made to reflect the fact that betas tend to

regress to 1.0 over time. In estimating an equity cost rate for the proxy groups, I am

using the betas for the companies as provided in the Value Line Investment Survey.

As shown on page 3 of Exhibit JRW-11, the median betas for the companies in the

Electric and- Bulkley Proxy Groups are 0.75 and 0.78, respectively.

16 Q. PLEASE DISCUSS THE MARKET RISK PREMIUM (¢¢MRPs9)¢

The MRP is equal to the expected return on the stock market (e.g., the expected return

on the S&P 500, E(Rm) minus the risk-fiee rate of interest (Rf)). The MRP is the

difference in the expected total return between investing in equities and investing in

"safe" fixed-income assets, such as long-term government bonds. However, while

the MRP is easy to define conceptually, it is difficult to measure because it requires

an estimate of the expected return on the market - E(R,,,). There are different ways to

measure E(R,n), and studies have come up with significantly different magnitudes for



Risk-Free
Rate

Beta Equity Risk
Premium

Equity
Cost Rate

Electric Proxy Group 4.0% 0.75 5.5% 8.1%
Bulkley Proxy Group 4.0% 0.78 5.5% 8.3%

1 E(R,,,). As Merton Miller, the 1990 Nobel Prize winner in economics indicated, E(R,,,)

2 is very difficult to measure and is one of the great mysteries in finances

3

4 Q- WHAT MARKET RISK PREMIUM ARE YOU USING IN YOUR CAPM?

5 A. Much of the data indicates that the market risk premium is in the 4.0% to 6.0% range.

6 Several recent studies (such as Damodaran, American Appraisers, and Duarte and

7 Rosa have suggested an increase in the market risk premium. Therefore, I will use

8 5.50%, which is in the upper end of the range, as the market risk premium or MRP.

9

10 Q- WHAT EQUITY COST RATE is INDICATED BY YOUR CAPM ANALYSIS?

11 A. The results of my CAPM study for the proxy groups are summarized on page 1 of

12 Exhibit JRW-1 1 and in the table below.

13

14

Table 2: CAPM-derived Equitv Cost Rate/ROE

K = (Rf) + B * [F(R»») - (R,v)]

15

16 For the Electric Proxy Group, the risk-fiee rate of 4.0% plus the product of the beta of

17 0.75 times the market risk premium of 5.5% results in an 8.1% equity cost rate. The

18 CAPM equity cost rate for the Bulkley Proxy group is 83%, which includes a risk-

19 free rate of 4.0%, a beta of 0.78, and a market risk premium of 5.5%.

20

8 Merton Miller, "The History of Finance: An Eyewitness Account," Journal of Applied Corporate Finance,
2000, p. 3.

25
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DCF CAPM
Electric Proxy Group 8.70% 8.10%
Bulkley Proxy Group 9.00% 8.30%

1 D. Equity Cost Rate Summary and Recommendations !
2

3 Q~ PLEASE SUMMARIZE THE RESULTS OF YOUR EQUITY COST RATE

4 STUDIES.

5 A.

6

7

My DCF analyses for the Electric and Bulkley Proxy Groups indicate equity cost

rates of 8.70% and 9.00%, respectively. The CAPM equity cost rates for the Electric

and Bulkley Proxy Groups are 8.1% and 83%, respectively.

8 1`ab_le 3: RoEs Derived from DCF and CA_PM Mod_els

9 Q. GIVEN THESE RESULTS, WHAT IS YOUR ESTIMATED EQUITY COST

10 RATE FOR THE GROUPS?

11 A. Given these results, I conclude that the appropriate equity cost rate for companies in

12

13

the Electric and Bulkley Proxy Groups is in the 8.I0%.to 9.00% range. However,

since I rely primarily on the DCF model, I am using' the upper end of the range as the

14

15

16

equity cost rate. Therefore, I conclude that the appropriate equity cost rate for the

groups is 8.75%. This selection reflects the slightly lesser risk of UNSE relative to

the proxy groups and the DCF results for the groups.

20

19

18

17

A,

Q-

Yes.

UNSE?

ARE YOU RECOMMENDING 8.75% As AN EQUITY COST RATE FOR

26
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1 Q- PLEASE INDICATE WHY AN 8.75% RETURN ON EQUITY is

2 APPROPRIATE FOR THE COMPANY AT THIS TIME.

3 A. There are a number of reasons why an 8.75% return on equity is appropriate and fair

4 for the Company in this case:

5 1. I have employed a capital structure with a common equity ratio of 50.0%.

6 This common equity ratio is higher Hwan: (1) the averages of the proxy groups, |

7

8

9 2. The investment risk of UNSE, as indicated by the Company's Moody's

10 issuer credit ratings, is a little below the proxy groups,

11 3. As shown in Exhibit JRW-8, the electric utility industry is among the

12 lowest risk industries in the U.S. as measured by beta. As such, the cost of equity

13 capital for this industry is amongst the lowest in the U.S., according to the CAPM,

14 4. As shown in Exhibits JRW-2 and JRW-3, capital costs for utilities, as

15 indicated by long-term bond yields, are still at historically low levels. In addition,

16 given low inflationary expectations and slow global economic growth, interest rates

17 are likely to remain at low levels for some time, and

18

19 Q- HOW DOES THE PROPOSED 8.75% ROE COMPARE WITH THE ROE'S

20 FOR OTHER ELECTRIC UTILITIES?

21 A. Authorized ROEs for electric and gas utilities have gradually decreased in recent

22 years. These authorized ROEs for electric utilities have declined from 10.01% in

23 2012, to 9.8% in 2013, 9.76% in 2014, and 9.55% in the first three quarters of 2015

27
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according to Regulatory Research Associates.9 In my opinion, these authorized

ROEs have lagged behind capital market cost rates, or in other words, authorized

ROEs have been slow to reflect low capital market cost rates. This has been

especially true in recent years as some state commissions have been reluctant to

authorize ROEs below 10%. However, the trendhas been towards lower ROEs, and

the norm now is below ten percent. Hence, I believe that my recommended ROE

reflects our present historically low capital cost rates, and these low capital cost rates

are finally being recognized by state utility commissions.

PLEASE DISCUSS YOUR RECOMMENDATION IN LIGHT OF A RECENT

MOODY'S PUBLICATION.

Moody's recently published an article on utility ROEs and credit quality. In the

article, Moody's recognizes that authorized ROEs for electric and gas companies are

declining due to lower interest rates. 10

The credit profiles of US regulated utilities will remain intact over
the next few years despite our expectation that regulators will
continue to trim the sector's profitability by lowering its authorized
returns on equity (ROE). Persistently low interest rates and a
comprehensive suite of cost recovery mechanisms ensure a low
business risk profile for utilities, prompting regulators to scrutinize
their profitability, which is defined as the ratio of net income to
book equity. We view cash flow measures as a more important
rating driver than authorized ROEs, and we note that regulators can
lower authorized ROEs without hurting cash flow, for instance by
targeting depreciation, or through special rate structures.

9 Regulatory Focus, Regulatory Research Associates, July, 2015. The electric utility authorized ROEs exclude
the authorized ROEs in Virginia which include generation adders.
`° Moody's Investors Service. "Lower Authorized Equity Returns Will Not Hurt Near-Term Credit Profiles,"

28
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1 Moody's indicates that with the lower authorized ROEs, electric and gas companies

2 are earning ROEs of 9.0% to 10.0%, but this is not impairing their credit profiles and

3 is not deterring them from raising record amounts of capital. With respect to

4 authorized ROEs, Moody's recognizes that utilities and regulatory commissions are

5

6

having trouble justifying higher ROEs in the face of lower interest rates and cost

recovery mechanisms.1 1

r

7
8

9

10

11
12

13

14

15

Robust cost recovery mechanisms will help ensure that US
regulated utilities' credit quality remains intact over the next few
years. As a result, falling authorized ROEs are not a material credit
driver at this time, but rather reflect regulators' struggle to justify
the cost of capital gap between the industry's authorized ROEs and
persistently low interest rates. We also see utilities struggling to
defend this gap, while at the same time recovering the vast majority
of their costs and investments through a variety of rate mechanisms.

16 In particular, UNSE's Lost Fixed Cost Recovery mechanism ("LFCR") is

17 such a mechanism, and in this current application, UNSE has proposed an expansion

18 of the LFCR to further insulate it from the impact of reduced sales.

19 Overall, this article establishes that lower authorized ROEs are unlikely to

.20 hurt the financial integrity of utilities or their ability to attract capital.

21

22 Q. DO YOU BELIEVE THAT YOUR 8.75% MEETS HOPE AND BL UEFIELD

23 STANDARDS?

24 A. Yes. As previously noted, according to the Hope and Bluefeld decisions, returns on

25 capital should be: (1) comparable to returns investors expect to am on other

26 investments of similar risk, (2) sufficient to assure confidence in the company's

11 Ibid., p. 2.
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1 financial integrity, and (3) adequate to maintain and support the company's credit and

2 to attract capital. Despite earning an ROE of only 5.5% in 2014, the Company's

3 Moody's issuer rating was upgraded to AS on March 2, 2015 and the Company has

4 raised over $100 mil l ion in capital this year. My recommendation ref lects the

5 downward trend in authorized and earned ROEs of electric and gas utility companies.

6 This is highlighted in the Moody's publication cited above that states, despite

7 authorized and earned ROEs below 10%, the credit quality of  electric and gas

8 companies has not been impaired and, in fact, has improved and utilities are raising

9 about $50 billion per year in capital. Major positive factors in the improved credit

10 quality of utilities are regulatory ratemaking mechanisms. Therefore, I do believe that

11 my ROE recommendation meets the criteria established in the Hope and Blue field

12 decisions.

13

14 Q. DO UNSE'S CREDIT RATINGS SUGGEST IT HAS REGULATORY

15 MECHANISMS IN PLACE TO PROMOTE CREDIT QUALITY?

16 A. Yes. In its summary rationale for upgrading UNSE's long-term rating to AS,

17 Moody's made the following comments"

18
19
20
21

22

23

UNSE's AS senior UNSE secured rating ref lects a constructive Arizona
regulatory environment, reduced regulatory lag associated with cost and
investment recoveries and the expectation that projected financial metrics
including CFO pre-W/C to debt remain in the mid 20% range, which is offset
by the relatively small size of the utility.

24

25 VI. CRITIQUE OF UNSE'S RATE OF RETURN TESTIMONY

2 UNSE response to UDR 1.005, Moody's Investors Service, Moody's 2015 03-02 UNSEE.
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1

2 Q_ PLEASE SUMMARIZE Ms. BULKLEY'S RATE OF RETURN

3 RECOMMENDATION FOR UNSE.

4 A. The Company's rate of return recommendation is summarized on page 1 of Exhibit

5 JRW-12. The Company has proposed a capital structure of 47.17% long-tenn debt

6 and 52.83% common equity. The Company has recommended a long-term debt cost I
7 rate of 4.66%. UNSE witness Ms. Buckley has recommended a common equity cost

8 rate of 10.35%. UNSE's overall proposed rate of return is 7.67%.

9

10 Q- PLEASE SUMMARIZE THE PRIMARY DIFFERENCES IN POSITIONS

11 REGARDING THE COMPANY'S COST OF CAPITAL.

12 A. The most significant areas of disagreement in measuring UNSE's cost of capital are:

13 (1) the Company's proposed capital structure that includes a common equity ratio of

14 52.83%, (2) Ms. Bulkley's DCF equity cost rate estimates, and in particular, (a) the

15 lack of weight she gives to her DCF results, and (b) the unrealistic projected GDP

16 growth rate in her multi-stage DCF model, (3) the prob acted interest rates and the risk

17 premiums in her RP and CAPM approaches, and (4) whether or not an equlty cost

18 rate consideration is needed to account for the size of UNSE.

19

20 Q- PLEASE REVIEW ms. BULKLEY'S EQUITY COST RATE APPROACHES

21 AND RESULTS.

22 A. Ms. Bulldey has developed a proxy group of electric utility companies and employs

23 DCF, CAPM, and RP equity cost rate approaches. Ms. Bulkley's equity cost rate

Q
i
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1 estimates for UNSE are summarized in Exhibit JRW-13. Based on these figures, she

2 concludes that the appropriate equity cost rate for the Company is 10.35%.

3

4 A. DCF Approach

5

6 Q- PLEASE SUMMARIZE Ms. BULKLEY'S DCF ESTIMATES.

7 A. At pages 30-34 of her testimony and in Exhibits AEB-1 - AEB-3, Ms. Bulldey develops

8 an equity cost rate by applying the DCF model to the Bulldey Proxy Group. Ms.

9 Bulkley's DCF results are summarized in Panel A of Exhibit JRW-13. She uses

10 constant-growth and multistage growth DCF models. Ms. Bulkley uses three dividend

11 yield measures (30, 90, and 180 days) in her DCF models. In her constant-growth

12 DCF models, Ms. Bulkley has relied on the forecasted EPS growth rates of Zacks,

13 Yahoo, and Value Line. Her multi-stage DCF model uses analysts' EPS growth rate

14 forecasts as a short-term growth ra.te and a long-tenn GDP growth of 5.51% that is

15 based on historical GDP growth.

16

17 Q- WHAT ARE THE ERRORS IN ms. BULKLEY'S DCF ANALYSES?

18 A. The primary issues in Ms. Bulldey's DCF analyses are: (1) the low weight she gives her

19 constant-growth DCF results; and (2) the projected GDP growth rate of 5.51% used in

20 the multi~stage DCF model is not reflective of economic growth in the U.S., and is about

21 100 basis points above projections of GDP growth.

22
23
24

1. The Low Weight Given to the DCF Results
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1

2 Q- HOW MUCH VVEIGHT HAS Ms. BULKLEY GIVEN HER DCF RESULTS IN

3 ARRIVING AT AN EQUITY COST RATE FOR UNSE?

4 A. Apparently, not too much. The average of her mean constant-growth DCF equity cost

5 rates is 9.24% and the average other multi-stage DCF equity cost rates using a projected

6 GDP growth rate of 5.51% is 9.44%. These are about 100 basis points below her

7 10.35% ROE recommendation. In addition, as explained in detail below, her multi-

8 stage results are overstated because other use of historical GDP growth.

9

10 2. Multi-Stage DCF Analysis with Historical GDP Growth

11

12 Q- PLEASE DISCUSS Ms. BULKLEY'S MULTI-STAGE DCF ANALYSIS.

13 A. Ms. Bulldey employs a multi-stage DCF model and uses a historic long-term nominal

14 GDP growth rate of 5.5l%. The 5.51% GDP growth rate is based on (1) a real GDP

15 growth rate of 3.26% which is calculated over the 1929-2014 time period and (2) an

16 inf lation rate of2.l9%.

17

18 Q- WHAT ARE THE ERRORS WITH Ms. BULKLEY'S MULTI-STAGE DCF

19 ANALYSIS.

20 A. There are two major errors in her analysis. First, Ms. Bulkley has not provided any

21 theoretical or empirical support that historic long-term GDP growth is a reasonable

22 proxy for the expected growth rate of the companies in her proxy group. Five-year and

23 ten-year historic measures of growth for earnings and dividends for electric utility

24 companies, as shown on page 3 of Exhibit JRW-10, suggest growth that is more than

33
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10-Year Average - 2005-2014 3.9%
20-Year Average - 1995-2014 4.6%
30-Year Average - 1985-2014 5.2%
40-Year Average .- 1975-2014 6.4%
50-Year Average - 1965-2014 6.8%

|
I

I
i

E

1 100 basis points below Ms. Bulldey's projected GDP growth rate. Ms. Bulkley has

2 provided no evidence as to why investors would rely on her estimate of long-term GDP

3 growth as die appropriate growth rate for electric utility companies.

4 The second elTor is the magnitude of Ms. Bulldey's long-term GDP growth rate

5 estimate of 5.51%. On page 1 of Exhibit JRW-14 of my testimony, I provide an

6 analysis of GDP growth since 1960. Since 1960, nominal GDP has grown at a

7 compounded rate of 6.63%. The graphs on pages Z, 3, and 4 of Exhibit JRW-14

8 show the decline in nominal GDP as well as its components, real GDP and inflation,

9 in recent decades. To gauge the magnitude of the decline in nominal GDP growth,

10 Table 4 provides the compounded GDP growth rates for 10-, 20-, 30-, 40- and 50-

11 years. Whereas the 50-year compounded GDP growth rate is 6.63%, there has been a

12 monotonic and significant decline in nominal GDP growth over subsequent 10-year

13 intervals. These figures clearly suggest that nominal GDP growth in recent decades has

14. slowed and that a figure in the range of 4.0% to 5.0% is more appropriate today for the

15 U.S. economy. Ms. Bulkley's long-term GDP growth rate of 5.51% is clearly inflated.

16

17

18
Table 4: Historic GDP Growth Rates

19
20
21
22 Q- ARE THE LOWER GDP GROWTH RATES OF RECENT DECADES
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1 CONSISTENT WITH THE FCRECASTS OF GDP GROWTH?

2 A. Yes. A lower range is also consistent with long-term GDP forecasts. There are several

3 forecasts of annual GDP growth that are available from economists and government

4 agencies. These are listed on page 5 of Exhibit JRw-l4. The mean 10-year nominal

5 GDP growth forecast (as of February 2015) by economists in die recent Survey of

6 Professional Forecasters is 4.7%. The Energy Information Administration ("EIA"), in

7 its projections used in preparing the Annual Energy Outlook forecasts long-term

8 GDP growth of 4.2% for the period 2013-2040.13 The Congressional Budget Office

9 ("CBO"), in its forecasts for the period 2015 to 2040, projects a nominal GDP growth

10 rate of 4.3%.14 Finally, the Social Security Administration ("SSA"), in its Annual

11 OASDI Report, provides a projection of nominal GDP from 2015-2090.15 The

12 projected nominal GDP growth rate over this period is 4.5%. Overall, these

13 projections of nominal GDP growth over extended future time periods provide direct

14 evidence that Ms. Bulldey's long-term GDP growth rate of 5.51% is overstat.ed by

15 almost 100 basic points.

16

17 Q- W HAT Is IRONIC ABOUT Ms. BULKLEY BASING A REAL GDP

18 FORECAST ON HISTORIC DATA?

19 A. In developing a DCF growth rate for her constant~growth DCF analysis, Ms. Bulldey

20 has totally ignoredhistoric EPS, DPS, and BVPS data and relied solely on the long-tenn

'Energy Information Administration, Annual Energy Outlook; http://www.cbo.gov/pub1icatioW49973.
"Congressional Budget Office, The 2015 Long-term Budget Outlook, July
https://www.cbo.gov/publication/50250.
15 Social Security Administration, 2015 Annual Report of the Board of Trustees of the Old-Age, Survivors, and
Disability Insurance (OASDI) Program. http://www.ssa.gov/oact/tr/2015/X1 trLOT.htm1

2015.
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EPS growth rate prpjectiqns of Wall Street analysts and Value Line. However, in

developing a terminal DCF growth rate for her multi-stage growth DCF analysis, Ms.

Bulkley employed a GDP growth rate based on historic data going back to 1929.

CAPM Approach

7 Q- PLEASE DISCUSS ms. BULKLEY'S CAPM.

On pages 34-38 of her testimony and in Exhibits AEB-4 - AEB-5, Ms. Bulkley

estimates an equity cost rate by applying a CAPM model to her proxy group. The

CAPM approach requires an estimate of the risk-free interest rate, beta, and the equity

risk premium. Ms. Bulkley uses three measures of the risk-free interest rate: (a) a

current yield of 2.50%, (b) a near-term projected yield of 3.20%, and (c) a long-term

projected yield of 4.90%. She employs two different Betas (an average Bloomberg

Beta of.0.665 and an average Value Line Beta of 0.750). She estimates a.projected

market risk premium ("MRP") for each of her risk-free rates which is based on a

projected stock market return of 13.17%. Ms. Bulkley's CAPM results are provided

in Panel B of Exhibit JRW-13 and range Hom 9.59% to ll.10%.

19 Q- WHAT ARE THE ERRORS IN Ms. BULKLEY'S CAPM ANALYSES?

20 A. The two issues are: (1) the long-term projected 30-Year Treasury yield of 4.90%, and

(2) pliman'Iy, the excessive MRP.

Risk-Free Interest Rate
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1

2 Q- WHAT is THE ISSUE WITH THE PROJECTED LONG-TERM TREASURY

3 RATE OF 4.900/»?

4 A. This figure is about 200 basis points above the current 30-year Treasury rate. This figure

5 is simply not reasonable. Thirty-year Treasury bonds are currently yielding about

6 3.00%. Institutional investors would not be buying bonds at this yield if they expected

7 interest rates to increase so dramatically in the coming years. An increase in yields of

8 200 basis points on 30-year Treasury bonds within the next couple years would result in

9 significant capital losses for investors buying bonds today at current market yields,

10 suggesting that Ms. Buckley's use of a 4.90% 30-year projected treasury rate is

11 unreasonable.

12

13 2. MRP

14

15 Q~ PLEASE ASSESS ms. BULKLEY'S MRP DERIVED FROM APPLYING THE

16 DCF MODEL TO THE S&P 500.

17 A. For her CAPM, Ms. Bulkley computes a MRP for each of her three risk-free interest

18 rates by: (1) calculating an expected market return by applying the DCF model to the

19 S&P 500, and (2) subtracting each of her three measure of the 30-year Treasury bond

20 yield (2.50%, 3.20%, and 4.90%). The bottom line is that Ms. Bulkley's estimated

21 expected stock market return of 13.19% is not realistic. She uses (1)a dividend yield

22 of 2.00% and an expected DCF growth rate of 1 1.06%. The primary error is that the

23 expected DCF growth rate is the projected 5-year EPS growth rate from Wall Street
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l analysts as reported by Bloomberg. As explained below, this produces an overstated

2 expected market return and equity risk premium.

3

4 Q- WHAT EVIDENCE CAN YOU PROVIDE THAT Ms. BULKLEY'S

5 GROW TH RATES ARE ERRONEOUS?

6 A. Ms. Bulkley's expected long-term EPS growth rates of  11.06% represents the

7 forecasted 5-year EPS growth rates of  W al l  Street analysts as compi led by

8 Bloomberg. The error with this approach is that, as previously discussed, the EPS

9 growth rate forecasts of Wall Street securities analysts are overly optimistic and

10 upwardly biased.

11

12 Q- Is AN EPS GROWTH RATE OF 11.06% CONSISTENT WITH THE

13 HISTORIC AND PROJECTED GROWTH IN EARNINGS AND THE

14 ECONOMY?

15 A. No. A .long-term EPS growth' rates of 11.06% is not consistent with .historic or

16 projected economic and earnings growth in the U.S for several reasons: (1) long-term

17 growth in EPS is far below Ms. Bulkley's projected EPS growth rates, (2) more

18 recent trends in GDP growth, as well as projections of GDP growth, suggest slower

19 long-tenn economic and earnings growth in the future, and (3) over time, EPS growth

20 tends to lag behind GDP growth.

21 The long-tenn economic, earnings, and dividend growth rate in the U.S. has

22 only been in the 5% to 7% range. Iperfonned a study of the growth in nominal GDP,

23 S&P 500 stock price appreciation, and S&P 500 EPS and DPS growth since 1960.
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Nominal GDP 6.63%
S&P 500 Stock Price 6.83%
S&P s00 EPS 6.92%
S&P 500 DPS 5.65%

Average 6.51%

\

1 The results are provided on page 1 of Exhibit JRW-14, and a summary is provided in

2 Table 5 below.

3
4

Table 5 - GDP.. S&P 500 Stock Price, EPS.. and DPS Growth
1960-Present

5

6 The results are presented graphically on page 6 of Exhibit JRW-14. In sum,

7 the historical long-run growth rates for GDP, S&P EPS, and S&P DPS are in the 5%

8 to 7% range.

9

10 Q- DO MORE RECENT DATA SUGGEST THAT U.S. ECONOMIC GROWTH

11 Is FASTER OR SLOWER THAN THE LONG-TERM DATA?

12 A. As previously discussed and presented in Table 4, the more recent trend suggests lower

13 'future economic growth than the long-term historic GDP growth. The historic GDP

14 growth rates for 10-, 20-, 30-, 40- and .5Q- years clearly suggest that nominal GDP

15 growth in recent decades has slowed to the 4.0% to 5.0% area. By comparison, Ms.

16 Bulkley's long-run EPS growth rate projection of 11.06% is vastly overstated. These

17 estimates suggest that companies in the U.S. would be expected to: (1) increase their

18 growth rate of EPS by almost 100% in the future, and (2) maintain that growth

19 indefinitely in an economy that is expected to grow at about one-half of her prob ected

20 growth rates.

21
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1 Q- WHAT LEVEL OF GDP GROWTH Is FORECASTED BY ECONOMISTS AND

2 VARIOUS GOVERNMENT AGENCIES?

3 A. As previously discussed, there are several forecasts of annual GDP growth that are

4 available firm economists and government agencies. These are listed in page 5 of

5 Exhibit JRW-14.

6

7 Q- WHY Is GDP GROWTH RELEVANT IN YOUR DISCUSSION OF MS.

8 BULKLEY'S USE OF THE LONG-TERM EPS GROWTH RATES IN

9 DEVELOPING A MARKET RISK PREMIUM FOR her CAPM?

10 A. Because, as indicated in recent research, the long-teml earnings growth rates of

11 companies are on average limited to the growth rate in GDP.

12

13 Q- PLEASE HIGHLIGHT THE RESEARCH ON THE LINK BETWEEN

14 ECONOMIC AND EARNINGS GROWTH AND EQUITY RETURNS.

15 A; Brad Cornell of the California histitute of Technology recently published a study on.

16 GDP growth, earnings growth, and equity returns, He kinds that long-term EPS

17 growth in the U.S. is directly related to GDP growth, with GDP growth providing an

18 upward limit on EPS growth. In addition, he finds that long-tenn stock returns are

19 determined by long-tenn earnings growth. Professor Cornell concludes with the

20 following obsewations:16

r

21
22

23l

The long-run performance of equity investments is fundamentally linked to
growth in earnings. Earnings growth, in turn, depends on growth in real GDP.
This article demonstrates that both theoretical research and empirical research

16 Bradford Cornell, "Economic Growth and Equity Investing," Financial Analysts Journal (January- February,
2010), p. 63 .
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1

2
3

4

5

6

in development economics suggest relatively strict limits on future growth. In
particular, real GDP growth in excess of 3 percent in the long run is highly
unlikely in the developed world. In light of ongoing dilution in earnings per
share, this finding implies that investors should anticipate real returns on U.S.
common stocks to average no more than about 4-5 percent in real terms.

7 Given current inflation in the 2% to 3% range and real returns in the 4% to 5%

8 range, the results imply nominal expected stock market returns in the 6% to 8%

9 range. As such, Ms. Buckley's projected earnings growth rates and implied expected

10 stock market returns and equity risk premiums are not indicative of the realities of the

11 U.S. economy and stock market. As such, her expected CAPM equity cost rate is

12 significantly overstated.

13

14 Q- PLEASE PROVIDE A SUMMARY ASSESSMENT OF Ms. BULKLEY'S

15 PROJECTED EQUITY RISK PREMIUM DERIVED FROM EXPECTED

16 MARKET RETURNS.

1.7 A. Msf Bulkley's market risk premium derived from her.DcF application to the S&P

18. 500 is inflated due to errors and bias in her study. Investment banks, consulting jinns,

19 and CFOs use the equity risk premium concept every day in malting f inancing,

20 investment, and valuation decisions. On this issue, the opinions of CFOs and financial

21 forecasters are especially relevant. CFOs deal with capital markets on an ongoing

22 basis since they must continual ly assess and evaluate capital  costs for their

23 companies. They are well aware of the historical stock and bond return studies of

24 lbbotson. The CFOs in the September 2015 CFO Magazine .. Duke University

25 Survey of about 500 CFOs shows an expected return on the S&P 500 of 6.00% over
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1 the next ten years. In addition, the financial forecasters in the February 2015 Federal

2 Reserve Bank of Philadelphia survey expect an annual nominal market return of

3 5.79% over the next ten years. As such, with a more realistic equity or market risk

4 premium, the appropriate equity cost rate for a public utility should be in the 8.0% to

5 9.0% range and not in the 10.0% to 1 1.0% range.

6

7 c . Risk Premium Approach

8

9 Q- PLEASE REVIEW Ms. BULKLEY'S RP ANALYSIS.

10 A. On pages 38-41 of her testimony and in Exhibits AEB-6, Ms. Bulkley estimates an

11 equity cost rate using an RP model. She uses the quarterly audmorized ROEs for all

12 electric utilities firm QS 1992 until Q1 2015. Ms, Bulkley develops an equity cost rate

13 by: (1) regressing the authorized returns on equity for electric utility companies on the

14 thirty-year Treasury Yield, and then (2) adding the risk premium established in (1) to

15 each of her three different thirty-year Treasury yields: .(a) a current yield of 2.50%, (b) a

16 near-tem1 projected yield of 3.20%, and (¢) a long-term projected yield of 4.90%. Ms.

17 Bulkley's RP results are provided in Panel C of Exhibit JRW-13. She reports RP

18 equity cost rates ranging firm 9.70% to 10.72%.

=

19

20 Q- WHAT ARE THE ERRORS IN ms. BULKLEY'S RP ANALYSIS?

21 A. The two issues are: (1) the long-term projected 30-Year Treasury yield of 4.90%, and

22 (2) primarily, the excessive risk premium. The 4.90% base yield was discussed above.

23
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1 1. Risk Premium

2

3 Q. WHAT ARE THE ISSUES WITH Ms. BULKLEY'S RISK PREMIUM IN THE

4 RP ANALYSIS?

5 A. There are several problems with this approach for calculating risk premium. The

6 methodology produces an inflated measure of the risk premium because it uses historic

7 authorized ROEs and Treasury yields, and the resulting risk premium is applied to

8 projected Treasury Yields. Since Treasury yields are always forecasted to increase, the

9 resulting risk premium would be smaller if done correctly, which would be to use

10 projected Treasury yields in the analysis rather than historic Treasury yields.

11 In addition, Ms. Bulldey's RP approach is a gauge of commissionbehavior and

12 not investor behavior. Capital costs are determined in the market place through the

___

13 financial decisions of investors and are reflected in such fundamental factors as

14 dividend yields, expected growth rates, interest rates, and investors' assessment of the

_ 15 risk and expected rehxm of different investments. Regulatory .commissions evaluate

16 capital market data in setting authorized ROEs, but also take into account other

17 utility- and rate case-specific information in setting ROEs. As such, Ms. Bulkley's

18 approach and results reflect other factors such as capital structure, credit ratings and

19 other risk measures, service ten*itory, capital expenditures, energy supply issues, rate

20 design, investment and expense trackers, and other factors used by utility

21 commissions in determining an appropriate ROE in addition to capital costs. This

22 may especially be true when the authorized ROE data includes the results of rate

23 cases that are settled and not fully litigated.
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2 Q- HOW DOES ms. BULKLEY'S RP RESULTS COMPARE TO THE

3 CURRENT AUTHORIZED ROES FOR ELECTRIC UTILITIES?

4 A. Ms. Bulkley's results range from 9.70% to 10.72%. The current average ROEs for

5 electric utilities are below the bottom of her range - 9.60%. Hence, her RP results

6 overstate the current averages.

7 D. Size Premium

8

9 Q. PLEASE DISCUSS MS. BULKLEY'S PROPOSED SIZE ADJUSTMENT.

10 A. On pages 44-46 of her testimony and in Exhibit AEB-8, Ms. Bulkley estimates a size

11 premium of 4.82% for the Company. Her estimate is based on the historical stock

12 and bond return studies published by Morningstar. Whereas she does not make a

13 specific adjustment for UNSE, she indicates: "Rather, I have considered the small

14

15

size of UNSE Electric in my assessment of business risks in order~to determine

where, within a reasonable raNge of returns, UNSE Electric's required ROE falls."

16

17 Q. Is A SIZE ADJUSTMENT APPROPRIATE FOR UNSE?

18 A. No. There are three reasons that there is no need for a size adjustment or premium for

19 UNSE: (1) a company's credit rating reflects the risk associated with the size of the

20 company: (2) the size premium is based on historical returns which are upwardly

21 biased measures of expected risk premiums, and (3) empirical studies show that size

22 premiums are not required for utilities.
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1 First, a Company's Moody's issuer credit rating of AS incorporates many

2 different risk factors, including the size of the company. In the case of UNSE, the

3 Moody's credit ratings suggest the Company is a little less risky than the proxy

4 groups. Therefore, there is no valid reason to include a size premium in the equity

5 cost rate.

6 Second, this size adjustment is based on the historical stock market returns

7 studies as performed by Morningstar (formerly Ibbotson Associates). There are a

8 number of issues with the historical return methodology. First, this approach

9 produces differing results depending on several factors, including the measure of

10 central tendency used, the time period evaluated, and the stock and bond market

11 index employed. In addition, there are a myriad of empirical problems in the

12 approach, which result in historical market returns producing inflated estimates of

13 expected risk premiums. Among the errors are the U.S. stock market survivorship

14 bias (the "Peso Problem"), the company survivorship bias (only successful compares

15 sun/ive -. poor companies do riot survive), the measurement of central tendency(the

16 arithmetic versus geometric mean), the historical time horizon used, the change in

17 risk and required return over time, the downward bias in bond historical returns, and

18 unattainable return bias (the Ibbotson procedure presumes monthly portfolio

19 reba1ancing).'7 The bottom line is that there are a number of empirical problems with

20 using historical stock and bond returns to measure a size premium.

"These issues are addressed in a number of studies, including: Aswan. Damodaran, "Equity Risk Premiums
(ERP): Determinants, Estimation and Implications - The 2015 Edition" NYU Worldng Paper, 2015, pp. 32-5,
See Richard Roll, "On Computing Mean Returns and the Small Firm Premium," Journal ofFinaneiaI Economics,
pp. 371-86, (1983), Jay Ritter, "The Biggest Mistakes We Teach," Journal of Financial Research (Summer
2002), Bradford Cornell,The Equity Risk Premium (New York, John Wiley & Sons),1999, pp. 36-78, and J. P.
Morgan, "The Most Important Number in Finance," p. 6.
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1 Third, Professor Annie Wong has tested for a size premium in utilities and

2 concluded that, unlike industrial stocks, utility stocks do not exhibit a significant size

3 premium. 18 As explained by Professor Wong, there are several reasons why such a size

4 premium would not be attributable to utilities. Utilities are regulated closely by state

5 and federal agencies and commissions, and hence, their financial performance is

6 monitored on an ongoing basis by both the state and federal governments. In addition,

7 public utilities must gain approval from government entities for common financial

8 transactions such as the sale of securities. Furthermore, unlike their industrial

9 counteqaarts, accounting standards and reporting are fairly standardized for public

10 utilities. Finally, a utility's earnings are predetermined to a certain degree through the

11 ratemaking process in which performance is reviewed by state commissions and other

12 interested parties. Overall, in terms of regulation, government oversight, performance

13 review, accounting standards, and information disclosure, utilities are much different

14 than industrials, which could account for the lack of a size premium.

1-5

16 E. Summary of Rate of Return Issues

17

18 Q. PLEASE REVIEW THE RATE OF RETURN ISSUES IN THIS CASE.

19 A. The primary rate of return issues that I have addressed include: (1) the Company's

20 proposed capital structure that includes a common equity ratio of 52.83%, (2) Ms.

21 Bulkley's DCF equity cost rate estimates, and in particular, (a) the lack of weight she

"Annie Wong, "Utility Stocks and the Size Effect: An Empirical Analysis," Journal of the Midwest Finance
Assoeiation,pp, 95-101, (1993).
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1 gives to her DCF results, and (b) the unrealistic projected GDP growth rate of 5.51%

2 in her multi-stage DCF model, (3) the projected interest rates and the risk premiums

3 in her RP and CAPM approaches, and (4) whether or not an equi ty cost rate

4 consideration is needed to account for the size of UNSE.

5

6 Q- ARE YOU ALSO PROVIDING A RATE OF RETURN RECOMMENDATION

7 ON THE FAIR VALUE OF UNSE'S RATE BASE?

8 A. No. In this case I am not making a separate recommendation on the Fair Rate of

9 Return on Rate Base ("FVRB"). Instead, I will accept Staffs methodology and

10 approach for FVRB, but my recommendation would include my capital structure and

11 ROE inputs.

12

13 Q, DOES THIS CONCLUDE YOUR TESTIMONY?

14 A. Yes.

15

9 16
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Appendix A
Educational Background, Research, and Related Business Experience

J. Randall Woolridge

J. Randall Woolridge is a Professor of Finance and the Goldman, Sachs & Co. and Frank P.
Smell Endowed Faculty Fellow in Business Administration in the College of Business Administration
of the Pennsylvania State University in University Park, PA. in addition, Professor Woolridge is
Director of the Smeal College Trading Room and President and CEO of the Brittany Lion Fund, LLC.

Professor Woolridge received a Bachelor of Arts degree in Economics from the University of
North Carolina, a Master of Business Administration degree from the Pennsylvania State University,
and a Doctor of Philosophy degree in Business Administration (major area-iinance, minor
area-statistics) from the University of Iowa. He has taught Finance courses including corporation
finance, commercial and investment banking, and investments at the undergraduate, graduate, and
executive MBA levels .

Professor Woollridge's research has centered on empirical issues in corporation finance and
financial markets. He has published over 35 articles in the best academic and professional joumds in
the Held, including the Journal of Finance, the Journal of Financial Economies, and the Harvard
Business Review. His research has been cited extensively in the business press. His work has been
featured in the New York Times, Forbes, Fortune, The Economist, Barron's, Wall Street Journal,
Business Week, Investors' Business Daily, USA Today, and other publications. In addition, Dr.
Woolridge has appeared as a guest to discuss the implications of his research on CNN's Money
Line, CNBC'sMorning Call and Business Today,and Bloomberg'sMorning Call.

Professor Wooldridge's stock valuation book, The StreetSmart Guide to Valuing a Stock
(McGraw-Hill, 2003), was released in its second edition. He has also co-authored Spinoza and
Equity Carve-Outs: Achieving Faster Growth and Better Performance (Financial Executives
'Research Foundation, 1999) as well as a textbook entitled BaSic Principles of Finance (Kendall
Hunt, 2011). . . .

Professor Woolridge has also consulted with corporations, financial institutions, and
government agencies. In addition, he has directed and participated in university- and company-
sponsored professional development programs for executives in 25 countries in North and South
America, Europe, Asia, and Africa.

Over the past twenty-five years Dr. Woolridge has prepared testimony and/or provided
consultation services in regulatory rate cases in the rate of return area in following states: Alaska,
Arizona, California, Colorado, Connecticut, Delaware, Florida, Hawaii, Indiana, Kansas, Kentucky,
Maryland, Massachusetts, Missouri, Montana, Nebraska, New Hampshire, New Jersey, New Mexico,
New York, North Carolina, Ohio, Oklahoma, Pennsylvania, South Carolina, Texas, Utah, Vennont,
Virginia, Washington, West Virginia, Wisconsin, and Washington, D.C. He has also testified before
the Federal Energy Regulatory Commission.
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APPENDIX B: CAPITAL COSTS IN TODAY'S MARKETS

This appendix provides a detailed assessment of current market conditions, and is intended

to supplement Section II of my testimony. As discussed in my testimony, based on the

information presented below, given low interest rates and high stock prices, capital costs

continue to be at historically low levels. Because an appropriate ROE should reflect the

current cost of capital, and capital costs are historically low, ROEs should concomitantly

be lower.

Q- PLEASE DISCUSS CAPITAL COSTS IN U.s. MARKETS.

A. Long-term capital cost rates for U.S. corporations are a function of the required returns on

risk-free securities plus a risk premium. The risk-free rate of interest is the yield on long-

term U.S. Treasury bonds. The yields on 10-year U.S. Treasury bonds from 1953 to the

present are provided on Panel A of Exhibit JRW-2. These yields peaked in the early l 980s

and have generally declined since that time. These yields fell to below 3.0%in 2008 as a

result of the financial crisis. From 2008 until 201 l , these rates fluctuated between 2.5%

and 3.5%. In 2012, the yields ort 10-year Treasuries declined from 2.5% to 1.5%.as the

Federal Reserve initiated its Quantitative Easing III ("QEIII") program to support a low

interest rate environment. These yields increased from mid-2012 to about 3.0% as of

December of2013 on speculation off tapering of the Federal Reserve's QEIH policy. Since

that time, the ten-year Treasury yield declined and bottomed out at 1.7% in January of

2015. These yields have increased in 2015, and now are above 2.0%.

Panel B on Exhibit JRW-2 shows the differences in yields between ten-year

Treasuries and Moody's Baa-rated bonds since the year 2000. This differential primarily
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reflects the additional risk premium required by bond investors for the risk associated with

investing in corporate bonds as opposed to obligations of the U.S. Treasury. The difference

also reflects, to some degree, yield curve changes over time. The Baa rating is the lowest

of the investment grade bond ratings for corporate bonds. The yield differential hovered

in the 2.0% to 3.5% range until 2005, declined to 1.5% until late 2007, and then increased

significantly in response to the financial crisis. This differential peaked at 6.0% at the

height of the financial crisis in early 2009, due to tightening in credit markets. The

adjustment in credit markets increased corporate bond yields, and the "flight to quality,"

which decreased Treasury yields. The differential subsequently declined, and has remained

in the 2.5% range.

Q- WHAT Is THE RISK PREMIUM?

A. The risk premium is the return premium required by investors to purchase riskier securities.

The risk premium required by investors to buy corporate bonds is observable based on

yield differentials in the markets. The market risk premium is the return premium required

to purchase stocks as opposed to bonds. The market or equity risk premium is not readily

observable in the.markets (like bond risk premiums) since expected stock market returns

are not readily observable. As a result, equity risk premiums must be estimated using

market data. There are alterative methodologies to estimate the equity risk premium

which have produced results that are subject to much debate. One way to estimate the

equity risk premium is to compare the mean returns on bonds and stocks over long

historical periods. Measured in this manner, the equity risk premium has ranged from 5%

to 7%.1 However, studies by leading academics indicate that the forward-looking equity

l

\ See Exhibit JRW-1 1, p. 5-6.
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risk premium is actually in the range of 4.0% to 6.0%. These lower equity risk premium

results are consistent with the findings ofequity risk premium surveys of CFOs, academics,

analysts, companies, and financial forecasters.

r

Q. PLEASE DISCUSS INTEREST RATES ON LONG-TERM UTILITY BONDS.

A. Panel A of Exhibit JRW-3 provides the yields on A-rated public utility bonds. These yields

peaked in November 2008 at 7.75% and have since declined significantly. These yields

declined to below 4.0% in mid-2013, and then increased with interest rates in general to

the 4.85% range as of late 2013. These rates dropped significantly during 2014 due to

economic growth concerns and were bottomed out below 4.0% in the first quarter 0f2015.

They have since increased with interest rates in general and are back above 4.0%.

Panel B of Exhibit JRW-3 provides the yield spreads between long-teml A-rated

public utility bonds relative to the yields on 20-year U.S. Treasury bonds. These yield

spreads increased dramatically in the third quarter of 2008 during the peak of the financial

crisis and have decreased significantly since that time. For example, the yield spreads

between 20-year U.S. Treasury bonds and. A-rated utility bonds peaked at 3.4% in

November 2008, declined to about 1.5% in the summer of 2012, and have remained in that

range.

Q- PLEASE PROVIDE MORE DETAILS ABOUT THE FEDERAL RESERVE'S

QEIII POLICY AND INTEREST RATES.

A. On September 13, 2012, the Federal Reserve released its policy statement relating to QEIII.

In its statement, the Federal Reserve announced that it intended to expand and extend its

B-3
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purchasing of long-term securities to about $85 billion per 1nonth.2 The Federal Open

Market Committee ("FOMC") also indicated that it intended to keep the target for the

federal funds rate between 0 to 0.25% through at least mid-2015. In subsequent meetings

over the next year, the Federal Reserve reiterated the continuation of its bond buying

program and tied future monetary policy moves to unemployment rates and the level of

interest rates

During 2013, the speculation in the markets was that the Federal Reserve's bond

buying program would be tapered or scaled back. This speculation was fueled by more

positive economic data on jobs and the economy. The speculation led to an increase in

interest rates, with the ten-year Treasury yield increasing to about 3.0% as of December

2013. Due to continuing positive economic data, the Federal Reserve decided to reduce its

purchases ofrnortgage-backed securities and Treasuries by $5 billion per month beginning

in January 0f2014.4

PLEASE DISCUSS THE FEDERAL RESERVE'S ACTIONS IN 2014 AND 2015.

The January 29, 2014 FOMC meeting vas historic as Janet Yellen took over from Ben

Bernanke as Fed Chainman. In subsequent monthly meetings during 2014, the FOMC

noted that it saw improvement in the economy and the housing and labor markets and it

continued to taper its bond buying program. In its October 28-29, 2014 meeting, the

FOMC put an end to its bond buying program primarily due to improving economic

conditions and, in particular, the better employment market.5 The announcement was

z Board of Governors of the Federal Reserve System,Statement Regarding Transactions in Agency Mortgage-Backed
Securities and Treasury Secur1'lz'e5 (Sept. 13, 2012).
3 Board of Governors of the Federal Reserve System,FOMC Statement (Dec. 12, 2012).
4Ibid.
5 Board of Governors of the Federal Reserve System,FOMC Statement (Nov. 19, 2014).
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expected, and speculation grew as to when the Federal Reserve would change course in its

"highly accommodative" monetary policy and move to increase short-tenn interest rates.

This speculation continued through the end of 2014 and into 2015 as the economy has

continued to advance and the unemployment rate has declined to 5.1%. With the

improvement in the economy and the labor and housing markets, the FOMC focused on

the sluggish pace of inflation and when inflation would approach the Federal Reserve's

target rate of 2.0%. Early in 2015, the markets focused on one key word regarding

monetary policy- 'patient.' In its March 18 statement, the FOMC omitted the word

'patient' with respect to the normalization of monetary policy, and suggested that its target

range for federal funds would only be increased once the outlook for the labor market and

price increases improved Since that time, the market debate and speculation has turned

to which monthly meeting would the Federal Reserve increase the Fed Funds rate. At the

September 17th meeting, the FOMC once again opted to keep the rate unchanged, citing

the low inflation rate, slow global economic growth, and recent stock market volati1ity.7

Q- HOW H'AS THE YIELD ON TEN-YEAR TREASURY BONDS REACTEDTQ THE

FEDERAL RESERVE'S MONETARY POLICY ACTIONS?

A. The yield on the ten-year Treasury note was 3.0% as ofJanuary 2, 2014. This yield trended

down during 2014, and bottomed out at 1.7% in January of 2015. with speculation

growing about an increase in the Federal Reserve's discount rate, the ten-year yield
E

subsequently increased to almost 2.5% in July. However, global economic growth

6 Board of Governors of the Federal Reserve System,FOMC Statement (March 18, 2015).

7 Board of Governors of the Federal Reserve System,FOMC Statement (September 17, 2015).
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concerns, particularly those regarding China, have led to a decline in the ten-year Treasury

yield to about 2.2%.8

Q- YOU DISCUSS THE RECENT FEDERAL RESERVE POLICY AND CURRENT

CONDITIONS IN THE ECONOMY AND THE FINANCIAL MARKETS. PLEASE

PROVIDE A LONG-TERM PERSPECTIVE ON INTEREST RATES AND

CAPITAL COSTS.

A. In the long Mn, the key drivers of economic growth measured in nominal dollars are

population growth, the advancement and diffusion of science and technology, and currency

inflation. Although the U.S. experienced rapid economic growth during the "post-war"

period (the 63 years that separated the end of World War II and the 2008 financial crisis),

the post-war period is not necessarily reflective of expected future growth. It was marked

by a near-trebling of global population, from under 2.5 billion to approximately 6.7 billion.

Over the succeeding 63 years, according to U.N. projections, the global population will

grow considerably more slowly, reaching approximately 10.3 bil l ion in 2070. Will i

population growth slowing, life expectancies lengthening, and post-war "baby boomers"

reaching retirement age, median ages in developed-economy nations have risen and

continue to rise. The postwar period was also marked by rapid catch-up growth as Europe,

Japan, and China recovered from successive devastations and as regions such as India and

China deployed and leapfrogged technologies that had been developed over a much longer

period in earlier-industrialized radons. That period of rapid catch-up growth is coming to

an end. For example, although China remains one of the world's fastest-growing regions,

8 http://research.stlouisfed.org/fred2/series/DGS10/downloaddata.
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its growth is now widely expected to slow substautiadly. This convergence of projected

growth in the former "second world" and "third world" towards the slower growth of the

nations that have long been considered "first world" is illustrated in this "key findings"

chart published by the Organization for Economic Co-operatioN and Development"

Figure 1: Projected Globa1.Grovyth_
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As to dollar inflation, it has declined to far below the level it reached in the 1970s.

The Federal Reserve targets a 2% inflation rate, but (as noted above) has been unable to

effect even that much inflation. Indeed, a recent Bloomberg anise pointed out that "[t]he

Fed's preferred measure of inflation has also fallen short of its 2 percent goal for 30

" See la; x.1 vs 'mu .Lwc<l.v;j8 yap. VU!1x1a>k5l1i?<..!-<_g*8g§§§}."Q_Q_Q_j8l¥}l.
i
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consecutive months, and he outlook for consumer-price increases over the next five years

has fallen almost a percentage point since its high in June to a four-year low of 1.13

percent.l° The U.S Energy Information Administration's (EIA) annual Energy Outlook

includes in its nominal GDP growth projection a long-term inflation component, which is

projected at only 1.8%."

All of these factors signify slowed growth in annual economic production and

income, even when measured in nominal rather than real dollars. Meanwhile, the stored

wealth that is available to fund investments has continued to rise. As shown in the figure

below, according to the most recent release of the Credit Suisse global wealth report, global

wealth has more than doubled since the tum of this century, notwithstanding the temporary

setback following the 2008 financial crisis.

10 Susanne Walker, Bond Investors Are Writing Offlnflalion for Years, If Not Decades, to Come (Dec 15, 2014),
available at http://www.bloomberg.com/news/20 I4- l2- 15/wall-street-camt-stop-stripping-bonds-as-inflation~
deemed-dead.html.
"See EIA Annual Energy Outlook 2014, Table 20 (available at http://www.eia.gov/forecasts/aeo/tables_ref.cfm).
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Fi2\lrc 2: Global Wealth - 2000-2014
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These long-texm trends mean that overall, and relative to what had been the post-

Wat' norm. the world now has more wealth chasing fewer opportunities for investment

• o rewards. Ben Bernanke, the former Chairman of the Federal Reserve, called this

phenomenon a "global savings glut."12 Like any other liquid market, capital markets arc

subject to the law of supply and demand. With a large supply of capital available for

investment and relatively scarce demand for investment capital, it should be no surprise to

see the cost of investment capital decline.

s

8

12 Hen S. Bernanke. The Global Saving Glut and the U.S. Current Account DO/fait (Mar. 10, 2005). available at
http://www. federalreserve.gov/boarddocsJspeechesf'2005/200503 I02.'.

B-9

i

l l



S

Q- RELATEDLY, PLEASE HIGHLIGHT MR. BERNANKE'S RECENT TAKE ON

THE Low INTEREST RATES IN THE U.S.

A. Mr. Bernanke addressed the issue of the continuing low interest rates recently on his

i

weekly Brookings Blog. Bernanke indicated that the focus should be on real and not

nominal interest rates and noted that, in the long term, these rates are not determined by

the Federal Reserve:13

If you asked the person in the street, "Why are interest rates so low?," he
or she would likely answer that the Fed is keeping them low. That's true
only in a very narrow sense. The Fed does, of course, set the benchmark
nominal short-term interest rate. The Fed's policies are also the primary
determinant of inflation and inflation expectations over the longer term,
and inflation trends affect interest rates, as the figure above shows. But
what matters most for the economy is the real, or inflation-adjusted,
interest rate (the market, or nominal, interest rate minus the inflation
rate). The real interest rate is most relevant for capital investment
decisions, for example. The Fed's ability to affect real rates of return,
especially longer-term real rates, is transitory and limited. Except in the
short Mn, real interest rates are determined by a wide range of economic
factors, including prospects for economic growth-not by the Fed.

Bernanke also addressed the issue about whether low-interest rates are a short-term

aberration or a long-term trend:14

Low interest rates are not a short-tenn aberration, but part of a long-tenn
trend. As the figure below shows, ten-year government bond yields in
the United States were relatively low in the 1960s, rose to a peak above
15 percent in 1981, and have been declining ever since. That pattern is
partly explained by the rise and fall of inflation, also shown in the figure.
All else equal, investors demand higher yields when inflation is high to
compensate them for the declining purchasing power of the dollars with
which they expect to be repaid. But yields on inflation-protected bonds
are also very low today, the real or inflation-adjusted return on lending
to the U.S. government for five years is currently about minus 0.1

Ben S. Bernanke, "Why are Interest Rates So Low," Wieldy Blog, Brookings, March 30, 2015.
http://www.brooldngs.edu/blogs/ben-bemanke/posts/2015/03/30-why-interest-rates-so-low.
141bid.
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Q. WHAT ARE YOUR OBSERVATIONS REGARDING THE OUTLOOK FOR

INTEREST RATES ALND CAPITAL COSTS?

A. believe that there are several factors driving the markets.

First, the economy has been .growing for five years, and, as noted above, despite

some weakness in the global economy, the Federal Reserve continues to see growing

strength in the U.S. economy. The labor market has improved better than expected, with

unemployment now down to 5. } %.

Second, interest rates remain at historically low levels and are likely to remain low.

There are two factors driving the continued lower interest rates: (I ) as noted by the FOMC,

inflationary expectations in the U.S. remain very low and are below the FOMC's target of
i

2.0%; and (2) global economic growth including Europe and Asia remains stagnant.

As a result, while the yields on ten-year U.S. Treasury bonds are low by historic standards,
E
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these yields are well above the government bond yields in Germany, Japan, and the United

Kingdom. Thus, U.S. Treasuries offer an attractive yield relative to those of other major

governments around the world, thereby attracting capital to the U.S. and keeping U.S.

interest rates down.

Third, reflective of the economic conditions and earnings growth arid low interest

rates, the stock market is near an all-time high.

Finally, with the end of the Fed's QEIII program, there were forecasts of higher

interest rates for some time. However, these forecasts proved to be wrong. In fact, all the

economists in Bloomberg's interest rate survey forecasted interest rates would increase in

2014, and 100% of the economists were wrong. According to the Market Watch article:15

The survey of economists' yield projections is generally skewed toward
rising rates - only a few times since early 2009 have a majority of
respondents to the Bloomberg survey thought rates would fall. But the
unanimity of the rising rate forecasts in the spring was a stark reminder
of how one-sided market views can become. It also teaches us that
economists can be universally wrong.

As a final note on this issue, these consensus forecasts of economists that interest

rates are; going higher seem to be continually wrong, In fact, in 2014,.Bloomberg reported

that the Federal Reserve Bank of New York has stopped using the interest rate estimates

of professional forecasters in the Bank's interest rate model due to the unreliability of those

forecasters' interest rate forecasts.16

15 Ben Essen, Yes, 100%  of economists were dead wrong about yields, MARKET WATCH, October 22, 2014.
lausanne Walker and Liz  Capo McConnick ,  "Uns toppable $100 Tr i l l ion Bond Market  Renders  Models  Useless , "
BLOOMBERG.COM (June 2, 2014),  ht tp: / /www.bloomberg.com/news/2014-06-01/the-unstoppable-l00-tri l1ion-bond-
market-renders-models-useless.html.
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Q- PLEASE SUMMARIZE YOUR CONCLUSIONS ON THE STATE OF THE

MARKETS AND CAPITAL COSTS.

A. Overall, the economy and capital markets have recovered and are looking to the future,

and, with low interest rates and high stock prices, capital costs continue to be at historically

low levels. Because an appropriate ROE should reflect the current cost of capital, and

capital costs are historically low, ROEs should concomitantly be lower.
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APPENDIX C: CAPITAL STRUCTURE RATIOS AND DEBT COST RATES

This appendix details my proposed capital stlucture, and is intended to supplement Section

IV of  my testimony. As stated in my testimony, based on the information below I

recommend a capital structure for UNSE with 50% long-term debt, and 50% common

equity.

Q. PLEASE DESCRIBE UNSE'S PROPOSED CAPITAL STRUCTURE AND SENIOR

CAPITAL COST R.ATES.

A. The Company has proposed a capital structure of 47.17% long~tenn debt and 52.83%

common equity. The Company has recommended a long-term debt cost rate of 4.66%.

This is summarized on Panel A of Exhibit JRW-5.

Q. WHAT ARE THE COMMON EQUITY RATIOS IN THE CAPITALIZATIONS OF

THE Two PROXY GROUPS?

A. As shown in Exhibit JRW-4, the median common equity ratios of the Electric and Bulldey

Proxy Groups are 47.7% and 49.3%, respectively. This indicates that the Company's

proposed capitalization has a higher common equity ratio than the two proxy groups.

Q- How DOES THE COMPANY'S PROPOSED COMMON EQUITY RATIOS
|

r

COMPARE To COMMON EQUITY RATIOS OF UNSE'S PARENT COMPANY, l
I

UNS ENERGY, AND UTLIMATE PARENT COMPANY, FORTIS, INC?

C-I
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A. As of year-end 2013 and 2014, UNS Energy had common equity ratios

respectively' In addition, as shown in Panel B of Exhibit JRw-5, Fords' 2014 year-end

capitalization included a common equity ratio of 43.6%.

Q, ARE YOU ADOPTING UNSE'S RECOMMENDED CAPITAL STRUCTURE?

A. No. The Company is proposing a capital stnlcture that includes a higher common equity

ratio than the averages of the two proxy groups as well as its parent organizations.

Q, PLEASE DISCUSS THE SIGNIFICANCE OF THE AMOUNT OF EQUITY THAT

is INCLUDED IN AN ELECTRIC UTILITY'S CAPITAL STRUCTURE.

A. An electric utility's decision regarding the amount of equity capital it will incorporate into

its capital structure involves fundamental trade-offs relating to the amount of financial risk

the firm carries, the overall revenue requirements its customers are required to bear through

the rates they pay, and the return oh equity that investors will require.

Q- PLEASE DISCUSS A UTILITY'S DECISION To USE DEBT VERSUS EQUITY

TO MEET ITS CAPITAL NEEDS.

A. Utilities satisfy their capital needs through a mix of equity and debt. Because equity capital

is more expensive than debt, the issuance of debt enables a utility to raise more capital with

a given commitment of dollars than it could raise with just equity. Debt is, therefore, a

1 UNSE Response to UDR1 .004 Capital Structure Ratios - Confidential.
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means of "leveraging" capital dollars. However, as the amount of debt in the capital

structure increases, its financial risk increases and the risk of the utility perceived by equity

investors also increases. Significantly for this case, the converse is also true. As the amount

of debt in the capital structure decreases, the financial risk decreases. The required return

on equity capital is a function of the amount of overall risk that investors perceive,

including financial risk in the form of debt.

Q- WHY is THIS RELATIONSHIP IMPORTANT To THE UTILITY'S

CUSTOMERS?

A. Just as there is a direct correlation between the utility's authorized return on equity and the

utility's revenue requirements (the higher the return, the greater the revenue requirement),

there is a direct correlation between the amount of equity in the capital structure and the

revenue requirements the customers are called on to bear. Again, equity capital is more

expensive than debt. Not only does equity command a higher cost rate, it also adds more

to the income tax burden that ratepayers are required to pay Mouth rates. As the equity

ratio increases, the utility's revenue requirements increase and the rates paid by customers

increase. If the proportion of equity is too high, rates will be higher than they need to be.

For this reason, the utility's management must pursue a capital acquisition strategy that

results in the proper balance in the capital structure.

Q. HOW HAVE ELECTRIC UTILITIES TYPICALLY STRUCK THIS BALANCE?

A. Due to regulation and the essential nature of its output, an electric utility is exposed to less

business risk diam other companies that are not regulated. This means that an electric utility
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can reasonably carry relatively more debt in its capital structure than can most unregulated

companies. The utility should take appropriate advantage of its lower business risk to

employ cheaper debt capital at a level that will benefit its customers through lower revenue

requirements. Typically, one may see equity ratios for electric utilities range firm 40% to

50%.

Q- GIVEN YOUR VIEW THAT UNSE'S EQUITY RATIO Is HIGHER THAN THAT

OF THE PROXY GROUPS, WHAT SHOULD THE COMMISSION DO IN THIS

RATEMAKING PROCEEDING?

A. When a regulated electric utility's actual capital structure contains a high equity ratio, the

options are: (1) to impute a more reasonable capital structure and reflect this capital

structure in revenue requirements, or (2) to recognize the downward impact that an

unusually high equity ratio will have on the Financial risk of a utility and authorize a lower

common equity cost rate.

Q- PLEASE ELABQRATE ON THIS "DGWNWARD IMPACT."

A. As I stated earlier, there is a direct correlation between the amount of debt in a utility's

capital structure and the financial risk that an equity investor will associate with that utility.

A relatively lower proportion of debt translates into a lower required return on equity, all

other things being equal. Stated differently, a utility cannot expect to "have it both ways."

Specifically, a utility cannot maintain an unusually high equity ratio and not expect to have

the resulting lower risk reflected in its authorized return on equity. The fundamental

I relationship between the lower risk and the appropriate authorized return should not be

C-4



ignored.

Q. PLEASE DESCRIBE YOUR RECOMMENDED CAPITAL STRUCTURE FOR

UNSE.

A. The capital stricture data for UNSE has a higher common equity ratio than the two proxy

groups. To balance these capital structures, and to provide for a more reasonable

capitalization, I use a capital structure with a common equity ratio of 50.0%. A capital

structure with a 50% common equity ratio is still above the average common equity ratios of

the proxy groups.

In Pane] C of Exhibit JRW-5, I have used a common eqln'ty ratio of 50.0% and I have

adjusted UNSE's long-teml debt upwards on a pro rata basis such that they account,

collectively, for 50.0% of total capital. The resulting capital stricture includes 50.0% long-

term debt, and 50.0% common equity.

Q- ARE YOU ADOPTING UNSE'S RECOMMENDED SENIOR CAPITAL COST

RATES?

A. I am adopting UNSE's recommended long-term debt cost rate of4.66%.
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APPENDIX D: THE COST OF COMMON EQUITY CAPITAL

This appendix provides a detailed discussion of the cost of equity capital for utilities, and

my approach to estimate the cost of equity capital. This discussion is intended to

supplement Section V of my testimony. As stated in my testimony and discussed below, I

rely primarily on the Discounted Cash Flow Model ("DCF") model to estimate the cost of

equity capital. While I have also performed a Capital Asset Pricing Model ("CAPM")

study, I give these results less weight because I believe that risk premiums studies such as

CAPM provide a less reliable indication of equity cost rates for public utilities.

A. Overview

Q- WHY MUST AN OVERALL COST OF CAPITAL OR FAIR RATE OF RETURN

BE ESTABLISHED FOR A PUBLIC UTILITY?

A. In a competitive industry, the return on a firm's common equity capital is determined

through the competitive market for its goods and services. Due to the capital requirements

needed to provide utility services and the economic benefit to society from avoiding

duplication of these services, some public utilities are monopolies. Because of the lack of

competition and the essential nature of their services, it is not appropriate te permit

monopoly utilities to set their own prices. Thus, regulation seeks to establish prices that

are fair to consumers and, at the same time, sufficient to meet the operating and capital

costs of the utility (i.e., provide an adequate return on capital to attract investors).

D-1
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Q- PLEASE PROVIDE AN OVERVIEW OF THE COST OF CAPITAL IN THE

CONTEXT OF THE THEORY OF THE FIRM.

A. The total cost of operating a business includes the cost of capital. The cost of common

equity capital is the expected return on a firm's common stock that the marginal investor

would deem sufficient to compensate for risk and the time value of money. In equilibrium,

the expected and required rates of return on a company's common stock are equal.

Normative economic models of a company or Hun, developed under very

restrictive assumptions, provide insight into the relationship between firm performance or

profitability, capital costs, and the value of the firm. Under the economist's ideal model

ofperfect competition, where entry and exit are costless, products are undifferentiated, and

there are increasing marginal costs ofproduction, firms produce up to the point where price

equals marginal cost. Over time, a long-run equilibrium is established where price equals

average cost, including the Finn's capital costs. In equilibrium, total revenues equal total

costs, and because capital costs represent investors' required return on the firm's capital,

actual retUrns equal required returns, and the market value must»equa1 the book value of

the Hml's securities.

In the real world, finns can achieve competitive advantage due to product market

imperfections. Most notably, companies can gain competitive advantage through product

differentiation (adding real or perceived value to products) and by achieving economies of

scale (decreasing marginal costs of production). Competitive advantage allows firms to

price products above average cost and thereby earn accounting profits greater than those

required to cover capital costs. When these profits are in excess of that required by

D-2
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investors, or when a firm earns a return on equity in excess of its cost of equity, investors

respond by valuing the Finn's equity in excess of its book value.

James M. McTaggart, founder of the international management consulting firm +

Marakon Associates, described this essential relationship between the return on equity, the

cost of equity, and the market-to-book ratio in the following mannerzl

Fundamentally, the value of a company is determined by die cash
flow it generates over time for its owners, and the minimum acceptable
rate of return required by capital investors. This "cost of equity capital"
is used to discount the expected equity cash flow, converting it to a
present value. The cash flow is, in turn, produced by the interaction of a
company's return on equity and the annual rate of equity growth. High
return on equity (ROE) companies in low-growth markets, such as
Kel logg, are prodigious generators of  cash f low, whi le low ROE
companies in high-growth markets, such as Texas Instruments, barely
generate enough cash flow to finance growth.

A company's ROE over time, relative to its cost of equity, also
determines whether it is worth more or less than its book value. If its
ROE is consistently greater than the cost of equity capital (the investor's
minimum acceptable return), the business is economically profitable and
its market value will exceed book value. If, however, the business earns
an ROE consistently less than its cost of equity, it is economically
unprofitable and its market value will be less than book value.

As such, the relationship between a firm's return on equity, cost of equity,. and

market-to-book ratio is relatively straightforward. A Him that ears a return on equity

above its cost of equity will see its common stock sell at a price above its book value.

Conversely, a firm that earns a return on equity below its cost of equity will see its common

stock sell at a price below its book value.

1 James M. McTaggart, "The Ultimate Poison Pill: Closing the Value Gap," Commentary (Spring 1986), p.3.
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Q- PLEASE PROVIDE ADDITIONAL INSIGHTS INTO THE RELATIONSHIP

BETWEEN ROE AND MARKET-T0-BOGK RATIOS.

A. This relationship is discussed in a classic Harvard Business School case study entitled

"Note on Value Drivers." On page 2 of that casestudy, the author describes the relationship

very succinctly

For a given industry, more profitable firms ._ those able to
generate higher returns per dollar of equity- should have higher market-
to-book ratios. Conversely, firms which are unable to generate returns
in excess of their cost of equity should sell for less than book value.

1?n019fabi!ify
IfROE > K
fRoE = K
fRoE < K

Kafue _
then Market/Book > 1
then Market/800k ==]
then Market/Book < I

To assess the relationship by industry, as suggested above, I performed a regression

study between estimated ROE and market-to-book ratios using natural gas distribution,

electric utility, and water utility companies. I used all companies in these three industries

that are covered by Value Line and have estimated ROE and market-to-book ratio data.

The results are presented in Panels A-C of Exhibit JRW-6. The average R-squanes for the

electric, gas, and water companies are 0.78, 0.63, and 0.49, respectively This

demonstrates the strong positive relationship between ROEs and market~to-book ratios for

public utilities.

2 Benjamin Este, "Note on Value Drivers," Harvard Business School, Case No. 9-297-082, April 7, 1997.
3 R-square measures the percent of variation in one variable (e.g., market-to-book ratios) explained by another variable
(e.g., expected ROE). R-squares vary between zero and 1.0, with values closer to 1.0 indicating a higher relationship
between two variables.
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Q- WHAT ECONOMIC FACTORS HAVE AFFECTED THE COST OF EQUITY

CAPITAL FOR PUBLIC UTILITIES?

A. Exhibit JRW-7 provides indicators of public utility equity cost rates over the past decade.

Page 1 shows the yields on long-term A-rated public utility bonds. These yields

decreased &om 2000 until 2003, and then hovered in the 5.50%-6.50% range from mid-

2003 until mid-2008. These yields spiked up to the 7.75% range with the onset of the

Financial crisis, and remained high and volatile until early 2009. These yields declined to

below 4.0% in mid-2013, and then increased with interest rates in general to the 4.85%

range as of late 2013. They subsequently declined to below 4.0% in the first quarter of

2015, but have increased with interest rates in general since that time.

Page 2 provides the dividend yields for electric utilities over the past decade. The

dividend yields for this electric group declined from the year 2000 to 2007, increased to

5.2% in 2009, and dropped to 3.80% in 2014.

Average earned returns on common equity and market-to-book ratios for the

electric group are on page 3 of Exhibit JRW-7. For the electric group, earned returns.on

common equity have declined gradually since the year 2000 and have benin the 9.50%

range in recent years. The average market-to-book ratios for this group peaked at 1.68X

in 2007, declined to l.07X in 2009, and have increased since that time. As of 2014, the

average market-to-book for the group was 1.50X. This means that, for at least the last

decade, returns on common equity have been greater than the cost of capital, or more than

necessary to meet investors' required returns. This also means that customers have been

paying more than they need to support an appropriate profit level for regulated utilities.

l
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Q- WHAT FACTORS DETERMINE INVESTORS' EXPECTED OR REQUIRED

RATE OF RETURN ON EQUITY?

A. The expected or required rate of return on common stock is a function of market-wide as

well as company-specific factors. The most important market factor is the time value of

money as indicated by Me level of interest rates in the economy. Common stock investor

requirements generally increase and decrease with like changes in interest rates. The

perceived risk of  a f i rm is the predominant factor that inf luences investor return

requirements on a company-specific basis. A Hrm's investment risk is often separated into

business and financial risk. Business risk encompasses all factors that affect a firm's

operating revenues and expenses. Financial risk results from incumlng fixed obligations in

the font of debt in financing its assets.

Q, HOW DOES THE INVESTMENT RISK OF UTILITIES COMPARE WITH THAT

OF OTHER INDUSTRIES?

1
|

F

A. Due to the essential nature of their service Oswell as their regulatedStatus, public utilities

are exposed to a lesser degree of business risk than' other, non-regulated businesses. The

relatively low level of business risk allows public utilities to meet much of their capital

requirements through borrowing in the financial markets, thereby incuring greater than

average financial risk. Nonetheless, the overall investment risk of public utilities is below

most other industries.

Exhibit JRW-8 provides an assessment of investment risk for 99 industries as

measured by beta, which according to modem capital market theory, is the only relevant

measure of investment risk. These betas come ft°om the Value Line Investment Survey. The
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study shows that the investment risk futilities is very low. The average betas for electnlc,

water, and gas utility companies are 0.74, 0.73, and 0.80, respectively. As such, the cost

of equity for utilities is among the lowest of all industries in the U.S.

Q- WHAT Is THE COST OF COMMON EQUITY CAPITAL?

A. The costs of debt and preferred stock are nonnally based on historical or book values and

can be determined with a great degree of accuracy. The cost of common equity capital,

however, cannot be determined precisely and must instead be estimated from market data

and informed judgment. This return to the stockholder should be commensurate with

returns on investments in other enterprises having comparable risks.

According to valuation principles, the present value of an asset equals the

discounted value of its expected future cash Hows. Investors discount these expected cash

flows at their required rate of return that, as noted above, reflects the time value of money

and the perceived riskiness of the expected future cash flows. As such, the cost of common

equity is the rate at which investors discount expected cash Hows associated with common .

stock ownership.

Q- HOW CAN THE EXPECTED OR REQUIRED RATE OF RETURN ON COMMON

EQUITY CAPITAL BE DETERMINED?

| A. Models have been developed to ascertain the cost of common equity capital for a firm.

Each model, however, has been developed using restrictive economic assumptions.

Consequently, judgment is required in selecting appropriate financial valuation models to

estimate a firm's cost of common equity capital, in determining the data inputs for these

D-7
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models, and in interpreting the models' results. All of these decisions must take into

consideration the Hun involved as well as current conditions in the economy and the

financial markets.

Q- HOW DO YOU PLAN TO ESTIMATE THE COST OF EQUITY CAPITAL FOR

UNSE?

A. I rely primarily on the DCF model to estimate the cost of equity capital. Given the

investment valuation process and the relative stability of the utility business, believe that

the DCF mode] provides the best measure of equity cost rates for public utilities. It is my

understanding that this Commission has traditionally relied on the DCF model. Shave also

performed a CAPM study, however, I give these results less weight because I believe that

risk premium studies such as CAPM provide a less reliable indication of equity cost rates

for public utilities.

B. DCF Analysis

Q- PLEASE DESCRIBE THE THEORY BEHIND THE TRADITIONAL DCF

MODEL.
E

A. According to the DCF model, the current stock price is equal to the discounted value of all

future dividends that investors expect to receive Hom investment in the firm. As such,

stockholders' returns ultimately result from current as well as future dividends. As owners

of a corporation, common stockholders are entitled to a pro rata share of the firm's

earnings. The DCF model presumes that earnings that are not paid out in the font of

dividends are reinvested in the firm so as to provide for future growth in earnings and

D-8

lllll  II



4

dividends. The rate at which investors discount future dividends, which reflects the timing

and riskiness of the expected cash Hows, is interpreted as the market's expected or required

return on the common stock. Therefore, this discount rate represents the cost of common

equity. Algebraically, the DCF model can be expressed as:

DI DO Dr
+P +

(1+k)1 (1+k)2 (1+k)"

where P is the current stock price, Dr is the dividend in year n, and k is the cost of common

equity.

Q- is THE DCF MODEL CONSISTENT WITH VALUATION TECHNIQUES

EMPLOYED BY INVESTMENT FIRMS?

A. Yes. Virtually all investment f ins use some font of the DCF model as a valuation

technique. One common application for investment firms is called the three-stage DCF or

dividend discount model ("DDM"). The stages in a three-stage DCF model are presented

in Exhibit JRW-9, Page 1 o f f . This model presumes that a conlpany's dividend payout

progresses initially through a growth stage, then proceeds through a transition stage, and

finally assumes a maturity (or steady-state) stage. The dividend-payment stage of a firm

depends on the profitability of its internal investments which, in tum, is largely a function

of the life cycle of the product or service.

1. Growth stage: Characterized by rapidly expanding sales, high profit

margins, and an abnormally high growth in earnings per share. Because of highly

profitable expected investment opportunities, the payout ratio is low. Competitors

I

are attracted by the unusually high earnings, leading to a decline in the growth rate.
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2. Transition stage: In later years, increased competition reduces profit

margins and earnings growth slows. With fewer new investment opportunities, the

company begins to pay out a larger percentage of earnings.

3. Maturity (steady-state) stage: Eventually, the company reaches a position

where its new investment opportunities offer, on average, only slightly attractive

ROEs. At that time, its earnings growth rate, payout ratio, and ROE stabilize for

the remainder of its life. The constant-growth DCF model is appropriate when a firm

is in the maturity stage of the life cycle.

In using this model to estimate a firm's cost of equity capital, dividends are projected into

the future using the different growth rates in the alternative stages, and then the equity cost

rate is the discount rate that equates the present value of the future dividends to the cun'ent

stock price.

Q. HOW DO YOU ESTIMATE STOCKHOLDERS" EXPECTED OR REQUIRED

RATE OF RETURN USING THE DCF MODEL?

A. Under certain assumptions, including a constant and infinite expected growth rate, and

constant dividend/eamings and price/eamings ratios, the DCF model can be simplified to

the following:

DI
P

k - g

where DI represents the expected dividend over the coming year and g is the expected

growth rate of dividends. This is known as the constant-growth version of the DCF model.
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To use the constant-growth DCF model to estimate a firm's cost of equity, one solves for

k in the above expression to obtain the following:

DI
k + g

P

Q- IN YOUR OPINION, Is THE CONSTANT-GROWTH DCF MODEL

APPROPRIATE FOR PUBLIC UTILITIES?

A. Yes. The economics of the public utility business indicate that the industry is in the steady-

state or constant-growth stage of a three-stage DCF. The economics include the relative

stability of the utility business, the maturity of the demand for public utility services, and

the regulated status of public utilities (especially the fact that their returns on investment

are effectively set through the ratemaking process). The DCF valuation procedure for

companies in this stage is the constant-growth DCF. In the constant-growth version of the

DCF model, the current div idend payment and stock price are directly observable.

However, the primary problem and controversy in applying the DCF model to estimate
I

1 equity cost rates entails estimating investors' expected dividend growth rate .

Q, WHAT FACTORS SHOULD ONE CONSIDER WHEN APPLYING THE DCF

METHODOLOGY?

A. One should be sensitive to several factors when using the DCF model to estimate a firm's

cost of equity capital. In general, one must recognize the assumptions under which the

DCF model was developed in estimating its components (the div idend yield and the

expected growth rate). The dividend yield can be measured precisely at any point in time,

however, i t tends to vary somewhat over time. Estimation of expected growth is
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considerably more difficult. One must consider recent firm performance, in conjunction

with current economic developments and other information available to investors, to

accurately estimate investors' expectations.

_C_ DCF Growth Rate

Q. PLEASE DISCUSS THE GROWTH RATE COMPONENT OF THE DCF MODEL.

A. There is much debate as to the proper methodology to employ in estimating the growth

component of the DCF model. By definition, this component is investors' expectation of

the long-term dividend growth rate. Presumably, investors use some combination of

historical and/or projected growth rates for earnings and dividends per share and for

internal or book-value growth to assess long-term potential.

Q- WHAT GROWTH DATA HAVE YOU REVIEWED FOR THE PROXY GROUPS?

A. I have analyzed. a number of measures of growth for companies in the proxy groups. I

reviewed Value Line 's historical and projected growth rate estimates for earnings per share

("EPS"), dividends per share ("DPS"), and book value per share ("BVPS"). In addition, I

utilized the average EPS growth rate forecasts of Wall Street analysts as provided by

Yahoo, Reuters and Zacks. These services solicit live-year earnings growth rate

projections ft°om securities analysts and compile and publish the means and medians of

these forecasts. Finally, I also assessed prospective growth as measured by prospective

earnings retention rates and earned returns on common equity.

»

I
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Q, PLEASE DISCUSS HISTORICAL GROWTH IN EARNINGS AND DIVIDENDS

As WELL AS INTERNAL GROWTH.

A. Historical growth rates for EPS, DPS, and BVPS are readily available to investors and are

presumably an important element in forming expectations eonceming future growth.

However, one must use historical growth numbers as measures of investors' expectations

with caution. In some cases, past growth may not reflect future growth potential. Also,

employing a single growth rate number (for example, for five or ten years) is unlikely to

accurately measure investors' expectations, due to the sensitivity of a single growth rate

f igure to f luctuations in indiv idual f irm performance as well as overall economic

fluctuations (i.e., business cycles). However, one must appraise the context in which the

growth rate is being employed. According to the conventional DCP model, the expected

return on a security is equal to the sum of the dividend yield and the expected long-temi

growth in dividends. Therefore, to best estimate the cost of common equity capital using

the conventional DCF model, one must look to long-term growth rate expectations.

Internally generated growth is a function cf the percentage of earnings retained

within the firm (the earnings retention rate) and the rate of return earned on those earnings

(the return on equity). The internal growth rate is computed as the retention rate times the

return on equity. Internal growth is significant in determining long-run earnings and,

therefore, dividends. Investors recognize the importance of internally generated growth

and pay premiums for stocks of companies that retain earnings and earn high returns on

internal investments.

Q. PLEASE DISCUSS THE SERVICES THAT PROVIDE ANALYSTS' EPS
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FORECASTS.

A. Analysts' EPS forecasts for companies are collected and published by a number of different

investment information services, including Institutional Brokers Estimate System ("I/B/E/S"),

Bloomberg, FactSet, Zacks, First Call and Reuters, among others. Thompson Reuters

publishes analysts' EPS forecasts under different product names, including I/B/E/S, First Call,

and Reuters. Bloomberg, FactSet, and Zacks publish their own set of analysts' EPS forecasts

for companies. These services do not reveal: (1) the analysts who are solicited for forecasts,

or (2) the identity of the analysts who actually provide the EPS forecasts that are used in due

compilations published by the services. I/B/E/S, Bloomberg, FactSet, and First Call are fee-

based services. These services usually provide detailed reports and other data in addition to

analysts' EPS forecasts. Thompson Reuters and Zacks do provide limited EPS forecast data

free-of-charge on the internet. Yadaoo finance (http://finance.yahoo.com) lists Thompson

Reuters as the source of its summaly EPS forecasts. The Reuters website (yvww.re_uter§ corp)

also publishes EPS forecasts from Thompson Reuters, but with more detail. Zacks

(www.zacks.com) publishes its summary forecasts on its website. Zacks estimates are also

available on other websites, such as msn.money (http://money.msn.c0m).

Q- PLEASE PROVIDE AN EXAMPLE OF THESE EPS FORECASTS.

A. The following example provides the EPS forecasts compiled by Reuters for Alliant Energy

Corp. (stock symbol "LNT"). The figures are provided on page 2 of Exhibit JRW-9. The

top line shows that one analyst has provided EPS estimates for the quarter ending

December 3 l. The mean, high and low estimates are $0.53, $0.63, and $0.41 , respectively.

The second line shows the quarterly EPS estimates for the quarter ending March 31 , 20]6
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of$0.94 (mean),$0.94 (high), and $0.94 (low). Lines three and four show the annual EPS

estimates for the fiscal year ending December 2015 ($3.63) (mean), $3.68 (high), and $3.60

(low)) and for the fiscal year ending December 2016 (33.83 (mean), $3.91 (high), and $3.75

1

I (low)). The quarterly and annual EPS forecasts in lines 1-4 are expressed in dollars and

I
cents. As in the LNT case shown here, it is common for more analysts to provide estimates

of annual EPS as opposed to quarterly EPS. The bottom line shows the projected long-

tern EPS growth rate, which is expressed as a percentage. For LNT, two analysts have |

i

i
I
I
|

!

provided a long-term EPS growth rate forecast, with mean, high, and low growth rates of

5.75%, 6.00%, and 5.50%.

Q. WHICH OF THESE EPS FORECASTS IS USED IN DEVELOPING A DCF

GROWTH RATE?

A. The DCF growth rate is the long-term projected growth rate in EPS, DPS, and BVPS.

Therefore, in developing an equity cost rate using the DCF model, the prob ected long-term

growth rate is the projection used in the DCF model.

Q- WHY DO YOU NOT RELY EXCLUSIVELY ON THE EPS FORECASTS OF

WALL STREET ANALYSTS IN ARRIVING AT A DCF CROWTH RATE FOR

THE PROXY GROUP?

A. There are several issues with using the EPS growth rate forecasts of Wall Street analysts

as DCF growth rates. First, the appropriate growth rate in the DCF model is the dividend

growth rate, not the earnings growth rate. Nonetheless, over the very long term, dividend

and earnings will have to grow at a similar growth rate. Therefore, consideration must be

D-15
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given to other indicators of growth, including prospective dividend growth, internal

growth, as well as projected earnings growth. Second, a recent study by Lacing, Lee, and

Xi (201 1) has shown that analysts' long-term earnings growth rate forecasts are not more

accurate at forecasting future earnings than naive random walk forecasts of future

earnings." Employing data over a twenty-year period, these authors demonstrate that using

the most recent year's EPS figure to forecast EPS in the next 3-5 years proved to be just as

accurate as using the EPS estimates from analysts' long-term earnings growth rate

forecasts. In the authors' opinion, these results indicate that analysts' long-term earnings

growth rate forecasts should be used with caution as inputs for valuation and cost of capital

pulposes. Finally, and most significantly, it is well known that the long-tenn EPS growth

rate forecasts of Wall Street securities analysts are overly optimistic and upwardly biased.

This has been demonstrated in a number of academic studies over the years.5 Hence, using

these growth rates as a DCF growth rate will provide an overstated equity cost rate. On

this issue, a study by Easton and Sommers (2007) found that optimism in analysts' growth

rate forecasts leads to an upward bias in estimates of the cost of equity capital of almost

3.0 percentage points.6

|
4 M. Lacuna, B. Lee & Z, Xu, Advances in Business and Management Forecasting (Vol. 8), Kenneth D. Lawrence,
Ronald K. Klimberg (ed.), Emerald Group Publishing Limited, pp.77-101.

5 The studies that demonstrate analysts' long-tenn EPS forecasts are overly-optimistic and upwardly biased include:
R.D. Harris, "The Accuracy, Bias, and Efficiency of Analysts' Long Run Earnings Growth Forecasts," Journal of
Business Finance & Accounting,pp, 725-55 (June/July 1999); P. DeChow, A. Hutton, and R. Sloan, "The Relation
Between Analysts' Forecasts of Long-Term Earnings Growth and Stock Price Performance Following Equity
Offerings," Contemporary Accounting Research (2000); K. Chan, L., Karceski, J., & Lakonishok, J., "The Level and
Persistence of Growth Rates," Journal ofFinaneepp. 643_684, (2903), M. Lacuna, B. Lee and Z. Xu, Advances in
Business and Management Forecasting (Vol. 8), Kenneth D. Lawrence, Ronald K. Klimberg (ed.), Emerald Group
Publishing Limited, pp.77~10l, and Marc H. Goedhart, Rishi Raj, and Abhishek Saxena, "Equity Analysts, Still Too
Bullish,"McKinsey on Finance,pp. 14-17, (Spring 2010).
6 Peter D. Easton & Gregory A. Sommers, Effect ofAnalysls r Optimism on Estimates of the Expected Rate of Return
Implied by Earnings Forecasts,45 J. ACCT. RES. 983~1015 (2007).
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Q- Is IT YOUR OPINION THAT STOCK PRICES REFLECT THE UPWARD BIAS

IN THE EPS GROWTH RATE FORECASTS?

A. Yes, I do believe that investors are well aware of the bias in analysts' EPS growth rate

forecasts, and therefore stock prices reflect the upward bias.

Q, HOW DOES THAT AFFECT THE USE OF THESE FORECASTS IN A DCF

EQUITY COST RATE STUDY?

A. According to the DCF model, the equity cost rate is a function of the dividend yield and

expected growth rate. Because stock prices reflect the bias, it would affect the dividend

I=
yield. In addition, the DCF growth rate needs to be adjusted downward firm the projected

EPS growth rate to reflect the upward bias.

D. CAPM Analysis

Q» PLEASE DISCUSS THE CAPM APPROACH.

A. The CAPM is a risk premium approach to gauging a firm's cost of equity capital.

According to the risk premium approach, the cost of equity is the sum of the interest rate

on a risk-free bond (Rf) and a risk premium (RP), as in the following:

k Rf + RP

The yield on long-term U.S. Treasury securities is normally used as Rf. Risk

premiums are measured in different ways. The CAPM is a theory of the risk and expected

returns of common stocks. In the CAPM, two types of risk are associated with a stock:

firm-specific risk or unsystematic risk, and market or systematic risk, which is measured

by a firm's beta. The only risk that investors receive a return for bearing is systematic risk.
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According to the CAPM, the expected return on a company's stock, which is also

the equity cost rate (K), is equal to:

K = (R/) + fs * [E(R,,.) - (Rf)l

•

•

Where:
• K represents the estimated rate of return on the stock,
¢ E(R,,,) represents the expected return on the overall stock market. Frequently, the

'market' refers to the S&P 500,
(Rf) represents the risk-free rate of interest,
[E(Rm) - (R,)] represents the expected equity or market risk premium-the excess
return that an investor expects to receive above the risk-tree rate for investing in
risky stocks, and
Beta- (B) is a measure of the systematic risk of an asset.•

To estimate the required return or cost of equity using the CAPM requires three

inputs: the risk-fiee rate of interest (Rt), the beta (Ii), and the expected equity or market

risk premium [E(R,,,) - (Rf)]. Reis the easiest of the inputs to measure - it is represented by

the yield on long-term U.S. Treasury bonds. B, the measure of systematic risk, is a little

more difficult to measure because there are different opinions about what adjustments, if

any, should be made to historical betas due to their tendency to regress to 1.0 over time.

And finally, an even more difficult input to measure is the expected equity or market risk

premium (E(R,,,) - (Rf)). I will discuss each of these inputs below.

Q- PLEASE DISCUSS EXHIBIT JRw-11.

A. Exhibit JRW-Il provides the summary results for my CAPM study. Page 1 shows the
|
I

results, and the following pages contain the supporting data.
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Q- PLEASE DISCUSS THE RISK-FREE INTEREST RATE.

A. The yield on long-term U.S. Treasury bonds has usually been viewed as the risk-fiee rate

of interest in the CAPM. The yield on long-term U.S. Treasury bonds, in tum, has been

considered to be the yield on U.S. Treasury bonds with 30-year maturities.

Q. WHAT RISK-FREE INTEREST RATE ARE YOU USING IN YOUR CAPM?

A. As shown on page 2 of Exhibit JRW-11 , the yield on 30-year U.S. Treasury bonds has been

in the 2.5% to 4.0% range over the 2013-2015 time period. The 30-year Treasury yield is

currently in the middle of this range. Given the recent range of yields and the possibility

of higher interest rates, I use 4.0% as the risk-free rate, or R/G in my CAPM.

Q- WHAT BETAS ARE YOU EMPLOYING IN YOUR CAPM?

A. Beta (8) is a measure of the systematic risk of a stock. The market, usually taken to be the

S&P 500, has a beta of 1.0. The beta of a stock with the same pnlce movement as the

market also has a betaoff .0. A stock whose price movement is greater than that of the

market, such as a technology stock, is riskier than the market and has a beta greater than

1.0. A stock with below average price movement,such as that of a regulated public utility,

is less risky than the market and has a beta less than1.0.Estimating a stock's beta involves

running a linear regression of a stock's return on the market return.

As shown on page 3 of Exhibit JRW-1 1, the slope of the regression line is the

stock's B. A steeper line indicates that the stock is more sensitive to the return on the

overall market. This means that the stock has a higher 13 and greater-than-average market
I

! risk. A less steep line indicates a lower B and less market risk.
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Several online investment information services, such as Yahoo and Reuters,

provide estimates of stock betas. Usually these services report different betas for the same

stock. The differences are usually due to: (1) the time period over which B is measured,

and (2) any adjustments that are made to reflect the fact that betas tend to regress to 1.0

over time. In estimating an equity cost rate for the proxy groups, I am using the betas for

the companies as provided in the Value Line Investment Survey. As shown on page 3 of

Exhibit JRW~l1, the median betas for the companies in the Electric and Bulkley Proxy

Groups are 0.75 and 0.78, respectively.

Q- PLEASE DISCUSS THE MARKET RISK PREMIUM ("MRP").

A. The MRP is equal to the expected return on the stock market (e.g., the expected return on

the S&P 500,E(Rm)minus the risk-free rate of interest(Rf)). The MRP is the difference in

the ex ected total return between investen in e cities and investing in "safe" fixed-incomep g q

assets, such as long-term government bonds. However, while the MRP is easy to define
I

E
conceptually, it is difficult to measure because it requires an estimate of the expected return

I
|

on the market - E(R,,,). As is discussed below, there are different ways to measure E(Rm),

8
and studies have come up with significantly different magnitudes for E(Rm). As Merton

Miller, the 1990 Nobel Prize winner in economics indicated, E(R,,,) is very difficult to

measure and is one of the great mysteries in finance.7

7 Merton Miller, "The History of Finance: An Eyewitness Account," Journal of Applied Corporate Finance,2000,
3.

P.
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Q- PLEASE DISCUSS THE ALTERNATIVE APPROACHES TO ESTIMATING THE

MRP.

A. Page 4 of Exhibit JRW-11 highlights the primary approaches to, and issues in, estimating

the expected MRP. The traditional way to measure the MRP was to use the difference

between historical average stock and bond returns. In this case, historical stock and bond

returns, also called ex post returns, were used as the measures of the market's expected

return (known as the ex ante or forward-looking expected return). This type of historical

evaluation of stock and bond returns is often called the "Ibbotson approach" after Professor

Roger Ibbotson, who popularized this method of using historical financial market returns

as measures of expected returns. Most historical assessments of the equity risk premium

suggest an equity risk premium range of 5% to 7% above the rate on long-term U.S.

Treasury bonds. However, this can be a problem because: (1) ex post returns are not the

same as ex ante expectations, (2) market risk premiums can change over tune, mcreasmg

when investors become more risk-averse and decreasing when investors become less risk-

averse, and (3) market conditions can. change such that ex post historical returns are poor

estimates of ex ante expectations.

The use of historical returns as market expectations has been criticized in numerous

academic studies. This is discussed in more detail later in my testimony. The general theme

of these studies is that the large equity risk premium discovered in historical stock and

bond returns cannot be justified by the fundamental data. These studies, which fall under

the category "Ex Ante Models and Market Data," compute ex ante expected returns using

market data to arrive at an expected equity risk premium. These studies have also been

called "Puzzle Research" after the famous study by Mehta and Prescott in which the
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authors first questioned the magnitude of historical equity risk premiums relative to

fundamentals

In addition, there are a number of surveys of financial professionals regarding the

MRP. There have also been several published surveys of academics on the equity risk

premium. CFO Magazine conducts a quarterly survey of CFOs, which includes questions

regarding their views on the current expected returns on stocks and bonds. Usually, over

500 CFOs participate in the suwey.9 Questions regarding expected stock and bond returns

are also included in the Federal Reserve Bank of Philadelphia's annual survey of financial

forecasters, which is published as the Survey of ProfessionaI Forecasters.10 This survey

of professional economists has been published for almost fifty years. In addition, Pablo

Fernandez conducts annual surveys of financial analysts and companies regarding the

equity risk premiums they use in their investment and financial decision-making."

Q- PLEASE PROVIDE A SUMMARY OF THE MRP STUDIES.

A. Derris and Orr (2003), Fernandez (2007), and Song (2007) have completed the most

comprehensive reviews to date of the research on the MRPJ2 Derris and Orr's study

evaluated the various approaches to estimating MRPs, as well as the issues with the

i

8 Rajnish Mehra & Edward C. Prescott, "The Equity Premium: A Puzzle," Journal of Monetary Economics, 145
(1985).
SeeDUKE/CFO MAOAZn~1E GLOBAL BusinEss OUTLOOK SURVEY, www.cfosurvey.org (September, 2015).

10 Federal Reserve Bank of Philadelphia, Survey of Professional Forecasters (Feb. 13, 2015). The Survey of
Professional Forecasters was formerly conducted by the American Statistical Association ("ASA") and the National
Bureau of Economic Research ("NBER") and was known as the ASA/NBER survey. The survey, which began in
1968, is conducted each quarter. The Federal Reserve Bank of Philade1phia, i 1 cooperation with the NBER, assumed
responsibility for the survey in June 1990.
11 Pablo Fernandez, Alberto Ortiz and Isabel Fernandez Acin, "Discount Rate (Risk-Free Rate and Market Risk
Premium), used for 41 countries in 2015; a survey," April 23, 2015.
12 See Richard Derris & Elisha Orr, "Equity Risk Premium: Expectations Great and Small," Working Paper (version
3.0), Automobile Insurers Bureau of Massachusetts, (August 28, 2003), Pablo Fernandez, "Equity Premium:
Historical, Expected, Required, and Implied," IESE Business School Working Paper, (2007), Zhiyi Song, "The Equity
Risk Premium: An Armotated Bibliography," CFA Institute, (2007).
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alternative approaches and summarized the findings of the published research on the MRP .

Fernandez examined four alternative measures of the MRP --- historical, expected, required,

and implied. He also reviewed the major studies of the MRP and presented the summary

MRP results. Song provides an annotated bibliography and highlights the alternative

approaches to estimating the MRP.

Page 5 of Exhibit JRW-11 provides a summary of the results of the primary risk

premium studies reviewed by Dem'g and Orr, Fernandez, and Song, as well as other more

i recent studies of the MRP. In developing page 5 of Exhibit JRW-11, I have categorized
i
1
I the studies as discussed on page 4 of Exhibit JRW-1 1. I have also included the results of

studies of the "Building Blocks" approach to estimating the equity risk premium. The

Building Blocks approach is a hybrid approach employing elements of both historical and
I

|

ex ante models.

Q- PLEASE DISCUSS PAGE 5 OF EXHIBIT JRW-11.

A. Page 5 of JRW-11.provides a summary of the results of the MRP studies that I have

reviewed. These include the results of: (1) the various studies of the historical risk

premium, (2) ex ante MRP studies, (3) MRP surveys of CFOs, f inancial forecasters,

analysts, companies and academics, and (4) the Building Blocks approach to the MRP.

There are results reported for over thirty studies, and the median MRP is 4.42%.

Q- PLEASE HIGHLIGHT THE RESULTS OF THE MORE RECENT RISK

PREMIUM STUDIES AND SURVEYS.
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A. The studies cited on page 5 of Exhibit JRW-11 include every MRP study and survey I

could identify that was published over the past decade and that provided an MRP estimate.

Most of these studies were published prior to the financial crisis. In addition, some of these

studies were published in the early 2000s at the market peak. It should be noted that many

of these studies (as indicated) used data over long periods of time (as long as fifty years of

data) and so were not estimating an MRP as of a specific point in the (e.g., the year 2001 ).

To assess the effect of the earlier studies on the MRP, I have reconstructed page 5 of Exhibit

JRw-ll on page 6 of Exhibit JRW-11, however, I have eliminated all studies dated before

January 2, 2010. The median for this subset of studies is 4.82%.

Q, GIVEN THESE RESULTS, WHAT MRP ARE YOU USING IN YOUR CAPM?

A. Much of the data indicates that the market risk premium is in the 4.0% to 6.0% range.

Several recent studies (such as Damodaran, American Appraisers, and Duarte and Rosa

have suggested an increase in the market risk premium. Therefore, Twill use 5.50%, which

is in. the upper end of the range, as the market risk premium or MRP.

E

Q- Is YOUR EX ANTEMRP CONSERVATIVE COMPARED To THE MRPS USED 8

BY CFOS? I

A. Yes. In the September, 2015 CFO survey conducted by CFO Magazine and Duke

University, which included about 450 responses, the expected 10-year MRP was 3.8%.13

I

)

13 Id.p, 66.
1
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Q- IS YOUR EX ANTE MRP CONSERVATIVE COMPARED TO THE MRPS OF

PROFESSIONAL FORECASTERS?

A. Yes. The financial forecasters in the previously referenced Federal Reserve Bank of

Philadelphia survey projected both stock and bond returns. In the February 2015 survey, |

the median long-tenn expected stock and bond returns were 5.79% and 3.91%,

respectively. This provides anex anteMRP of 1 .88% (5.79%-3 .91%).

Q, IS YOUR EX ANTE MRP CONSISTENT WITH THE MRPS OF FINANCIAL

ANALYSTS AND COMPANIES?

A. Yes. Pablo Fernandez recently published the results of a 2015 survey of academies,

financial analysts, and companies." This survey included over 4,000 responses. The

median MRP employed by U.S. analysts and companies was 5.5%.

14 Ibid. p. 3.
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Capital Source
Capitalization

Ratio
Cost
Rate

Weighted
Cost Rate

Long-Term Debt 50.00% 4.66% 2.33%
Common Equity 50.00% 8.75% 4.38%
Total 100.00% 6.71%

Docket No. E-04204A-15-0142
Exhibit JRW-1

Recommended Cost of Capital
Page 1 of 1

Exhibit JRW-1
UNS Electric, Inc.

Recommended Cost of Capital
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Long-Term, A-Rated Public Utility Yields minus -Twenty-Year Treasury Yields

Source: Merge ft Bond Record, Federal Reserve Bank of St. Louis, FRED Database.
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Credit Rating
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Term Rating
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PG&E Core ~radon YSE-PCG) l7$63.0 so t o 45,0 l0.0 zs.o4 B B B Baal 3.8 CA 48.8 8.9 1.56

SE-PNWPinnacle West Capital Corp. 3 ~ 1 . 0 100 11 43.5 6.90 A- Bal 4.8 AZ 52.6 9.0 1.57
PNM Resourc Inc. YSE-PNM 1,4446 100 4,409.1 2.09 BBB B223 2.4 NM. TX 43.0 7.0 1.20
Portland General Electric Company YSE-POR) l 7.0 100 s~ 4.0 3.17 BBB AS 2.3 OR 49.6 8.2 1.43
SCANA Core ~l8ljDl\ YSE-SCG 4 92.0 55 19 |z,591.0 7.54 358+ Baan. 3.4 s o  C , G A 45.9 14.7 1.41
Wstar  Ener~ , inc. YSE-WR) 2 100 8,232.3 4.93 BBB+ B221 2.s KS 47.3 9.2 L49
XcelEne 4 lnc. (NYSE-XEL) 11,175.8 83 17 29 50.4 11.29 A.. AS 3.3 MN,W l,ND,SD,M.l 44.0 9. l L68
Mean 6,418.9 so 18 17 05.8 10.8 BBB+ Baal 3.8 46.8 9.5 L56
Median 3,161.8 so 18 9,113.5 6.4 BBB+ Baal 3.4 47.7 9.2 L49

Company

Operating
Revenue

($111il)

percent
Elem

Revenue
Percent Gas

Revenue
Net Plant

( s i n
Market Cap

(Sunil)
S&P Issuer

Credit Rating
Moody's Long
Tenn Rating

Pre-Tax
Interest

Coverage Primary Service Area

Common
Equity
Ratio

Return
on

Equity

Mnrloel
IT Book

Redo

ALLETE,Inc , YSE-ALE) 1,222.9 so 3,451.5 2.38 BBB+ AS 3.9 MN, WI 56.1 8.6 L34
American Electric Power Co. YSE-AEP) 16,978.0 81 45,013.0 16.99 son" Baal 4.0 10 States 45,7 10.2 1.55
Duke Ener~ Co l ~ration SE-DUK) 23,608.0 90 z 71,759.0 47.53 A- AJ 3.4 N C  C , F L, O l l , K Y 48.9 6.9 1.20
Empire District Electric Co. SE-EDB) 637.2 91 1 1,945.9 0.95 BBB' Baal 3.0 K s o , oK  ~ R 48.0 7.8 1,20

SE-ESEversource Ever 8,104.1 B7 13 19,079.1 15.14 Baa lA 4.7 C T  l l 50.1 9.2 L49
Great Plains Ener~ Incorporated (N\'SE»GXP) 2,492.8 100 37.9 3.97 B§B+ Baa2 2.7 MO,KS 46.2 6.5 a l
IDACORP, Inc. (NYSE-IDA) 1187.7 100 3.934.z 3.10 BBB Baal 3.4 la 53.0 10.9 1.55
Otter Tail Cot ~ration DO 1 "r=rR) 115.1

-
56 1 333.4 0.95 BBB Baan 3.5 M N D  D 51.1 9.7 L62

Pinnacle West Capital Corp. YSE~PNW 1,461.0 100 11 3.5 6.90 A. Baal 4.s AZ 51.6 9.0 1.57
PNM Resumes, Inc. YSE-PNM 1,446.6 100 4,409.7 2,09 BBB Baal! 2.4 NM,TX 43.0 T.0 ¥.20
Portland General Electric Co ! ~:nv YSE-POR) 1,991.0 100 5,814.0 3.17 BBB AS 2.3 OR 49.6 8.2 1.43
Wester Ener~ ~ , Inc. (NYSE-WR) 2,564.0 100 8,232.3 4.93 BBB+ Baal 2.8 KS 47.3 9.2 1.49

Mean 5 6s,7 91 7 15,409.5 9.8 BBB-I-/BBB Baa l 3.4 49,4 8.6 1.40
Median z,199,9 96 7 7,053.1 3.6 1453+/BBB Baal 3.4 49.3 8 8 1.46

¢
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UNS Electric, lm;

Summary Flnancid Statistics for Proxy Groups

Panel A
Elzctdn Proxv Group

UNS Electric, Inc:.*
'S<1urce. Coniidcnlizl UDR 201 UNSPI FS 20i4- Confidential and UDR 2 5 Alltlnnizunri and Famed ROE - Cmlidcntial

Data Source: AUS Utility Reports, October, 2015, PreTax Intern Coverage and Primary Savioe Territory are from Value Line Investmml Survey, 2015.

N M ASno AZ N M
|
|
|
|

Pmd B
Bulkev Proxv Group

Data Source: AUS Utility Rqmons, October, 2015, Pro-Tax Interest Coverage and Primary Savicc Territory are from Value Line Investment Survey, 2015.
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Company Beta

Financial

Strength Safety

Earnings
Predictability

Stock Price

Stability

ALLETE, Inc. (NYSE-ALE) 0.80 A 2 80 95
Alliant Energy Co ~oration YSE-LNT) 0.80 A 2 75 100
Ameren Co ~oration (NYSE-AEE 0.75 A 2 gs 95
American Electric Power Co. YSE-AEP) 0.70 A 2 90 100
Avesta Co ~oration (NYSE-AVA 0.80 A 2 80 95
Black Hills Corporation (NYSE-BKH 0.95 B+4+ 2 40 80
CMS Energy Corporation NYSE-CMS 0.70 B-H~ 2 75 100
Consolidated Edison, Inc. YSE-ED) 0.60 A+ 1 85 l00
Dominion Resources, Inc. (NYSE-D) 0.70 B++ 2 80 100
Duke Energy Corporation NYSE-DUK 0.60 A 2 80 100
Edison International (NYSE-EIX) 0.70 A 2 65 95
El Paso Electric Company (NYSE-EE 0.75 B++ 2 85 90
Empire District Electric Co. YSE-EDE) 0.70 B++ 2 85 90
Enter~ Corporation (NYSE-ETR 0.65 B-H- 3 80 95
EversourceEnergy (NYSE-ES 0.75 A 1 85 100
FirstEner~ Corporation (ASE-FE) 0.65 B+ 3 50 90
Great Plains Ener~ Inca ~orated NYSE-GXP 0.85 B+ 3 70 95
IDACORP, Inc. (NYSE-IDA 0.80 BH- 2 95 95
MGE Energ , Inc. (NYSE-MGEE 0.75 A 1 95 95
NorthWestern Corporation YSE-NWE) 0.70 B+ 3 95 100
OGE Energv Corp. (NYSE-OGE) 0.90 A+ 1 95 90
Otter Tail Corporation (NDQ-OTTR 0.85 B+ 3 50 85
PG&E Co ~oration (NYSE-PCG 0.65 B+ 3 60 95
Pinnacle West Capital Corp. YSE-PN 0.75 A+ l 70 100
PNM Resources, Inc. (NYSE-PNM) 0.85 B 3 30 85

YSE-POIPortland General Electric Company 0.80 B+-+ 2 70 100
SCANA Corporation (NYSE-SCG) 0.75 B++ z 100 100
Wester Ener~ , Inc. (NYSE-WR 0.75 B++ 2 90 100
Xcel Energy Inc. (NYSE-XEL) 0.65 A 1 100 100
Mean 0.75 B++ 2.0 77 95

Company Beta
Financial
Strength Safety

Earnings
Predictability

Stock Price
Stability

ALLETE, Inc. (NYSE-ALE) 0.80 A 2 80 i s
American Electric Power Co. NYSE-AEP) 0.70 A 2 90 100
Duke Energy Corporation (NYSE-DUK 0.60 A z 80 100
Empire District Electric Co. (NYSE-EDE 0.70 8++ 2 85 90
Eversource Ener~ (NYSE~ES) 0.75 A 1 85 100
Great Plains Ener~ Incorporated NYSE-GXP 0.85 B+ 3 70 95
IDACORP, Inc. (NYSE-IDA 0.80 B++ 2 95 95
Otter Tail Corporation (NDQ-OTTR) 0.85 B+ 3 50 85
Pinnacle West Capital Corp. (NYSE-PNW 0.75 A+ l 70 100
PNM Resources, Inc. (NYSE-PNM 0.85 B 3 30 85
Portland General Electric Company YSE-POI 0.80 B++ 2 70 100
Wcstar Energy, Inc. (NYSE-WR) 0.75 B++ 2 90 100
Mean 0.77 B++ 2.1 75 95
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UNS Electric, Inc.

Value Line Risk Metrics

Panel A
Electric Proxy Group

Data Source: Value Line Investment Survey , 2015.

Panel B
Bulkey Proxy Group
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Capital Source

Capitalization
Ratio

Cost
Rate

Short-Term Debt 0.00%

Long-Term Debt 47.17% 4.66%

Common Equity-- 52.83%

Total 100.00%

Capital Source

Capitalization
Amount

Capitalization
Ratio

Short-Term Debt S 713.0 3.6%

Long-Term Debt $ 10,544.0 52.9%

Common Equity s 8,691.0 43.6%

Total $ 19,948.0 100.00%

Capital Source
Adjustment

Factor*
Capitalization

Ratio
Cost
Rate

Short-Term Debt 0.00% 0.00%

Long-Term Debt 106.00% 50.00% 4.66%

Common Equity 94.64% 50.00%

Total 100.00%

4.

Docket No. E-04204A-15-0142
Exhibit JRW-5

Capital Structure Ratios and Debt Cost Rates
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Exhibit JRW-5
UNS Electric, Inc.

Recommended Cost of Capital

Panel A - UNSE's Proposed Capitalization
i

Panel B - Fortis Inc. 2014 Capitalization

Source: Fortis Inc., Value Line Investment Survey, July 17, 2015.

Panel C - TASC's Proposed Capitalization - Capital Structure Ratios from Investor-Provided Capital

* Adjustment is to short-term and long-term debt and common equity ratios to provide a 50% debt and 50% equity capital structure.
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Electric Utilities

Panel A
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Gas Companies
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Water Companies

Panel C
1\Iarket-to-Book

Proiectd ROE
Value Line Investment Survey, 2015

R-Square = .49, N=9
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Long-Term 'A' Rated Public Utility Bonds
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Electric Utility Average Dividend Yield

uta source: raaue Lane mvestmenz purvey.
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Electric Utility Average Return on Equity and Market-to-Book Ratios

Data Source- Value Line Investment Survey.
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Homebuilding 1.47 Chemical (Basic) 1.17 Retail Building Supply 1.01

Heavy Truck & Equip 1.44 Diversified Co. 1.16 Investment Co.(Foreign) 1.01

Metals & Mining (Div.) 1.43 Educational Services 1.16 Toiletries/Cosmetics 1.01

Petroleum (Producing) 1.38 Advertising 1.16 Med Supp Non-Invasive 1.00

Oilfield Svcs/Equip. 1.38 Automotive 1.16 Shoe 0.98
Steel 1.38 Computers/Peripherals 1.15 Retail Automotive 0.98
Metal Fabricating 1.37 Trucking 1.15 Retail (Softlines) 0.98
Auto Parts 1.37 Financial Svcs. (Div.) 1.15 Telecom. Utility 0.96
Building Materials 1.33 Entertainment Tech 1.14 R.E.I.T. 0.95
Maritime 1.33 Retail (Hardlines) 1.13 Information Services 0.95
Hotel/Gaming 1.30 Publishing 1.12 Med Supp Invasive 0.95
Electrical Equipment 1.29 .Internet 1.12 Drug 0.94
Semiconductor Equip 1.28 Entertainment 1.12 Precious Metals 0.93
Semiconductor 1.28 Apparel 1.12 Environmental 0.93

Insurance (Life) 1.27 Newspaper 1.12 Restaurant 0.92

Public/Pn'vate Equity 1.27 Wireless Networking 1.10 Thrift 0.92

Engineering & Const 1.27 Industrial Services 1.09 Funeral Services 0.92

Railroad 1.27 Bank 1.09 Pharmacy Services 0.91
Human Resources 1.25 Computer Software 1.09 Retail Store 0.89
Natural Gas (Div.) 1.25 Recreation 1.09 Beverage 0.87
Chemical (Diversified) 1.24 Biotechnology 1.08 Reinsurance 0.86
Chemical (Specialty) 1.23 Paper/Forest Products 1.07 Pipeline MLPs 0.85
Power 1.23 Bank (Midwest) 1.06 Insurance (Prop/Cas.) 0.85
Petroleum (Integrated) 1.23 Oil/Gas Distribution 1.06 Household Products 0.84
Electronics 1.21 Medical Services 1.05 Food Processing 0.84
Machinery 1.21 Telecom. Services 1.05 Investment Co. 0.80
Precision Instrument 1.21 Healthcare Information 1.04 Natural Gas Utility 0.80
Coal 1.21 Air Transport 1.04 Retail/Wholesale Food 0.78
Telecom. Eq\u°pment 1.19 IT Services 1.04 Electric Utility (West) 0.77
Securities Brokerage 1.19 Foreign Electronics 1.02 Tobacco 0.77
Furn/Home Furnishings 1.19 Aerospace/Defense 1.02 Electric Util. (Central) 0.76
Office Equip/Supplies 1.19 Cable Tv 1.02 Water Utility 0.73
E-Commerce 1.18 Packaging & Container 1.02 Electric Utility (East) 0.68

s
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Earnings Grow
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Earnings

|
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At Same Rate
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Source: William F. Sharpe, Gordon J. Alexander, and Jeffrey V. Bailey, Investments (Prentice-Hall, 1995), pp. 590-91.

i
|

l l

HII



Line Date # of Estimates Mean High Low

1 Quarter Ending Dec-15 4 0.53 0.63 0.41

2 Quarter Ending Mar-16 1 0.94 0.94 0.94

3 ear Ending Dec-15 10 3.63 3.68 3.60

4 Year Ending Dec-16 10 3.83 3.91 3.75

5 LT Growth Rate (%) 2 5.75 6.00 5.50

!
!

5
4
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DCF Model

Consensus Earnings Estimates
Alliant Energy Corp. (LNT)

www.reuters.com
10/1/2015
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3.85%
18238
3.9%

4.75%

Dividend Yield*
Adjustment Factor

Adjusted Dividend Yield
Growth Rate**

8.70%Equity Cost Rate

Dividend Yield*
Adjustment Factor

Adjusted Dividend Yield
Growth Rate**

3.90%
1.02_50
4.00%
s.90%
9.00%Equity Cost Rate
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UNS Electric, Inc.
Discounted Cash Flow Analysis

Panel A
Electric Proxy Group

*

* *

Page 2 of Exhibit JRW-10
Based on data provided on pages 3, 4, 5, and
6 of Exhibit JRW-10

Panel B
Bulkey Proxy Group

Se

**
Page 2 of Exhibit JRW-10
Based on data provided on pages 3, 4, 5, and
6 of Exhibit JRW-10
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Annual
Dividend

Dividend
Yield

30 Day

Dividend
Yield

90 Day

Dividend
Yield

180 Day
ALLETE, Inc. NYSE-ALE s 2.02 4.2% 4.2% 4.0%
Alliant Ener~ Co ~oration NYSE-LNT) $ 2.20 3.9% 3.8% 3.6%
Ameren Corporation (NYSE-AEE) $ 1.64 4.1% 4.2% 4.1%
American Electric Power Co. (NYSE-AEP s 2.12 3.9% 3.9% 3.8%
Avista Corporation (NYSE-AVA) s 1.32 4.2% 4.2% 4.1%
Black Hills Corporation (NYSE-BKH) $ 1.62 4.1% 3.9% 3.6%
CMS Ene - Corporation (NYSE-CMS) $ 1.16 3.5% 3.5% 3.4%
Consolidated Edison, Inc. NYSE-ED $ 2.60 4.1% 4.2% 4.2%
Dominion Resources, Inc. NYSE-D s 2.59 3.7% 3.7% 3.7%
Duke Energy Corporation NYSE-DUK s 3.30 4.7% 4.6% 4.4%
Edison International (NYSE-EIX) s 1.67 2.8% 2.9% 2.8%
El Paso Electric Company NYSE-EE $ 1.18 3.3% 3.3% 3.3%
Empire District Electric Co. (NYSE-EDE) s 1.04 4.8% 4.7% 4.4%
Energy Corporation NYSE-ETR $ 3.32 5.2% 4.8% 4.5%
Eversource Ener~ NYSE-ES $ 1.67 3.5% 3.5% 3.4%
FirstEnergy Corporation ASE-FE $ 1.44 4.6% 4.4% 4.2%
Great Plains Ener~ Incorporated YSE-GXP $ 0.98 3.9% 3.9% 3.8%
IDACORP, IDC. (NYSE-IDA) $ 1.88 3.1% 3.2% 3.1%
MGE Ener~ ,Inc. NYSE-MGEE s 1.18 3.0% 3.0% 2.9%
Northwestern Co ~. NYSE-NWE s 1.92 3.7% 3.8% 3.7%
OGE Ener~ Corp. NYSE-OGE s 1.10 4.0% 3.8% 3.6%
Otter Tail Co ~oration (NDQ-OTTR) $ 1.23 4.8% 4.1% 4.3%
PG&E Corporation (NYSE-PCG s 1.82 3.6% 3.6% 3.5%
Pinnacle West Capital Co ~. NYSE-PN s 2.38 3.9% 4.0% 3.9%
PNM Resources, Inc. (NYSE-PNM) $ 0.80 3.1% 3.1% 3.0%
Portland General Electric Company NYSE-POR 1.20.s 3.4% 3.5% 3.4%
SCANA Corporation (NYSE-SCC s 2.18 4.1% 4.2% 4.1%
W ester Ener~ ,Inc. NYSE-W R $ 1.44 3.9% 4.0% 3.9%
Xcel Energy Inc. (NYSE-XEL) $ 1.28 3.8% 3.8% 3.8%
Mean 3.9% 3.9% 3.7%
Median 3.9% 3.9% 3.8%

Annual
Dividend

Yield
Dividend

Yield
Dividend

Yield
ALLETE, Inc. NYSE-ALE $ 2.02 4.2% 4.2% 4.0%
American Electric Power Co. NYSE-AEP $ 2.12 3.9% 3.9% 3.8%
Duke Ener~ Corporation (NYSE-DUK) $ 3.30 4.7% 4.6% 4.4%
Empire District Electric Co. NYSE-EDE s 1.04 4.8% 4.7% 4.4%
Eversource Energy (NYSE-ES) s 1.67 3.5% 3.5% 3.4%
Great Plains Energy Incorporated NYSE-GXP $ 0.98 3.9% 3.9% 3.8%
IDACORP, Inc. NYSE-IDA s 1.88 3.1% 3.2% 3.1%
Otter Tail Corporation ND o -O'ITR s 1.23 4.8% 4.7% 4.3%
Pinnacle West Capital Corp. NYSE-PN s 2.38 3.9% 4.0% 3.9%
PWM Resources, Inc. NYSE-PNM s 0.80 3.1% 3.1% 3.0%
Portland General Electric Company NYSE-POR s 1.20 3.4% 3.5% 3.4%
Wester Energy, Inc. (NYSE-WR) s 1.44 3.9% 4.0% 3.9%
Mean 3.9% 3.9% 3.8%
Median 3.9% 3.9% 3.8%

|
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UNS Electric, Inc.

Monthly Dividend Yields

Panel A
Electric Proxy Group

Company

Data Sources: http://quote,yahoo.com, October, 2015.

Panel B
Bulkey Proxy Group

l
1

Data Sources: http://quote.yahoo.com, October, 2015.
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Value Line Historic Growth
Past 10 Years Past s Years

Earnings Dividends
Book
Value Earnings Dividends

Book
Value

Company

ALLETE, Inc. NYSE-ALE 7.0 emf 4.5 1.0 2.0 5.0
Alliant Ene '. Corporation NYSE-LNT) 8.0 3.5 3.5 6.5 6.5 3.5
Ameren Co ~oration (NYSE-AEE -2.0 _4_5 -4.5 -6.0 -3.5
American Electric Power Co. (NYSE-AEP- 1.5 0.5 4.5 1.5 4.0 4.5
Avesta Cor | oration NYSE-AVA 7.5 9.5 4.0 6.5 11.5 4.0
Black Hills Corporation (NYSE-BKH. 2.5 2.5- i s 1.5 1.5 2.0
CMS Ener~ Corporation (NYSE-CMS 3.0 12.0 23.5 4.0
Consolidated Edison, Inc. (NYSE-ED) 3.5 1.0 4.0 2.5 1.0 3.5
.Dominion Resources Inc. (NYSE-D 3.0 5.5 1.5 2.5 7.0 -2.0
Duke Ener~ Co ~ration ysE.I )6K- 3.5 2.5 3.0
Edison International (NYSE-EIX) 10.0 6.5 4.5 2.5 2.0
El Paso Electric Compare (NYSE-EE- 13.5 8.5 6.5 8.0
Empire District Electric Co. NVSE-EDE 2.5 -2.5 1.5 5.0 -4.5 2.0
Enter 1 y Corporation YSE-ETR 4.0 7.5 4.0 -1.5 3.0 4.5

YSE-ESEversou ice En Er a 8.0 9.5 5.5 5.5 11.5 9.5
FirstEner~ Corporation (ASE-FE -1.5 0.5 2.6 -13.0 -4.0 1.5
Great Plains Ener~ Inca ~orated NYSE-GXP) -4.0 -6.0 4.5 2.5 -8.5 1.5
IDACORP Inc. (NYSE-IDA 9.0 5.0 10.0 5.5 6.0
MGE Ener~ , Inc. YSE-MGEE 6.5 2.0 6.0 7.0 23 5.5
Northwestern Core . (NYSE-NWE 3.5 8.0 3.0 5.5
OGE Ener~ Corp. NYSE-OGE 8.5 2.5 8.5 8.0. 4.5 9.0
Otter Tail Cot I oration (ND 0 -OTTR -2.0 1.0 1.0 2.0 -4.5
PG&E Corporation NYSE-PCG 14.5 9.0 -5.0 3.0 4.0
Pinnacle West Capital Corp. NYSE-PN\- 3.5 3.5 2.0 8.0 3.0 2.0
PNM Resources, Inc. (NYSE-PNM -2.5 0.5 1.5 8.0 -6.0 -1.0
Portland General Electric Company -nosE-Fon) 3.0 2.5 2.0
SCANA Corporation (NYSE-SCG 3.0 4.0 5.0 4.0 2.0 5.0
Wester Energy, Inc. (nosE-wR 6.5 3.5 5.0 9.0 3.5 3.5
Xcel Energy Inc. (NYSE-XEL) 7.0 2.5 4.5 6.0 3.5 4.5
Mean 4.7 2.3 4.3 4.0 3.0 3.4
Median 4.0 2.5 4.3 5.0 3.0 3.5

Average of Median Figures = 3.7

Value Line Historic Growth
Past 10 Years Past 5 Years

Earnings Dividends
Book
Value Earnings Dividends

Book
Value

Company

ALLETE, Inc. (NYSE-ALE) 7.0 emf 4.s 1.0 2.0 5.0
American Electric Power Co. NYSE-TAEP 1.5 0.5 4.5 1.5 4.0 4.5
Duke Energy Core ~ration (nvsE-n6 3.5 2.5 3.0
Empire District Electric Co. NYSE-EDE 2.5 -2.5 1.5 5.0 ~4.5 2.0
Eversource Ener~ (NYSE-ES 8.0 9.5 5.5 - s.s 11.5 9_5
Great Plains Ener~ Incorporated -YSE-GXP) -4.0 -6.0 4.5 2.5 -8.5 2.5
IDACORP, inc. (NYSE-IDA) 9.0 5.0 10.0 5_5 6.0
.Otter Tail Corporation (NDQ-OTTR) -2.0 1.0 1.0 2.0 -4.5
Pinnacle West Capital Corp. NYSE-PN 3.5 3.5 2.0 8.0 3.0 2.0
PNM Resources Inc. (NYSE-PNM -2.5 0.5 1.5 8.0 -6.0 ~].0
Portland General Electric Company NYSE~POR 3.0 2.5 2.0
Westar Energy, Inc. (NYSE-WR) 6.5 3.5 5.0 9.0 3.5 3.5
Mean 3.0 1.3 3.5 4.9 1.4 2.9
Median 3.0 0.8 4.5 4.3 2.5 z.s

3.0Average of Median Figures =
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UNS Electric, Inc.
DCF Equity Cost Growth Rate Measures

ValueLine Historic Growth Rates

Panel A
Electric Proxy Group

Panel B
Bulkey Proxy Group
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ValueLine ValueLine

Projected Growth
Est'd. '12-'14 to '18-'20

Sustainable Growth
Return on

Equity
Retention

Rate
Internal
Growth

Company
Earnings Dividends Book Value

AL1TETE,xn¢. NYSE-ALE 6.5 4.0 4.5 9.0% 39.0% 3.5%

Alliant Ene 4 Core ~ration (NYSE-LNT) 6.0 4.5 4.0 11.5% 37.0% 4.3%

Ameren Corporation (NYSE-AEE) 7.0 3.5 3.5 10.5% 44.0% 4.6%

American Electric Power Co. (NYSE-AEP) 5.0 5.0 4.0 10.0% 34.0% 3.4%

Avesta Core ~ration (NYSE-AVA) 5.0 4.0 3.5 8.5% 35.0% 3.0%

Black rfiusco ~0l'8t;ll NYSE-BKH) 4.5 4.0 - 3.5 8.5% 40.0% 3.4%

Ener~ (corporation nosE-cxvls) 5.5 6.5 §.5 13.5% 38.0% 5.1%

Consolidated Edison, Inc. (NYSE-ED) -  -3.0 - z.5 -3.5 TM 36.0% 3.2%

Dominion Resources, Inc. (NYSE-D) 5.0 7_5 6.5 17.5% 28.0% 4.9%

Duke Ener~ Corporation NYSE-DUK) 5.0
-

-3.5 1.5 8.5% 30.0% 2.6%

Edison lntemational (NYSE-EXX) 3.0 10.0 6.5 11.5% 48.0% 5_5 °/»

El Paso Electric Company (NYSE-EE) 3.5 5.0 4.5 9.5% 50.0% 4.8%

Empire District Electric Co. (NYSE~EDE) 5.0 3.0 2.5 9.0% 33.0% 3.0%

Enter~ -c0rp0mi<»E1~3ysE-ETRI 0.0 i s 3.0 8.5% 31.0% 2.6%

Eversource Ener~ (NYSE-ES 8.5 6.5 4.0 10.0% 44.0% 4.4%

FirstEner~ Co ~oration ASE-FE) M70 -1.s 0 8.5% 48.0% 4.1%

Great Pla'ms Ener~ Incorporated (NYSE-GXP) so - 6.0 £0 7.5% 39.0% 2.9%

IDACQRP, Inc. (NYSE-IDA) 1.0 6.0 (0 8.5% 42.0% 3.6%

MGE Ener~ , Inc. NYSE-MGEE) 7.0 4.0 6.0 13.0% 58.0% 7.5%

North Western Corporation NYSE-NWE 6.5 6.5 5.5 10.0% 42.0% 4.2%

OGE Ener~ Corp. NYSE-OGE) 3.0 TLO .5.0 113% 32.0% 3.7%

Otter Tail Corporation (ND o -OTTR) 9.0 i s
u

3.5 12.5% 41.0% 5.1 %

PG&E Corporation NYSE-PCG) 10.5 3.0 --- 5.0 10.0% 49.0% 4.9%

Pinnacle West Capital Corp. (NYSE-PNW) 8.0 5.5 3.8 9.5% 36.0% 3.4%

PNM 1T§0ur¢e$, In¢.-lnysE-pnm) 9.0
-

1.6.0 3.5 9.5% 51.0% 4.8%

Portland General Electric Company (NYSE-POR) 6.0 5.5 4.5 9.5% 47.0% 4.5%

SCANA Co ~oration NYSE-SCG) 4.s 3.5 5.5 9.5% 44.0 % 4.2%

Wcstar Ener~ , Inc. (NYSE-WR) 6.0 3.0 5.0 9.5% 45.0% 4.3%

Xcel Energy Inc. (NYSE-XEL) 4_5 6.0 43 10.5% 38.0% 4.0%

Mean 5.4 4.8 4.2 10.2% 40.7% 4.1%

Median 5.0 4.0 4.l0 9.5% 40.0 % 4.2%

Average of Median Figures - 4.3 4.2 %Median

Value Line Value Line
-

Projected Growth
Est'd, 'IZ-'14 to '18-'20

Sustainable Growth
Return 011
Equity

Retention
Rate

Internal
Growth

Company
Eamings Dividends Book Value

ALLETE, Inc. (NYSE-ALE) 6.5 4.0 4.5 9.0% 39.0% 3.5%

American Electric Power Co. NYSE-AEP) 5.0. 5.0 4.0 10.0% 34.0% 3.4%

Duke Ener 'T c<»rp0mi0nl(nys12-DuK) 5.0 `3.5 1.5 8% 30.0% z.6%

Empire District Electric Co. (NYSE-EDE) 3.0 3.0 2.5 9.0% 33.0% 3.0%

Eversource Energy (NYSE-ES) 8.5 6.5 4.0 10.0% 44.0% 4.4%

Great Plains Ever loco ~orated (NYSE-GXP) 5.0 6.0 3.0 7.5% 39.0% 2.9%

IDACORP, Inc. (nosE-lbA) 1.0 8.0 4.0 8.5% 42.0% 3.6%

Otter Tail Corporation (ND 0 -OTTR) 9.0 1.5 3.5 12.5% 41.0% 5.1%

Pinnacle West Capital Corp. (NYSE-PNW) 4.0 3.5 3.5 9.5% 36.0% 3.4%

PNM Resources, Inc. (NYSE-PNM) 9.0 10.0 3.5 9.5% 51.0% 4.8%

Portland General Electric Company (NYSE-POR) 6.6 5.5 2.5 9.5% 47.0% 4.5%

Wester Energ , Inc. (NYSE-WR) 6.0 3.0 5.0 9.5% 45.0% 4.3%

Mean 5.1 4.8 3.6 9.4% 40.1% 3.8%

Median
n-

5.5
-

4 . 5 3.8 9.5% 40.0% 3.5%

Average of Median Figures = 4.6 3.5%Median =

I ' l l
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UNS Electric, Inc.
DCF Equity Cost Growth Rate Measures

ValueLine Projected Growth Rates

Panel A
Electric Proxy Group

E
I
I

Data Source: Value Line Investment Survey,

Panel B
Bulkey Proxy Group

1

Data Source: ValueLine InvestmentSurvey,
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Company Yahoo Reuters Zacks Mean
ALLETE, Inc. (NYSE-ALE 6.0% N A N A 6.0%
Alliant Ener~ Corporation YSE-LNT) 5.8% 5.8% 5.3 % 5.6%
Ameren Co » ~ration NYSE-AEE 4.6% 4.6% 4.9% 4.7%
American Electric Power Co. NYSE-AEP) 6.3% 6.3% 6.8% 6.4%
Avista Co | oration (NYSE-AVA 5.0% NA NA 5.0%
Black Hills Co ~oration (NYSE-BKH) 3.5% NA NA 3.5%
CMS Ener~ Corporation (NYSE-CMS) 6.8% 6.8% 6.2% 6.6%
Consolidated Edison, Inc. (NYSE-ED 2.7% 2.7% 2.7% 2.7%
Dominion Resources, Inc. (NYSE-D 5.4% 5.4% 6.3% 5.7%
Duke Ener~ Corporation (NYSE-DUK) 4.3% 4.3% 4.7% 4.5%
Edison International (NYSE-EIX 2.4% 2.4% 4.7% 3.2%
El Paso Electric Company NYSE-EE 7.0% NA 6.7% 6.9%
Empire District Electric Co. NYSE-EDE) 3.0% NA 5.0% 4.0%
Enter; Corporation (NYSE-ETR -2.1% -2.1% -4.6% -3.0%
Eversource Energy (NYSE-ES 6.3% 6.2% 6.8% 6.4%
FirstEner~ Corporation (ASE-FE 0.9% 0.9% NA 0.9%
Great Plains Ener~ Incorporated NYSE-GXP) 6.4% 6.4 % 6.1% 6.3%
IDACORP, Inc. (NYSE-IDA 4.0% 4.0% 4.0% 4.0%
.MGE Ener~ , Inc. (NYSE-MGEE 4.0% NA NA 4.0%
NorthWestern Corporation (NYSE-NWE) 5.3% 5.3% 5.0% 5.2%
OGE Energ Corp. (NYSE-OGE 3.3% 3.3% 5.0% 3.9%
Otter Tail Co » oration (ND I -OTTR 6.0% N A N A 6.0%
PG&E Corporation (NYSE-PCG 5.9% 5.9% 4.9% 5.5%
Pinnacle West Capital Corp. (NYSE-PNW) 5.4% 5.4% 5.2% 5.3%
PNM Resources, Inc. (NYSE-PN 8.6% 8.6% 8.0% 8.4%
Portland General Electric Company NYSE~POR) 4.1% 4.1% 4.3% 4.1%
SCANA Corporation (NYSE-SCG 4.3% 4.3% 4.2% 4.3%
Wester Ener~ , Inc. (NYSE-WR '3.4% 3.4% 3.9% 3.6%
Xcel Energy Inc. (NYSE-XEL) 4.7% 4.7% 5.0% 4.8%
Mean 4.6% 4.5% 4.8% 4.6%
Median 4.7% 4.7% 5.0% 4.8%

Company Yahoo Reuters Zacks Mean
ALLETE, Inc. (nysl8 ALE) 6.0% NA NA 6.0%
Amen'can Electric Power Co. (NYSE-AEP) 6.3% 6.3% 6.8% 6.4%
Avista Corporation (NYSE-AVA) 5.0% NA N A 5.0%
Duke Energy Corporation (NYSE-DUK) 4.3% 4.3% 4.7% 4.5%
Empire District Electric Co. (NYSE-EDE) 3.0% NA 5.0% 4.0%
Eversource Energy (NYSE-ES) 6.3% 6.2% 6.8% 6.4%
Great Plains Energ Incor~ ~rated NYSE-GXP) 6.4% 6.4% 6.1% 6.3%
IDACORP, IHC. (NYSE-IDA) 4.0% 4.0% 4.0% 4.0%
Otter Tail Co oration (NDQ-OTTR 6.0% NA NA 6.0%
Pinnacle West Capital Corp. (NYSE-PNW) 5.4% 5.4% 5.2% 5.3%
Portland General Electric Company NYSE-POR) 4.1% 4.1% 4.3% 4.1%
Wester Energy, inc. (NYSE-WR) 3.4% 3.4% 3.9% 3.6%
Mean 5.0% 5.0% 5.2% 5.1%
Median 5.2% 4.9% 5.0% 5.2%
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UNS Electric, Inc.
DCF Equity Cost Growth Rate Measures

Analysts Projected EPS Growth Rate Estimates

Panel A
Electric Proxy Group

Data Sources: www.reuters.com, www.zacks.com, http://quote.yahoo.corn, October, 2015.

Panel B
Bulkey Prob.' Group

Data Sources: .reutms.com, .zacks.com, http://quote.yahoo.com, October, 2015.
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Growth Rate Indicator Electric Proxy Group Bulkey Proxy Group

Historic Value Line Growth
in EPS, DPS, and BVPS 3.7% 3.0%

Projected Value Line Growth
ill EPS, Das, and BVPS 4.3% 4.6%

Sustainable Growth
ROE * Retention Rate 4.2% 3.5%

Projected EPS Growth from Yahoo, Zacks,
and Reuters - Mean/Median 4.6%/4.8% 5.1%/5.2%

1

Exhibit JRW-10

UNS Electric, Inc.
DCF Growth Rate Indicators

Electric and Bulkey Proxy Groups



4.00%
0.75

5.50%

Risk-Free Interest Rate
Beta*
Ex Ante Equitv Risk Premium**
CAPM Cost of Equity 8.1%

4.00%
0.78

5.50%
8.3 %

Risk-Free Interest Rate
Beta*
Ex Ante E_quitv Risk Premium**
CAPM Cost of Equity
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UNS Electric, Inc.
Capital Asset Pricing Model

Panel A
Electric Proxy Group

* See page 3 of Exhibit JRW-1 1

** See pages 5 and 6 of Exhibit JRW-I1

Panel B
Bulkey Proxy Group

* See page 3 of Exhibit JRW-l 1

** See pages 5 and 6 of Exhibit JRW-11
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Thirty-Year U.S. Treasury Yields
January 2006-Present

_

Source: Federal Reserve Bank of St. Louis, FRED Database.
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Slope=betn

Company Name Beta
ALLETE,  I nc .  (NYSE-ALE) 0.80
Al l i an t  Energy  Co ~orat ion (NYSE-LN 0.80
Ameren Co ~orat ion (NYSE-AEE- 0.75
American Electr ic  Power Co.  (NYSE-AEP 0.70
Av is ta Corporat ion (NYSE-AVA 0.80
Black  H i l ls  Corporat ion (NYSE-BKH) 0.95
C M S Ener~  C orpora t ion  (N YSE-C M S 0.70
Consolidated Edison, Inc. NYSE-EIT 0.60
Domin ion Resources, Inc. (NYSE-D 0.70
D uk e  Ene r gy  C o r po r a t i on  ( ny s E , nU 1€ - 0.60
Edison Internat ional  (NYSE-EIX 0.70
El Paso Electric  Company (NYSE-EE 0.75
Empire Dist r ic t  Elect r ic  Co.  (NYSE-EDE) 0.10
Energy  Corpora t ion  (NYSE-ETR 0.65
Eversource Energy (NYSE-ES) 0.75
Firs tEnergy  Co ~orat ion (ASE-FE 0.65
Great  Plains Energy Incorporated (NYSE-GXP) 0.85
m A c o R p ,  I n c .  ( N Y S E - I D A ) 0.80
.MGE Energy ,  Inc .  (NYSE-MGEE) 0.75
NorthWes tern Corporat ion (NYSE-NWE 0.70
OGE Energy  Corp.  (NYSE-OGE 0.90
Ot ter  Tai l  Corporat ion (ND U -orr is ) .0.85
PG&E C orpora t ion  (N YSE_PC GT 0.65
Pinnacle West Capital Corp.  (NYSE-PN 0.75
PNM Resources, Inc.  (NYSE-PNM 0.85
Port land General  Elec t r ic  Company NYSE-POR) 0.80
SCANA Corporat ion (NYSE-SCC) 0.75
Wester Energy,  Inc.  (NYSE-WR) 0.75
Xcel Energy inc .  (NYSE-XEL) 0.65
M e a n 0.75
M ed ian 0.75

ALLET E,  I nc . ( N YS E-ALE) 0.80
Amer ican Elec t r ic  Power  Co.  (NYSE_AEP)- 0.70
Duke Energy  Corp o r a t i o n  ( n v s m - m i x 0.60
Empire Dist r ic t  Elect r ic  Co.  (NYSE-EDE) 0.10
Eversource Energy (NYSE-ES) 0.75
Great  Plains  Ener~ Inca ~orated YSE-GXP) 0.85
m A c o R p ,  I n c .  ( N Y S E - I D A ) 0.80
O t ter  Tai l  Corporat ion (ND |  -OTTR) 0.85
Pinnacle West  Capital Corp.  (NYSE-PN 0.75
PNM Resources, Inc.  (NYSE-PNM 0.85
Port land General  Elec t r ic  Company NYSE-POR) 0.80
Wester Energy,  Inc.  (NYSE-WR) 0.75
M ean 0.77
M ed ian 0.78
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Calculation of Beta

Son ck's Return O
O

O
c .__I

OO I

lViarket Rleturn
O

O

O

Panel A
Elec tdc  Proxy  Group

g

Data Source: Value Line Investment Survey , 2015.

Panel B
Bulkey  Proxy  Group

Data Source: Value Line Investment Survey _ 20]5.
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Historical Ex Post
Returns

Surveys Expected Return Models
and Market Data

Historical Average
Stock Minus

Bond Returns

Surveys of CFOs,
Financial Forecasters,

Companies, Analysts on

Expected Returns and
Market Risk Premiums

Use Market Prices and
Market Fundamentals (such as

Growth Rates) to Compute

Expected Returns and Market
Risk Premiums

Time Variation in
Required Returns,
Measurement and

Time Period Issues,
and Biases such as

Market and Company
Survivorship Bias

Questions Regarding Survey
Histories, Responses, and

Representativeness

Surveys may be Subj et
to Biases, such as

Extrapolation

Assumptions Regarding
Expectations, Especially

Growth

'(

I
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Risk Premium Approaches

Means of Assessing
The Market Risk
Premium

Problems/Debated
Issues

Source: Adapted from Ants Ilmanen, Expected Returns on Stocks and Bonds,"Journal ofPortfolio Management, (Winter 2003).
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Mean
Tim: Ptriud

of Study
Mldpolnl
M Range

Range
Low HighMelhodol

Peturn
Menu reStu~ AuthorsCat~a

nblinnon
Date

Medial

Historical Risk Premium

Historical Stock Rains - Bord Raurrts1928-2014lbbotson 2015

2015

6.00%

4 .40'/

6.25"/'

4.60%

1923-2014 Ilistorica1 Stock Rains - Bond ReturnsDamodaran

2015 1900 2014 Historical Stock Rauma - Bond ReturnsDirmon, Marsh, Staunton

440'/

4.50%Historical Stock Rctums - Bond Rauma:

Arithmetic
Gcornciric
Arithmetic
Gcomanc
Arithmetic
Gmmanc
Goorndric1900-20072008Bate

2006Shilled 1926-2005 Historical Stock Raunts - Bond Returns

2005 1926-2005 Historical Stock Rectums - Bond RealmsSiegel

437.-'

Anthmctrc
Gcomctn c
Arithmetic
Goomanc
Arithmetic

7.00%

5.50%

m o l

4.60%

5.50 A.1900-2005 Historical Stock Rcxums - Bond Raurm2006Dotson, Marsh, and Staunton

Historical Stop Rctums - Bond Returns2006 1872-2004Gow & welch

Med mu 55146

E Am mama; (punk Research)

4.50%5.504.350'y

4.32 /2.55 /

1985-1998

I 8 I0-2001

1872 2000

1926-1997

198 I -1998

195 l -2000

1982-1998

3.00%

2.409

6.90%

4.50%

m o w

344 /la

7.14%

Abnormal Eamlngs Model
Furdamcutals » Div Yid + Gmwzh
Historical Rdurns & Fundzmenlals - WD & WE
Historical Rauma & Fundamental GDPfEalnings
Residual Income Model
F\1DdzlIlcI1lll DCF with EPS and DPS Growth

Fundamental DCF with Analysts EPS Gmwlh

1 5 0 / 4.00%
Gaamelric

1962-2002

1802 -2001

1926-2005

l 885-2003

use/
4.569'
2.60%

3.50'/
4.02%
390%

6.00%
5.1[V
1.30%

3.5044.00%

5.40°/'

3.00°4.

4 IT%

2001

2002

2002

1999

2002

2002

200]

2001

2002

2005

2006

2006

2004

2005

2006

2008

2001

2007

2008

2011

2015

2015

2014

2015

2015

3.759

2.50%

4.75%

4.56%

2.609

7.3194

3.50%

4 ? 5 /

2.00 /

4.00%

3.22%

5.509

5.10%

500%

5.50%

6.00'P

6.25%

1960-2002

l982- 1998

1952-2004

1982-2007

Projodicm

Projection

Pmjedion

Projection

Projection

Projection

Projection

Projection

Projection

Fundamcxual (PIE, Dup, & Eanungs Growth)

Historical Earnings Yield

Historical and Projected

Historical Excess Rclurns, Structural Breaks,
Bond Yields, CIbdix Risk, and Income Volatility
Fundamentals - Intatst Rates
Fundamental, Dlvidaad yid., Rcrumns,. & Volatility

Historical & Projections (D/P 8: Earnings Growth)

Fundamentals - Div Yid + Growth

Required Equity Risk Premium

Esmings Yield - TIPS

Real Stock Rctums and Componalts

Projections from 29 Models

Nonnalizod with 4.0% Long-Term Treasury Yield

Fundamentals - Expected Ret m Mm s lO-Year Treasury Rate

Fundamental Economic and marks Factors

Fundamentals - Implied firm FCF to Equity Model

2001

Claus Thomas

Anett and Banstdn

Constnminidex

Cornell

Euston, Taylor, ct d

Falls French

Harris & Marston

Best 8: By mc

McKinsey

Siege

Grabowski

Mahou 8: McCurdy

Bostook

Bakshi & Chen

Donaldson, Kamstra, & Kramer
Campbell
Best & By mc
Fanandcz
DeLong 8 Mags
Siege - Rahing ERP
Duane 8: Rosa - NY Fed
Duff& Phelps
Mschdnawsld - VI. - 2014
Munaican Appraisal Quanaiy ERP
Damodaran
Social Security
Oiiioc of Chief Aauaiy
John Campbell Historical 8: Projections (DIP 8: Earnings Growth) Arithmetic

Geom dm c
200 I
200 l

Pda Diamond
John Shover

3009,»

1.50 /*é

3309

3.Nfl°/'

4.00/
2.50/
4.80%
35(}gv

3.50%

2.00%

3.90%

3.25%

3.$0/

2.00%

3.90%

325 /8

1900-1995

1860-2000

Projcaed in 75 Years

Prqicctcd for 75 Ycam: Fundamentals (DIP, GDP Gnuvvlh)

Protected Cb! 75 Yeas: Fundamentals (DIP, PIE, GDP Growth) -* an-1
Malian 415A

Slvey

5.37915.002

5.20%

1889

3.80%

5.377

5.509'

2013

2015

2015

2008

2015 ts, and Compass

Five-Year Survey of Wall Sued Firms
10-Year Projection About EU Fmandal Forocastscvs
10-Year Projection Approximately 500 CFOs
30-year Projbaion Random Academics

Long-Term S iv ofAcademics. And

New York Fed
Survey of Financial Forecasters

Duke - CFO Magazine Survey

Welch - Academics

Fexnaandez - Acadenua, Anal , and Compaq

/5 74

Median 4.59%

2015

Building Block

lbbotson and Chen 5.2196.22.6
4.20 I

Pmjoaiou I-lstorical Supply Model (DIP & Earnings Grow1.h}

4.639

360~y

4.00%

1.00%

412 /

20-Year Projalion Combination Supply Model (1l1stonc and Pnojeaiou)
Projection Current Supply Model loop & E mi Gs Glovslh)
Projection Cuntrnt Supply Model (DIP & Earnings Growth)

Chen - Rahing ERP

llmanm - Rafi k ERP

Gnnold, Kroner, Siegel - Relhmk ERP

2015

'>01n

2010

2011

Ant.hlmd1¢

Geometric

Geometric

Gmmeme

Amhmetu:

Geometric

4.759'Woolridge Current Supply Model (DIP & Eamings Growth}
Median 4.12/6

Mean 451/
Median 4.42 /
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Capllal Assn Pricing Model

Equltv Risk Premium



M n
Mldpuint
I R  u

I *  s
Low m ~

R turn
Measure

Time Period
Ofshldv menuvCite \Sn dye to

Publi lion
D r

A Er g

Hi t  I  1Ri5kp¥ mi  m
2015 IIiswtical Stock Rdums - Bond Returns19 8-2014fbbolson

2015 19-8-2014 IIistodcal Stuck Recurs - Bond RdurnsDamodaran

Historical Stock Rctums - Bond Rdums1900-2014015Damson. Marsh. Staunton

6.00 /
4.40%
6.25 /
4.60%

4400/n

AriUunaic
Geometric

Alithunctic

Geometric

Arithmetic

Geometric

Median 5.13/

E Any Muds: (P Up Re
Projection
Projection

Prqiwion

Projection
Prnjeclinn

Proiectiun

2011
2015

015
014

2015

2015

dl)
Siege - Rethink ERP
Duane & Rosa NY Fed

I)ufT& Phelps
Mschchowski . VL - "0]4
Amcncan Appraisal Quanefly ERP

Darnodaran

Real Stock Returns and Compc1na1L<

Projections fvcnn 29 Models
Nnrmalizned with 4.0% Long-Tum Treasury Yield

Fundamentals - Expected Rclnm Minus 10-Year Treasury Rate
Fundamanal Fusnomic and Markel Factors

Fundamamals - Implied from FCF lo -oily Model

5.50%

5.70 /

5 00%
5.50%

6.00 /
6.25 /

Median 5 60%

So y
013

20:5
2015

015

No York Feel
Suncy ofI'manc l Forecasts

Duke - CFO Magazine Survey
Fcmandez - Acadamcs, Anal ts, and Com~ nici

Fl e-Year

I0-Year Projection
I0-Y -1 r Projection

hang-Tenn

Survey of Was Stream Firms
About 20 Financial Fuecasl.~n:rs

Approximately 500 CFOs
Sure of Acadenics, Anal ts, and Companies

5."0 /

l 88/
330 /

5.50%

Median /4.50° a

2015
Building Block

Ibbotson and cham Historical Supply Model (Dip & Earnings GlowlhjPrqilzcljon

4.63 /f

3.60 x

400%

3.00%
4.1

I5.

010
2010

2011

Combination Supply Model (Historic and Projection)

Curran Supply Model (l)fp & Earnings Glowlh)
Curran Supply Mode] (DIP & Eamirngs Growth)

20-Year P ojoetion

Projection

Projoclio-n

Chen - Rahlnk IiRP

llmanal - Rethink ERP

Grinold, Kroner Slegcl Rethink ERP

Protection 4 75U15 Curst S in ~lv Mode] (D/P & Eamin . Growth)W ~lridee

AriLhmctic

Geomantic
Goomaric

Geumellric
Aridundic
Golamelrils

Geomeldr:

6. 3°/

4.209

Median 4.12/
n 434%

Midi n 4.sz /

Docket No. E-04204A-I5-41142

Exhibit .mw-I l
CAPM Sandy

Page 6 of 6
P

Exhibit JRW4!

UNS Electric, Inc.
Clpilal And Pricing Made!

Equity Risk Premium

Summary ol2Dl0-l5 Eauihr Risk Premium Studies



Capital Source
Capitalization

Ratio
Cost
Rate

Weighted
Cost Rate

Short-Term Debt 0.00% 2.07% 0.00%
Long-Term Debt 47.17% 4.66% 2.20%

52.83% 10.35% 5.47%

q
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UNS Electric, Inc.'s Proposed Cost of Capital
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Mean Low Mean Mean High

30-Day Average 8.19% 9.04% 10.05%

90-Day Average 8.28% 9.14% 10.14%

180-Day Average 8.49% 9.34 % 10.35%

Mean Low Mean Mean High

30-Day Average - 9,08% 9.30% 9.58%

90-Day Average 9.17% 9.40% 9.69%

180-Day Average 9.39% 9.63 % 9.92%

Curran 30-Year Treasury -
2.57"/»

20]5-2016 Projected Risk-
Free Rate - 3.20%

2016-2020 Projected Risk-

Free Rate - 4.90%

Bloomberg Beta 9.59% 9.83% 10.40%

Value Line Beta .10_50% 10.68% 11.10%

Current 30-Year Treasury -
2.s7%

2015-2016 Projected Risk-

Free Rate - 3.20%

2016-2020 Projected Risk-

Free Rate - 4.90%

Bond Yield Risk PreMium 910°/o 10.00% 10.72%

Size Premium 4.82%

*
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Summary of Constant Growth DCF Results

_
Summary of Multi-Stage Growth DCF Results
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Summary of CAPM Results
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Summary of RP Results

i

I' l l



GDP S&P 500Earning:Dividends
l960 543.3 58.11 3.10 1.98
196] 563.3 71.55 3.37 2.04
1962 605.1 63.10 3.67 2.15
1963 638.6 75.02 4.13 2.35
1964 685.8 84.75 4.76 2.58
1965 743.7 92.43 5.30 2.83
l 966 815.1 80.33 5.41 2.88
1967 861.7 96.47 5.46 2.98
1968 942.5 103.86 5.72 3.04
1969 1019.9 92,06 6.10 3.24
1970 l 075.9 92.15 5.51 3.19
1971 l 167.8 102.09 5.57 3.16
1972 1282.4 118.05 6.17 3.19
1973 1428.6 97.55 7.96 3.61
1974 1548.8 68.56 9.35 3.72
1975 1688.9 90.19 7.71 3.73
1976 1877.6 I 07.46 9.75 4.22
1977 2086.0 95.10 10.87 4.86
1978 2356.6 96.11 11.64 5.18
1979 2632.2 l 07.94 14.55 5.97
1980 2862.5 135.76 14.99 6.44
1981 3211.0 122.55 15.18 6.83
1982 3345.0 140.64 13.82 6.93
1983 3638.. 164.93 13.29 7.12
1984 4040.7 167.24 16.84 7.83
1985 4346.8 211.28 15.68 8.20
1986 4590.1 242.17 14.43 8.19
1987 4870.2 247.08 16.04 9.17
1988 5252.6 277.72 24.12 10.22
1989 5657.7 353.40 24.32 11.73

1990 5979.6 330.22 22.65 12.35

1991 6174.1 417.09 19.30 12.97
1992 6539.3 435.71 20.87 12.64
1993 .6878.7 466.45 26.90 12.69
1994 7308.8 459.27 31.75 13.36
1995 7664.1 615.93 37.70 14.17
1996 8100.2 740.74 40.63 14.89
1997 8608.5 970.43 44.09 15.52
1998 9089.2 1229.23 44.27 16.20
1999 9660.6 1469.25 51.68 16.71
2000 10284.8 1320.28 56.13 16.27
2001 10621.8 1148.09 38.85 15.74
2002 10977.5 879.82 46.04 16.08
2003 11510.7 1111.91 54.69 17.88
2004 I 2274.9 1211.92 67.68 19.41
2005 I 3093.7 1248.29 76.45 22.38
2006 13855.9 1418.30 87.72 25.05
2007 14477.6 1468.36 82.54 27.73
2008 14718.6 903.25 65.39 28.05
2009 14418.7 1115.10 59.65 22.31
2010 14964.4 1257.64 83.66 23.12
2011 15517.9 1257.60 97.05 26.02 Average
2012 16163.2 1426.19 102.47 30.44
2013 16768.1 1848.36 107.45 36.28
2014 17420.7 2058.90 1 14.74 38.57

Growth Rates 6.63 6.83 6.92 5.65 6.51

Docket No. E-04204A-15-0142
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GDP and S&P 500 Growth Rates
Page 1 of 6

Growth Rates

GDP_ S&P 500 Price. EPS. and DPS

Data Sources: GDPA -http://research.stlouisfcd.org/fred2/series/GDPA/downloaddat,
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Nominal GDP Growth Rates
Annual Growth Rates - 1961-2014
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Annual Real GDP Growth Rates
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Inflation Rates
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Annual Inflation Rates
1961-2014

Data Sources: CPIAUCSL -http://research.stlouisfed.org/fred2/series/CPlAUCSUdownloaddata
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4.3%
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4.5%
4.2%

Congressional Budget Office
Survey of Financial Forecasters
Social Security Administration
Energy Information Administration
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Ten Year
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Page 5 of6

Projected GDP Growth Rates

Time Frame

Projected
Nominal GDP
Growth Rate

Sources:
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GDP S&P 500 S&P 500 EPS S&P 500 I)pb
Growth Rates 6.63 6.83 6.92 5.65
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GDP and S&P 500 Growth Rates
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Long-Term Growth of GDP, S&P 500, S&P 500 EPS, and S&P 500 DPS
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Before the

Arizona Corporation Commission

3

In the Matter of the Application of
UNS Electric, Inc. for the
Establishment of Just and Reasonable
Rates and Charges Designed to
Realize a Reasonable Rate of Return
On the Fair Value of the Properties
Of UNS Electric, Inc. Devoted to It's
Operations Throughout the State of
Arizona and for Related Approvals

)
)
)
)
)
)
)
)
)

Docket No. E-04204A-15-0142

Testimony of

J. Randall Woolridge, Ph. D.
For The Alliance for Solar Choice

February 23, 2016
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1 Q- PLEASE STATE YOUR FULL NAME, ADDRESS, AND OCCUPATION.

2 A. My name is J. Randall Woolridge, and my business address is 120 Haymaker Circle,

3 State College, PA 16801.

4

5 Q- HAVE YOU PREVIOUSLY PREPARED TESTIMONY IN THIS

6 PROCEEDING?

7 A. Yes. prepared testimony on behalf of The Alliance for Solar Choice ("TASC"). In that

8 testimony I provided an opinion as to the overall fair rate of return or cost of capital for

9 the regulated electric services of UNS Electric, Inc. ("UNSE" or "Company"). I also
l

i

10 prepared an evaluation of UNSE's rate of return testimony.

11

12 Q- WHAT Is THE PURPOSE OF YOUR SURREREBUTTAL TESTIMONY?

13 A.

14

In my sunebuttal testimony, I am initially evaluating the testimony of Staff witness Mr.

Elijah Abinah and the merits of his ROE recommendation of 9.50%. Twill then evaluate

15 UNSE witness Ms. Ann E. Bulkley apparent acceptance of Staffs recommended ROE,
I
I

16 and then I will provide a response to the rebuttal testimony of UNSE witness Ms. Ann E.

17 Bulkley.

18

19 Q~ PLEASE OUTLINE THE ISSUES YOU ARE ADDRESSING IN YOUR

20 SURREREBUTTAL TESTIMONY?

21 A. I am covering the following issues in my surrebuttal testimony:

22 A. Staff Witness Abinah's ROE Recommendation

23 B. Capital Market Conditions

1
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1 c. Equity Cost Rate Issues

2 1. Proxy Group

3 2. Constant Growth Discounted Cash Flow ("DCF") Analysis

4 3. Multi~Stage DCF Analysis

5 4. Capital Asset Pricing Model ("CAPM") Approach

6 5. Bond Yield Plus Risk Premium Approach

7

8 Q- PLEASE DISCUSS STAFF WITNESS ABINAH'S ROE RECOMMENDATION.

9 A. Staff witness Mr. Abinah has recommended a ROE of 9.50% for UNSE. However, he

10 has not performed any equity cost rate studies in giving at this recommendation.

11 Instead, Mr. Abinah recommends that UNSE be awarded the same ROE as the |

12 Commission granted in the Company's last rate case. This was Commission Decision

13 No. 74235, issued on December 31, 2013. The 9.50% was the result of a settlement

14 between the Company, Staff; and RUCO, While Mr. Abinah indicated that the basis of

15 his 9.50% recommendation in this case was previous Commission decisions, he
I

16 acknowledged that each case stands on its own merit. Mr. Abinah also cites the equity

17 cost rate results of staff witness Mr. David C. Parcels in UNSE's two most recent rate

18 cases - Docket Nos. E_04204A-09_0206 and E-04204A-12_0504. The ranges of Mr.

19 Parce1I's ROE studies were 7.6% to 10.5% in Docket No. E_04204A_09_0206 and

20 6.5% to 10.0% in Docket No E-04204A-12-0504. Without performing any equity

21 cost rate studies, Mr. Abinah concludes that a cost of capital analysis in the current

22 docket "would produce a similar, if not identical, range of 8.5 percent to 10.5 percent

23 regardless of the methodologies employed by the various parties."

2
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I Q- WHAT ISSUES DO YOU HAVE WITH STAFF WITNESS ABINAH'S

2 TESTIMONY AND ROE RECOMMENDATION?

3 A. There are a number of issue with his testimony. In general, he has justified his 9.50%

4 ROE recommendation based on equity cost rate smdies that are three to six years old.

5 These are way out of date. In my thirty years of testifying in utility rate cases, I have

6 never seen a Commission rely on such dated capital. market data in arriving at a ROE

7 authorization. Furthermore, he has relied on these studies without any empirical syndics

8 to support the contention that capital market conditions and cost rates are the same today

9 as they were three to six years ago.

10

Q- HAVE CAPITAL MARKET CONDITIONS AND COST RATES CHANGED

12 OVER THE PAST THREE TO SIX YFARS?

13 A. Yes. First and foremost, the economy has improved and the Federal Reserve has

14 unwound its quantitative easing programs and has recently made the first upward

l5 adjustment to the federal funds rate. As these events have unfolded, interest rates have

16 continued £0 d8cIIc8sc. , These are depicted in Figure 1. As discussed later in this 1
g

17 testimony, interest rates have continued to decline despite continual forecasts of higher

c
i

18 interest rates. Therefore, interest rates and capital costs have declined over the past three

19 to six years.

20

21
22
23
24

Figure 1
Thirty-Year U.S. Treasury Yields

2009-2016
Source: https://rcscarch.stlouisfcd.org/fred2/series/'DGS30
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3 Q, HAVE THE LOWER INTEREST RATES AND CAPITAL COSTS IN THE

4 PAST THREE To SIX YEARS BEEN REFLECTED IN AUTHORIZED ROES

5 FOR ELECTRIC UTILITIES AND GAS DISTRIBUTION COMPANIES?

6 A. Yes. The average quarterly authorized ROEs for electric utilities and gas distribution

7 companies from 2000-2015 are shown in Figure 2. The downward trend is very
i
1

8 apparent. The authorized ROEs for electric utilities have declined from 10.01% in

9 2012, to 9.8% in 2013, 9.76% in 2014, and 9.58% in 2015 according to Regulatory
|-

10 Research Associates.' Nonetheless, in recent years I do believe that these authorized

11 ROEs have lagged behind capital market cost rates because some state commissions

12 have been reluctant to authorize ROEs below 10%.

13

14
15
16
17

Figure 2
Authorized ROEs for Electric Utility and Gas Distribution Companies

2000-2015
Source: Regulatory Research Associates, 2016

' These figures exclude the Virginia cases that include ROE generation riders of up to 200 basis points.
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2 Q. ARE THESE ANY OTHER FACTORS THAT HAVE OCCURRED OVER

3 THE PAST THREE TO SIX YEARS THAT STAFF WITNESS ABINAH

4 1GNORED IN HIS TESTIMONY AND HIS RECOMMENDATIQN?

5 A. Yes. The investment risk of UNSE has declined. As shown in Figure 3, the Moody's
5

I

g

6 issuer credit rating for UNSE bas increased from Baan to AS since 2012, an advantc

.7 of three rating categories. This AS :aging is above the averages bf the Electric and

8 Bulklcy Proxy Groups (Sec Exhibit JRW-4, page 1). The lower investment risk of

9 UNSE as indicated by the Moody's ratings would indicate a lower ROE is warranted.
I

1

10 Mr. Abinah has ignored the change in the investment risk of UNSE in his testimony

1 I and his ROE recommendation.

12

13

14

15

16

Figure 3
Moody's Issuer Ratings for UNSE

2000-2016
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1 Source: www.moody.com
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3 Q~ DOES UNSE'S CREDIT RATINGS REFLECT THE RATE DESIGN

4 PROVISIONS THAT THE COMPANY SEEKS IN THIS RATE CASE?

5 A. A. No, As noted above, UNSE's Moody's credit rating of AS is better than the

6 average credit ratings for the Electric and Moody's Proxy Groups. And, while the

i
»

7 Company's Moody's credit report highlights its cost recovery mechanisms and indicates

i
i 8 they are "credit supportive," the Company's credit ratings do not 'yet reflect its proposed

9 mandatory demand charge for all residential customers. Such a charge, all else equal,

10 would reduce the Company's risk by providing for higher level of fixed customer 1

I
g

charges and mitigating risk associated with customers' ability to reduce energy usage to

12 lower their utility bills. I am not aware of any other investor owned utility in the

13 Country with such a mechanism.

14

15 Q. How DOES UNSE WITNESS Ms. BULKLEY RESPOND TO MR. ABINAH'S

16 ROE RECOMMENDATION OF 9.50%?

17 A. She indicates that UNSE would not oppose Staff REO recommendation as long as a s

• o 4

18 the overall revenue increase and rate design approved provides UNS Electric a

19 reasonable opportunity to cam that ROE." She goes on to say that " current capital

6

I
|
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I market conditions fully support a ROE well in excess of 9.5% percent, and that 9.5% is,

- 2 Ar best, the bottom of the range at this time." She goes on to disagree that 8.5% is the

3 bottom of the range of previous stalT testimony.

4

5 Q. PLEASE RESPOND To UNSE WITNESS ms. BULKLEY'S

6 OBSERVATIONS?

7 A. She is wrong on both the range and capital market conditions. With respect to the range,

8 as I noted above, the bottom of the range For Mr. Parcel's equity cost rate studies of his

9 two prior testimonies is actually 6.5%. The range for his CAPM results from the

10 Docket No E-04204A-12-0504 case was 6.5% to 6.8%. Second, as discussed below

11 in detail, Ms. Bulkley is wrong on what ROE is supported by current capital market

12 conditions. In particular, the economists' forecasts used by Ms. Buckley, that always

13 point to higher future interest rates, has continually been wrong for almost a decade.

14 In addition, she claims that the actions of the Federal Reserve and the prospect of

15 higher future .interest rules have resulted in the underpérformanqe of utility stocks. As

16 shown below, this is simply incorrect.

E
17

18 Q- ms. BULKLEY ATTEMPTS TO DEFEND MR. ABINAH'S 9.5% ROE

19 RESOMMENDATION BY COMPARING CERTAIN ECONOMIC
i

to INDICATORS IN 2009 AND 2013 To THE PRESENT. PLEASE RESPOND.

21 A. On pages 23-24 of her testimony, Ms. Buckley cites certain economic indicators in 2009

Hz and 2013 to support Mr. Abinah's claim that the 9.5% ROE provided in the 2013

23 settlement is reflective of the current economic environment. Among the indicators that

7
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1

I she highlight are real GDP growth, unemployment, and inflation In Figures 4, 5. and 6

2 I have provided graphs of these indicators over the past ten years.

;=
Figure 4

Quarterly Real GDP Growth
2006-2015

3
4
5
6 Source: http://wwwxradingeconomics.comlunite<i~states/gdp~growth
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Figure 6
Annual Inflation Rate

2006-2015
Source: http://www.usinflationcalculaxor.com/inflation/current-inflation-rates/
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3 Q- WHAT DO YOU BELIEVE THESE FIGURES SUGGEST ABOUT

4 ECONOMIC CONDITIONS?

5 A. I believe that these figures show that the economy is continuing to grow, but at a slow

6 pace, the labor market have improved significantly, and inflation reflects the slow

7 economic growth and has declined over the past Eve years. Overall, these conditions,

8 combined with the overall capital market conditions including lower interest macs,

9 suggests that capital costs have declined. Furthermore, consistent with Mr. Abinah, Ms.

10 Bulklcy has ignored the fact the UNSE overall investment risk, as its credit ratings, is

1 I 'lower today as its Moody's rating has improved from Baan in 2012 to AS currently.

12
4

13 A. Capital Market Conditions

14

15 Q~ IN HER DIRECT AND REBUTTAL TESTIMONIES, ms. BULKLEY IMPLIES

16 THAT INTEREST RATES AND CAPITAL COSTS ARE INCREASING IN i

17 MAGNITUDE. PLEASE RESPOND.

18 A. Between pages l5~2I ofhcr rebuttal testimony, Ms. Buckley argues that my 8.75% ROE
g

19 recommendation is not justified by current and expected market conditions. in her

9

|



*rrdmlI l_l.lllllllllll ill

I discussion of capital market conditions, Ms. Buckley implies that interest rates and

2 ital costs axe 'mcreasin . She cites economists' rejections of interest rates and creditcap g p

3 spreads to support the idea that the Company needs a higher ROE.

4

5 Q. PLEASE DISCUSS THE FORECASTS OF HIGHER INTEREST RATES AND

6 CAPITAL COSTS.

7 A. Ms. Buckley cites the interest rate forecasts provided by 8Iue Chip Financial Forecasts.

8 In my direct testimony, I highlighted that the consensus forecasts of economists are

9 that interest rates are going higher and these forecasts are continually wrong. I also

10 noted that Bloomberg reported that the Federal Reserve Bank of New York has gone

as far as stopping use of interest rate estimates of professional forecasters in its

12 interest rate model.

13

14 Q- PLEASE PROVIDE ADDITIONAL INSIGHTS INTO THE INTEREST RATE

15 FORECASTS OF ECONOMISTS.
9

16 A. Recently, two other financial publications have produced studies on how economists §

17 consistently predict higher interest rates yet they have been Wrong. The first publication,

18 entitled "How Interest Rates Keep Making People on Wall Street Look Like Fools,"

19 evaluated economists' forecasts for the yield on ten-year Treasury bonds at the

20 beginning of the year for the last ten years. 2 The results demonstrate that economists

1 Joe Wcisenthal, "How Irnerest Rates Keep Making People on Wall Strict Look Likc Fools," Bloombcrgcom.
March 16, 2015. http://wv\wv.b}oomberg,com/news/anicles/20I 5-G3-I6!how-inlercsl-ratcs-keep-making-pcoplc-
on-wall-strcet-Iook-like-fools.

10
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I consistently predict that interest rates will go higher, and interest rates do not fulf ill

2 the predictions.

3 The second study tracked economists' forecasts for the yield on ten~year

4 Treasury bonds on an ongoing basis from 2010 until 2015. The results of this study,8

5 which was entitled "Interest Rate Forecasters are Shockingly Wrong Almost All of

6 the Time," are shown in Figure 7 and demonstrate how economists continually

7 forecast that interest rates are going up, and they do not.

8
9

lo

Figure 7
Economists' Forecasts of the Ten-Year Treasury Yield

2010-2015

-Ii!u¢=wnu.»»

10y U.S. Treasury Yield Forecast for Year End 2015
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"Akin Oycdclc. "Interest Rate Forecasters are Shockingly W rong Almost All of  the Time," Business Insider.
July IN. 20 IN. http://www.businessinsider.com/interest-rate-forecams-a1e-wrong~most-of-thc-time-20 I 5-7.
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I Q. PLEASE REVIEW THE FEDERAL RESERVE'S DECISION TO RAISE THE

2 FEDERAL FUNDS RATE IN DECEMBER OF 20]5_

3 A. On December l 6'1', 2015, the Federal Open Market Committee ("FOMC")" decided

4 to increase the target rate for federal funds to % - % percent in the release, the

5 FOMC included the following observations

6
7
8
9

10
11
12
13
14
15
16
17

The Committee currently expects that, with gradual adjustments in the stance
of monetary policy, economic activity will continue to expand at a moderate
pace and labor market indicators will continue to strengthen. Overall, taking
into account domestic and intcmational developments, the Committee sees the
risks to the outlook for both economic activ ity and the labor market as
balanced, Inflation is expected to rise to 2 percent over the medium term as
the transitory effects of declines in energy and import prices dissipate and the
labor market strengthens further. The Committee continues to monitor
inflation developments closely.

This highly anticipated increase came after the range was kept in the 0.0 to % percent

18 range f`or over Eve years in order to spur economic growth in the wake of the

19 financial crisis.

i 20

21 Q. WHAT IS THE FEDERAL FUNDS RATE?

22 A. The federal funds rate is set by the Federal Reserve and is the borrowing rate

23 applicable only to the most creditworthy financial institutions when they borrow and

24 lend funds overnight to each other.° Therefore, these arc not long-term interest rates.

25 As I discuss below, there is no direct link between the federal funds rate and long-

4 It should be noted that this significant development occun'ed after Mr. McKenzie's testimony was filed on
November 6, 2015. For example, although he quotes fonncr Federal Reserve President Charles Prosser as
observing that UQS. interest rates arc "outside historical norms," Mr. Plosser was referring to the zero percent
rate.
5 Board olIGovemors of the Federal Reserve System,POM( .Sialcmenr (Dec. 16, 2015).

" http://www.investopedia.com/tenns/Hfederalfundsrate.asp

12
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1 term interest rates.

2

3 Q~ How DID LONG-TERM INTEREST RATES REACT To THE FEDERAL

4 RESERVE'S DECISION TO INCREASE THE FEDERAL FUND RATE?

5 A. The FOMC decision to increase the federal funds rate was highly anticipated in the

6 markets. Nonetheless, as shown in the Figure 8, at the 2:00 PM announcement of the

7 increase in the federal funds rate, the yield on 30-Year U.S. Treasury bonds actually

8 decreased.

9

10

I I

12

Figure 8
intra-Day Thirty-Year Treasury Yields

December 16, 2015
Source: www.Yahoo.com
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15 Q- WHAT HAS HAPPENED To THE YIELD ON LONG-TERM TREASURY

16 BONDS SINCE THAT DECEMBER 1611! DECISION?

17 A. They have continued to decline and are in the 2.70% range currently.

13
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l Q- WHY HAVE LONG-TERM INTEREST RATES DECLINED DESPITE THE

2 FOMC'S DECISION TO INCREASE THE FEDERAL FUNDS RATE?

3 A. In my initial testimony, I referenced former Federal Reserve Chairman Ben Bernanke

4 who stated that whereas the Federal Reserve can affect short-tewm rates, the FedcIal

5 Rescrvc does not directly control long-term rates. Long-term rates are driven primarily

6 by economic growth and inflation, which have both continued to decline.7

7

8 Q. FINALLY, ms BULKLEY NOTES THAT UTILITY STOCK PRICES HAVE

9 "UNDERPERFORMED" BECAUSE INVESTGRS EXPECT INTEREST

10 RATES TO RISE. PLEASE RESPOND?

11 A. Once again, Ms. Bulkley is incorrect. As shown in Figure 9, since the Federal Reserve

12 decided to increase the Federal Funds rate, the Dow Jones Utilities Index is up about

13 8.0%, and the S&P 500 is down about 4.0%.

Figure 9
Dow Jones Utilities versus the S&P 500
December 16, 2015 - February 16, 2016

14
15
16
17 Source: www.yahoo.com

Z

'Ben S, Bemankc, "Why Are Interest Rates So Low?" Weekly Blog. Brookings, March 30. 2015.
http://www.brookings.edu/blogs/bcn~bcmanke/postsf20 I5/03/30~why-interest-rates-so-low.

14
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3 Q. WHAT DO YOU RECOMMEND THE COMMISSION DO REGARDING

4 THE FORECASTS OF HIGHER INTEREST RATES AND CAPITAL COSTS?

5 A. I suggest that the Commission set an equity cost rate based on current market cost rate

6 indicators and not speculate on the future direction of interest rates. As the above

7 studies indicate, economists are always predicting that interest rates an: going up, and

8 yet they are almost alas aye wrong. Obviously, investors arc well aware of the,

9 consistently wrong forecasts of higher interest rates. and thcrefom place little weight on

10 such forecasts. lnvcstors would not be buying long-term Treasury bonds or utility

stocks at their current yields if they expected imcrcst ratfta to suddenly increase, thereby

12 producing higher yields and negative rectums. For example, consider a utility that pays a

13 dividend of S2.00 with a stock price of $50.00. The current dividend yield is 4.0%. If.

14 as Ms. Bulklcy suggests. interest rates and required utility yields increase, the price of

15 the utllfty stock would decline. in the example above, if higher rctum requirements led

15
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I the dividend yield to increase from 4.0% to 5.0% in the next year, the stock price would

2 have to decline to $40, which would be a -20% return on the stock. Obviously, investors

3 would not buy the utility stock with an expected return of -20% due to higher dividend

4 yield requirements.

5 In sum, forecasting prices and rates that are determined in the financial markets,

6 such as interest rates, the stock market, and gold prices, appears to be impossible to

7 accurately do. For interest rates, 1 have never seen a study that suggests one forecasting

8 service is better than others or that interest :ate forecasts arc better than just assuming the

9 current interest rate will be the me in the future.

10

B. Equity Cost Rate Issues

12

13 Q. PLEASE ADDRESS THE ISSUES HIGHLIGHTED BY MS. BULKLEY WITH

14 RESPECT To YOUR EQUITY COST RATE STUDIES AND ANALYSES,

I5 A. Ms. Bulklcy offers critiques of a number of issues related to my equity cost rate studies

16 and analyses. I am addressing mc following: (1) the proxy groups, (2) constant-growth

17 DCF analysis; (3) multi-stage DCF analysis; (4) the application of the CAPM; (5) her

18 application of the bond yield n'sk premium method using authorized ROEs; (6) the

I N flotation cost adjustment and (7).the adequacy of my 8.75% ROE recommendation.

20
;

21 Proxy Groups

22
i

23

16
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1 Q, PLEASE DISCUSS ms. BULKLEY'S CONCERNS WITH YOUR PROXY

2 GROUPS.

3 A. Between pages 46-49 of her testimony, Ms. Bulkley makes the claim that her proxy

4 group provides is more similar to the Company because her group has "comparable

5 investment risk." She claims that your group is larger with less stringent screening

6 criteria.

7

8 Q- PLEASE RESPOND TO THESE CLAIMS.

9 A. They are totally unfounded. First, she never mentions that, in addition to developing my

10 proxy group, I also used her proxy group. Second, she has performed no analysis

11 comparing the risk of her group to the Company. In Exhibit JRW-4, I directly compare

12 the risk of UNS Electric to the two proxy groups using Moody's credit ratings. These

13 comparison show that UNS Electric, with an AS issuer credit rating, is one notch above

14 the average of both the Electric and Buckley Proxy Groups (Baal). Third, the screening

.in criteria used by Ms. Buckley in developing her group, including factors such as

16 including generation, are factors used by credit rating agencies in rating companies, As
41

17 such, these are considered in my risk analysis.

18

19 Q- WHAT Is YOUR CONCLUSION OF THE PROXY GROUP ISSUE?

20 A. It is a non-issue. I have used her group and do a risk analysis of the Company and the

21 two proxy groups using credit ratings. The bottom line is that UNS Electric is a little less

22 risky than other electric utilities. Ms. Bulldey does not perform a risk assessment of

23 UNSE and her proxy group using credit ratings.

17
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2 2. Constant Growlh DCF Analysis

3

4 Q- Ms. BULKLEY CLAIMS THAT YOUR DCF ANALYSIS is "SUBJECTIVE."

5 PLEASE RESPOND.

6 A. On page 51 of her testimony, Ms. Bulkley states that my DCF growth rates is

7 subjectively set within a range of results. She is correct. Estimating the cost of equity

8 capital requires a degree of subjectivity in the selection of models, the inputs for the

9 models, and the measurement of the inputs for the model. I have used the DCF and

10 CAPM models, which are the two most generally accepted models to estimate an equity

!11 cost rate. In using the DCF model, the biggest issue is the expected growth rate.

12 Investors have many sources of financial information that go into developing their

13 expectations of the future, and the vast majority of this information is historic data. In

14 estimating an expected growth rate, I have given primary weight to analysts ' Earnings

15 Per Share ("Eds") growth rate forecasts. In arriving at the DCF growth rate figure, I

16 recognized that: (1) most data provided to investors is historic; (2) analysts ' growth

17 rate forecasts have a significant impact on investors' expectations, and (3) it is well

18 known that the long-term EPS growth rate forecasts of Financial analysts are overly

19 optimist ic and upwardly biased. In contrast to this approach, Ms. Buckley

20 mechanically added four different measures of projected growth to her dividend

21 yields .

22

23

18
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1 Q. PLEASE RESPOND TO Ms. BULKLEY'S DISCUSSION OF ANALYSTS'

2 LONG TERM EPS GROWTH RATE FORECASTS AT PAGES 51-53 OF HER

3 REBUTTAL TEsT11v1ony.

4 A. As I discussed at length in my initial testimony, there are a number of studies that have

5 demonstrated that the long-term EPS growth rate forecasts of Wall Street analysts are

6 overly optimistic and upwardly biased. At pages 51-53 of her rebuttal testimony, Ms.

7 Buckley attempts to refute this ev idence in two ways: (1) she cites a study by

8 Hovakimian and Saenyasiri that indicates the upward bias has declined since the

9 signing of the 2002 Global Financial Settlement, 8 and (2) she makes general

10 assertions that such a bias, if it existed, would be eliminated by changes in regulations

11 and reporting requirements .

12

13 Q~ PLEASE RESPOND To Ms. BULKLEY'S ASSERTIONS.

14 A. First, the decline in the upward bias since 2002 found by Hovaldmian and Saenyasiri

15 was for annual EPS estimates that only forecast out one year, not for the long-term

16 EPS growth rates used by Ms. Bulkley and myself And second, the studies that I cite

17 demonstrate that the upward bias has continued beyond the changes in regulations

18 and reporting requirements cited by Ms. Bulkley. This is highlighted by a McKinsey

19 study entitled "Equity Analysts: Still Too Bullish" which involved a study of the

20 accuracy on analysts long-term EPS growth rate forecasts. The authors conclude that

8 A. Hovakimian and E. Saenyasiri, "Conflicts of Interest and Analysts Behavior: Evidence from Recent
Changes in Regulation," FinancialAnalysts Journal,Vol. 66, at 96-107 (2010) [emphasis added].

19
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1 after a decade of stricter regulation, analysts' long-term earnings forecasts continue to

2 be excessively optimistic. They made the following observation (emphasis added): 9

Alas, a recently completed update of our work only reinforces this view-
despite a series of rules and regulations, dating to the last decade, that were
intended to improve the quality of the analysts' long-term earnings forecasts,
restore investor confidence in them, and prevent conflicts of interest. For
executives, many of whom go to great lengths to satisfy Wall Street's
expectations in their financial reporting and long-term strategic moves, this is
a cautionary tale worth remembering. This pattern confirms our earlier
findings that analysts typically lag behind events in revising their forecasts to
reflect new economic conditions. When economic growth accelerates, the size
of the forecast error declines, when economic growth slows, it increases. So as
economic growth cycles up and down, the actual  earnings S&P 500
companies report occasionally coincide with the analysts' forecasts, as they
did, for example, in 1988, from 1994 to 1997, and from 2003 to 2006.
Moreover, analysts have been persistently overoptimistic for the past 25 years.
with estimates ranging from 10 to 12 percent a year. compared_ with actual
earnings growth of 6 percent. Over this time frame, actual earnings 2I9wth
surpassed forecasts in only two instances, both during the earnings recovery

100
i

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

following a recession. On average. analysts' forecasts have been almost
percent too high.

22 This is the same observation made in a Bloomberg Businessweek a11ic1e/0

23 The author concluded:

24
25
26

The bottom line: Despite reforms intended to improve Wall Street research,
stock analysts seem to be promoting an overly rosy view ofprofitprospects

27 Q- How DOES THE UPWARD BIAS IMPACT THE ESTIMATION OF THE

28 COMPANY'S COST OF EQUITY?

9 Marc H, Gothart, Rishi Raj, and Abhishek Saxena, "Equity Analysts, Still Too Bullish," McKinsey on
Finance,pp. 14-17, (Spring 2010).

10 Rosen Farzad, "For Analysts, Things Are Always Looking Up,"8IoombergBusinessweek (June 10, 2010).
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1 A. Filet, as discussed above, it is not appropriate to mechanically add analysts' EPS growth

2 rates to a dividend yield to obtain a DCF equity cost rate. In addition, as discussed

3 below, it has a large impact of Ms. Bulkley's calculation of a Market Risk Premium

i

4 ("MRP")-

5

6 3. Multi-Stage DCF Analysis

7

8 Q- PLEASE DISCUSS Ms. BULKLEY'S MULTI-STAGE DCF ANALYSIS.

9 A. Between pages 56-58 of her rebuttal testimony, Ms. Buckley responds to my criticism

10 of the long-term Gross Domestic Product ("GDP") growth rate in her multi-stage

11 DCF model. Her prospective GDP growth rate was based on real GDP growth rate

12 which is calculated over the 1929-2014 time period, and (2) an expected inflation

13 rate. In her rebuttal testimony, he uses a GDP growth rate of 540% in her initial

14 testimony.

15
16 Q- WHAT ARE THE ERRORS WITH Ms. BULKLEY'S MULTI-STAGE DCF

17 ANALYSIS.

18 A. As I indicated in my initial testimony, there are two major errors in this analysis. First,

19 Ms. Bulkley has not provided any theoretical or empirical support that long-term GDP

20 growth is a reasonable proxy for the expected growth rate of the companies in her proxy

21 group. Five-year and ten-year historic measures of growth for earnings and dividends

22 for electric utility companies, as shown on page 3 of Exhibit JRW-10, suggest growth

23 that is more than 100 basis points below Ms. Bulkley's GDP growth rate. In her rebuttal

21

_--I Illlll |



0

1 testimony, Ms. Bulkley provides no new empirical evidence to justify using GDP

2 growth as a proxy for long-term earnings and dividend growth for electric and gas

3 companies. On the second issue, I demonstrated in my initial testimony that the trends

4 of GDP growth indicate prospective GDP growth of about 100 basis points below Ms.
I

I
5 Bulkley's GDP growth rate. The lower trend in GDP growlh is supported by the long-

6 term GDP growth rate forecasts of government agencies and economists. These

7 forecasts are also about 100 basis points below Ms. Bulkley's long-term historic GDP

8 growth rate. The economists and government agencies that provide and use these

9 forecasts are well aware of historic GDP growth and its trends over the decades that are

10 referred to by Ms. Bulkley. Therefore, there is no reason to expect that these forecasts

11 are under-stated. In addition, long-tenn GDP growth is a function of a number of

12 factors, including population growth. As I reviewed in my direct testimony, the long-

13 tern trends in these factors all point to lower GDP growth in the future.

14

1.5 Q. WHAT GDP GROWTH RATE Is PROJECTED BY ECONOMISTS AND

16 GOVERNMENT AGENCIES?

17 A. There are several forecasts of annual GDP growth that are available Hom economists

18 and government agencies. These are listed on page 5 of Exhibit JRW-14 that is attached

19 to my initial prefixed testimony The mean 10-year nominal GDP growth forecast (as of

20 February 2015) by economists in the recentSurvey of Professional Forecasters is 4.7%.

21 The Energy Information Administration ("EIA"), in its projections used in preparing

22 the Annual Energy Outlook, forecasts long-tenn GDP growth of 4.2% for the period

22
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1 2013-2040." The Congressional Budget Office ("CBO"), in its forecasts for the

2 period 2015 to 2040, projects a nominal GDP growth rate of 4.3%.12 Finally, the

3 Social Security Administration ("SSA"), in its Annual OASDI Report, provides a

4 projection of nominal GDP from 2015-2090.13 The projected nominal GDP growth

5 rate over this period is 4.5%. Overall, these projections of nominal GDP growth over

6 extended future time periods provide direct evidence that Ms. Bulkley's long-term

7 GDP growth rate of 5.42% is overstated by almost 100 basis points.

8

9 Q. IN YOUR OPINION, WHAT is WRONG WITH Ms. BULKLEY'S REAL

10 GDP FORECAST ON HISTORIC DATA AND IGNORING THE WELL-

11 KNOWN LONG-TERM GDP FORECASTS OF THE CBO AND EIA?

12 A. In developing a DCF growth rate for his constant-growth DCF analysis, Ms. Bulkley has

13 totally ignored historic EPS, DPS, and BVPS data and relied solely on the long-term

14

15

EPS growth rate projections of Wall Street analysts and Value Line. However, in

developing a terminal DCF growth rate for his multi-stage growth DCF analysis, Ms.

is Bulkley has also totally ignored the well-known long-term real GDP growth rate

17 forecast_§ of the CBO and EIA and relied solely on historic data going back to 1929.

18 Simply put, she is inconsistent with respect to 100% belief in the forecasts of Wall Street

19 analysts and 0% belief in the forecasts of major U.S. government agencies.

20

"Energy Information Administration, AnnualEnergy Outlook,http://www.cbo.gov/publication/49973.
1 Congressional Budget Office, The 2015 Long~term Budget Outlook, July
https://www.cbo.gov/publication/50250,
13 Social Security Administration, 2015 Annual Report of the Board of Trustees of the Old-Age, Survivors, and
Disability Insurance (OASDI) Program. http2//www.ssa.gov/oact/tr/20l5/Xl-trLOT.html

2015.
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1 4. CAPM Approach

2

3 Q- PLEASE RESPOND To MS. BULKLEY'S DISCUSSION OF YOUR CAPM
|

4 ANALYSIS.

5 A. As I indicated in my initial testimony, the estimation and the measurement of the MRP

6 is one of the biggest mysteries in Finance. In my testimony, I highlighted there are

7 three procedures for estimating an MRP, and I explained how I factored in all three

8 approaches and employed the results of more than 30 studies to estimate my MRP of

9 5.5%. My MRP reflects the market risk premiums: (1) determined in recent academic

10 studies by leading finance scholars, (2) employed by leading investment banks and

11 management consulting Hans, and (3) found in surveys of companies, financial

12 forecasters, financial analysts, and corporate CFOs. Contrary to this approach, Ms.

13 Bulkley conducts her own study using analysts' EPS growth rate projections to

14 compute an expected market return and MRP. Her MRP 10,67% (based on the

15 current risk-freé rate) is larger thanany MRPs discovered in any published academic

16 or professional study o r survey. As discussed below, this is because he

17 "mechanically" computes an expected market return using the upwardly biased EPS

18 growth rate forecasts of financial analysts.

19

20 Q- PLEASE DISCUSS THE MARKET RISK PREMIUM IN Ms. BULKLEY'S

21 CAPM APPROACH.

22 A. Ms. Bulkley has computed a MRP for her CAPM by applying the DCF model to the

23 S&P 500. He has estimated an expected market return using Bloomberg and Value

24
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1 Line projected five-year EPS growth rate estimates as the DCF growth rate. In both

2 cases, she uses a prob acted long-term EPS growth rate of 11.06%

3

4 Q- WHAT ARE THE ERRORS WITH THIS MRP METHODOLOGY?

5 A. There are several errors to this methodology:

6 First, these "long-term growth" rates are indicated to be three-to-.ive year growth

7 rates, yet Ms. Bulkley employs these to be for an infinite period of time. Second, as

8 discussed above, there is ample empirical evidence that these forecasts are overly

9 optimistic and upwardly biased measures of actual future three-to-five year actual

10 earnings growth. The McKinsey article cited above indicates that, on average, the

11 projected growth rates produce forecasted EPS that are 100% above actual EPS. And

12 third, the projected EPS growth rates used by Ms. Bulkley of 11.06% is totally

13 unrealistic since: (1) long-term EPS growth in the U.S. is directly related to GDP

14 growth, with GDP growth providing an upward limit on EPS growth, 14 and (2) even

15 Ms. Bulkley presumes that long-term GDP growth that he estimates for her

16 multistage DCF analysis will be less than % other 11.06% projected EPS growth.

17

.
I 18 Q- WHAT DO THESE ERRORS IMPLY ABOUT Ms. BULKLEY'S CAPM
|

19 RESULTS?

20 A. Ms. Buckley's CAPM results should be ignored. Her CAPM results are based on

21 expected market returns and MRPs that include unrealistic assumptions regarding

22 future economic and earnings growth and stock returns.

14 Bradford Cornell, "Economic Growth and Equity Investing,"Financial Analysts Journal (January- February,
2010), p. 63.

25
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2 5. Bond Yield Plus Risk Premium Approach

3

4 Q. PLEASE DISCUSS Ms. BULKLEY'S BOND YIELD PLUS RISK PREMIUM

5 ANALYSIS WHICH Is BASED ON THE AUTHORIZED ROES FOR

6 ELECTRIC UTILITIES AND GAS DISTRIBUTION COMPANIES.

7 A. At pages 66-68 of her rebuttal testimony, Ms. Buckley supports her risk premium

8 analysis which is based on authorized ROEs for electric and gas companies. I critiqued

9 her approach primarily because: (1) Ms. Buckley added her risk premium to projected

10 Treasury bond yields, and (2) her results do not reflect current authorized ROEs. On the

11 first issue, Ms. Bulkley never really addresses the error I highlighted in my initial

12 testimony. Specifically, it is incorrect to add a risk premium derived firm historic

13 Treasury yields and authorized ROEs to projected Treasury bond yields because, as I

14 showed earlier in this testimony, Treasury yields are always projected to increase. A.

15 corrected study would have used projected Treasury yields and not historic Treasury

16 yields. The second issue I addressed was the fact that her°risk premium results does not

17 reflect current authorized ROEs.

18

19 Q. PLEASE DISCUSS MR BULKLEY'S RISK PREMIUM RESULTS AND

20 YOUR STUDY OF AUTHORIZED ROES FOR ELECTRIC UTILITIES.

21 A. In her rebuttal testimony, Ms. Bulkley updates her risk premium analysis and arrives at

22 equity cost rates ranging Hom 9.87 to 10.67% for electric utility companies.

23

26
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1 Q. How DO THESE AUTHORIZED ROES COMPARE TO CURRENT

2 AUTHORIZED ROES FOR ELECTRIC UTILITIES?

3 A. They are above current authorized ROEs for both electric utility companies. As

4 previously discussed, the authorized ROEs for electric utilities have declined from

5 10.01% in 2012, to 9.8% in 2013, 9.76% in 2014, and 9.58% in 2015 according to

6 Regulatory Research Associates." Flotation Costs

7

8 Q- DOES THIS CONCLUDE YOUR TESTIMONY?

9 A. Yes.

i

15 These figures exclude the Virginia cases that include ROE generation riders of up to 200 basis points.
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EXHIBIT

NREL RFSULTS 1,713 kph per  Year  *
System output may range from 1, 619 to 1, 727kWh per year near this location.

Month Solar Radiation
(kwh/m2/day)

Ac Energy
( kph )

Energy Value
(  $ )

January 4.11 115 12

Caution: Photovoltaic system performance
predictions calculated by Pvwatts®
include many inherent assumptions and
uncertainties and do not reflect variations
between pp technologies nor site-specific
characteristics except as represented by
Pwv'att.s® inputs. For example, PV
modules with better performance are not
differentiated within PVWatt;® from
lesser performing modules. Both NREL
and private companies provide more
sophisticated pp modeling tools (such as
the System Advisor Model at
http:#sam.nrel.gov) that allow for more
precise and complex modeling of pp

February 5.45 111 12

March 6.20 150 15

April 7.37 167 11

The expected range is based on 30 years
of actual weather data at the given
location and is intented to provide an
indication of the variation you might see.
For more information, please refer to this
NREL report: The Error Report.

May 7.65 173 18

June 7.74 163 11

July 6.79 150 15

August 6.80 151 15

Disclaimer: The PVWatts® Mode!
("Model") is provided by the National
Renewable Energy Laboratory ("noEL"),
which is operated by the Alliance for
Sustainable Energy, LLC ("Alliance") for
the U.5. Department of Energy {"DOE")
and may  be used fo r  any  purpose

September 6.70 145 i s

October 6.23 143 14

November 5.44 126 13

The names DOE/NREL/ALLIANLI shall not
be used in any representation,
advertising, publicity or other manner
whatsoever to endorse or promote any
entity that adopts or uses the Model.
DOE/NREL/ALLIANCE shall not provide

December 4.66 113 11

any support, consulting, training or
assistance of any kind with regard to the
us e  o f  the Model or any updates,
revisions or new versions of the Model.

8
3

3

Annual 6.32 1,713 $174

?

l

5
3
1

85 Location and Station Identification

Requested Location Tucson

Weather Data Source (TMY3) TUCSON INTERNATIONAL AR Az 6.3 mi EZLatitude 32.13° N

Longitude 110.95° w EI
pp System Specifications (Residential)

DC System Size 1 kW

Module Type Standard

3
3

E
i

TO INDEMNIFY

AND iTs

AFFILIATES, OFFICERS, AGENTS, AND

EMPLOYEES AGAINST ANY GA I M OR

DEMAND, INCLUDING REASONABLE

ATTORNEYS' FEES, RELATED To YOUR

USE, RELIANCE, OR ADOPT1ON OF THE

MODEL FOR ANY PURPOSE WHATSOEVER.

THE MODEL IS PROVIDED BY

DOE/NREL/ALLIANE "As IS" AND ANY

EXPRESS OR 1MPL1ED WARRANTIES,

INO_UDING BUT NOT L[MTI 'ED To THE

WARRANTIES OF

MERCHANTABILIW AND FITNESS FOR A

PARTIGJIAR PURPOSE ARE EXPRESSLY

DISCLAIMED. IN n o EVENT SHA1L

DOE/NREUAUJANCE BE LIABLE FOR ANY

SPECIAL INDIRECT OR CONSEQUENTIAL

DAMAGES OR ANY DAMAGES

WHATSOEVER, ING_UDING BUT NDT

LIMITED To GAIMS ASSOOATED WITH

THE Loss OF DATA OR PROFITS, wHicH

MAY RESULT FROM ANY A m e n IN

CONTRACT, NEGLIGENCE OR OTHER

TORTIOUS cD=J1vl THAT ARISES OUT OF

OR IN CONNECTION WITH THE USE OR

PERFORMANCE OF THE MODEL

Array Type Fixed (open rack)

Array Tilt 20°

Array Azimuth 180°
The energy output range is based on
analysis of 30 years of historical weather
data for nearby r and is intended to
provide an indication of the possible
interannual variability in generation for a
Fixed (open rack) pp system at this

System Losses 14%

Inverter Efficiency 96%

DC to AC Size Ratio 1.1

Initial Economic Comparison

Average Cost of Electricity Purchased
from Utility 0.10 $/kwh

Initial Cost 3.30 $IWdc

Cost of Electricity Generated by System 0.1G $lkwh

These values can be compared to get an idea of the cost-effectiveness of this system. However, system costs, system financing
options (including 3rd party ownership) and complex utility rates can significantly change the relative value of the PV system.

u



EXHIBIT

NREL
RESULTS

I
i
I
I TA5 c 1.5

1,849 kph per  Year  *
System output may range from 1,558 to 1, 662kWh per year near this location.

Month Solar Radiation
(kwh/m2/day)

AC Energy
( kph )

Energy Value
(  s  }

January 5.45 128 13

Caution: Photovoltaic system performance
predictions calculated by pvwatts®
include many inherent assumptions and
uncertainties and do not reflect variations
between pp technologies nor site-specific
characteristics except as represented by
pvwatLs® inputs. For example, pp
modules with better performance are not
differentiated within Pvwatts® from
lesser performing modules. Both NREL
and private companies provide more
sophisticated pp modeling tools (such as
the System Advisor Model at
http:,r',i'sam.nrel.gov) that allow for more
precise and complex modeling of pp

February 4.54 99 10

March 5.46 131 13

April 7.79 110 1 1
The expected range is based on 30 years
of actual weather data at the given
location and is intended to provide an
indication of the variation you might see.
For more information, please refer to this
NREL report: The Error Report.

May 1.81 115 18

June 1.91 167 11

July 6.59 14s 15

August 6.43 141 14

Disclaimer The Pvwatts® Model
("Model"} is provided by the National
Renewable Energy Laboratory {"NREL"),
which is operated by the Alliance for
Sustainable Enefgv, LLC ("Alliance") for
the U.S. Department of Energy ("DOE")
and may  be used fo r  any  purpose

September 5.67 124 13

E October 5.86 136 14

November 5.01 116 12
S

December 4.83 115 12

The names DOE;NREL/ALLIANCE shall not
be used in any representation,
advertising, publicity or other manner
whatsoever to endorse or promote any
entity that adopts or uses the Model.
DOE;NREL;ALL1ANCE shall not provide

Annual 6.12 1 ,648 $168any support, consulting, training or
assistance of any kind with regard to the
us e  o f  the Model or any updates,
revisions or new versions of the Model.

To

i
2
3

3
I Location and Station Identification

Requested Location Tucson

Weather Data Source (TMY3) DAvls MONTHAN AFB, Az 4.6 mi

Latitude 32.17° N
1

Longitude 110.88° w I
§IPV System Specifications (Residential)

DC System Size 1 kW

Module Type Standard
g
I

INDEMNIFY

AND ITS

AFFILIATES, oFFicERs, AGENTS, AND

EMPLOYEES AGAINST ANY CLAIM OR

DEMAND, 0\l(1UDING REASONABlE

ATrORNEYS'  FEES, RELATED To YOUR

USE, RELIANCE, OR ADOPTION OF THE

MODEL FOR ANY PURPOSE WHATSOEVER.

THE MODEL IS PROVIDED BY

DOE/NREL/ALLIAN(I "As IS" AND ANY

EXPRESS OR IMPLIED WARRANTIES,

INCLUDING BUT NOT umrrED To THE

WARRANTIES oF

MERG\ANTABILTTY AND FTFNESS FOR A

PARTICUIAR PURPOSE ARE EXPRESSLY

DlSClA]MED. IN n o EVENT SHALL

DOE/NREL/ALLIAN(I BE LIABLE FOR ANY

SPEUAL, INDIRECT OR CONSEQUENTIAL

DAMAGES OR ANY DAMAGES

WHATSOEVER, INCLUDING BUT NOT

LIMITED TO GAIMS ASSOGATED WITH

THE Loss oF DATA OR PROFITS, WHIU-1

MAY RESULT FROM ANY Acr l on IN

CONTRACT, NEGLIGENCE OR OTHER

TORTIOUS CU5IM THAT ARISES OUT OF

OR IN OONNECnON arm THE USE OR

PERFORMANCE OF THE MODEL

Array Type Fixed (open rack)

Array Tilt 20°

Array Azimuth 180°
The energy output range is based on
analysis of 30 years of historical weather
data for nearby r and is Intended to
provide an indication of the possible
interannual variability in generation for a
Fixed (open rack) pp system at this

System Losses 14%

Inverter Efficiency 96%

DC to Ac Size Ratio 1.1

Initial Economic Comparison

Average Cost of Electricity Purchased
from Utility 0.10 $lkwh

Initial Cost 3.30 $lwdc

Cost of Electricity Generated by System 0.16 $/kwh

These values can be compared to get an idea of the cost-effectiveness of this system. However, system costs, system financing
options (including 3rd party ownership) and complex utility rates can significantly change the relative value of the PV system.


