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APS First U.S. Utility to Use Advanced Inverters to Manage
Solar Generation
T&D World Magazine
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las t  week, hundreds o f  APS Solar  Par tner  Program customers  he lped the i r  u t i l i ty  make h is tory .  Advanced
technology insta l led a long with par t ic ipants '  so lar  panels  is  beginning to col lect data that wi l l  help APS
better  understand and manage the energy f lowing into neighborhoods across the s tate. APS is  the f i rs t
u t i l i ty  in  the  nat ion  to  dep loy  and contro l  th is  advanced techno logy  remote ly  -  meaning that  the  u t i l i ty  can
operate the so lar  ins ta l la t ions as they would a power  p lant,  ramping up or  cur ta i l ing power  based on
customers '  rea l- t ime energy needs.

The device is  cal led an advanced inver ter . Inver ters are instal led with solar  panels to conver t the electr ic i ty
f rom a one-way f low of  energy  (d i rec t  cur rent)  to  a  two-way f low of  energy  (a l ternat ing cur rent  -  wh ich
matches the cur rent on the electr ic  gr id) . The advanced inver ters used as par t of APS's Solar  Par tner
Program (SPP)  jus t  rece ived the i r  UL cer t i f ica t ion ,  a l lowing the u t i l i ty  to  s tar t  fu l l  command and contro l  o f
the dev ice.

These advanced inver ters  wi l l  he lp APS regulate the amount of energy f lowing in to the gr id  in
ne ighborhoods wi th  par t ic ipa t ing  SPP cus tomers .  Th is  power  qua l i ty  regu la t ion  is  no d i f fe rent  than what
the u t i l i ty  does 24/7 /365. However ,  wi th  the exp los ion o f  d is tr ibuted energy  ins ta l la t ions  across  the s ta te ,
managing the energy f low on the gr id  -  to  ensure customers cont inue to receive safe, re l iab le e lectr ic i ty  -
has become a greater  chal lenge, with min i  power  p lants  appear ing on rooftops a l l  over  Ar izona.

"Energy used to f low in  one d irect ion, from our  power  p lants  to  a customer 's  home or  bus iness. That is  no
longer  t rue  today ,"  sa id  Scot t  Bordenk i r cher ,  APS Direc tor  o f  Techno logy  Innovat ion .  "Wi th  the
deployment o f  d is tr ibuted generat ing resources l ike  rooftop so lar ,  energy now f lows back and for th  on the
gr id . Advanced inver ters  wi l l  he lp us better  manage the gr id  -  for  the safety  of our  crews work ing on the
power  l ines, and so customers can continue to receive the re l iable e lectr ic i ty  they have come to expect from
A p s . "

The Solar  Par tner  Program was launched in ear ly  2015, when the company enl is ted the help of 1,500
customers to host rooftop solar  systems at no cost to  the customer . In  fact,  the ut i l i ty  is  essentia l ly  rent ing
the customer 's  roof for  $360 a year  for  the next 20 years . Advanced inver ters  were ins ta l led a long with  the
solar  panels , help ing the ut i l i ty  test the new technology that wi l l  benefi t  a l l  o f APS's  1.2 mi l l ion customers.

"The smal l  power  p lants  found on customer  rooftops across the s tate present in terest ing chal lenges to
service quali ty  and rel iabi l i ty , and advanced inver ters are a technology APS believes can help avoid service
disrupt ions and power  qual i ty  issues,"  Bordenk ircher  sa id .  "APS is  tak ing an industry  lead with  th is  program
-  and others  l ike  i t  -  that  wi l l  u l t imate ly  prov ide data essent ia l  to  he lp ing u t i l i t ies  ach ieve a more re l iab le
and susta inable  gr id ,  whi le  prov id ing for  greater  customer  technology choice."

http:l/tdwald.com/print/renewables/aps-hrst-us-utility-use-advanced-invaters-manage-sdar-generation 1/2
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ENVIRONMENT

German CON emissions targets at risk
A new coal-fired power plant has opened in Germany a day after an expert commission told the energy minister the

country must triple its annual rate of recarbonization to meet its ambitious 2020 climate policy goals.

On Thursday in the Hamburg suburb of Moorburg, Hamburg's mayor Olaf Scholz, a leading figure in Germany's Social Democratic Party

(SPD), stood alongside Magnus Hall, president of Swedish energy utility Vattenfall, and pushed a big button.

The button-pushing symbolized Vattenfall's ceremonial opening of a 1,600 Megawatt (MW) coal-fired power plant that had been under

construction for eight years - despite heated opposition from Germany's greens, who want the country to exit from coal altogether.

One day earlier, in London, the UK government had announced a ten-year plan to close down all remaining coal-fired power stations in

Britain. At the very same time as UK politicians were basldng in the resulting applause, Scholz's fellow Social Democrat, Vice Cha ncellor

Sigmas Gabriel, the leader of the SPD and the country's minister of economy and energy, sat in a Berlin conference room absorbing some

bad news.

An independent commission of senior energy experts advising his ministry explained to him on Wednesday that Germany was on track to

miss - rather badly - the carbon emissions goals the government had set for the country to meet by 2o2o.

Commitments outstripping actions

Germany is on track to meet some sub-goals, the experts reported, including continued brisk expansion of renewableenergygeneration

capacity, which exceeded 30 percent of the countly's total generation in the first half of 2015.

Illll
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But the central target of reducing CO2 emissions by 4o percent compared to 1991>

levels by 2020 was "seriously in danger," according to Andreas Liischel, director of

the four-person expert commission, as it presented its fourth annual monitoring

report on Germany's Energiewende (en erg transition).

M

'The tempo of total carbon emissions reductions achieved each year needs to be

roughly tripled" in order to meet the government's 2020 target, Liischel told DW,

saying the annual emissions reduction rate in recent years has been 9 million tons of

CON per annum, but needed to be 27 million tons.
Perhaps the button pushed by officials at Moorhurg's

launch could equally well be interpreted as the detonation

button on Gemlany's emissions reduction goals

"The German government

introduced a couple of new

emissions reductions programs

recently, including a national action plan for energy efficiency,# but the programs

haven't been implemented yet and it's too early to say whether they'll be enough to close

that gap," Liischel said. The commission's report detailed some reasons to suspect not

Excessive emissions from cars, houses, coal-fired power plants

One of the biggest problems the commission found was that energy use in the German

transport sector had continued to increase - it was 1.7 percent higher in 2014 than in

2005. Another was slower-than-planned progress in improving energy efficiency,

especially in the housing sector, where too little was being done to improve insulation.

Protest tempted against the Ganweiler brown coal s11~ip

mine, Erkelenz, in western Germany

A third was continued operation of too many coal-fired power plants, including lignite (brown coal) burning plants, which are especially

emissions-intensive.

For these and other reasons, total carbon emissions were not dropping nearly as fast as the 2020 target demanded. Minister Gabriel

admitted more needed to be done, pointing to an expansion in Germany's electric vehicle fleet as one of his priorities. However, he has

been a stubborn defender of the coal indushy, pointing to the undesirability of job losses in economically weak coal-producing regions.

Mea awhile in Sweden, the govern went was getting ready to travel to Paris for

COP21, the big UN climate policy conference, with a flashy "Fossil Free"

campaign, boasting that it intends to be the first industrial country to go fossil-free,

and inviting others to join in.

On both the corporate and government side, 'm Germany as well as Sweden,

emissions numbers and climate policies were not adding up.

The Pontius Pilate of climate policy

A Greenpeaceprotestagainst coalstrip-mining in the

Lauritz region south of Berlin. Thesigns displaynames of
villages thatwere destroyed tomake way for lignite strip-

mines

On the corporate Ade, the problem was Vattenfall's intention to divest from its

brown-coal assets. Vattenfall AB is a company wholly owned by the Swedish

government, with subsidiaries in several European countnles.

Vattenfall's German subsidiary is

Germany's third largest power generator, with more than 20,500 employees, annual

revenues of more than 11 billion euro ($12 billion), and a power-generation portfolio

consisting primarily of coal-fired power plants - including several particularly dirty

lignite-fueled power plants in eastern Germany, including the one at Jiinschwalde,

pictured at the top of the page. Those lignite mines and power plants employ about

8,ooo people,

The government of Sweden has decided it wants to gradually wash its hands of coal-

burning - which is the electricity sector's worst generation technology by far in terms of

emissions of climate-disrupting carbon dioxide, as well as other air pollutants. So

Vattenfall has been seeking to sell its German brown-coal power generation assets, plus

In Berlin, a citizen-driven referendum in 2013 aiming to

force the city to buy its power grid offVatlmevnfallnearly

succeeded

\
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several associated lignite mines - some 9,000 MW of generating capacity.

MIBRAG, a coal and lignite producing subsidiary of Czech company Energetickky a Prumydovy Holding (EPH), is reportedly interested in

buying them - but regulatory uncertainties have delayed a sale.

Greenpeace's pitch

"Selling its brown-coal mines and associated power plants to another company

won't make the slightest difference to greenhouse gas emissions," Annika Jacobson

of Greenpeace Nordic 'm Sweden said. Vattenfall would be able to boast in its annual

report that it's shifting away from coal power, but if the only change is that some

other company operates the plants, that does nothing at all for climate safety.

This coal fired power station in Oottbus, Cermany, makes

the issue w'sible

That's why Greenpeace Sweden has offered to acquire Vattenfall Germany's brown-

coal power plants and mines - with a view to shutting them doom over time.

"Greenpeace has proposed that Vattenfall transfer its brown-coal plants and mines

to a newly set-up foundation, which 'm partnership with regional governments

would negotiate a gradual exit from coal and an economic restructuring 'm the affected regions between now and 2o3o," Jacobson told

DW.

Greenpeace didn't offer Vattenfall any money, arguing that the social and environmental costs of bu ming lignite far exceed the value of

the financial profits - so it makes no sense to pay for asserts that lose money on a total cost accounting basis.

The proposal was dismissed out-of-hand by Vattenfall. The Swedish government

"seems intent on selling the assets to the highest bidder, while putting no environmental

demands at all on potential buyers," Jacobson said. The price range: Between one and

two billion Eu Ros - money gained at the expense of Sweden's environmental credibility.

Fossil free or sincerity free?

Jacobson called Swedish government's policy on Vattenfall's brown-coal assets

hypocrisy at its purest, asking:

"If Sweden and Germany refuse to manage a near-term exit from coal power in an

environmentally and sociallyresponsibleway, what does this mean for the world?"

The new power station at Hamburg-Moorburg is fuelled by

hard, or "black" was, which is slightly less polluting than

lignite (brown coal) when burned

The Swedish government would be sending a devastating signal by selling Vattenfall's

brown-coal assets rather than shutting them down responsibly, Jacobson argued. India, China and other less wealthy countries would take

note and quietly conclude that if two of the richest and supposedly most environmentally progressive governments in the world clearly

weren't serious about getting out of coal-fired power, then they needn't bother taldng the issue seriously either.

D W  R E C O M M E N D S

Greenpeace outlines plans for German coal exit
Greenpeace is serious about requiring coal mines and power plants owned by Swedish utility Vattenfall in eastern Germany. But the environmentalists
don't want to pay anything. The operations, they say, are worthless. (20.10.2015)

Britain turns its back on coal power
Britain has set out its plans to phase out mal power plants within the next ten years under tightening EU environmental standards, and turn towards gas,
nuclear and potentially wind power, to make up the shortfall. (18.11.2015)

Greenpeace plans bid for Vatten.fall's German coal business
Environmental group Greenpeace is exploring funding options to buy Vattenfall's lignite business in eastern Germany in a bid to scale back the
operations put HP for sale by the Swedish state-ovmed energy giant. (06.10.2015)

The end of lignite coal for power in Germany
Germany'seconomics minister and energy companieshave agreed on steps towards takinglignite-firedpowerplantsoffline. Theplan is to help Germany
readyits climate targets, butenvironmentalists say it's 'weak' (2'7.10.2015)
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1 1 Introduction

2 Q. Please state your name and business address.

3

4

A. My name is Curt Volkmann. My business address is 290 Vine Avenue, Lake

Forest, IL.

5 Q. On whose behalf are you submitting this direct testimony?

6 I am submitting this testimony on behalf of Vote Solar.

7 Q. What is Vote Solar?

8

9

10

11

12

13

14

Vote Solar is a non-profit grassroots organization working to foster economic

opportunity, promote energy independence, and fight climate change by making

solar a mainstream energy resource across the United States. Since 2002, Vote

Solar has engaged in state, local, and federal advocacy campaigns to remove

regulatory barriers and implement key policies needed to bring solar to scale.

Vote Solar is not a trade group and does not have corporate members. Vote Solar

has approximately 60,000 members nationally and 3,500 in Arizona.

15 Q- By whom are you employed and in what capacity?

16

17

18

19

20

21

I am President and founder of New Energy Advisors, LLC, an independent

consulting firm. At New Energy Advisors, I work with local governments and

non-profits, such as Vote Solar, on a variety of clean energy issues and

opportunities. In addition to this proceeding, I am currently working in California,

Minnesota, Illinois, and the Northeast in various regulatory and legislative

proceedings related to distributed energy resources.

22 Q. Please describe your professional background and experience.

23

24

A. I have 32 years of experience in the energy and utilities industry. My resume,

attached as Exhibit CV-1 , provides further detail of my work experience.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 1
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A.

A.

u



r |

1

2

3

4

5

Prior to founding New Energy Advisors, LLC, I worked for the Environmental

Law & Policy Center ("ELPC") in Chicago as a Clean Energy Specialist. My

work at ELPC focused on providing technical advice and expert witness

testimony in several renewable energy, energy efficiency, and rate design

regulatory proceedings.

6

7

8

9

10

11

12

13

14

Prior to ELPC, I was employed for eighteen years by Accenture, a global

management consulting and technology firm. I held several positions at

Accenture, including Managing Director in Accenture's Sustainability Services

practice, where I oversaw energy efficiency and demand reduction projects for

commercial and industrial clients across multiple industries. I was also an

Executive Director in Accenture's North America Utilities practice, with client

account leadership responsibilities for several gas, electric, and water utilities in

the US. In this role, I oversaw several utility cost reduction and smart grid

programs.

15

16

17

18

Prior to Accenture, I worked for the consulting firm UMS Group, where I led

multi-utility benchmarking studies examining global best practices in electric

transmission and distribution. Participating utilities were from the United States,

Canada, Australia, New Zealand, Europe, and Africa.

19

20

21

22

I also worked for nine years at Pacific Gas and Electric ("PG&E") in various

transmission and distribution roles including Distribution Planning Engineer,

where I evaluated the impact of demand-side management programs on the

deferral of distribution substation upgrades.

23 Q. Please describe your educational background.

2 4

25

2 6

2 7

A. I graduated from the University of Illinois at Urbana-Champaign with a Bachelors

of Science in Electrical Engineering with a concentration in Power Systems. I also

received a Masters of Business Administration from the University of California

at Berkeley with a concentration in Finance.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 2
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2

Q. Have you previously testified before the Arizona Corporation Commission

(the "Commission")?

3 No.

4 Q. Have you previously testified before other regulatory commissions?

5

6

7

8

9

10

11

12

Yes. I have testified before the Illinois Commerce Commission in its investigation

into Commonwealth Edison's cost of service in Docket No. 14-0384,

Commonwealth Edison's proceeding for approval of its Energy Efficiency and

Demand Response Plan in Docket No. 13-0495, and Ameren Illinois' proceeding

for approval of its Energy Efficiency and Demand Response Plan in Docket No.

13-0498. I have also testified before the Michigan Public Service Commission in

its investigation into the application of Consumers Energy Company to amend its

renewable energy plan in Case No. U-17752.

13 2 Purpose of Testimony and Summarv of Recommendations

14 Q. What is the purpose of your testimony in this proceeding?

15

16

17

18

19

20

21

A. My testimony serves three objectives. First, I will provide specific responses to a

subset of the questions raised in Commissioner Doug Little's letter to interested

parties dated December 22, 2015 (the "Guidance Letter"). Second, I will explain

why and how solar distributed generation ("DG") and other Distributed Energy

Resources ("DERs") can be valuable grid resources, rather than problems that

utilities must address.l Finally, I will discuss how other jurisdictions are

addressing these issues and share emerging best practices.

22

23

1 DERs can include energy efficiency, demand response or direct load control, energy storage,
electric vehicles, DG, combined heat and power, or microgrids.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 3
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A.
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1 Q. Please summarize your recommendations.

2 A. I recommend that the Commission:

3

4

5

6

7

8

9

1) Require utilities to conduct analyses to identify locations on the distribution

system where DG solar and other DERs can interconnect with no or

minimal integration costs, or where integration costs may be high. I also

recommend that the Commission require utilities to publish the results of

these analyses in a manner that is easily accessible by customers and DER

providers. The results of these analyses will provide key inputs into the

integration cost component of DG solar valuation.

10

11

2) Modify its interconnection standards to require the deployment of smart

inverter functionality for DG solar and storage installations.

12

13

14

15

16

17

3) Adopt a detailed marginal cost of service methodology for both transmission

and distribution ("T&D") capacity, reflecting the unique system operating

and load characteristics at each location. The methodology should credit DG

solar and other DERs for their incremental contributions to T&D capacity

relief, even if the utility has not identified an imminent capacity expansion

project in the local area.

18

19

4) Include the value of avoided water consumption in its DG solar valuation

methodology.

20

21

5) Explicitly consider the reliability improvement benefits of DG solar and

other DERs in the valuation methodology.

22

23

6) Initiate changes to traditional utility distribution planning processes to

proactively incorporate DG solar and DERs. This should include :

24

25

26

Increasing transparency regarding the grid's capacity to

accommodate DG solar and other DERs, and the locational value of

various DER solutions.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 4
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1

2

3

4

Increasing the transparency of planned capital investments that could

be deferred, avoided, or substituted by DER solutions.

Implementing mechanisms to allow third-party provision of DER

solutions as alternatives to traditional distribution capital investment.

5

6

7) Establish sufficient flexibility in the DG solar valuation methodology to

allow for future inclusion of all DER types and portfolios of DERs.

7 3 Responses to Questions in the Guidance Letter

8 Q- What is the focus of this section of your testimony?

9

10

A. This section of my testimony will address questions from Commissioner Little in

his Guidance Letter from December 22, 2015. Specifically, I will address:

13

14

15

16

17

18

DER Integration costs (Guidance Letter questions 4, 1 l, 17, and 20)

DG intermittency (question 8)

Coincidence with peak demand (question 9)

Ability to dispatch (question 10)

Transmission capacity (questions 15)

Distribution capacity (question 16)

Water (question 18)

Grid security and reliability (question 19)

19 3.1 DER Integration Costs

20 Q. Question 4 of Commissioner Little's letter states:

21
22

"Does the cost and value of DG solar vary based on the specific customer
location? Should this variability be reflected in rates?"

23 How do you respond?

24

25

A. The cost and value of DG solar and other DERs can vary significantly based on

location, and this variability should be reflected in rates or other DER

Direct Testimony of Curt Volkmann on behalf of Vote Solar 5
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1

2

compensation mechanisms. I refer to the location-specific net benefits (the sum of

all DER location-specific benefits less any associated cost) as Locational Value.

3

4

5

6

7

8

9

As I will describe below, targeted deployment of DER portfolios, including DG

solar, can add significant value by deferring or eliminating the need for more

costly traditional capital investment ("Deferral Value"). In these cases, Deferral

Value is a significant component of the overall Locational Value of the DER. In

other locations with sufficient capacity and no immediate need for system

upgrades, there will still be Locational Value (from avoided energy, avoided line

losses, etc.), but the Deferral Value from the DER may be less.

10

11

12

13

14

15

16

17

Similarly, the costs of DG and DER integration vary by location, based on the

DER type and the distribution feeder characteristics at the point of

interconnection. Generating-DERs (such as DG solar and storage) inject real

power onto a feeder and can negatively impact voltage, depending on the distance

from the substation and strength of the circuit at the interconnection location, and

may require mitigation measures. Load-DERs (such as energy efficiency, demand

response, electric vehicles, and other storage) can have zero cost or may require

additional measures to accommodate the increased load on a feeder.

18

19

20

A hosting capacity analysis is a critical and necessary step for identifying the

relative costs of DER integration by location on a circuit, and for establishing a

foundation for determining the Locational Value of DERs.

21 Q- What is hosting capacity?

22

23

24

25

26

A. The Electric Power Research Institute ("EPRI") defines hosting capacity as the

amount of DERs that may be accommodated on a distribution circuit without

degrading reliability and power quality.2 A hosting capacity analysis examines the

thermal capacity, voltage, and reliability impacts of various levels of DER

deployment for each circuit and subsections of each circuit on a distribution

2 Elem. Power Research Inst.,The Integrated Grid: A Benefit-Cost Framework 1-5 (Feb. 2015),
available at http://goo.gl/cxofl7W.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 6
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2

3

4

5

6

system. Ideally, utilities publish the results of the analysis in a way that makes it

easy for customers and DER providers to access the results. For example, the

California Distribution Resources Plan ("DRP") proceeding requires each utility

to develop an Integration Capacity Analysis (comparable to a hosting capacity

analysis), and the investor-owned utilities are publishing the results of the analysis

using color-coded maps.3

7 Q. Why is this important?

8

9

10

11

12

13

14

15

A. A hosting capacity analysis informs utilities, customers, and other third parties

about locations on the distribution system that can accommodate DERs with

minimal interconnection costs. Conversely, the analysis also highlights

constrained locations on the distribution system that cannot accommodate

additional DER without system upgrades. By publicly disclosing the hosting

capacity analysis results, along with the underlying data and assumptions, utilities

can expedite interconnection processes and enable DER providers to offer

innovative alternatives to traditional utility solutions.

16 Q. How can a hosting capacity analysis expedite interconnection processes?

17

18

19

20

As I explained, hosting capacity defines the quantity of DG solar that a feeder can

safely incorporate without requiring modifications to existing infrastructure. Up to

this level of penetration, utilities can easily interconnect DG solar systems and the

systems should be subject to fast-track approval.

21 Q~ How does a hosting capacity analysis lead to innovative alternatives?

22

23

24

25

A. Public disclosure of the hosting capacity results, including the nature of the

constraints at each location (i.e., thermal, voltage, or system protection), allow

customers and DER providers to design solutions that can overcome constraints,

increase hosting capacity, and eliminate the need for redundant utility investment.

3 See, for example, the integration capacity maps for Southern California Edison at
http://www.arcgis.com/home/webmap/viewer.html'?webmap=e62dfa24l28b4329bfc8b27c4526f6
b7
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1

2

3

For example, a utility's need to install or modify voltage regulation equipment

may be eliminated if the DER provider is aware of the constraint and includes

smart inverter functionality, as I will explain later.

4 Q. Question 11 of Commissioner Little's letter states:

5
6
7
8
9

10

"Will the bi-directional energy flow associated with DG solar require
modifications or upgrades to the distribution system? How should the cost of
these upgrades be considered when determining the cost and value of DG
solar? Would the required upgrades vary based on location and penetration
of DG solar? Should the costs for DG installations vary based on these
factors?"

11 How do you respond?

12

13

14

15

16

17

18

19

A. The interconnection of DG solar may require distribution system modifications,

depending on the DG size and the distribution feeder characteristics at the point of

interconnection. As I described previously, a hosting capacity analysis can inform

utilities, customers, and other third parties about locations on the distribution

system that can sufficiently accommodate DERs with no necessary upgrades, and

locations where circuit modifications may be required. Any actual costs to

accommodate the DG, whether incurred by a utility or by the DER provider,

should be included in the determination of Locational Value.

20

21

22

23

24

25

26

27

The potential value of hosting capacity analyses is evident from recent experience

in California. The California investor-owned utilities have developed initial

hosting capacity analyses as part of the DRP proceeding and concluded that,

despite increasing levels of DG solar penetration, there is significant capacity to

accommodate additional DG with no required upgrades. For example, Southern

California Edison ("SCE") found that depending on feeder voltage, existing

circuits above 4 kV can accommodate between 2 and 26 MW of additional DG

solar without requiring circuit moditications.4

4 S. Calif. Edison,Distribution Resources Plan 38 (July 2015), available at http://goo.gl/egrgrd.
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1

2

3

4

5

6

7

8

9

10

11

12

13

Technology and innovation are further eliminating the need for grid modifications

to integrate DG solar. For example Hawaii, which has the highest penetrations of

solar in the United States, has been able to accommodate rapid growth of DG

solar by taking advantage of emerging technologies. In 2015, Hawaiian Electric

Company ("HECO") eliminated a backlog of 4,000 customer DG solar

interconnection requests and avoided the need to install expensive voltage

regulation equipment after collaborating with smart micro-inverter vendor

Enphase.5 HECO's backlog stemmed from its concerns about unacceptable

voltage fluctuations on high penetration circuits, but HECO lacked the detailed

measurement capability to validate its concern. Enphase's highly-granular voltage

and frequency data from its micro-inverters, once shared with HECO, revealed

that voltage violations were only a concern on a small percentage of circuits,

allowing HECO to proceed with the interconnections.

14 Q- Question 17 of Commissioner Little's letter states:

15
16

"Does the grid itself add value to DG solar? If so, how should the value of the
grid be considered when assessing the value and cost of DG solar?"

17 How do you respond?

18

19

20

21

The grid adds value to DG solar by allowing for exports of energy not consumed

locally, and by providing voltage and frequency regulation services. However, as

I will explain below, the need for the grid to provide regulation services can be

significantly reduced with the widespread adoption of smart inverters.

22

23

24

DG solar and other DERs also add value to the grid by providing flexibility to

avoid or delay "lumpy" investments in traditional system capacity upgrades, as I

explain in response to Commissioner Little's questions 15 and 16.

25

5 Jeff St. John, How HECO is Using Enchase 's Data to Open its Grid ro More Solar, Greentech
Media (Apr. 14, 2015), http://www.greentechmediacom/articles/read/how-heco-is-using-
enphase-data-to-open-its-grid-to-more-solar.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 9

A.



4 I

1 Q. Question 20 of Commissioner Little's letter states:

2
3
4

"What, if any, costs are associated with the utility providing voltage support
and/or frequency support or other ancillary services in support of DG solar
installations?"

5 How do you respond?

6

7

8

9

10

11

A. Interconnected DG solar may require additional voltage and/or frequency support

depending on the size of the DG and the circuit characteristics at the point of

interconnection. However, widespread adoption of smart inverters can

significantly reduce or eliminate the need for these costs. Additionally,

widespread deployment of smart inverter functionality can stabilize the grid as

DG solar and DER penetrations increase.

12 Q- What is a smart inverter?

13

14

15

16

17

18

19

A. Inverters convert the direct current electricity from DG solar or batteries to

alternating current electricity .- a necessary requirement for connection to a

customer facility or to the grid. Traditional inverters are not capable of handling

voltage and frequency fluctuations, and are required by the Institute of Electrical

and Electronics Engineers ("IEEE") 1547 standard to disconnect from the grid

when these fluctuations occur. Widespread and simultaneous disconnection can

worsen grid instability.

20

21

Smart inverters have more advanced capabilities and can contribute to the

stability of the grid. These capabilities include:

22

23

24

25

26

27

28

Maintaining connection to the grid during minor voltage or frequency

disturbances.

Producing or absorbing reactive power, which can help with voltage

support.

Randomized timing of disconnection and reconnection during system

disturbances to prevent a large decrease or increase of generation at one

time.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 10
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1

2

• Real-time communications, enabling operator control and management of

real/reactive power and voltage.

3 Q- Are smart inverters in use today?

4

5

6

7

8

9

10

A. Smart inverters are widely deployed in Europe and to some extent in California,

and the technical capabilities of smart inverters I described above exist today.

However, current U.S. technical standards that govern the use of inverters do not

allow for full utilization of these technical capabilities. Revisions to these

standards are in various stages of review and approval.6 Until the revised

standards are finalized, the potential legal liability resulting from an equipment

malfunction has inhibited the widespread use of smart inverters.

11 Q. When will the revised standards be available?

12

13

14

15

16

17

A. It is unclear when the revised standards will be available. However, California has

established a multi-stakeholder Smart Inverter Working Group that has led to

California Public Utility Commission ("CPUC") approval of some smart inverter

functions in its interconnection standards, referred to as Phase l of Rule 21. This

CPUC approval and adoption of smart inverter functionality is in advance of the

revised standards.

18

19

Q- Are the Arizona utilities and the Commission aware of the importance of

smart inverters?

20

21

22

23

A. Yes. Arizona Public Service Company ("APS") found in its Flagstaff Community

Power project that: "Another cost effective way to maintain feeder voltage profile

within limits under high PV penetration levels is the use of reactive power

capability of advanced inverters."7 APS and Salt River Project are deploying

6 Specifically, Underwriter Laboratories 1741 and IEEE 1547.

7 David J. Narang et al.,High Penetration ofPnotovoltaic Generation Study -- Flagstaff
Community Power 48 (Feb. 2015),available at http://goo.gl/NWtEhG.
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1

2

smart inverters in their residential solar pilots to further prove the capabilities of

this technology.8

3

4

5

6

7

8

An August 2013 letter to the Commission from the Western Electric Industry

Leaders ("WEIL") Group, an organization of utility executives including APS

CEO Don Brandt, urged widespread adoption of smart inverters.9 The WEIL

letter explains: "[S]mart inverters will play a vital, transformative role. These

simple and inexpensive devices can mitigate the voltage drops caused by the

fluctuating solar generation, thus preventing potential power quality problems.
9910

9

10

11

12

Comments in the Commission's Notice of Proposed Rulemaking Regarding

Interconnection of Distributed Generation Facilities (Docket No. RE-00000A-07-

0609) from the Western Grid Group encouraged the Commission to require smart

inverters for DG solar installations.11

13

14

Q. Please summarize your recommendations for addressing DER integration

costs and benefits in the valuation of DG exports.

15

1 6

1 7

1 8

1 9

2 0

A. I recommend that the Commission require utilities to conduct hosting capacity

analyses ("HCAs") to identify locations on the distribution system where DG

solar and other DER can interconnect with no or minimal integration costs, or

where integration costs may be high. I also recommend that the Commission

require the utilities to publish the results of the analyses in a manner that is easily

accessible by customers and DER providers.

21

22

The results of the HCAs will provide important inputs into the DG solar valuation

framework. Specifically, the integration costs (or lack thereof) calculated for each

8 Jeff. St. John,A State-by-State Snapshot of Utility Smart Solar Inverter Plans,Greentech Media
(Nov. 6, 2015),http://www.greentechmedia.com/articleslread/a-state-by-state-snapshot-of-utility-
smart-solar-inverter-plans.

9 Letter from W. Elec. Indus. Leaders Grp., to Governors, Commissioners, and Legislators (Aug.
7, 2013),available at http://goo.gl/2pSZZx.

10Id. at 1.

11 Comments of W. Grid Gap., Dkt. No. RE-00000A-07-0609 (July 24, 2015),available at
http://goo.gl/q_Ts5.pH.
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1

2

circuit location in the HCAs are inputs into the calculations for determining DG

solar costs and benefits at each location.

3

4

5

6

7

8

As I describe above, smart inverters are a key technology for unlocking value

from DERs, and DG solar in particular. Smart inverters will improve grid

stability, and reduce or eliminate the need for traditional utility investments in

reactive power management, voltage, and frequency regulation. I recommend that

the Commission modify its interconnection standards to require the deployment of

smart inverter functionality for DG solar and storage installations.

9

10

11

Once the Commission adopts a smart inverter requirement, the benefits of avoided

voltage or frequency support services will be an additional input into the DG solar

valuation methodology.

12 3.2 Intermittency

13 Q. Question 8 of Commissioner Little's letter states:

14
15
16
17
18

"How does the intermittent nature of DG solar affect its value and costs? Are
there technologies that could reduce the intermittency of DG solar? Should
those additional costs result in changes to the value and cost of DG solar?
Should an 'intermittency factor' be applied to more accurately determine
cost and value?"

19 How do you respond?

20

21

22

23

24

25

26

27

28

29

The intermittent nature and sudden changes in output from DG solar can cause

voltage fluctuations on the distribution system. But as I previously explained,

smart inverters can alleviate many of the impacts from DG solar intermittency at a

significantly lower cost than traditional voltage regulation equipment.

Intermittency is addressed in the valuation of DG exports as described under DER

integration costs and benefits above. Any costs associated with additional voltage

or frequency support to accommodate DER at a location (as determined by the

hosting capacity analysis) can be direct inputs into the cost components of the

valuation methodology. Similarly, avoided costs from the deployment of smart

inverter functionality with the DER can be direct inputs into the benefits
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1

2

components of the valuation methodology. There is therefore no need for the

Commission to apply an additional "intermittency" factor in the analysis.

3 3.3 Coincidence with Peak Demand

4 Q. Question 9 of Commissioner Little's letter states:

5
6
7
8

"To what degree is DG solar energy production coincident with peak

demand? Does the cost and value of DG solar vary depending on whether or

not energy production is coincident with peak demand? Are there policies

that the Commission could consider that address this issue?"

9 How do you respond?

10

11

12

13

14

15

16

17

18

A DG solar installation's contribution to the deferral of a planned capacity

upgrade (i.e., its Deferral Value) is dependent on its coincidence with the local

peak when the system is most constrained. For distribution feeders, these peak

periods are typically only a few hours every year, they are not always coincident

with the overall system peak, and they are very dependent on the nature of the

load (i.e., residential, commercial, or industrial). If the load is primarily

commercial, the peak is typically earlier in the day when businesses are open and

customers are at work. If the load is primarily residential, the peak is typically

later in the day when customers return home and increase their electricity usage.

19

20

21

22

23

24

The output from DG solar also peaks depending on its orientation - the peak

output of south-facing panels is earlier in the day than for more west-facing

panels. It is therefore possible to strategically deploy and orient DG solar to

coincide with system or feeder peaks, but not always. Increasingly, storage

combined with DG solar is proving to be an effective way to improve coincidence

with local peaks.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 14

A.

ll\



l\

1

2

3

4

5

6

7

The diagram below illustrates how storage can effectively enable DG solar to

reduce a local peak demand.12 The business-as-usual ("BAU") load for this

hypothetical customer peaks at around 6:30 pm, while the maximum DG solar

output occurs around noon. By directing the DG solar output to charge the storage

during the day, then dispatching the storage during peak load periods, the solar

PV + storage DER portfolio becomes fully coincident with peak demand and net

load decreases.
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9 Q. Is storage cost effective?

10

11

12

A. Energy storage is becoming increasingly cost effective as battery costs decline

and as customers are able to monetize the value of storage services. Thermal

energy storage technologies, such as those using ice" or electric hot water

12 Lars Karlbom et al.,Why Ism 't There More Talk About Network Storage-As-A-Service?,QSI
Online (July 21, 2015), http://www.marchmenthill.com/q_si-online/2015-07-21/why-isnt-there-
more-talk-about-network-storage-as-a-service/.

13 Jeff St. John, HowSolar Power and Ice Energy Can Play Together,Greentech Media (Aug. 19,
2013), http://www.greentechmediaeorn/articles/read/how-sun-power-and-ice-energy-can-play
together.
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2

heaters,l4 are also becoming cost effective solutions for load shifting and peak

demand reduction.

3 Q- What do you recommend?

4

5

6

7

A. I understand that this docket is primarily focused on establishing a methodology

for determining the value of DG solar. However, I encourage the Commission to

establish flexibility in the methodology to be able to include the value of multiple

DER types and portfolios of DER, such as solar + storage, in the future.

8 3.4 Ability to Dispatch

9 Q. Question 10 of Commissioner Little's letter states:

10
11
12

"Is it possible for DG solar to be more dispatchable? How does the ability to
dispatch or the lack of ability to dispatch affect the value and cost of DG
solar?"

13 How do you respond?

14

15

16

A. DG solar on its own is non-dispatchable. However, as illustrated above, a solar +

storage portfolio can be dispatched in a manner that effectively contributes to a

peak load reduction, and can therefore have a Deferral Value.

17 3.5 Transmission Capacitv

18 Q. Question 15 of Commissioner Little's letter states:

19
20
21

"Does the deployment of DG solar result in changes in the need for
transmission capacity? If so, how should those changes be included in the
value and cost considerations?"

22 How do you respond?

23

24

DG solar and other DERs have the potential to defer or eliminate the need for

transmission expansion because they can decrease the peak load at substations

14 David Podorson,Battery Killers: How Water Heaters Have Evolved info Grid-Scale Energy-
Storage Deviees, E Source (Sept. 9, 2014),https://www.esource.com/ES-WP-18/Gl WHs

A.
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1

2

3

served by the transmission system and provide congestion relief. The extent to

which a DER has transmission Deferral Value depends on the coincidence of the

DER output with system peak loads.

4

5

Q- Are other regulatory commissions addressing issues similar to those in this

proceeding, specifically transmission capacity?

6

7

8

Yes. New York's Reforming the Energy Vision ("REV") proceeding,l5 and

California's Distribution Resources Plan ("DRP") and Integrated Distributed

Energy Resource ("IDER") proceedings are addressing similar issues.

9

10

Q. How are these other commissions determining the value of transmission

capacity deferral?

11

12

13

14

15

16

17

18

19

A. There is no clear consensus in the New York REV and California DRP/IDER

proceedings on the preferred way to determine transmission Deferral Value. To

determine the value of avoided transmission capacity value beyond that included

in avoided generation and avoided energy, New York will use detailed

transmission and distribution ("T&D") marginal costs. The utilities have

historically used a system average $ per kW value for avoided T&D capacity, but

are now required to develop detailed marginal cost of service studies to be

included with their initial Distribution System Implementation Plans by June 30,

2016.

20

21

22

23

24

25

The three California investor-owned utilities have proposed different methods for

valuing transmission Deferral Value. SCE proposes to calculate the net present

value of the capital investment deferral over an identified deferral time-frame,

based on the amount of DERs that can reasonably be deployed to address the

specified grid need, applied over the timeframe of the deferral.l7 PG&E proposes

that the locational impact be the difference between the deferral benefits and the

15 New York Public Service Commission Case 14-M-0101 .

16 California Public Utilities Commission Rulemaking 14-08-013 and 14-10-003 .

17 S. Calif. Edison,Distribution Resources Plan, at 38.
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1

2

3

capacity-related costs for interconnecting DERs, less additional benefits of

deferring the project." SDG&E proposes to use the cost to install a traditional

project to meet a grid need as the T&D capacity value.l9

4 Q- What do you recommend?

5

6

7

8

9

10

A. Because transmission and distribution system and load characteristics vary

significantly by circuit and location, I recommend that the Commission adopt a

detailed marginal cost of service methodology for valuing both transmission and

distribution capacity. This approach is data-intensive, but tools are increasingly

available to assist with the analysis.2° I provide a high-level example of this

methodology in my response below to the question on distribution capacity.

11

12

Q- For DG solar or other DERs to have transmission Deferral Value, is an

immediate project addressing a grid capacity shortfall required?

13

14

15

1 6

A. No. There will be cases where DG solar or other DERs make small, incremental

contributions to increase transmission capacity in areas where no immediate

capacity upgrade is planned. I believe this contribution to longer-term capacity

relief has value and should be recognized in the valuation methodology.

17

18

This approach is similar to how utilities treat avoided generation capacity value.

As the Interstate Renewable Energy Council's Regulator Guidebook explains :

19
20
21
22
23
24

For example, if a utility has ample capacity to meet its reserve
margin and its next capacity addition will be a 500 MW CCGT, a
utility might argue that incremental additions of l MW or 20 MW
do not allow them to avoid capacity costs. FERC's regulations
recognize that distributed generation provides a more flexible
manner to meet growing capacity needs and can allow a utility to

18 Pay. Gas & Elec. Co.,Distribution Resources Plan 70 (July 2015), available at
http://goo.gl/bNKkCn.

19 San Diego Gas & Elec. Co.,Distribution Resources Plan 47 (July 2015), available at
http://goo.gl/bNKkCn.

20 See, e.g., Jeff St. John,Distributed Marginal Price: The New Metricfor the Grid Ea'ge?,
Greentech Media (Aug. 21, 2014),http://wwwgreentechmedia.com/articles/read/distributed-
marginal-price-dmp-the-new-metric-for-the-grid-edge.
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1

2

3

4

5

6

7

8

9
10

11

defer or avoid the "lumpy" capacity additions. Therefore, it is
inappropriate to hold that there is no capacity benefit for
deployment of distributed generation in years that come before the
time where the "lumpy" capacity investment is required.
Distributed generation resources, like other demand-side resources
that are continuously pursued to address load growth and to reduce
peak demand, provide immediate benefit and a hedge against
unexpected outages that could lead to a shortage in capacity. There
is, therefore, no good reason to value DSG capacity for its long-
term value only in years where it physically displaces the next
marginal generating unit.2l

12

13

Q. Please summarize your recommendations for addressing transmission

capacity savings in the valuation of DG exports.

14

15

16

17

18

19

I recommend that the Commission adopt a detailed marginal cost of service

methodology for both transmission and distribution capacity. The methodology

should reflect the unique system operating and load characteristics at each

location. The methodology should also credit DG solar and DER for incremental

contributions to transmission capacity relief, even if the utility has not identified

an imminent capacity expansion project in the local area.

20 3.6 Distribution Capacity

21 Q. Question 16 of Commissioner Little's letter states:

22
23
24

"Does the deployment of DG solar result in changes in the need for
distribution capacity? If so, how should those changes be included in the
value and cost considerations?"

25 How do you respond?

26

27

28

29

A. DG solar and other DERs can decrease or increase the need for distribution

system capacity investments. When strategically deployed, DERs can defer or

eliminate the need for traditional investment. Where insufficient hosting capacity

exists, feeder upgrades may be required.

21 Interstate Renewable Energy Council, Inc., A Regulator's Guidebook: Calculating the Benefts
and Costs of Distributed Solar Generation 25 (Oct. 2013) (footnotes omitted),available at
http://goo.gl/SjblOA.
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1

2

3

As I described earlier, I recommend that the Commission adopt a detailed

marginal cost of service methodology for valuing DER impacts to both

transmission and distribution capacity.

4

5

The New York REV Benefit Cost Analysis Framework provides the following

high-level example using marginal cost data from Con Edison.22

6 EXAMPLE:Battery Energy Storage located at a Con Edison Area Substation

7
8
9

10

A 1 MW battery with a 5-year service life is attached to an area substation in
the Con Edison service territory. The battery is operated to reduce the peak
load experienced by the area substation between 6 pm and 8 pm, whereas the
system peak generally occurs at 4 pm. What is the value of avoided Tao
infrastructure need for 2016?

12
13
14
15
16
17
18
19

First, consider whether the load reduction of the battery aligns with the cost
drivers of the utility equipment which it is connected to. In this instance,
operation of the battery does reduce demand during the peak hours
experienced by the area substation, but not those of the system as a whole.
Further, since the battery is connected directly at the area substation, for
simplicity assume its operation does not decrease peak load on Con Edison's
primary or secondary distribution feeders. Therefore, only consider the
battery's contributions to avoided Area Station and sub-transmission costs.

20
21
22
23
24

To determine the value of avoided T&D for the battery, multiply the amount of
load reduction caused by the battery by the marginal costs of the equipment
that the load is being relieved from, this calculation should be done for the
entire service life of the battery (calculations for 2015 and 2016 have been
shown as a demonstration).

Avoided T8=Dzo1s # load reduction * marginal cost2015
$43.88 woo kW

$43,880
kW MW

load reduction # marginal Wstzems
1006 kW 2 $82900

MW I

9 (-MW* savour

25

Avoided T&*2016 M
$82.90

...- (--1 my * kw

26
27

The lifetime Avoided T&D Infrastructure of the battery can then be determined
by finding the Net Present Value of the value streams.

22 Order Establishing the Benefit Cost Analysis Framework, New York PSC Case No. 14-M-
0101, at App. C, pp. 9-10 (Jan. 21, 2016),available at http://goo.gl/v5pDi5.
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Year

2815 43.88s s 43,880

2816 82.90s s 82,909
49,68s s 49,680

127.30s s 127,300
119.43s s 119,430

Discount Rate 5%

NOV »s 35 05

l

1

2

Table 2: Illustrative Example of the Avoided T&D Infrastructure
Calculation

3

4

5

Q. To have Deferral Value, does the DER need to directly defer a capital

investment?

6

7

8

9

A. No. As I explained with regard to transmission capacity above, DERs that

contribute incremental peak demand reductions or otherwise increase feeder

capacity should get credit for the long-term capacity deferral, even if there is no

immediate planned project.

10

11

Q. Please summarize your recommendations for addressing distribution

capacity savings in a valuation of DG exports.

12

13

14

15

16

17

18

As with transmission capacity, I recommend that the Commission adopt a detailed

marginal cost of service methodology for distribution capacity. The methodology

should reflect the unique system operating and load characteristics at each

location. The methodology should also credit DG solar and other DERs for

incremental contributions to distribution capacity relief; even if the utility has not

identified an imminent capacity expansion project on the interconnected feeder or

at the associated substation.

19

20

A.
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1 3.7 Water

2 Q. Question 18 of Commissioner Little's letter states:

3

4

5

"Does the deployment of DG solar result in a reduction in the use of water in

electric generation? How should this be considered when determining DG

solar value?"

6 How do you respond?

7

8

9

10

11

12

13

A. Thermoelectric power generation plants withdraw and consume water for a

variety of uses, primarily the condensation or cooling of steam. These plants

consume and lose water through evaporation, and the amount of water lost at each

facility depends on the generation and cooling technologies utilized at each plant.

Arizona power generation facilities consume water from many sources, including

the Colorado River (South Point Energy Center), Lake Powell (Navajo

Generating Station), and various sources of groundwater and wastewater.

14

15

16

17

18

19

DG solar generation requires no thermoelectric cooling and consumes no water,

so each kph of DG solar serving a customer effectively avoids consumption of

water from conventional generation. The Commission acknowledged this in its

2005 APS rate case order stating, "Generation from a solar electric project will

add fuel-free, net-plant energy output resulting in environmental benefits and

lower energy-specific water usage."23

20

21

22

Commissioner Bums emphasized the importance of the energy-water relationship

and the water conservation benefits of DG solar in his February 8, 2016 letter to

stakeholders in this docket.

23

24

25

The Commission has further demonstrated leadership in recognizing the

importance of the energy-water relationship, requiring utilities to report quantities

and rates of water consumption in each Integrated Resource Plan ("IRP").24 In

23 Decision No. 67744, at 26:18-20 (Apr. 7, 2005).

24 Decision No. 71722 (June 3, 2010).
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1

2

3

4

5

response, APS reported average consumption of approximately 400 gallons per

MWh in its 2014 IRP.25 Tucson Electric Power ("TEP") reported a system

average of 599 gallons per MWh in its IP for the same period.26 In earlier

comments in this proceeding, TEP disclosed that its generation fleet consumes, on

average, 605 gallons of water per Mwh."

6

7

8

9

10

11

12

13

14

15

In these same IRis, both APS and TEP acknowledge the important role of

renewable energy and other DERs in reducing water consumption. APS stated

"due to the energy efficiency and renewable energy resources envisioned in the

2014 Resource Plan, the rate of water usage declines dramatically over the course

of the Planning Period."28 The TEP IP includes the statement, "TEP plans to

continue its development of low cost renewable projects that minimize both water

usage and negative impacts to the environment and provide long-term value to

TEP's retail customers."29 TEP and UNS stated in their earlier comments in this

docket that "PV systems provide immediate reductions in water use by offsetting

energy production from fossil-fueled units."30

16

17

Q- How can the Commission incorporate the value of reduced water

consumption in determining the value of DERs, specifically DG solar?

18

19

20

21

22

A. The value of water varies significantly by location. Generally, the value of water

in Arizona is high and likely to increase as its population and associated water

demand increase. Western Resource Advocates ("WRA") published a report in

2011 providing a methodology for valuing water by examining prices paid for

alternative uses to thermoelectric cooling, specifically agriculture, municipal

25 APS, 2014Integrated Resource Plan 119 (Apr. 2014),available at https://goo.g1/whtaZa.

be TEP, 2014 IntegratedResourcePlan 166 (Apr. 2014),available at https://goo.g1/991VAW.

27 TEP and UNSE Comments at 6 (Feb. 14, 2014).

28 APS, 2014Integrated Resource Plan, at 119.

29 TEP, 2014 Integrated Resource Plan, at 12.

30 TEP and UNSE Comments at 6 (Feb. 14, 2014).
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2

supply, and environmental uses.31 The report provides a potential range of value

for water in Arizona between $105 and $1 ,225 per acre-foot per year."

3

4

5

6

7

The Commission could determine that prices for agricultural use are the fairest

comparison for valuing cooling water consumption. As a proxy for the value of

water for agricultural use, water sold by the Central Arizona Project to

agricultural customers was $121 per thousand cubic meters in 201433 or $149 per

acre-foot.34

8

9

10

11

12

13

The Commission could adopt the WRA methodology, an agricultural use

comparison, or another approach to determine a dollar value for water in Arizona

today and in future years. Because its value is very location-specific, the

Commission may determine a different value for water in each utility service

territory. Once the Commission establishes a water value, it is straightforward to

calculate the associated value of energy from DG solar or other DER by:

14

15

16

17

Converting the water value in $/acre-foot to $/gallon (1 acre-foot = 325,851

gallons)

Multiplying the self-reported water consumption rates of the utilities (in

gallons/MWh) by the converted water value ($/gallon)

18 Q. Can you provide examples?

19

20

21

22

23

A. Yes. To illustrate, I will assume that the Commission determines that today's

value of water in Arizona is $149/acre-foot per year, which was the price for

Central Arizona Project water for agricultural use in 2014. I will also assume for

simplicity that the value of water is the same in the APS and TEP service

territory. Using the self-reported water consumption rates from each utility :

31 W. Res. Advocates, EveryDrop Counts: Valuing the Water Used to Generate Electricity
(2011),available at http://goo.gl/Zm6Sye.

3214. at 65.
33 Dennis Wichelns, Org. for Econ. Co-Operation & Dev., Agricultural Water Pricing: United
States 21 (2010),available at http://goo.gl/ABAZF4.

34 1,000 cubic meters = 0.811 acre-foot.
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2

For APS, with 400 gallons per MWh from conventional generation, the

value of avoided water consumption from a kph of DG solar is:

3

4

5

6

7

8

Value = $149 x (1/325,851) X 400

= $0.183 per MWh

= 0.018 cents per kph

For TEP with 605 gallons per MWh from conventional generation, the

value of avoided water consumption from a kph of DG solar is:

9

10

11

Value = $149 x (1/325,85l) X 605

= $0.277 per MWh

= 0.028 cents per kph

12

13

Q. Is it worth including these relatively small avoided water consumption values

in the DG solar valuation?

14

15

16

17

A. Yes. The resulting values may be small, but they are not zero. By including the

water conservation component in the calculations, the Commission will continue

its leadership in acknowledging and spotlighting the significance of the energy-

water relationship.

18 Q. What do you recommend?

19

20

21

22

A. Because water is, and will increasingly be, a scarce and valuable resource for

Arizona, I strongly recommend that the Commission include the value of avoided

water consumption in its DER and DG solar valuation methodology. This requires

that the Commission:

23

24

25

26

Determine a current value for water in Arizona or within each utility's

service territory using the WRA methodology or another approach.

Establish an initial DG solar value of avoided water consumption using

the rates reported in the utilities 2014 IRis .
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2

3

4

5

6

7

Require utilities to explicitly report their current and forecasted average

system water consumption rate (gallons per Mwh) in each IP.

Periodically reassess the value of water in Arizona as new information

becomes available.

After each IP submission, update the value of avoided water

consumption in each service territory and update in the DG solar valuation

methodology.

8 3.8 Grid Securitv and Reliability

9 Q- Question 19 of Commissioner Little's letter states:

10
11
12

"Are there disaster recovery or backup benefits associated with the

deployment of DG solar? Are they reliable and quantifiable enough to
determine tangible benefits that might accrue to the grid?"

13 How do you respond?

14

15

Yes, there are disaster-recovery or backup benefits associated with the

deployment of DG solar and other DERs. As EPRI explains:

16

17

18

19

20

21
22

23

Properly sited and configured DER can assist in the restoration of

service after storm-related outages and power delivery component

failures from other causes. Utilities often switch isolated feeder

sections to alternate feeds at such times. Occasionally, there is

insufficient capacity in the alternate feed to supply the load required

to restore service to all consumers on the affected feeder section. The

ability to support some of the load from DER output sited on the

affected section may improve feeder reliability.

24

25
26

27

28

If the DER can operate without the presence of the grid, they can

be used to help restore power to sections of the distribution system

that are completely isolated from the bulk power system (for

example, as a result of storm damage). This is often referred to as a

microgrid that can provide increased localized grid resiliency."

29

30

For locations where DERs lead to avoided service interruptions, utilities could

estimate the value of this service by determining the number and duration of

35 Elec. Power Research Inst.,The Integrated Grid: A Beneff-Cost Framework, at 4-16 to 4-17.
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1 avoided outages, multiplied by the estimated cost of an interruption.

2 Q. Can you be more specific?

3

4

5

6

7

8

9

A. Yes. Utilities often use three metrics to measure and report service reliability: (1)

the System Average Interruption Frequency Index ("SAIFI") measures average

interruptions per customer, (2) the System Annual Interruption Duration Index

("SAIDI") measures average minutes of interruption per customer, and (3) the

Customer Average Interruption Frequency Index ("CAIDI") measures the average

minutes per interruption. Utilities can calculate these values for various time

periods and at the system level, subsystem or feeder level, or at a very local level.

1 0

11

1 2

13

1 4

As I described above, portfolios of DERs, including DG solar, can avoid service

interruptions or reduce the duration of an interruption once it occurs. At the time

of DER deployment and valuation, distribution planners can estimate the expected

reduction in SAIFI, SAIDI, and CAIDI from the DER, much like they do with

conventional reliability improvement investments.

15

1 6

17

1 8

1 9

2 0

The Department of Energy's Interruption Cost Estimate ("ICE") calculator

provides a standard way of estimating the dollar value of reliability improvement

projects, including DER, for a given improvement in SAIFI, SAIDI, or CAIDL36

The ICE calculator provides the present value of reliability improvement, based

on the specific customer types on each feeder or area, over the life of an

investment.

21 Q- What do you recommend?

22

23

24

25

I recommend that the Commission explicitly consider the reliability improvement

benefits of DG solar and other DERs in the valuation methodology. The approach

could include a requirement for the utilities to estimate the expected location-

specific SAIFI and SAIDI improvement (if any) for each DG solar or DER

36 U.S. Dep't of Energy, Interruption Cost Estimate Calculator,
http://icecalculator.com/index.html (last visited Feb. 24, 2016).

A.
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location, and the conversion to a dollar value using the ICE calculator or other

similar reliability calculator.

3 4 Important Considerations from Other Jurisdictions

4

5

6

Q. You previously mentioned that other commissions are currently addressing

issues similar to those in this docket. Are there some common themes in these

other proceedings that are relevant to Arizona?

7

8

9

10

11

12

13

Yes. The participants in these other proceedings recognize the potential for DERs

to become valuable grid resources and are addressing the need to explicitly

incorporate DER capabilities into traditional distribution planning. This includes

fundamental changes to traditional planning methodologies, such as developing

and publishing hosting capacity analyses. In addition, these other proceedings

emphasize the need to analyze and value all DER types and DER portfolios, not

just DG solar.

14 4.1 The Importance of Proactive Planning for DERs

15 Q. Why is it important to consider changes to traditional distribution planning?

16

17

18

19

20

21

22

23

A. Utilities have generally based distribution planning on assumptions of one-way

power flow and the need to reliably and safely provide sufficient capacity to meet

local peak demand, which may only occur only a few hours each year. Traditional

planning models are static, and solutions to address distribution system capacity,

voltage, or reliability issues have been almost exclusively limited to traditional

utility capital investment. Most utilities have focused on overcoming the

perceived challenges of DG solar and DER interconnection, rather than realizing

the potential value of full DER integration.

24

25

26

The proliferation of DERs has fundamentally changed the nature of distribution

systems, creating new complexities and opportunities for utilities, customers, and

other third parties. Distribution planning assumptions and methodologies must
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1

2

3

4

therefore change to reflect this new reality. Additionally, DERs can provide

significant grid services which, if not explicitly accounted for and incorporated

into utility planning, will be underutilized and could lead to redundant utility

investments.

5 Q. What changes to distribution planning are necessary?

6

7

8

9

10

11

A. First, distribution planning tools and methodologies must become more

sophisticated to reflect the dynamic nature of DERs. This includes the need for

more advanced circuit modeling, load and DER forecasting, and more granular

load and voltage monitoring. A recent report by the Solar Electric Power

Association and Black & Veatch provides details on the new tools and capabilities

required for today's distribution planning functions.

12

13

14

15

16

17

18

19

Second, to more fully enable market innovation and customer choice, distribution

planning must become a more open and transparent process with utilities

proactively seeking opportunities to deploy DERs. This requires closer

collaboration within the utility between planning, interconnection, and energy

efficiency/demand response functions. It also requires utilities to publicly share

information about constraints and opportunities for DER deployment, including

historical operational data, grid needs, the value of addressing specific grid needs,

and overall grid hosting capacity.

20 Q. What do you mean by grid needs?

21

22

23

24

A. A grid need is an existing or anticipated distribution system deficiency, such as a

capacity shortfall, violation of voltage limits, poor reliability, or replacement of

aging or failing equipment. Grid needs may also include modifications required to

increase a distribution circuit's hosting capacity.

Solar Elec. Power Ass'n and Black & Veatch,Planning the Distributed Energy Future:
Emerging Electric Utility Distribution Planning Practices for Distributed Energy Resources
(Feb. 2016), available at https://goo.gl/xl Y8JV.

37
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Q- What other changes to distribution planning have you observed in these

other jurisdictions?

3

4

5

6

7

8

9

10

11

New York and California also recognize that additional changes are needed to

overcome the utility bias for traditional capital investments as preferred solutions

to grid needs. This requires new methodologies for determining the Locational

Value of DERs and portfolios of DERs at each location on the distribution

system, and mechanisms for utilities to procure DERs and fairly recover the costs

of the procurement. The New York REV and California DRP/IDER proceedings

are exploring ways for distribution utilities to determine DER Locational Value,

and to fairly consider and effectively procure DER as alternatives to traditional

utility investment.

12 4.2 The Importance of Valuing All DER Tvpes and DER Portfolios

13

14

Q- Why are other jurisdictions considering the value of all DER types and DER

portfolios, not just DG solar?

15

16

17

18

19

20

21

22

23

24

25

26

27

A. The operating characteristics, impact, and value to a distribution system differ

between generating-DERs (solar and other DG, CHP, sometimes storage) and

load-DERs (energy efficiency, direct load control, EVs, sometimes storage).

DERs can work together to shave the peaks and fill in the valleys of a load

profile. Demand response/load control can shift load away from peak periods or

make load coincident with intermittent generation. Storage absorbs energy from

intermittent generation and can discharge to reduce peaks. Energy efficiency can

provide targeted energy and demand reductions in specific end-uses. A DER

portfolio of renewable generation, storage, demand response/load control, and EE

can provide a more reliable and sustained peak demand reduction than any of the

resources can provide individually. DER portfolios can therefore be the most

reliable and cost-effective alternatives to traditional transmission and distribution

capital investment.

28

A.
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1 Q. Are there any examples of this?

2

3

4

A. Yes, there are several examples demonstrating how portfolios of DERs can

reliably and cost-effectively address local load characteristics to reduce peak

demands.

5

6

7

8

9

10

11

12

13

14

In 2013, the Maine Public Utilities Commission established the Boothbay Smart

Grid Reliability Pilot project to determine if DERs could effectively avoid the

need for rebuilding a transmission line. The pilot sought to reduce 1.8 MW of

demand to avoid an $18 million rebuild of a 34.5 kV transmission line in Central

Maine Power's service territory. The DERs deployed in the pilot included DG

solar, energy efficiency, demand response, energy storage, and back-up

generation. Collectively, these DERs have exceeded the demand reduction target.

The total cost for the pilot and deployment of the DERs is projected to be one-

third the cost of rebuilding the transmission line and will save customers $17.6

million over the 10-year project life.38

15

16

17

18

19

20

21

22

23

24

25

The State of Rhode Island requires electric utilities to consider DERs or "non-

wires alternatives" for certain types of transmission and distribution capital

projects. In addition to deploying targeted energy efficiency and demand response

measures, National Grid initiated a study to assess the ability of distributed solar

to provide 250 kW of reliable load relief during periods of local peak demand in

the Tiverton/Little Compton Region." The study found that National Grid could

deploy a mix of rooftop and medium-scale solar systems to help defer a multi-

million dollar distribution investment. The company has also solicited proposals

for development of 140 kW "peak contribution" capacity of medium-scale solar

systems for deployment within a specific, load-constrained area of the distribution

grid.

38 GridSolar, LLC, Interim Report Boothbay Sub-region Smart Grid Reliability Pilot Project
(March 2014), available at http://goo.gl/46zKTl.

39 R.I. Office of Energy Res., System Reliability Program,http://www.energy.ri.gov/reliability/
(last visited Feb. 24, 2016).
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2

3

4

5

6

Finally, New York's Consolidated Edison, under the Brooklyn-Queens Demand

Management Program, will spend $200 million deploying DERs to reduce 41

MW of customer demand by 2018 and help defer building a $1 billion substation.

The program will include many types of DERs including energy efficiency,

demand response, DG solar, and distributed storage. Con Edison's benefit-cost

analysis shows a $40 million net present value benefit from this approach.4°

7 Q- Why is this relevant in this proceeding?

8

9

10

11

12

13

A. I understand that this proceeding is primarily focused on establishing a

methodology to inform future rate cases on how to determine the value and cost

of DG solar. I encourage the Commission to acknowledge that the full value of

DG solar and other DERs is best realized when distribution planning processes

proactively and fairly consider DER as alternatives to traditional capital

investments.

14 Q- What do you recommend?

15

16

17

18

19

20

21

22

A. In addition to establishing a methodology for valuing DG solar in this proceeding,

I recommend that the Commission require modifications to distribution planning

processes, including the identification and publication of DER hosting capacity

and Locational Value. I also recommend that the Commission establish

mechanisms for third-party provision of DER solutions as alternatives to

traditional utility investment. Finally, I encourage the Commission to maintain

flexibility in developing the DG solar valuation methodology for future

accommodation of all DER types and DER portfolios.

40 Corina Rivera Linares, New York PSC establishes Con Edison 's demand management program
in Brooklyn, Queens, Transmission Hub (Dec. 18, 2014), available at
http://www.transmissionhub.com/articles/20 I4/ I 2/new-york-psc-establishes-con-edison-s-
demand-management-program-in-brooklyn-queens.html.
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1 5 Summary of Recommendations

2 Q- Please summarize your recommendations for the Commission

3 I recommend that the Commission:

4

5

6

7

8

9

10

1) Require utilities to conduct hosting capacity analyses to identify locations

on the distribution system where DG solar and other DERs can interconnect

with no or minimal integration costs, or where integration costs may be

high. I also recommend that the Commission require utilities to publish the

results of the analyses for easy access by customers and DER providers. The

results of these analyses will provide key inputs into the integration cost

component of DG solar valuation.

11

12

2) Modify its interconnection standards to require the deployment of smart

inverter functionality for DG solar and storage installations.

13

1 4

15

1 6

17

1 8

3) Adopt a detailed marginal cost of service methodology for both transmission

and distribution ("T&D") capacity, reflecting the unique system operating

and load characteristics at each location. The methodology should also

credit DG solar and DER for incremental contributions to T&D capacity

relief, even if the utility has not identified an imminent capacity expansion

project in the local area.

19

20

4) Include the value of avoided water consumption in its DG solar valuation

methodology.

21

22

5) Explicitly consider the reliability improvement benefits of DG solar and

other DERs in the valuation methodology.

23

24

6) Initiate changes to traditional utility distribution planning processes to

proactively incorporate DG solar and other DERs. This includes:

A.
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2

3

4

5

6

7

Increasing transparency regarding the grid's capacity to

accommodate DG solar and other DERs and the locational value of

various DER solutions.

Increasing the transparency of planned capital investments that could

be deferred, avoided, or substituted by DER solutions.

Mechanisms to allow third-party provision of DER solutions as

alternatives to traditional distribution capital investment.

8

9

7) Establish flexibility in the DG solar valuation methodology to allow for

future inclusion of all DER types and portfolios of DERs.

10 Q. Does this conclude your testimony?

11 Yes.
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Curt Volkmann
curt@newenergy-odvisors.com

Experience
New Energy Advisors, LLC,

President
Strategic Advisory Company, Lake Forest, IL (2015 - present)

Advising non-profits and local governments on energy, water and sustainability opportunities
Advising environmental advocates in various regulatory proceedings related to distributed energy resources
Led the development of o water and energy community education series for the City of Lake Forest
Guest lecturer at Chicago-oreo universities on the topics of energy and sustainability

•

•

Environmental Law a. Policy Center,
Senior Clean Energy Specialist

Nonprofit Public Interest Advocacy Org onizotiorm, Chicago, IL (2013 .- 2015)

C

•

Accenture LLP

UMS Group

Supported advocacy work on various clean energy and transportation policy issues
Expert witness in several energy efficiency, renewable energy, and rote design regulatory proceedings
Focused on opportunities 'ro integrate distributed energy resources into electric utility distribution systems

, Monogement Consulting and Technology Company, Chicago, IL (1994 - 2013)
Managing Director, North America Strategy and Sustainability (2010 - 2013)
Led the management consulting practice ($260+ million annual sales) focused on energy efficiency and intelligent
infrastructure. Clients spanned the chemicals, metals, consumer products, financial services, telecommunications,
utilities and federal/stote/locol government sectors.
» Responsible for soles and project delivery, product/service development, recruiting, alliance management
• Contributed to sales growth of more thon 400% in 2 years
» Led creation of Energy Analytics for Cities framework, identified $175 million of energy savings from building

retrofits for the City of Chicago
» Frequent speaker and subject-motter expert on the topics of utilities, smart grid, sustainability, clean energy

Partner and Executive Director, North America Utilities Client Group (2000 .- 2010)
Managed sales ($10-30 million annually), profitability, and client satisfaction for consulting projects across a portfolio
of gas, electric and water utilities. Projects included strategic assessments, smart grid/meter planning, asset
management, merger integration, benchmarking, and process improvements.
Senior Manager and Associate Partner, Strategic Services (1994 - 2000)
Led projects involving utility strategic planning, merger integration, cost reduction, and process Reengineering

, Management Consulting Company, Parsippany, NJ (1993- 1994)
Senior Associate
Led the Power Delivery consulting practice and benchmarking programs for transmission, distribution and fleet
management involving 40+ utilities in 10 countries (in Europe, Africa, North America, Australia/new Zealand)

Pacific Gas and Electric Company, Utility, Son Francisco, CA (1984 - 1993)
Electrical Engineer, Operations Planning Consultant, Project Manager
• Assessed impacts to distribution systems from energy efficiency and demand-side management programs
• Modeled impacts of distributed generation on system reliability and safety

Energie- und Verfahrenstechnik (EVT), Power Generation Equipment Monufclcturer, StuttgoN, Germany ( I 983)
Software Developer
Designed steam generating systems for coal-fired power plants

E d u c a t i o n

University of California at Berkeley, Haas School of Business
MBA - Concentration in Finance

University of Illinois at Urbana-Champaign
BS - Electrical Engineering, Concentration in Electrical Power Systems

Community Involvement
•

c

•

•

•

Chairman, Lake Forest Collaborative for Environmental Leadership (2012-Present)
Chairman, City of Lake Forest Pcirks and Recreation Board (20i2-20i 4)
Member, City of Lake Forest Municipal Electricity Aggregation Committee (201 i-2012)
Member, City of Lake Forest Environmental Policy Advisory Committee and "Green Teoim" (2008-2009)

_ Led development of o baseline energy and emissions profile for the City of Lake Forest
Treasurer, Board Member and Cooch, American Youth Soccer Org onizcition (2006-2009)
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1 1 Introduction

2 Q. Please state your name and business address.

3

4

A. My name is Curt Volkmann. My business address is 290 Vine Avenue, Lake

Forest, IL.

5 Q- On whose behalf are you submitting this rebuttal testimony?

6 A. I am submitting this testimony on behalf of Vote Solar.

7 Q- Did you submit direct testimony in this proceeding?

8

9

A. Yes, I did. My direct testimony includes an introduction to Vote Solar and a

summary of my professional experience.

10 Q. Are you sponsoring any exhibits?

11

12

A. Yes, I am sponsoring Exhibit CV-R-1 , which shows illustrative line loss

calculations during higher load periods.

13 2 Summary of Testimony

14 Q- Please provide a brief summary of your testimony.

15

16

17

18

19

20

21

A. In their direct testimony, APS and TEP/UNSE stated that transmission and

distribution ("T&D") and generation benefits from solar distributed generation

("DG") are minimal or non-existent. I will explain how solar DG, together with

other distributed energy resources ("DER"), can reduce or eliminate the need for

traditional utility investments, including capacity upgrades and voltage regulation

equipment. I will also explain why it is important that the incremental investment-

deferral contribution from DER is captured in any valuation methodology.

22

23

The utilities have also stated that T&D system enhancements are necessary to

accommodate increasing penetration of solar DG, and that T&D line loss savings

Rebuttal Testimony of Curt Volkmann on behalf of VoteSolar 1
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2

3

from DER are minimal. I will explain why grid enhancements to accommodate

solar DG are minimal, and explain the importance of properly accounting for line

loss reductions when valuing DER.

4

5

6

7

In my direct testimony, I explained the importance of establishing a methodology

for valuing all DER types and DER portfolios.1 I continue to believe it is

important for the Commission to consider this broader approach, which I refer to

as a VOS/DER methodology throughout this testimony.

8

9

3 Capacitv benefits from DER are real and should be
reflected in the VOS/DER methodology

10 Q. Are there generation and T&D benefits associated with the deployment of

solar DG and other DER?

12

13

14

15

16

A. Yes. The output from solar DG reduces system loads and reduces the need for

future T&D capacity expansion. The generation and transmission capacity

deferral benefits are greater if the solar DG output coincides with system or

regional peak demand. Distribution capacity deferral benefits are greater when the

solar DG output coincides with local substation or circuit peak demand.

17

18

19

20

21

As I explained in my direct testimony, strategic orientation of solar DG and

bundling solar DG with energy storage can effectively align solar DG output with

load profiles to reduce local peak demands Furthermore, solar DG equipped

with smart inverters can provide reactive power support and reduce the need for

traditional utility voltage regulation and power quality investments.

22 Q. Does APS recognize the T&D benefits from solar DG and other DER?

23

24

25

APS witnesses Brown and Albert deny the T&D benefits of solar DG in their

direct testimony. However, I believe APS does recognize the potential T&D

benefits of solar DG, particularly when combined with storage and smart

1 Curt Volkmann Direct Test. 30:12-32:22 (Feb. 25, 2016) (hereinafter "Volkmann Direct").
214_ at 14:19-l5:8.
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2

inverters. The company is validating these benefits through its Solar Partner

Program, approved in Decision No. 74878.

3

4

In response to a Vote Solar discovery request, APS describes the key design

elements of the Solar Partner Program as:

5 Install rooftop solar on approximately 1,500 homes

6

7

8

Systems will include smart inverters (UL listing will be achieved by the
end of March 2016) and 2-way communications to control each rooftop
solar site

9 Install MW of battery storage on 2 selected feeders

10

11

Collection and analysis of real time data on energy production, energy

usage, power regulation capabilities, and curtailment options

12
13

Validate ability to manage solar impacts by configuring smart inverters

and issuing real-time commands in a cyder secure environment

14
15

Validate ability to mitigate adverse effects of increased photovoltaic (PV)
through enhanced power regulating capabilities

16
17

Validate ability to provide ancillary services from a series of grid-tied
batteries in coordination with solar inverters and traditional grid devices

18
19

Collection and analysis of information that helps anticipate, identify, and
avoid impacts on the distribution grid

20

21

• Validate distribution system models to more accurately and efficiently
plan grid upgrades

22

23

Q- Do APS and TEP/UNSE recognize the generation capacity benefits from

solar DG and other DER?

24

25

26

A. Yes. Generation capacity benefits from DG are widely accepted. Each of the

utilities' most recent IRis included estimates of the level of DG that they expect

to contribute to system peak. Vote Solar witness Briana Kobor provided a table

3 APS Resp. to VS 3.11 (Ex. CV-R-2 at 1)-

Rebuttal Testimony of Curt Volkmann on behalf of Vote Solar 3
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with estimated of DG peak capacity contribution in 2020 for APS, TEP, and

UNSE.4

3 3.1 Testimonv of Mr. Brown

4

5

Q. Have other parties in this proceeding stated opinions on the T&D benefits of

solar DG and DERs?

6

7

8

9

10

11

A. Yes, APS witness Ashley Brown and TEP/UNSE witness Edwin Overcast have

offered opinions. Mr. Brown states: "It is virtually impossible to demonstrate that

rooftop solar will obviate the need for transmission, much less quantify the cost

savings associated with this purported benefit."5 He also states that "[i]t is

impossible, unless perhaps when a rooftop solar host leaves the grid, to envision a

circumstance where rooftop solar would effectuate distribution savings."6

12 Q. Do you agree with Mr. Brown?

13

14

15

16

17

No. It is possible to not only envision, but to demonstrate and quantify, the

transmission and distribution savings from strategic deployment of solar DG and

other DER. In fact, in my direct testimony, I provided several examples of other

utilities that are realizing these benefits, including Con Edison, National Grid, and

Central Maine Power.7

18 3.2 Testimonv of Dr. Overcast

19

20

Q- What statements did Dr. Overcast make related to the T&D benefits of solar

DG and DERs?

21

22

23

A. Dr. Overcast states that "there are no avoided distribution costs as the result of

solar DG customers on the system. This conclusion is theoretically sound because

the non-coincident peak demand on the distribution system occurs when solar DG

4 Briana Kobor Direct Test. 30:10 (Feb. 25, 2016).
5 Ashley Brown Direct Test. 35: 16-17 (Feb. 25, 2016) (hereinafter "Brown Direct").
6 Id. at 36:2-4.
7 Volkmann Direct 31 :5~32:6.
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2

customers are delivering excess generation to the system and there is no time

diversity of solar DG production as there is with customer 1oad."8

3 Dr. Overcast also states:

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Using data prepared by TEP based on hourly load data for about
374 full requirements customers with annual kph usage above
13,000 kWhs and overlaying their usage with solar loads modeled
using the National Renewable Energy Laboratory (NREL) solar
data base for Arizona for 24 months from mid-2013 to mid-2015 we
reach the same conclusion as found above with respect to the total
class of Solar DG customers. This further confirms that the
distribution system must be designed to meet this higher solar class
NCP load rather than the residential class customer NCP load used
for full requirements customers. The maximum average customer
NCP (the sum of the highest hourly loads for all customers in the
data base) for full requirements customers occurs in July at 12.87
kW per customer. The maximum excess delivery by a partial
requirements customer occurred in April at 13.79 kW per customer.
Although the differences are small, about one kw, the data
confirms that there would be no distribution cost savings associated
with the equipment in accounts 364-368.... Taken with other load
data on class NCP it is also reasonable to assume that there would
be no savings at the substation level for peak loads of solar DG
customers .9

24 Q. Do you agree?

25

26

27

I do not agree or disagree without reviewing the data and analysis that Dr.

Overcast references, which I am unable to do because TEP/UNSE has claimed it

is confidential.

28

29

30

31

32

33

Based on the limited information I was able to review, it appears that the excess

delivery of 13.79 kW by a solar DG customer cited by Dr. Overcast is high and

not reflective of the majority of solar DG systems installed in TEP's service

territory. Assuming PV system losses of 15%, it would require at least a 16.22

kW system to deliver 13.79 kW of power. According to data provided by TEP,

only 80, or 0.9%, of installed solar DG systems have capacity of 16.22 kW or

8 Edwin Overcast Direct Test. 5:26-6:4 (Feb. 25, 2016) (hereinafter "Overcast Direct").
914. at 17:11-1814.
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2

3

4

higher.10 While there potentially may be a very small number of circuits where

excess solar generation exceeds non-coincident peak ("NCP") load, it is not the

case for all TEP circuits and it is therefore incorrect to conclude that there are no

T&D cost savings from solar DG.

5

6

7

4 The VOS/DER methodology must recognize
DER capacity benefits on a continuous basis

8

9

Q- What is an appropriate way to consider the capacity benefits of DER in the

VOS/DER methodology?

10

11

12

13

A. As I stated in my direct testimony, DER can make small, incremental

contributions to increase T&D capacity in areas where no immediate capacity

upgrade is planned, and this contribution to longer-term capacity relief should be

recognized in the valuation methodology.11

14 A recent Nexant report explains:

15

1 6

17
1 8

1 9
2 0

21

2 2

The main value of integrating distributed energy resources into

distribution planning and operations is in managing local,

coincident demands that are shared across many customers. If a
customer helps reduce coincident demand, either by injecting

power within the distribution grid (e.g., behind-the-meter

generation) or by reducing demand, the unused capacity can

accommodate another customer's load growth and thereby help
avoid or defer investments required to meet load growth.12

2 3

2 4

2 5

The Nexant report provides an example to illustrate this point. Figure l below

shows how, absent DER, capacity upgrades for a hypothetical circuit are required

in years 4, 9, and 14 to meet increasing demand. Deployment of DER to reduce

10 See work papers provided in TEP Resp. to TASC 1.1.
" Volkmann Direct 18:13-19:1 1.
12 Josh Bode et al., Nexant,Designing and Unlocking Markets for Distributed Energy Resources

6 (June 2015),available at http://www.nexant.com/resources/designing-and-unlocking-
markets-distributed-energy-resources.

I
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3

peak demand results in the need for only a single capacity upgrade in year 9. The

economic impact is significant, as the DER solutions reduce the 15-year net

present value (NPV) by $72 million, as shown in Figure 2.
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1 Q- Have other parties in this proceeding commented on this issue?

2

3

A. Yes. The updated report by Crossborder Energy included in the TASC testimony

states:

4

5

6

7

8

Solar DG will avoid transmission capacity costs to the extent
that solar production occurs during the peak demand periods. Like
energy efficiency and demand response resources, solar DG helps the
utility to manage and to reduce load growth, thus avoiding and
deferring the need for load-related transmission investments."

9
10
11
12
13
14
15
16
17
18
19
20

As DG penetration grows, and a deeper understanding is
gained of the impacts of DG on distribution circuit loadings, we
anticipate that utility distribution planners will integrate existing and
expected DG capacity into their planning, enabling DG to avoid or
defer distribution capacity costs. A comparable evolution has
occurred over the last several decades, as the long-term impacts of EE
and DR programs are now incorporated into utilities' capacity
expansion plans for generation, transmission, and distribution, and it
is generally recognized that these demand-side programs can help to
manage demand growth even though the specific locations where
these resources will be installed can be challenging to predict or to
manag¢_14

21

22

23

24

25

Moving forward, with the advent of smart inverters and other
technologies, PV systems will be able to provide additional services
and avoid additional costs than those attributable to capacity

Such services include voltage regulation, power
and conservation voltage reduction.1

expansion alone.
quality,

26 Q-

27

28

29

Do you agree?

Yes. I agree that integrating existing and expected DER capacity and capabilities

into T&D planning, including future capabilities from smart inverters, is critical

to fully unlock the value of DER.

30 4.1 Testimonv of Mr. Brown

31

32

Q. What statements does Mr. Brown make related to the capacity benefits of

solar DG and DER?

13 Thomas Beach Direct Test. Ex. 2 at 13 (Feb. 25, 2016).
14Id. at 15.
15IN_
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1 Mr. Brown states :

2

3
4

5

6

7

[T]he addition of rooftop solar, absent a truly massive amount of
installation, will almost inevitably have no impact on transmission
capacity planning. Indeed, since transmission must be sufficient to
serve peak load, the fact that rooftop solar is intermittent, and non-
coincident with peak, means that it will have no real impact on
transmission capacity.16

8 Q- Do you agree?

9

10

12

13

14

15

16

17

A. No. While solar DG peak production may not fully coincide with system peak

demand, solar DG does produce some level of output during system peaks and

makes some incremental contribution to system capacity. Utilities conduct

transmission planning over long time horizons and make large, "lumpy" capacity

additions that may result in over-capacity for some periods of time. In order to

ensure least-cost development of the electric delivery system, utilities must

acknowledge the incremental capacity benefits of DG and other DER. Failure to

recognize these benefits will result in premature, redundant, or unnecessary

capital expenditures.

18

19

20

5 Grid upgrades and system resources to accommodate
DER are minimal until penetrations signiticantlv

increase

21

22

Q. Do T&D systems require upgrades to accommodate the proliferation of solar

DG and other DER?

23

24

25

26

27

28

T&D systems may require upgrades, depending on the system characteristics at

each interconnection location. In addition, at very high penetration levels, utilities

may need system resources to accommodate intermittency associated with DG.

However, I believe T&D system upgrades and system resource needs to

accommodate solar DG in Arizona are minimal until DER penetrations

significantly increase.

16 Brown Direct 34:3-7.

A.

A.
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1 Q. Why do you believe T&D system upgrades are minimal now?

2

3

4

5

6

7

As I explained in my direct testimony, conducting a hosting capacity analysis

identifies how much DER each circuit and each subsection of a circuit can

accommodate.17 Utilities that have conducted detailed hosting capacity analyses

have found that existing circuits can accommodate significant amounts of DER

without the need for upgrades. Furthermore, smart inverter technologies are

eliminating the need for traditional grid enhancements to accommodate DER."

8 5.1 Testimonv of Mr. Albert

9

10

Q- What do the parties say about the need for grid investment to accommodate

solar DG and DER?

11 A. APS witness Brad Albert states:

12
13
14
15
16
17

APS has begun to experience high-voltage conditions on certain
distribution feeders at times of the year when customer demand is
low and solar energy production is high on those feeders. This
could necessitate the installation of additional equipment to
mitigate this condition to maintain reliable service to all customers
on those feeders.

18 Q. Do you agree?

19

20

21

A. No, I do not believe it requires the installation of additional equipment. In

response to a Vote Solar discovery request related to this issue, the company

stated:

22
23
24

APS does not have system-wide voltage measurement capabilities
at this time, and therefore cannot answer the specific questions
raised in this data request....

25
26

However, APS did receive 95 inquiries in 2015 from customers
with installed rooftop solar systems specifically related to

17 Volkmann Direct 6:21-7: 15.
18 ld. at 8:20-27.
19 Id. at 9:1-13.
20 Bradley Albert Direct Test. 13:12-16 (Feb. 25, 2016) (hereinafter "Albert Direct").
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l
2
3
4
5
6

substantiated high voltage issues. These 95 customers are located
on 68 separate feeders, with 12 of those inquiries on a single feeder
(the highest number for any one feeder in 2015). All 12 of these
high voltage instances occurred in non-summer months, when
customer loads are low, rooftop solar production is high, and
rooftop systems are exporting energy to the grid.

7
8

To date, APS has not incurred equipment or system costs directly
attributable to high voltage concerns due to rooftop solar....21

9

10

11

12

13

It is unclear what a customer "inquiry" entails, but the 95 customers that inquired

represent 0.34% of the 28,254 rooftop solar customers in the APS service territory

in 2014.22 This does not indicate a widespread problem. In addition, smart

inverter functionality can effectively address high-voltage conditions without the

need for more expensive utility equipment installations.

14 5.2 Testimonv of Mr. Brown

15 Q- What does Mr. Brown say related to this issue?

16 A. Mr. Brown states :

17
18
19
20
21
22
23

It is more likely that rooftop solar will cause more distribution
costs than it saves. That is because these generation sources could
change voltage flows in ways that will require adjustments and
maintenance. It will also inevitably increase transaction costs for
the utility to execute interconnection agreements and do the billing
for an inherently more complicated transaction than simply
supplying energy to a customer. 3

24 Q. Do you agree?

25

26

27

A. No, I do not believe that rooftop solar causes more costs than it saves, nor do I

believe it will inevitably increase transaction costs for a utility. In response to a

Vote Solar discovery request seeking specific examples of the increased costs Mr.

21 APS Resp. to VS 3.16 (Ex. CV-R-2 at 3).
22 See work papers provided in APS Resp. to VS 1.1.
23 Brown Direct 35:25-3622.
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2

Brown refers to, APS acknowledges that "[t]his statement is a general statement

not based on specific analysis of APS data."24

3 5.3 Testim0nv of Mr. Tillman

4 Q. What does Mr. Tillman say related to this issue?

5 A. TEP/UNSE witness Carmine Tillman states:

6

7

8

9

10

11

12
13

The bi-directional flow of energy associated with DG solar will require
modifications and upgrades to the distribution system. As it is a newly
identified phenomenon, the Companies do not have specific measures in
place to address any adverse effects as a result of reverse power flow.
The bi-directional energy f`low on the electrical distribution system varies
based on many system electrical parameters that are created by the
location and size of the solar system. The problems that are created with
bi-directional flows also vary by the time of day and seasonality.

14
15

16
17

18

19

20

21

Additional measuring and monitoring equipment will be needed. New
methods of modeling the distribution system will need to be developed to
model and predict the impacts of a reverse power condition. Upgrades in
system automation will be needed to phase balance transformer
connections for load and for distributed generation. As reverse power
affects the feeder power factor, the placement and sizing of switched
distrib185tion capacitor banks is affected as well as distribution transformer
sizing.

22 Q- Do you agree?

23

24

25

26

27

28

29

A. No. Until the companies conduct hosting capacity analyses to assess the distribution

systems' ability to accommodate solar DG and other DER, any conclusions about

required upgrades are purely speculative. Also, utilizing smart inverter functionality

is a more cost effective approach for power factor correction than installing switched

distribution capacitor banks. I do, however, agree that the utilities will require new

methods of modeling distribution systems to fully integrate DER into system

planning, as I describe in my direct testimony."

24 APS Resp. to VS 3.23 (Ex. CV-R-2 at 5).
25 Carmine Tillman Direct Test. 16:9-22 (Feb. 25, 2016).
26 Volkmann Direct 2925-19.
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1 5.4 Testimony of Mr. Huber

2 Q. What does Mr. Huber say related to this issue?

3

4

5

6

A. RUCO witness Lon Huber states: "The general production characteristic of solar,

aggregated and at high penetrations, can change system wide load shapes to create

new demands on the system. Large amounts of solar without batteries can create

ramping needs and fast-start backup generation requirements."27

7 Q. Do you agree?

8

9

10

11

12

To the extent that Mr. Huber indicates that his statements refer to the potential for

increased ramping capabilities and fast-start backup generation requirements at

high penetration levels, I agree. However, I do not believe that one can assume

the need for additional system resources at current or near-term DG penetration

levels.

13 5.5 Testimony ofMr. O'Sheasy

14 Q. What does Mr. O'Sheasy say related to this issue?

15 AIC witness Michael O'Sheasy states:

16
17

18

19

20

21

22
23

24
25

The energy generated from solar DG is non-firm, which means that it

cannot be relied upon by the utility as a source to serve load. Solar DG

output flows onto the grid periodically depending upon the operations of

the rooftop solar system and the site load requirements of the customer.

This excess energy saves the utility from incurring some costs to serve,

such as avoided fuel, variable operations and maintenance charges, and

losses that would have occurred had the excess solar DG generated energy
been otherwise produced by the utility. In addition, solar DG may impose

some additional costs such as integration cost to accommodate the two-
way flow of power on the distribution grid.

26

27 Lon Huber Direct Test. 12:1-4 (Feb. 25, 2016).
28 Michael O'Sheasy Direct Test. 10:16-24 (Feb. 25, 2016).

Rebuttal Testimony of Curt Volkmann on behalf of Vote Solar 14

t

A.

A.

Il l l l



I

1 Q. Do you agree?

2

3

4

5

6

Like Mr. Huber's above quoted statement, Mr. O'Sheasy's statement is correct in

regard to high penetration levels of DG, though such results cannot be assumed at

current levels of DG penetration. A hosting capacity analysis will determine what,

if any, integration costs are required to accommodate current and forecasted levels

of solar DG and DER penetration.

7

8

The VOS/DER methodology must properly
account for reduced line losses

9 Q- What are line losses?

10

11

12

Line losses include technical losses from the heat and magnetic energy created by

the various system components, and non-technical losses from theft or utility

usage. Non-technical losses are not relevant for purposes of this discussion.

13

14

15

16

17

18

Engineers further categorize technical losses into fixed and variable losses. Fixed

losses take the form of heat or noise from energized equipment and do not vary

with changes in current flow. These fixed or no-load losses are a characteristic of

a specific system component, such as a transformer, and utilities can only reduce

fixed losses by replacing components with lower-loss units or by removing

components from the system altogether.

19

20

21

22

23

24

Variable technical losses occur when electrical energy converts to heat at a rate

proportional to the square of the current flowing through a system component,

also referred to as PR losses. Variable losses are therefore lower at low levels of

energy delivery and increase as current and energy flows increase. For purposes

of valuing solar DG and DER, avoided variable technical losses are the most

important to consider.

25

26

Variable technical losses fluctuate whenever a DER increases or decreases the

load on the T&D system. The magnitude of the change in losses also depends on
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1

2

3

4

5

the interconnection point of the DER. For example, a utility-scale solar PV system

connected directly to the transmission system only reduces transmission line

losses. Alternatively, a residential load reduction measure reduces variable losses

from the distribution secondary, distribution primary, substation, and transmission

systems.

6

7

8

9

10

The timing of the DER load change also matters, as variable losses are

proportional to the square of the current. Losses during peak periods are greater

than the losses during off-peak periods. APS reports that average line losses on

their system are about 7% annually, and approximately 12% at the time of peak

demand."

11 Q. Are reduced line losses important to consider in the VOS/DER methodology?

12

13

Yes. For the reasons I explained above, DER can alter load at or near the point of

interconnection and therefore impact variable line losses.

14 Q- Have other parties addressed line losses in this proceeding?

15

16

17

18

Yes, but the APS witness testimony from Mr. Albert and Mr. Brown is

conflicting. In addition, TEP/UNSE witness Dr. Overcast provides analysis of

losses related to solar DG. I address each of these witnesses' testimonies

regarding line losses below.

19 6.1 Testimonv of Mr. Albert

20 Q. What does Mr. Albert say about line losses?

21 A. Mr. Albert states:

22
23
24
25
26

Energy losses occur as electricity is transmitted across the grid. A portion
of the electricity produced by a remotely-located power plant is lost as
that electricity moves across the transmission and distribution system
before arriving at the customer's premises. Because of this, there is an
advantage to having generation sources like rooftop solar that are located

29 Albert Direct 24:4-5.
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2

3

at the customer's premises. To the extent that this energy is consumed at
the same site, energy losses are reduced because this power does not have
to travel across the grid before arriving where it will be consumed"

4 Mr. Albert further states:

5

6

7

8
9

10

11

Energy losses average about 7% over the course of the entire year and are
estimated at approximately 12% at the time of peak demand. Both of
these values are routinely factored into APS's load forecasts. To be clear,
the values calculated for rooftop solar are higher than they would be
otherwise because of the expected energy losses saved by reducing the
need to transmit electricity from remotely located generation sources to
the customer's site.31

12 Q- Do you agree with Mr. Albert?

13

14

15

16

Yes, I agree with Mr. Albert's explanation of how rooftop solar reduces line

losses. I also consider the estimated losses of 7% average and 12% during

peak periods to be reasonable for variable technical losses and consistent with

what I have seen at other utilities.

17 Q. Does Mr. Albert address any uncertainty about line losses?

18 A. Yes. He states:

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

... The logic that supports reduced losses is based on the
actual mechanics of how electricity is transferred to customers. When
energy is generated remotely, it goes through step-up transformers, is
transmitted over long-distance transmission lines, gets transformed
down to be put on the distribution system, and ultimately reduced to a
voltage that customers can use. While this is an efficient means of
transporting electricity over these distances, energy losses occur
throughout this process. When the energy is generated locally,
however, it doesn't go through this process. As a result, this logic
concludes that locally generated energy avoids energy losses.

Equally valid logic supports the opposite conclusion. Rooftop
solar increases voltage on the distribution feeder during certain
times of the year. This higher-voltage level is a function of the
quantity of energy produced by rooftop solar, and results in higher
overall energy use by customers experiencing these higher-voltage

30 Id. at 8:26-9:5.
31 Id. at 24:4-9.
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1

2

3

4

conditions. The result is higher customer energy usage due to higher
voltage levels.32

Q. Do you agree?

5

6

7

A. No. Mr. Albert is attempting to link the ongoing 7-12% T&D line loss reduction

from DER with the potential for increased end-use energy consumption from

temporary higher-voltage conditions. These are two entirely different concepts.

8

9

Q. Is the increased energy consumption from temporary higher-voltage

conditions significant?

10

12

13

14

15

16

A. APS did not provide data in response to a Vote Solar discovery request that would

allow me to answer this definitively." However, since these temporary higher-

voltage conditions occur during the times of year when customer demand is

relatively low,34 and APS is only experiencing customer "inquiries" related to

voltage on 0.34% of rooftop solar installations, I do not believe this increased

energy consumption is significant. Regardless, I recommend using the 7-12% line

loss reduction values in the VOS/DER methodology for APS.

17 6.2 Testimony of Mr. Brown

18 Q- What does Mr. Brown say about line losses?

19 A. Mr. Brown contradicts Mr. Albert's testimony by stating:

20
21
22
23
24
25
26
27
28

Whether or not rooftop solar systems "reduce the amount of energy lost in
generation, long distance transmission and distribution" is a fact specific
question. It is flat wrong to claim that solar PV systems, ipso facto, reduce
losses. On distribution systems, even the theory underlying this claim is
controversial among experts. The truthiill answer appears to be that
sometimes rooftop solar reduces energy losses on the distribution system,
but often does not, and, indeed, could in some circumstances actually
cause more losses. The validity of the claimed loss avoidance is very
situation specific."

32 Id. at 24:14-27.
33 See APS Resp. to vs 3.18 (Ex. cv-R-2 at 4).
34 Albert Direct 25: 11-16.
35 Brown Direct 26:3-9.
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lIeu



1 Q- Do you agree with Mr. Brown?

2

3

4

A. No. While I agree that the specific level of losses is indeed situation specific, as I

stated previously, I agree with Mr. Albert's explanation of how solar DG reduces

T&D line losses and find APS's 7-12% loss reduction estimate reasonable.

5 6.3 Testimony of Dr. Overcast

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Q. What does Dr. Overcast say about line losses?

Dr. Overcast address line losses frequently in his testimony and states: "Solar DG

customers are also likely to have higher costs than their full requirements

counterparts because of costs they cause that are not tracked such as higher losses

from the low power factor ... and the higher losses they cause during low load

periods."36

Dr. Overcast also includes in his testimony an analysis conducted by TEP

engineers of line losses during low load, high solar production periods.

Specifically, the engineers calculated the impact of one, two, and three 7 kA

solar DG systems on a typical circuit configuration of 8 homes on a single 50

kA transformer at noon in the month of March. The analysis shows that line

losses and transformer loading increase as more solar is added to the typical

circuit from energy flowing back through the distribution system during low load,

high solar production periods.

21 Q. Do you agree with this analysis?

22

23

24

25

26

A. I agree with the analysis, but it fails to illustrate the full impact on line losses from

solar DG. During warmer, higher load periods, increasing penetrations of solar

can significantly reduce line losses and transformer loading. As the TEP engineers

explain in their memo: "Typically, solar can reduce losses during high demand

times by lowering transformer loading and reducing current .... The highest

36 Overcast Direct 50:12-16.
37 Overcast Ex. HEO-3.
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values of losses associated with residential solar generation occur when the

distribution s stem's demand is at noon eek and solar reduction is at its noony p p
p€ak.,,38

4 Q. Can you provide an example to illustrate this?

5

6

7

8

9

10

A. Yes. Using the same circuit configuration, assumptions, and calculations as the

TEP engineers, Exhibit CV-R-1 shows the impact on transfonner loading and line

losses from one, two, and three solar DG systems at noon on a hot day. I assume

each of the eight homes has a demand of 3.5 kA and, like the TEP engineers'

analysis, ignore the impacts of reactive power." Below is a comparison of the

TEP engineers' analysis with the illustrative solar DG impacts on a hot day.

11 Figure 3: Comparison of distribution line losses on cool and hot days

12 89.9

13

14

15

16

17

This shows dirt the magnitude of transformer loading and line loss reductions from

solar DG during warmer, higher load days is much greater than the impacts during

cool days. This analysis of hot day impacts is conservative, since it does not account

for losses associated with reactive power and excludes the full distribution primary,

substation, and transmission line loss impacts during high load periods.

18

19

Since Tucson experiences more warm days than cool days each year,4° the line loss

reductions and transfonner loading relief from solar DG is a net positive, and should

38 rd. at 1.
39 Dr. Overcast has indicated that customers who install DG tend to have larger annual

consumption. See TEP/UNSE Resp. to VS 1.16 (b), (c) (Ex. CV-R-2 at 6). Data provided by
UNSE in Docket No. 15-0142 indicates that 3.5 kA demand at noon in the summer is a
reasonable assumption for larger customers.

40 See, e.g., Tucson Climate Info., Climate-zone.com,hup://www.climate-
zone.com/climate/united-states/arizona/tucsoW(last visited Apr. 6, 2016) (Tucson has an
average or 2,954 cooling degree days and 1,678 heating degree days each year).
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1 be fully accounted for in the VOS/DER methodology.

2 7 Summarv of Recommendations

3 Q- Please summarize your recommendations for the Commission

4

5

6

7

8

9

10

11

A. I recommend that the Commission explicitly consider generation capacity and

T&D benefits in the VOS/DER methodology. These benefits are real and

significant, particularly if DER capabilities are explicitly integrated into

distribution planning. I also recommend that the Commission require the utilities

to conduct hosting capacity analyses to determine what system enhancements, if

any, are required to accommodate increasing penetrations of DER. Finally, I

recommend that the VOS/DER methodology fully account for the line loss

reductions from DER deployment.

12 Q. Does this conclude your testimony?

13 A. Yes.

Rebuttal Testimony of Curt Volkmann on behalf of Vote Solar 21



Exhibit CV-R-1

Illustrative Line Loss Calculations During Higher

Load Periods
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Exhibit CV-R-1

Figure 2 - Primary/secondary losses at
noon on a hot day with no Solar Generation
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Transformer loading = 42%
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Exhibit CV-R-1

Figure 4 - Primary/secondary losses at noon
on a hot day with 1 solar customer
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Exhibit CV-R-1

Figure 6 - Primarylsecondary losses at noon
on a hot day with 2 solar customers
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Transformer loading = 14%
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Figure 8 - Primarylsecondary losses at noon on
a hot day with 3 solar customers
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Cool day* Hot day
Solar PV Systems
per Transformer

Transformer
Loading Losses (

Transformer
Loading Losses (W)

0 12% 22.94 56% 499.5
1 2% 44.2 42% 346.9
2 16% 107.95 28% 258.5
3 30% 228.45 14% 89.9

U c 4

Exhibit CV-R-1

Figure 9 - Summary of illustrative solar DG
impacts at noon in cool and hot seasons

* - data for cool day (March) from Overcast testimony, Exhibit HEO-3
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ARIZONA CORPORATION COMMISSION
VOTE SOLAR'S THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-000003-14-0023

MARCH 10, 2016

vs 3.112 Reqardinq the direct testimony of Mr. Snook

Please provide a description of the program design and results to
date of the Solar Partners Program (Acc Decision No. 74878)
referred to on page 17, lines 20-21 of Mr. Snook's direct testimony.

Response : APS Solar Partner is an APS-owned rooftop solar research and
development initiative that will help APS enable grid integration of
rooftop solar and battery storage while advancing secure
communications.

The key design elements of the program are as follows:

•

•

Install rooftop solar on approximately 1,500 homes
Systems will include smart inverters (UL listing will be achieved
by the end of March 2016) and 2-way communications to
control each rooftop solar site
Install MW of battery storage on 2 selected feeders
Collection and analysis of real time data on energy production,
energy usage, power regulation capabilities, and curtailment
options
Validate ability to manage solar impacts by configuring smart
inverters and issuing real-time commands in a Cyber secure
environment
Validate ability to mitigate adverse effects of increased
photovoltaic (PV) through enhanced power regulating
capabilities
Validate ability to provide ancillary services from a series of
grid-tied batteries in coordination with solar inverters and
traditional grid devices
Collection and analysis of information that helps anticipate,
identify, and avoid impacts on the distribution grid
Validate distribution system models to more accurately and
efficiently plan grid upgrades

The status of the program to date is as follows:

•

•

•

Collaboration with research partners like the Electric Power
Research Institute, or EPRI, has been ongoing since 2015,
beginning with the collecting and sharing of baseline data on
research feeders
Power quality monitors were installed across the research
feeders between December 2015 and February 2016 to
provide feeder visibility during the project
APS established communication and control ability with the

Ex. CV-R-2 001
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ARIZONA CORPORATION COMMISSION
VOTE SOLAR'S THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

MARCH 10, 2016

Response to
Vote Solar
3. 11
continued :

•

•

advanced inverters in January 2016
This control feature will be activated both in the advanced
inverters already installed, as well as in those units awaiting
installation, starting the first week of April 2016
Customer interest in the APS Solar Partner project is high

As of March 15, 2016, more than 5,300 customers
have applied to participate (many more than are
eligible)
There are currently 1600+ active applications:
l Operational systems-468
l Installed, awaiting activation-383
l Approved for construction-436
I Awaiting application review or installer assignment

for site visits-319
All systems will be installed (with advanced inverters
operational) by the end of June 2016
Research continues through December 2017

Ex. CV-R-2 002
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ARIZONA CORPORATION COMMISSION
VOTE SOLAR'S THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000]-14-0023

MARCH 10, 2016

l

VS 3.16: Reaardina the direct testimony of Mr. Albert

Please provide the information requested below regarding the
following statement by Mr. Albert on page 13, lines 11-15 of his
direct testimony: "Aps has begun to experience high-voltage
conditions on certain distribution feeders at times of the year when
customer demand is low and solar energy production is high on
those feeders. This could necessitate the installation of additional
equipment to mitigate this condition to maintain reliable service to
all customers on those feeders."

a) How many APS feeders are experiencing high-voltage
conditions during certain times of the year due to high
penetrations of rooftop solar? What percentage of total APS
feeders does this represent?

b) How many hours of the year is each feeder experiencing
high voltage conditions due to high penetrations of rooftop
solar?

c) Please provide details, including equipment type, locations
and costs, of all additional feeder equipment installed by APS
to date in response to high-voltage conditions from rooftop
solar.

Response: APS does not have system-wide voltage measurement capabilities
at this time, and therefore cannot answer the specific questions
raised in this data request. APS is currently expanding our voltage
monitoring capability at all metering sites.

However, APS did receive 95 inquiries in 2015 from customers with
installed rooftop solar systems specifically related to substantiated
high voltage issues. These 95 customers are located on 68 separate
feeders, with 12 of those inquiries on a single feeder (the highest
number for any one feeder in 2015). All 12 of these high voltage
instances occurred in non-summer months, when customer loads
are low, rooftop solar production is high, and rooftop systems are
exporting energy to the grid.

To date, APS has not incurred equipment or system costs directly
attributable to high voltage concerns due to rooftop solar. Given
the increasing penetration of rooftop solar, however, APS
anticipates that the severity of high voltage issues will only
increase.

Ex. CV-R-2 003
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ARIZONA CORPORATION COMMISSION
VOTE SOLAR'S THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

MARCH 10, 2016

VS 3.18' Reaardlna the direct testlmonv of Mr. Albert

Please provide the information requested below regarding the
following statement by Mr. Albert on page 24, lines 23-27 of his
direct testimony: "Rooftop solar increases voltage on the
distribution feeder during certain times of the year. This higher-
voltage level is a function of the quantity of energy produced by
rooftop solar, and results in higher overall energy use by customers
experiencing these higher-voltage conditions. The result is higher
customer energy usage due to higher voltage levels."

a) How many customers are experiencing high-voltage
conditions during certain times of the year due to high
penetrations of rooftop solar?

b) How much has energy use increased for these customers (in
both total kph and as a percentage of average annual
usage) due to high-voltage conditions from rooftop solar?

Response : APS does not have system-wide voltage measurement capabilities
at this time, and therefore cannot answer the specific questions
raised in this data request. APS is currently expanding our voltage
monitoring capability at all metering sites. However, as noted in
the Company's response to Vote Solar Question 3.16, APS received
95 Inquiries in 2015 regarding high voltage issues from customers
with rooftop solar.

Ex. CV-R-2 004
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ARIZONA CORPORATION COMMISSION
VOTE SOLAR'S THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

MARCH 10, 2016

VS 3.23: Reqardinq the direct testimony of Mr. Brown

Please provide the information requested below regarding the
following statements made by Mr. Brown beginning on page 35, line
25 of his direct testimony: "It is more likely that rooftop solar will
cause more distribution costs than it saves. That is because these
generation sources could change voltage flows in ways that will
require adjustments and maintenance. It will also inevitably increase
transaction costs for the utility to execute interconnection agreements
and do the billing for an inherently more complicated transaction than
simply supplying energy to a customer. It is impossible, unless
perhaps when a rooftop solar host leaves the grid, to envision a
circumstance where rooftop solar would effectuate distribution
savings."

a) Please provide specific examples and associated costs of
adjustments and maintenance conducted by APS in response to
changes in voltage flows from rooftop solar.

b) Please provide the full set of data describing the nature, timing,
and magnitude of the increased transaction costs incurred by
APS to execute interconnection agreements and bill rooftop
solar customers.

Response : This statement is a general statement not based on specific analysis of
APS data .

Ex. CV-R-2 005
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC, INC.'S JOINT
RESPONSE TO VOTE SOLAR'S FIRST SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

March 28, 2016
VS 1.16

Please provide the information requested below regarding the following statement by Dr. Overcast
on page 17, lines 11-16 of his direct testimony: "Using data prepared by TEP based on hourly load
data for about 374 full requirements customers with annual kph usage above 13,000 kWhs and
overlaying their usage with solar loads modeled using the National Renewable Energy Laboratory
(NREL) solar data base for Arizona for 24 months from mid-2013 to mid-2015 we reach the same
conclusion as found above with respect to the total class of Solar DG customers."

Please provide all work papers, data, and analyses to support the above-quoted statement.

b. Please indicate the rationale for the 374 customer sample size and selection and whether
this sample is statistically representative of TEP's customers.

What is the customer class (i.e., residential, commercial, etc.) of each of the 374 customers
in the sample?

What is the average annual kph usage for each of the customer classes that are represented
in the 374 customer sample?

c.

RESPONSE:

a. See VS 1.16 NCP Residential Summary l3000kWh Plus.xlsx.

b. This was a sample of large users only to test customers who were larger than average since

one hypothesis is that solar DG customers tend to be larger than average. The analysis was

not used to draw any conclusions related to the population and just represents a subset of

larger residential customers.

c. See b. above.

d. The annual average use for the residential class in the test period is about 10,700 kph.

RESPONDENT:

Edwin Overcast

WITNESS:

Edwin Overcast

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource EnergyDevelopmentCompany ("UED")
UNS Electric, Inc. ("UNS Electric")
UNS Gas, Inc. ("UNS Gas") Ex. CV-R-2 006
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Cool day Hot day
Solar DG Systems

per Transformer
Transformer

Loading
Transformer

Loading
0 12% 56%
1 2% 42%
2 16% 28%
3 30% 14%

Cool day Hot day
Solar DG Systems

per Transformer
Transformer

Loading
Transformer

Loading
0 12% 56%
1 6% 39%
2 23% 21%
3 41% 4%

EXHIBIT

TEP Distribution Transformer Loading with Solar DG
(Based on typical circuit configuration and assumptions from TEP Distribution
Planning and Engineering analysis in Overcast Direct Exhibit HEO-3)

7 kW Solar DG Systems

(From Overcast Rebuttal Exhibit HEO-3 and Volkmann Rebuttal Figure 3)

8. 75 kW Solar DG Systems

Assumptions:
50 kA distribution transformer

- 8 residential customers per transformer
- Maximum solar DG output occurs at noon
- Demand is 0.75 kW per customer at noon on cool days
- Demand is 3.5 kW per customer at noon on hot days
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1 1 Introduction

2 Q- Please state your name and business address.

3

4

My name is Briana Kobor. My business address is 360 22"d Street, Suite 730,

Oakland, CA.

5 Q- On whose behalf are you submitting this direct testimony?

6 A. I am submitting this testimony on behalf of Vote Solar.

7 Q. What is Vote Solar?

8

9

10

11

12

13

14

A. Vote Solar is a non-profit grassroots organization working to foster economic

opportunity, promote energy independence, and fight climate change by making

solar a mainstream energy resource across the United States. Since 2002, Vote

Solar has engaged in state, local, and federal advocacy campaigns to remove

regulatory barriers and implement key policies needed to bring solar to scale.

Vote Solar is not a trade group and does not have corporate members. Vote Solar

has approximately 60,000 members nationally and 3,500 in Arizona.

15 Q- By whom are you employed and in what capacity?

16

17

18

19

20

A. I serve as Program Director of Distributed Generation ("DG") Regulatory Policy

for Vote Solar. I analyze policy initiatives, development, and implementation

related to distributed solar generation. I also review regulatory filings, perform

technical analyses, and testify in commission proceedings relating to distributed

solar generation.

21 Q. Please describe your education and experience.

22

23

24

I have a degree in Environmental Economics and Policy from the University of

California, Berkeley, and I have been employed in the utility regulatory industry

since 2007. Prior to joining Vote Solar in August 2015, I was employed for eight
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1

2

3

4

5

6

7

8

9

10

years by MRW & Associates, LLC ("MRW"), which is a specialized energy

consulting firm. At MRW, I focused on electricity and natural gas markets,

ratemaking, utility regulation, and energy policy development. I worked with a

variety of clients at MRW, including energy policy makers, developers, suppliers,

and end-users. My clients included the California Public Utilities Commission,

the California Energy Commission, the California Independent System Operator,

and several Publicly Owned Utilities. I have experience evaluating utility cost-of-

service studies, revenue allocation and ratemaking, wholesale and retail electric

rate forecasting, asset valuation, and financial analyses. A summary of my

background is attached as Exhibit BK-1 .

11

12

Q. Have you previously testified before the Arizona Corporation Commission

(the "Commission")?

13

14

15

A. Yes. I submitted direct and surrebuttal testimony in Docket No. E-04204A-15-

0142, the UNS Electric, Inc. General Rate Case. I am scheduled to testify at the

evidentiary hearing in the same docket on March 15, 2016.

16 Q. Have you previously testified before other regulatory commissions?

17

18

19

20

21

22

23

24

A. Yes. I have testified in proceedings before the California Public Utilities

Commission. I have testified on behalf of the Coalition for Affordable Streetlights

in A.l4-06-014, Application of Southern California Edison Company (U338E) to

Establish Marginal Costs, Allocate Revenues, Design Rates, and Implement

Additional Dynamic Pricing Rates. I have also testified on behalf of the Utility

Consumers' Action Network in A.l4-l1-003, Application of San Diego Gas &

Electric Company (U902M) for Authority, Among Other Things, to Increase

Rates and Charges for Electric and Gas Service Effective on January 1, 2016.

Direct Testimony of Briana Kobor on behalf of Vote Solar 2



'1

1

2

2 Purpose of Testimonv and Summarv of
Recommendations

3 Q. What is the purpose of your testimony in this proceeding?

4

5

6

7

8

9

10

11

12

13

14

15

My testimony first addresses the role that long-term DG value analysis should

have in policy-making and rate-setting. Second, I provide a brief summary of DG

valuation in Arizona and examples of DG valuation in other states. Third, I

discuss important parameters to consider when determining the most appropriate

methodology for analyzing the various categories of costs and benefits that result

from DG deployment in Arizona. Fourth, I recommend methodologies specific to

each category of costs and benefits that should be assessed in a long-term DG

value analysis. Fifth, I provide responses to the specific questions posed by

Commissioner Little and Commissioner Stump in this docket. Finally, I offer

recommendations for the procedure to develop a robust, standardized

methodology for analysis of the long-term costs and benefits of DG, which could

inform future solar policy in Arizona.

16

17

Q. What is your understanding of how this proceeding could advance the

ongoing discussions related to the costs and benefits of solar in Arizona?

18

19

20

21

22

23

24

25

26

27

28

29

A. Considerable tension has built up over DG rate design in Arizona and elsewhere. I

believe that developing a robust, standardized approach to evaluating the long-

term costs and benefits of DG could inform future policy decisions in a balanced

manner. Arizona utilities have claimed that the current rate structure causes

customers who do not participate in the net energy metering ("NEM") program

(i.e., "non-NEM" customers) to subsidize NEM customers. However, these claims

have largely been based on short-term evaluations that inherently exclude many

of the long-term value streams that accrue with additional DG deployment.

Ignoring long-term benefits, while focusing primarily on short-term costs, will not

result in an accurate assessment of optimal DG policy. I commend the

Commission for taking up this issue in the present docket. DG is only the first of

many new distributed technologies that will change the way customers interact

Direct Testimony of Briana Kobor on behalf of Vote Solar 3
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1

2

3

4

with the grid. Development of a robust, standardized approach for DG can inform

future evaluation of other distributed energy resources ("DERs") to help ensure

that the transition to the modem grid happens in the most efficient and least-cost

manner for all ratepayers.

5 Q. Please summarize your findings and recommendations.

6

7

8

9

10

12

13

14

15

16

17

18

19

A. I recommend that this proceeding be used to develop a robust, standardized

methodology for DG valuation. In developing this methodology, I recommend

that the Commission recognize that every customer should have the right to

consume as much or as little electricity from the utility as they wish, regardless of

whether they have installed a solar array, invested in energy efficiency measures,

or purchased a larger air conditioning unit or electric vehicle. DG only differs

from these other examples I mention in its ability to export energy to the electric

grid. The individual customer's right to self-consume energy she generates on

private property from her own private investment should be maintained. As a

result, I recommend that the study of DG costs and benefits focus on evaluation of

the energy that is exported from the NEM customer to the utility grid. The

methodology defined by this proceeding should seek to answer one fundamental

question: whether the price paid for DG exports appropriately reflects the value of

the energy provided.

20

21

22

23

24

25

26

27

I recommend that the standardized methodology for valuation of DG exports

examine cost-effectiveness from the perspective of non-participating ratepayers,

including: impact on utility rates, incorporation of environmental impacts,

improved electric reliability, and economic development benefits. If the

Commission instead decides to evaluate DG consumed onsite in addition to DG

exports, my recommendation regarding the appropriate cost test would change. If

all DG is to be evaluated, the standardized methodology should examine cost-

effectiveness using the Societal Cost Test.

28

29

In addition, I recommend that any valuation of DG exports not be limited to a

certain customer class, but include valuation of exports from residential,

Direct Testimony of Briana Kobor on behalf of Vote Solar 4
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1

2

3

4

5

commercial, and industrial classes. I recommend that the standardized

methodology for valuation of DG exports focus on current and near-term levels of

DG penetration. In addition, I recommend that the capacity benefits associated

with DG be evaluated on a continuous basis to capture the unique modulators and

scalability of DG in contrast to traditional utility-scale energy resources.

6

7

8

9

10

11

12

I additionally recommend that the full range of costs and benefits be quantified

and included in the standard DG valuation methodology. These costs and benefits

include: (l) utility distributed solar costs, (2) energy generation savings,

(3) generation capacity savings, (4) transmission capacity savings, (5) distribution

capacity savings, (6) environmental benefits, (7) economic development benefits,

and (8) grid security benefits. My testimony includes detailed recommendations

on the methodology to quantify each of these categories of costs and benefits.

13

14

15

16

17

18

19

20

21

22

23

Finally, I recommend that the Commission require any utility requesting reform

of the existing rate structure for DG to provide the necessary data for an

independent, third-party analysis using the standardized methodology developed

in this proceeding. The Commission should develop a stakeholder process that

would allow interested parties to provide input on the independent, third-party DG

export valuation. The utility should provide funding for the independent, third-

party analysis that would be recoverable in rates. Because this expense would be

directly related to DG, it would be appropriate to include costs of this analysis as

a cost to be evaluated in the context of the DG valuation study. I recommend that

the results of the DG export valuation be used in the utility's general rate case

proceeding to inform DG rate design.

Direct Testimony of Briana Kobor on behalf of Vote Solar 5
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2

3 How a Full DG Value Analvsis Impacts
Ratemaking and Policv

3 Q. Please explain the relationship between DG and the utility system.

4

5

6

7

8

9

10

11

12

13

14

A. Customers who install DG under the NEM program install small power plants on

their own properties. Rooftop solar panels comprise the vast majority of DG in

Arizona, although some customers have installed wind generators as well.

Customers that install DG, or "participating customers," use their small power

plants to supply a portion of their own electricity needs and feed the excess

energy, called "exports," into the utility distribution system. In addition to

benefiting the participating customer, this private investment in energy

infrastructure provides a number of benefits to utilities, other customers, and the

public. The benefits of DG include environmental benefits, economic benefits,

reliability benefits, and a reduced need for the utility to build new power plants

and infrastructure.

15 Q. What is net metering?

16

17

18

19

20

21

22

23

A. Net metering is the process by which DG owners are compensated for the energy

produced by their generating asset. Net metering is codified in Arizona law.1

Under net metering, the participating customers self-consume the energy they

generate. When the participating customer's energy usage is more than their DG

system can supply, the utility grid supplies the customer with the balance of the

needed energy. Conversely, when the energy generated by the DG system exceeds

the participating customer's usage, that energy is exported to the utility

distribution system.

24

25

26

27

Net metering provides a simple and easily understood means of valuing the

energy exports from rooftop solar and compensating the participating customers

who have invested private funds in an electricity system asset. Under net

metering, a participating customer has the right to a one-to-one offset for the

1 A.A.C. R14-2-l80l(M).

Direct Testimony of Briana Kobor on behalf of Vote Solar 6
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1

2

3

4

5

6

excess energy produced by their rooftop solar system.2 Both the customer's

energy purchases from the utility and the excess energy they send to the grid are

valued at the full retail rate per kilowatt-hour ("kwh"). This system has been

adopted in most states around the country, and while this process involves an

inherent approximation of the value of exports, the approximation is logical and

easily understood by customers.

7

8

Q. Under net metering, where does the excess energy exported to the utility

system go?

9

10

11

12

13

Exported energy will flow from the DG system to the nearest load.3 The nearby

customer will pay the utility the full retail rate for the energy they consume from

their neighbor's DG system. Thus, the utility is both crediting the participating

customer for the energy at the retail rate and receiving payment for that energy

from the other customer at the retail rate.

14

15

Q. Does net metering require utilities to "bank" the participating customers'

excess energy?

16

17

18

19

20

21

No. Utilities often refer to the need to "bank" excess energy on the system, but

such a characterization is misleading. The utility is not required to take any active

role in physically "banking" kph, and only a minimal portion of the utility

distribution system is used to carry DG exports. Rather, the entire transaction

typically takes place on a single circuit and the utility only sees the transaction as

a reduction in load on the circuit.

2 Id.
3 R. Thomas Beach & Patrick G. McGuire, Evaluating the Benefits and Costs of Net
Energy Metering in Caly'ornia, Crossborder Energy, 9 (Jan. 2013),
http ://votesolar.org/wp-content/up] oads/20]3/01 /Crossborder-Energy-CA-Net-Metering-
Cost-Benefit-Jan-2013-final.pdf.
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1 Q. What is a DG value analysis and why is it important?

2

3

4

5

6

7

8

9

10

11

12

13

14

When private citizens make investments in energy infrastructure that serves their

own needs and the needs of nearby customers, those investments result in a

number of benefits and costs. A DG value analysis attempts to quantify those

benefits and costs, and can be used to evaluate the appropriate rate treatment for

DG on a utility's system. A proper assessment of the value of DG on the system

must include the full range of long-term benefits and costs that result from the

private customer's investment. DG value analyses are inherently system specific

and may furnish different results for different utilities. If a robust and reliable DG

analysis is completed, it can provide a useful tool for decision makers to evaluate

the appropriateness of different rate treatments for DG. A robust and reliable DG

analysis can assist decision makers in evaluating whether the current NEM

structure, including compensation for NEM exports at the retail rate, provides a

reasonable approximation of the value of DG to non-participating ratepayers.

15

16

17

The remainder of this testimony will address the appropriate methodology for

undertaking a complete and robust DG value analysis that can be used to inform

future DG policy.

18 3.1 Only DG exports are germane to the value discussion

19

20

Q. Should the DG value analysis extend to the value of the DG that is consumed

onsite by the participating customer?

21

22

23

24

25

26

27

No. The methodology defined by this proceeding should seek to answer one

fundamental question: whether the price paid for DG exports appropriately

reflects the value of the energy provided. While there are certainly benefits and

costs associated with self-consumption of DG, these benefits and costs accrue to

the participating customer and should not be considered in an assessment of the

value of DG to non-participating ratepayers. Every customer has the individual

right to choose how much energy to consume or not consume from the utility,

Direct Testimony of Briana Kobor on behalf of Vote Solar 8
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1

2

regardless of whether they modify their consumption through DG, conservation,

or by buying an electric car or installing a bigger AC unit.

3

4

5

6

7

8

9

10

11

The right to consume self-generated electricity is reflected in the Public Utility

Regulatory Policy Act ("PURPA") and other laws and regulations. Customers

should not be discriminated against for the technological choices they make

regarding their personal energy consumption. The only thing that differentiates

customers who install DG from customers who employ other forms of technology

that change consumption patterns is the fact that DG systems can export energy to

the grid, which will be consumed by neighboring customers. As discussed above,

current Arizona law dictates that when exports are fed to the grid, the utility must

compensate the participating customer for that energy at the full retail rate.

12

13

14

15

16

To the extent that a reduction in consumption from DG may affect fixed cost

recovery by the utility, that issue is best addressed through a general rate case. In

a rate case, any reduction in consumption due to DG can be considered on equal

footing with other drivers of reduced consumption, such as energy efficiency,

economic recession, seasonal or vacant homes, etc.

17

18

Q. Does the Commission evaluate the value of reductions in consumption from

other programs, such as Demand Side Management ("DSM") programs?

19

20

21

22

23

24

25

26

27

A. Yes, the Commission does employ cost-effectiveness tests to examine the value of

reductions in consumption from DSM programs. However, the purpose of that

review is to evaluate the benefits and costs of incentives offered for DSM

reductions. The DSM program is thus distinct from DG, as state incentives for

DG have been phased out. The question of behind-the-meter consumption of self-

generated electricity should be recognized as a personal choice available to

Arizonans. The discussion should thus be limited to valuation of exports to

answer the fundamental question at hand, which is whether the price paid for DG

exports appropriately reflects the value of the energy provided.

Direct Testimony of Briana Kobor on behalf of Vote Solar 9
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1

2

3.2 The relationship between this proceeding and cost-0f-

service ratemaking

3

4

Q. How does an assessment of the value of DG exports relate to cost-of-service

ratemaking?

5

6

7

8

9

10

11

12

13

14

15

16

A. Cost-of-service ratemaking is used for setting rates in each utility's general rate

case. This approach is based on a test year, which is essentially a one-year

snapshot of utility costs. Cost-of-service ratemaking focuses on current utility

costs and does not account for the long-term benefits of resource supply options,

like DG exports. The appropriate rate treatment for DG has caused significant

controversy in Arizona in recent years, due in part to the difficulties in properly

assessing the value of DG in a cost-of-service ratemaking proceeding. Utilities

have claimed that DG causes a cost shift on non-participating customers.

However, these claims often fail to account for the full range of benefits DG

provides. Instead, the utilities' claims are largely based on results from utility

cost-of-service studies, which are ill-suited to value such long-term benefits and

assets.

17 Q. How should the valuation of DG exports be approached?

18

19

20

21

22

23

24

25

26

A. When discussing the appropriate means for valuation of DG exports, it is helpful

to consider how other supply resources are evaluated. Utilities evaluate various

supply resources through the Integrated Resource Plan ("IP") process. This

process includes an examination of utility needs and the long-term costs and

benefits of various supply options. It is common practice to build or acquire

power plants in the near-term, paying a large amount of fixed costs upfront.

Utilities - or, more accurately, the utility's ratepayers - pay these large upfront

fixed costs with the expectation that in the future, there will be a benefit from this

investment.

27

28

This practice is exemplified by the 2015 acquisition of natural gas combined cycle

capacity from the Gila River Power Station by Tucson Electric Power Company

Direct Testimony of Briana Kobor on behalf of Vote Solar 10
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1

2

3

4

5

("TEP") and UNS Electric, Inc. ("UNSE"). TEP's IP explains that the utilities

acquired Gila River to add capacity that would otherwise be lost by 2018 due to

coal capacity reductions.4 UNSE's most recent general rate case application

describes the long-term benefits of the Gila River acquisition as a rationale for

Commission approval of rate recovery. UNSE states:

6

7

8
9

10

Ownership of Gila River provides numerous benefits to UNS
Electric's customers, the most significant being long-term rate
stability through the use of a highly efficient, combined cycle
natural gas plant. [...] ownership of Gila River reduces the
Company's reliance on the wholesale power markets, thus
reducing risk to UNS Electric's customers by minimizing
unpredictable swings in wholesale market costs.5

13

14

15

16

Resources, like Gila River, are selected through the IP process based on long-

term costs and benefits, rather than needs specific to the test period. Similarly,

value of DG exports must take into account the costs and benefits over the

resource's useful life, not a single-year snapshot.

17

18

Q. Does a cost-of-service study provide the costs of DG that should be evaluated

in an analysis of the value of DG exports?

19

20

21

22

23

24

25

No. That is an important distinction to make. Cost-of-service studies are short-

term, single-year snapshots of utility costs and are used to develop revenue

allocation and rate design. The costs referred to in the context of valuation of DG

exports are the long-term costs that result from additional DG deployment. These

costs are described in further detail below, but most of these costs are related to

the price non-participating ratepayers pay for exported DG over the useful life of

the asset.

4 TEP IP at 15, 2013-2014 Resource Planning and Procurement, No. E-00000V-13-
0070 (Ariz. Corp. Comm'n Apr. 1, 2014), Barcode No. 0000152206.
5 UNSE Application at 6:26-7:10, UNSE General Rate Case, No. E-04204A-15-0142
(Ariz. Corp. Comm'n May 5, 2015), Barcode No. 0000161983.
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1 3.3 Potential outcomes and implications of this proceeding

2

3

Q- If rates are set through cost-of-service ratemaking, how could decision

makers use the results of the analysis guided by this proceeding?

4

5

6

7

8

9

10

11

12

13

14

15

16

If this proceeding results in the development of a robust, standardized

methodology for analysis of the value of DG exports, it would make significant

progress in easing the tension that has developed over solar rate design in

Arizona. This tension has built up in part because cost-of-service ratemaking, by

design, does not capture the long-term benefits of a resource like DG. Results

from a robust valuation of DG exports will be able to tell the Commission

whether the long-term impacts of the NEM policy result in net benefits or net

costs, and thus whether DG exports are properly valued under net metering. If the

long-term analysis of DG results in net benefits, the Commission should continue

to run net metering programs at the full retail rate. Conversely, if a robust

valuation of DG exports shows that net value of DG is a net cost, then the

Commission can consider whether it would be appropriate to modify the NEM

rules and develop an alternative export rate.

17

18

19

20

21

Absent a robust and reliable value of solar analysis, the utilities will continue to

ask for rate modifications based on the short-term cost-of-service cost shift

argument. If the Commission approves this short-term view without considering

the long-term benefits, the result will be more expensive for all ratepayers and for

society.

22

23

Q- Why would it be more expensive for ratepayers and society to consider only

the short-term picture captured by a cost-of-service study?

24

25

26

27

28

If DG provides net benefits but the Commission approves rates based on cost-of-

service ratemaking, the Commission may leave those benefits on the table based

on an unreasonably narrow view of DG's costs and benefits. DG provides

significant benefits, including offsetting the need for additional generation,

transmission, and distribution infrastructure. DG also provides a number of

Direct Testimony of Briana Kobor on behalf of Vote Solar 12

A.

A.



a n

1

2

environmental and economic development benefits that should not be ignored

simply because they do not fit the historical mold of cost-of-service ratemaking.

3

4

5

6

7

8

9

10

11

12

13

The fundamental operation of the distribution grid is changing with the increasing

availability of new technologies like DG, energy storage, demand response, and

electric vehicles. If utilities continue to ignore the fact that DG and other DERs

have the real potential to offset the need for additional generation, transmission,

and distribution infrastructure, the result will be less efficient and more costly for

all ratepayers. In a recent report from the Lawrence Berkeley National Laboratory

("LBNL"), economists found that "DERs will not only improve customers'

energy costs, resilience and power quality, they can help utilities avoid risky

capital expenditures and operate their systems more efficiently. By facilitating

DERs, utilities can both lower their costs and increase the benefits they can offer

customers who deploy DERs ...."6

14

15

16

17

18

19

20

21

DG is only the first of many DERs to force utilities to confront these issues. The

transition to the modem grid is already happening and will continue to accelerate

as prices for photovoltaic generators, distributed energy storage, electric vehicles,

and other technologies continue to decrease. As we look to greater deployment of

increasingly complex technologies, the task at hand in this proceeding becomes

even more important. Now is the time to standardize the way of valuing DG and

to support future valuation of other DERs. Vote Solar commends the Commission

for taking up this important issue in this docket.

6 See Steve Comeli and Steve Kihm,Electric Industry Structure and Regulatory
Responses in a High Distributed Energy Resources Future,Lawrence Berkeley Nat'l
Lab., 1 (Nov. 2015),https://emp.lbl.gov/sites/all/files/lbnb1003823.pdf.
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1

2

4 Historv of Solar Cost-Benefit Analysis in
Arizona

3

4

Q- Have distributed solar cost-benefit analyses been completed for any

regulated Arizona utilities in the past?

5

6

7

8

A. Yes. A series of cost-benefit analyses have addressed the value of distributed

solar energy on the Arizona Public Service Company ("APS") system. To my

knowledge, no public studies have examined the value of distributed solar energy

on the TEP or UNSE systems.

9 Q. What were the results of the APS analyses?

10

11

12

13

14

15

A. The results were extremely mixed. The first analysis was commissioned by APS

and completed in 2009 by consultant R.W. Beck.7 In 2013, APS commissioned an

update to the 2009 study which was completed by SAIC, the company that had

acquired R.W. Beck.8 Also in 2013, Crossborder Energy completed an alternative

cost-benefit analysis commissioned by the solar industry.9 Each of these studies

developed significantly different results, which are summarized in Table l below.

7 R.W. Beck, Distributed Renewable Energy Operating Impacts and Valuation Study,
R.W. Beck (Jan. 2009), http://files.meetup.com/1073632/RW-Beck-Report.pdf (R.W.
Beck Report).
8 SAIC, 2013 Updated Solar PV Value Report. SAIC (May 10, 2013),
https://www.azenergyt"uture.com/getmedia/77708c68-7ca6-45c1 -a46f-
84382531bae3/2013___updated__solar_pv__.value__report.pdf/?ext=.pdf ("SAIC Report").
9 R. Thomas Beach & Patrick G. McGuire,The Benefits and Costs of Solar Distributed
Generation for Arizona Public Service, Crossborder Energy (May 8, 2013),
https1//www.seia.org/sites/default/files/resourceslAZ-Distributed-Generation.pdf.
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Study Author and Year
Present Value of

Distributed Solar (¢/kWh)

RW Beck, 2009 7.91 to 14.11

SAIC, 2013 3.56

Crossborder Energy, 2013 21.5 to 23.7

l n

l Table 1: Results of Existing APS DG Solar Valuation Studies

2

3

4

5

6

7

8

9

As Table 1 shows, the results from the three studies of APS's territory are very

different. The first APS-commissioned study found that distributed solar had a

value of roughly 8-l4¢/kWh. Three years later, APS commissioned an update to

that study, which found that values were less than half of the lower range of the

original estimate. Meanwhile, a solar industry-sponsored study that relied on

much of the same data as the APS update found values to be roughly double the

original 2009 estimate. Such a large variation in results can be problematic for

policy makers to use as a basis for decision-making.

10

12

13

The experience with distributed solar valuation analyses in APS territory

illustrates the need for Commission guidance regarding the appropriate

methodology for developing a comprehensive assessment of the full range of

costs and benefits from distributed solar generation.

14

15

Q- Have any other states commissioned their own value of distributed solar

analyses?

16

17

18

19

Yes. A number of notable studies have been sponsored by independent state

entities. Each of these studies concluded that the benefits distributed solar

generation provides to the utility exceed the costs. Table 2 below summarizes the

results of recent studies performed by or for state governments.
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State Date Sponsor Resulting Value

ME Mar-2015 Legislature
c33.7¢/kWh levelizgdl

VT Nov-2014 Legislature I23.7 A<wh levelizedll
MS Sep-2014 PSC 17.0¢/kWh levelized
NV Jul-2014 PUC I18.5 /kph levelized
MN Jan-2014 Depot of Commerce 14.5 /kph levelized'4

1 s

1 Table 2: Recent Distributed Solar Valuation Studies

2

3

4

5

6

7

As the studies in Table 2 demonstrate, state-sponsored studies have found that the

benefits of solar can be as high as 25-30¢/kWh in some jurisdictions. While each

of these studies employed different variations in methodology, the results of these

studies indicate that a good faith undertaking to capture the full range of benefits

of distributed solar generation may result in a valuation of solar above the retail

rate.

10 Clean Power Research, LLC, Maine Distributed Solar Valuation Study, Me. Pub. Util.
Cornrn'n, 6 (Mar. 1, 2015), http://www.ripuc.org/eventsactions/docket/4568-WED-Ex6-
MaineSolarReport(l 1-23-15).pdf.
11 Pub. Serv. Depot, Evaluation of Net Metering in Vermont Conducted Pursuant to Act
99 of20I4, 17 (Nov. 7, 2014),
http://psb.vermont.gov/sites/psb/fi les/Act%2099%20NM%20Studv%20Revised%20vl .p
df.
12 Elizabeth A. Stanton, et al., Net Metering in Mississippi: Costs, Bene/its, and Policy
Considerations, Synapse Energy Econ., Inc., 43 (Sep. 19, 2014), http://www.synapse-
energy.com/sites/default/files/Net%20Metering%20in%20Mississippi.pdf.
13 Energy and Envtl. Econ., Nevada Net Energy Metering Impacts Evaluation, Energy
and Envtl. Econ., 93 (July 2014),
http://puc.nv.gov/uploadedFiles/pucnvgov/Content/About/Media Outreach/Announceme
nts/Announcements/E3 %20PUCN%20NEM%20Report%2020l 4.pdf`?pdf=Net-Metering-
Study ("ET Report").
14 Peter Fairly, Minnesota Finds Net Metering Undervalues Rooftop Solar, IEEE
Spectrum (Mar. 24, 2014), http://spectrum.ieee.org/energywise/Vreem
tech/solar/minnesota-Ends-net-meteringundervalues-rooftop-solar.
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l

2

General Methodological Approach to Valuation
of DG Exports

3

4

5

Q~ Are there any independent reports that the Commission should look to for

guidance regarding the appropriate methodology for valuing distributed

generation?

6

7

8

9

10

11

12

A. Yes. The Interstate Renewable Energy Council ("IREC") has developed a useful

guidebook on calculating the costs and benefits of distributed solar generation that

can inform the Commission's process. This guidebook is attached as Exhibit BK-

2. The guidebook builds on experiences throughout the country to propose a

standardized and reliable approach to the analysis. Many of my recommendations

in this testimony are informed by the IREC guidebook, and I recommend that the

Commission adopt the guidebook's approach in Arizona.

13

14

Q. Do you have any recommendations regarding the general methodological

approach for valuation of DG exports?

•

Yes. A number of factors are important to consider regarding the general

methodological approach for valuing DG exports. These include the following

recommendations, which are each addressed below:

Use an appropriate cost-effectiveness test,

Analyze all distributed solar generation, both residential and•

15

16

17

18

19

20

21

22

23

24

25

26

commercial/industrial;

Require utilities to provide sufficient and reliable data;

Use an appropriate timeframe that analyzes value over the life of a DG

system,

Use an appropriate discount rate,

Use a realistic near-term forecast of DG penetration,

Analyze capacity benefits on a continuous basis.
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1 5.1 Use an appropriate cost-effectiveness test

2

3

Q. Do you have any recommendations regarding the cost-effectiveness test to be

used in the analysis?

4

5

6

7

8

9

10

11

12

13

A. Yes. A fundamental component of the analysis is from whose perspective the

costs and benefits of DG should be measured. As discussed above, the analysis

should ultimately seek to answer the question of whether the price paid for DG

exports appropriately reflects the value of the energy provided. To this end, it is

most reasonable to examine whether non-participating customers are paying a fair

price for DG exports, based on the value of DG to the non-participating ratepayer,

including impact on utility rates and incorporation of environmental, economic

development, and grid reliability benefits. If the Commission instead decides to

evaluate DG consumed onsite in addition to DG exports, I recommend that the

Commission evaluate DG from a societal impact perspective.

14

15

16

17

18

19

20

21

22

California has developed a "Standard Practice Manual" for examining the cost-

effectiveness of demand-side programs, this manual is widely used across the

country as a framework for discussing specific valuation approaches.l5 While the

cost-effectiveness measure I advocate for in evaluating the value of DG exports is

not directly defined in the Standard Practice Manual, it could be considered a

modified version of the Ratepayer Impact Measure ("RIM") test, plus adders from

the Societal Cost Test ("societal adders"). The RIM test would capture the impact

of DG exports on utility rates and the societal adders would allow for necessary

incorporation of other benefits.

15 Cal. Pub. Util. Comm'n,California Standard Practice Manual: Eeonomic Analysis of
Demand-Side Programs and Projects, Cal. Pub. Util. Comm'n (Oct. 2001),
http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx'?id=7741 ("SPM").
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l The RIM test is defined in the Standard Practice Manual as follows:

2

3

4

5

6

7

8
9

The Ratepayer Impact Measure (RIM) test measures what happens to
customer bills or rates due to changes in utility revenues and operating
costs caused by the program. Rates will go down if the change in revenues
from the program is greater than the change in utility costs. Conversely,
rates or bills will go up if revenues collected after program
implementation are less than the total costs incurred by the utility in
implementing the program. This test indicates the direction and magnitude
of the expected change in customer bills or rate levels.16

10

11

12

13

14

15

16

17

18

19

20

In Commissioner Little's letter to the parties in this docket, he asked questions

about whether or not the cost of photovoltaic ("PV") panels should be considered

in the analysis.17 Examining the value of DG exports from the perspective of non-

participating ratepayers excludes the cost of PV panels from the equation. The

question is whether the price paid by non-participating customers is fair, given the

value they receive from DG systems' exported energy. The goal of this process is

to develop a framework to ensure that an appropriate price signal is sent to

customers to help them decide whether or not to install DG. The price of PV

panels will likely weigh heavily into that equation, but the economics for the

customer who installs solar do not impact the value of the exports to his/her

neighbors.

21

22

Q. What are the societal adders that you recommend be included in the

analysis?

23

24

25

26

27

28

29

30

A. The RIM test defined in the Standard Practice Manual takes a very narrow look at

the impact a program will have on utility rates. This approach does not include a

number of other very real benefits that will accrue to non-participating ratepayers

and to society in general. These benefits include environmental impacts, improved

electric reliability, improved system operations, and economic development

benefits. I recommend that the Commission consider these benefits, in addition to

the standard RIM test categories, when valuing the costs and benefits of DG

exports.

16
Id. at 13.

17 Commissioner Little's Letter to the Parties at Question Nos. 2 and 3, Dec. 22, 2015.
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1

2

Q. Has the Commission ever taken these types of societal adders into account

when evaluating the cost-effectiveness of its programs?

3

4

5

6

A. Yes. Commission rules regarding cost-effectiveness testing for DSM programs

require that the societal test be used to determine cost-effectiveness.18 Moreover,

the rules specifically address the inclusion of environmental impacts, improved

electric reliability, and improved system operations.'9

7

8

Q- If Commission rules require use of the Societal Cost Test for DSM programs,

should the Societal Cost Test be used for DG exports?

9

10

11

12

13

14

15

16

17

A. As I have discussed above, the cost-effectiveness evaluation for DSM is used to

inform the level of incentives for programs that result in reductions in customer

consumption. I recommend that the methodology developed in this docket be

limited to an analysis of the value of DG exports, which is different than DSM,

because it excludes the energy consumed onsite by the customer who has installed

a DG system. Valuation of the DG exports should only be examined from the

perspective of the non-participating ratepayer, including impact on utility rates

and incorporation of environmental, economic development, and grid reliability

benefits.

18

19

20

Q- Does your recommendation for the cost-effectiveness test change if the

Commission decides to examine the costs and benefits of both the DG that is

consumed onsite and the DG that is exported to the grid?

21

22

23

24

25

26

A. Yes. While I strongly recommend that the Commission develop a methodology to

value only DG exports, if the Commission decides to additionally value the DG

that is consumed onsite, the modified RIM test with societal adders would no

longer be the appropriate cost-effectiveness test for the analysis. If the

Commission elects to examine the value of onsite DG consumption, the most

appropriate cost-effectiveness test would be the Societal Cost Test consistent with

18 A.A.c. R14-2-2412(B).
'91d. at (c).
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1

2

3

the Commission's approach for valuation of DSM programs. This test would take

into account the benefits that accrue to the participating customers, in addition to

the benefits that accrue to non-participating ratepayers.

4

5

5.2 Analyze all distributed solar generation, both residential

and commercial/industrial

6

7

Q. Do you have any recommendations regarding the type of DG that should be

considered in the analysis?

8

9

10

11

12

13

14

15

16

17

18

19

Yes. In order to capture the full range of costs and benefits of DG, it is crucial that

the analysis be comprehensive and not limited to DG within a specific customer

class. In other words, attempts to limit the analysis to an examination of the costs

and benefits of residential DG ignores the costs and benefits of commercial and

industrial DG. This is because residential customers have a much larger portion of

their costs recovered through the volumetric portion of their rate, and thus receive

a higher per kph credit for their DG exports. Commercial and industrial

customers generally have demand charges in their rates that reduce the volumetric

rate, dampening the price signal for energy from the DG system. The result is that

the net benefits per kph of DG may be smaller for residential customers than for

commercial and industrial customers, where the benefits more clearly outweigh

the costs.

20

21

22

23

24

Commission policy addresses both residential and commercial/industrial DG, and

therefore it is prudent that both be considered in this docket. Arizona's RES rules

call for specified levels of DG from both residential and commercial sectors." In

order to gain a full understanding of the value of DG exports, all rate classes must

be considered.

20 A.A.c. R14_2_1805(D).
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1 5.3 Require utilities to provide sufficient and reliable data

2

3

Q. Do you have any recommendations regarding data from the utilities for the

valuation of distributed solar generation?

4

5

6

7

8

9

10

A. Yes. Many aspects of this analysis require data that can only be supplied by the

utilities. In order to complete a reliable and comprehensive analysis, the utilities

must provide stakeholders with access to that data for review. The necessary data

include customer usage and distributed solar generation data from the utilities'

existing NEM and non-NEM customers, a reliable and transparent forecast of

future utility rates, hosting capacity analyses, and inputs required for a detailed

marginal cost study valuing transmission and distribution capacity.

12

13

14

15

16

17

18

19

This issue is of the utmost importance for ensuring that the valuation can provide

a credible basis for decision-making. To the extent that the utilities may seek to

modify existing NEM structures, they have the burden of proof regarding new or

additional charges.21 In its current rate case, UNSE has proposed wide-sweeping

changes to net metering rates, but has not provided interveners with actual data on

the consumption patterns of customers on their system with distributed solar."

This lack of cooperation and critical data makes a reliable assessment difficult.

The Commission should require the utilities to produce needed data as a precursor

to asking for reform of existing rate structures.

20

21

5.4 Use an appropriate timeframe that analyzes costs and

benefits over the useful life of a DG system

22 Q. Do you have any recommendations regarding the time scale of the analysis?

23

24

A. Yes. I support Commissioner Little's guidance indicating that the analysis should

examine the levelized costs and benefits of DG over the economic life of the

21A_A_C_ R14-2-2305.
22 See Direct Test. and Exs. of Briana Kobor at 47-50, UNSE General Rate Case,
No. E-04204A-15-0142 (Ariz. Corp. Comm'n Dec. 9, 2015).
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2

3

4

system." This is generally considered to be twenty to thirty years. This approach

is inherently distinct from cost-of-service ratemaking, which looks at a single test

year and is consistent with the methodologies used for evaluating other generation

technologies.

5 5.5 Use an appropriate discount rate

6

7

Q. Do you have any recommendations regarding the discount rate to be used in

the analysis?

8

9

10

12

13

14

15

16

17

18

19

20

21

22

23

Yes. The chosen discount rate is a crucial assumption in a levelized cost analysis.

The discount rate is used to quantify the time value of money by looking at how

the value of costs and benefits change over the time period of the analysis, which

in this case should be twenty to thirty years. Utilities generally advocate using a

discount rate related to their weighted average cost of capital ("WACC") for all

costs and benefits included in the value-of-solar analysis. Utility WACC, which is

generally in the range of 6-9%, may undervalue future benefits and costs of

distributed solar generation from the perspective of non-NEM ratepayers. To the

extent that the costs and benefits are being examined from the perspective of non-

participating ratepayers, the discount rate employed should be reflective of the

time value of money for these ratepayers. For this purpose, it is reasonable to use

a societal discount rate similar to inflation, rather than the utility WACC. While I

recommend that the Commission apply a societal discount rate to all the

categories of benefits and costs, at a minimum the societal discount rate should be

applied to the categories that are separate from utility costs, including

environmental benefits, economic development benefits, and grid security.

23 Little Letter at 2.
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1 5.6 Use a realistic near-term forecast of DG penetration

2

3

Q- Do you have any recommendations regarding the level of DG penetration to

be considered in the analysis?

4

5

6

7

8

9

A. Yes. The amount of DG on a utility's system can significantly impact the costs

and benefits of DG, and the cost/benefit equation can therefore change as DG

penetration levels increase. The valuation of DG exports will be most relevant if it

examines current and/or near-term expected penetration levels on the utility's

system. The Commission can additionally consider requiring that the valuation of

DG exports be revisited when DG penetration reaches a certain point.

10

11

12

13

14

15

16

17

18

19

While the utilities have claimed that DG causes significant grid impacts, the

impacts are likely minimal at current penetration levels.24 While Arizona is a

leading solar state, DG still accounts for only a small proportion of total energy

supplied by the utilities. While it can be informative to examine the value of DG

exports at higher levels of penetration, the economics of DG at high penetration

levels does not impact the economics of DG at current and near-term levels, and

therefore should not influence current policy. For purposes of this analysis, I

recommend DG exports be evaluated at penetration levels expected to occur in the

next one to three years and that valuation be revisited periodically as the market

grows.

24 See Direct Testimony and Exhibits of Curt Volkmann on behalf of Vote Solar at 8:24-
9:15, Feb. 25, 2016 (discussing integration costs).
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1 5.7 Analyze capacity benefits on a continuous basis

2

3

Q- Do you have any recommendations regarding the general approach to

valuing the capacity benefits of DG exports?

4

5

6

7

8

9

10

11

12

13

14

A. Yes. Valuing the capacity benefits of DG requires an analysis of avoided

generation, transmission, and distribution capacity. These capacity benefits should

be evaluated on a continuous basis. Like the tension between using a single-year

snapshot for rate setting based on cost-of-service and the need to consider long-

term benefits of DG, the unique benefits associated with the modularity of DG

additions do not fit the mold of traditional utility resource planning. Utility

planning models typically forecast capacity that will be needed to meet increasing

demand in large, "lumpy" increments, but the modularity and scalability of DG

has the potential to offset or delay the need for forecasted capacity additions.

Moreover, FERC regulations recognize that DG may impact future capacity needs

by leading to smaller needed increments and shorter lead times.25

15

1 6

17

1 8

1 9

It is vital that the Commission recognize that the appropriate means for valuing

avoided capacity costs related to DG exports is on a continuous basis that

recognizes the modularity of DG additions and does not simply try to fit DG into

the traditional planning model that cannot, by design, properly account for its

benefits.

20 6 Recommended Approach to Valuation of DG

2]

22

Q. How have you organized your testimony regarding your recommended

approach to valuation of DG?

23

24

25

I describe below my recommendations for valuation of DG based on the seven

core cost categories identified by Commissioner Little in his letter dated

December 22, 2015. In addition to these seven categories, I also discuss

25 18 c.F.R. 292.304(€)(2)(vii) (2015).
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1

2

recommendations for including DG benefits related to grid security. The

categories to be covered in this section are listed below:

3

4

5

6

7

8

9

10

1. Utility Distributed Solar Costs,

2. Energy Generation Savings,

3. Generation Capacity Savings;

4. Transmission Capacity Savings,

5. Distribution Capacity Savings;

6. Environmental Benefits,

7. Economic Development Benefits, and

8. Grid Security Benefits

11

12

13

14

15

16

The appropriate methodology for valuing integration costs (a subset of utility

distributed solar costs), transmission capacity savings, distribution capacity

savings, water usage impacts (a subset of environmental benefits), and grid security

benefits is covered in detail in the direct testimony of Curt Volkmann, filed in this

docket on behalf of Vote Solar. In the sections below, I refer to Mr. Volkmann's

testimony on these topics.

17 6.1 Utility distributed solar costs

18 Q. Please describe the utility distributed solar costs that result from DG exports.

19

20

21

A. There are two categories of utility costs resulting from DG exports that should be

included in the DG value analysis: (1) cost to provide participating ratepayers

with credits for exported generation, and (2) net integration costs.

22

23

24

25

26

The cost incurred to provide participating ratepayers with credits for exported

generation is by far the largest cost to be assessed. Under the NEM program,

participating ratepayers are credited for the kph they export to the grid on a one-

to-one basis with the kph they take from the grid. This means that exports are

valued at the full volumetric retail rate.
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1

2

Q- What methodology do you recommend for valuation of utility distributed

solar costs?

3

4

5

6

7

8

9

10

A. In order to quantify the levelized costs per kph of DG export credits, the analysis

must include a forecast of utility rates over the twenty- to thirty-year timeframe of

the analysis. This is an instance where it will be necessary for utilities to provide

reliable and transparent data from their own systems. Utilities should provide data

on the current price paid to customers for their DG exports by customer class, in

addition to the utility's forecast of how those prices are expected to change over

the timeframe of the analysis. Interested parties should assess the reasonableness

of the utility's assumed rate escalations prior to inclusion in the DG valuation.

12

13

14

15

16

17

18

It should be noted that the cost for DG is a direct function of the volumetric

portion of the retail rate by customer class. To the extent that significant changes

in rate design are expected-such as movement toward time-varying rates or rates

that include a demand charge-it would be critical to consider the impacts those

changes may have on the price paid for DG exports. In the event of uncertainty

over future rate design, a scenario analysis that addresses various potential rate

design structures may help the Commission determine the impact of rate design

changes on the value and cost of DG exports.

19

20

21

22

Integration costs and benefits are discussed in detail in the testimony of Mr.

Volkmann. Mr. Volkmann recommends that hosting capacity analyses specific to

each utility system be developed to assess the locational-specific costs of DG

additions. I support Mr. Volkmann's recommendation.

23 6.2 Energy generation savings

24 Q. Please describe the energy generation savings that result from DG exports.

25

26

27

A. When participating customers install DG capacity that exports energy to nearby

customers, the exported energy replaces energy that would have been generated

by central station power plants and delivered over the utility's transmission and
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1

2

3

4

distribution system to the end-use customer. Each kph of DG exports offsets the

need for a kph of energy generated at the marginal generation plant. The cost

that would have been incurred to produce the offset kph of energy can be

considered energy generation savings.

5

6

Q- What methodology do you recommend for valuation of energy generation

savings?

7

8

9

10

11

12

13

14

Energy generation savings should be valued by estimating the cost to produce the

energy that would be offset by additional DG exports. The type of resource that

will be offset by additional DG exports will depend on the individual utility and

the timing and seasonality of DG exports. As a result, it will be necessary for the

utilities to supply data on the current export profile of their NEM customers,

which can be used to develop assumptions about the marginal generator that

would serve various portions of the load expected to be served by additional DG

exports.

15

16

17

18

19

Once the type of marginal generator or generators is identified, it will be

necessary to determine the avoided cost of energy from these plants. Avoided cost

of energy from a natural gas-fired plant is a function of three key inputs: (1)

natural gas price, (2) heat rate, and (3) variable costs of operations and

maintenance ("O&M").

20

21

22

23

24

25

26

27

While there is considerable uncertainty regarding the price of natural gas over the

next twenty to thirty years, it is reasonable to develop a projection of future prices

based on available information from the commodity futures trading market. I

recommend that a natural gas price forecast be developed by examining available

NYMEX futures trading data and extrapolating longer-term values based on

publicly available forecasts, such as the twenty-five-year forecast developed by

the Energy Information Administration ("EIA").26 Market center prices would

need to be converted to local burnertip prices by using futures data on basis swaps

26 EIA, Annual Energy Outlook 2015 (Apr. 2015), http://www.eia.gov/forecasts/aeo/.
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1

2

3

4

5

6

prices, as well as estimated costs to bring the gas to generators over the local gas

transportation system. Developing a forecast of long-term natural gas prices is an

exercise that brings significant uncertainty to the analysis. As a result, it would be

reasonable to include sensitivity analyses based on higher- and lower-than

projected natural gas prices to assess how this uncertainty may impact the overall

DG value analysis.

7

8

9

10

11

The heat rate assumption is specific to the type of plant and should reflect

expected average heat rate, including accounting for long-term heat rate

degradation that may occur over the period of the analysis. In addition, a reliable

estimate of variable O&M must be developed and forecasted over the period of

the analysis.

12

13

14

15

16

17

18

19

20

21

22

23

Because DG exports offset the need for energy at or near customer load, the

calculation of energy generation savings must also include avoided line losses

associated with delivering electricity from a central station generator to customer

load. Line losses vary by utility and are typically about 7%, though they may be

higher during periods of congestion. Because line losses may vary by season

and time of day, it is important that marginal line losses expected during the

periods of DG exports be used to estimate the avoided line losses from DG.

Because DG exports are expected to occur during heavier loading periods,

estimating avoided line losses using average line loss figures would likely

undervalue the benefit from DG exports. Avoided line losses must also be

accounted for in the calculation of generation, transmission, and distribution

capacity savings.

24 6.3 Generation capacity savings

25 Q. Please describe the generation capacity savings that result from DG exports.

26

27

A. The utility must build sufficient generation capacity to meet system peak demand,

which in Arizona typically occurs in the late afternoon during the summer

27 Ex. BK-2 at 23 of 46.
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Utili Peak Capaci Contribution

APS 1l9 Mw
TEP 41 MW
UNSE 8 MW

1

2

3

4

5

6

7

8

9

months. Because system peak demand occurs at a time when solar power is

generating, energy from solar DG systems will contribute to meeting system peak.

While individual DG systems may not be able to provide dependable peak

capacity due to the potential for passing clouds to temporarily reduce generation,

geographically diverse groups of DG systems can reliably contribute to peak

capacity. This fact is widely recognized by the utilities in their IRis, which

include estimates of the levels of DG that can be expected to contribute to system

peak. For example, the 2020 peak capacity assumptions from DG for APS, TEP,

and UNSE are summarized in Table 3 below.

10 Table 3: Forecasted DG Peak Capacity Contribution, 202028

11

12

13

Because DG can reliably contribute to system peak, it can reduce or delay the

need for additional capacity on the system. Delaying and/or offsetting the need for

additional generation capacity will result in savings that can be attributed to DG.

14

15

Q. What methodology do you recommend for valuation of generation capacity

savings?

16

17

18

19

20

As described above, evaluation of DG capacity savings from generation,

transmission, and distribution must take into account the modularity of DG

additions. Moreover, it must evaluate savings on a continuous basis, not based on

large tranches of "lumpy" additions, as done in the R.W. Beck and SAIC reports

for APS's system.

21

22

An appropriate analysis would examine the marginal benefit of additional DG

capacity to delay or offset the need for future generation capacity additions. In

28 APS IP at 300, 2013-2014 Resource Planning and Procurement, No. E-00000V-l 3-
0070 (Ariz. Corp. Comm'n Apr. 1, 2014), Barcode No. 0000152210; TEP IP at 28;
UNSE IP at 20.

A.
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1

2

3

4

5

order to quantify this benefit, assumptions must be made regarding the generation

capacity additions that would be needed but for the additional DG export

capacity. Capacity cost from a new generator can be estimated by developing

assumptions for capital costs, fixed O&M, and gen-tie transmission costs to

develop an estimate of the S/kw of installed capacity.

6

7

8

9

10

11

12

13

14

15

16

Once the cost of new installed capacity is developed, the analyst must determine

the level of DG export capacity that is expected to contribute to the system peak.

Such a calculation may be completed using an assessment of the effective load-

carrying capacity ("ELCC"). ELCC is a statistical measure of capacity that can be

relied on by the utility to meet load that accounts for the intermittency associated

with solar DG. The ELCC measures the load increase that the system would be

able to carry while maintaining the designated reliability criteria." ELCC can

vary by technology. For example, single-axis tracking PV has a higher estimated

ELCC than fixed-array PV, In developing the assumptions for ELCC of DG

exports, it will be necessary to evaluate the expected technology of future DG

additions.

17

18

19

20

21

22

23

24

25

26

27

28

With these assumptions in place, calculating the generation capacity savings of

DG is a relatively simple undertaking. As discussed above, under energy

generation savings, marginal avoided line losses associated with DG capacity

located at or near load must be accounted for by applying an adder to the expected

cost of new generation capacity. In addition, utilities are required to maintain

certain levels of capacity reserve margins (e.g., 15% above peak load) to ensure

reliability in the event of extreme load circumstances or unexpected outages of

transmission or generation infrastructure. Dependable DG capacity will reduce the

need for additional capacity to meet the reliability criteria. This reduction in

needed reserves should be accounted for by developing an adder to be multiplied

by the cost of new generation capacity. The resulting value is then multiplied by

the ELCC to determine the generation capacity savings attributable to DG.

29 Ex. BK-2 at 24-25 of 46.
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1 6.4 Transmission capacity savings

2

3

Q. What do you recommend regarding assessment of transmission capacity

savings?

4

5

6

7

8

9

10

11

A. Assessment of transmission capacity savings associated with DG is discussed in

detail in the testimony of Mr. Volkmann. Mr. Volkmann recommends that the

Commission adopt a detailed marginal cost-of-service methodology that would

allow for quantification of the transmission capacity deflen°al benefits associated

with DG. This methodology would recognize the unique benefits associated with

the modularity and scalability of DG and would not be constrained by assessment

of only large, "lumpy" capital projects. I support Mr. Volkmann's

recommendation.

12 6.5 Distribution capacity savings

13

14

Q- What do you recommend regarding assessment of distribution capacity

savings?

15

16

17

18

19

20

21

22

A. Assessment of distribution capacity savings associated with DG is discussed in

detail in the testimony of Mr. Volkmann. Like his recommendation for evaluating

transmission capacity savings, Mr. Volkmann recommends that the Commission

adopt a detailed marginal cost-of-service methodology that would allow for

quantification of the distribution capacity deferral benefits associated with DG.

This methodology would recognize the unique benefits associated with the

modularity and scalability of DG and would not be constrained by assessment of

only large, "lumpy" capital projects. I support Mr. Volkmann's recommendation.

23 6.6 Environmental benefits

24 Q. Please describe the environmental benefits that result from DG exports.

25

26

Unlike the conventional generation that it is expected to offset, solar DG provides

clean, carbon-free renewable energy. Solar DG also uses minimal amounts of
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2

3

4

5

6

water when compared to conventional generation. The categories of

environmental benefits that occur as a result of DG exports include avoided utility

compliance costs, avoided carbon emissions benefits, benefits related to avoided

emissions other than carbon, and benefits related to water conservation. Each

category warrants separate consideration and quantification in an analysis of the

value of DG exports.

7

8

Q. What methodology do you recommend for valuation of avoided utility

compliance costs?

9

10

12

13

14

15

16

17

18

19

A. Valuation of avoided utility compliance costs should account for the reduction in

needed renewable procurement attributable to additional DG. Arizona's

Renewable Energy Standard ("RES") mies require utilities to procure certain

levels of renewable generation: 10% of sales by 2020 and 15% of sales by 2025.30

Because increases in DG capacity will result in reductions in sales from the

utility, DG will reduce the total amount of renewable energy that must be

procured to comply with the RES rules. This will produce savings commensurate

with average renewable energy cost premiums compared with the cost of

conventional energy. The renewable energy cost premium can be evaluated by

comparing the levelized cost of energy from conventional and renewable

generation.

20

21

Q. What methodology do you recommend for valuation of avoided carbon

emissions benefits?

22

23

24

25

26

27

A. The value of avoided carbon emissions benefits should be taken into account

when examining the environmental benefits of DG. The value of avoided carbon

emissions attributable to DG has been widely recognized in past DG valuation

studies in Arizona and elsewhere. For example, both APS-sponsored DG

valuation reports included a measure of carbon benefits.31 Moreover, last year

EPA finalized regulations limiting carbon emissions from coal- and gas-fired

30 A.A.c. R14-2-1804(B>.
31 R.w. Beck Report at 6-19, sAlc Report at 1-3.
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2

3

4

5

power plants, which will require carbon reductions from Arizona's power sector.

The White House has developed a standard method for evaluating avoided carbon

benefits known as the social cost of carbon ("SCC").32 I recommend that the SCC

value related to emissions reductions from additional DG exports be used to

estimate avoided carbon emissions benefits.

6

7

Q. What methodology do you recommend for valuation of benefits related to

avoided emissions other than carbon?

8

9

10

11

12

13

14

15

16

17

DG will also reduce emissions of criteria air pollutants, including sulfur oxides

("SOx"), nitrogen oxides ("NOt"), and particulate matter. While the cost of

compliance with pollution regulation is likely to be rolled into the estimate of

avoided energy costs, regulations still allow some level of pollution that has been

widely acknowledged to result in impacts to public health." Additional

consideration should be given to the value of avoiding air pollution from a

societal perspective. EPA has estimated social costs of major pollutants, and I

recommend that these estimates be netted against the level of compliance costs

embedded in avoided energy costs in order to assess the total additional

environmental benefit of DG from reduced air pollution.34

18

19

Q. What methodology do you recommend for valuation of benefits related to

water conservation?

20

21

As Commissioner Bums described in his letter to this docket dated February 8,

2016, strong consideration should be given to the water-energy nexus in the context

32 Interagency Working Group on Social Cost of Carbon, Technical Update of the Social
Cost of Carbonfor Regulatory Impact Analysis, U.S. Gov 't (May 2013),
https://www.wi1itehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-20l 5 .pd.
33 Ex. BK-2 at 34 of 46.
34 See U.S. Envtl. Plot. Agency, Regulatory Impact Analysisfor the Proposed Carbon
Pollution Guidelines for Existing Power Plants and Emission Standards for Modified and
Reconstructed Power Plants at Chapter 4: Estimated Climate Benefits and Human Health
Co-Benefits, U.S. Gov 't (June 2014),
http://www3.epa.gov/ttnecasl/regdata/RlAs/ l11dproposalRlAfinal0602.pdf.
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2

3

4

of energy planning decisions in Arizona.35 A full discussion of the water-energy

nexus is provided in Mr. Volkmann's testimony. Mr. Volkmann recommends that

the Commission include a value for avoided water consumption in its valuation of

the costs and benefits of DG. I support Mr. Volkmann's recommendation.

5 6.7 Economic development benefits

6

7

Q- Please describe the economic development benefits that result from DG

exports.

8

9

10

11

12

13

A. Installation of rooftop DG solar systems requires a robust local workforce that

includes installers, manufacturers, sales associates, and distribution workers.

Increases in jobs provide stimulation to local economies and greater tax revenue

to state and local jurisdictions. It has been found that solar PV creates more jobs

per megawatt-hour ("MWh") than other energy sources, implying that additional

DG capacity is likely to gamer economic benefits.36

14

15

Q- What methodology do you recommend for valuation of economic

development benefits?

16

17

18

19

20

A number of methodologies exist for quantifying the economic impact of

additional jobs that would be created with additional DG capacity. Economic

input-output analysis that would examine the potential multiplier affect associated

with DG-related jobs is one such possible methodology. Other options include

quantification of tax enhancement value resulting from increased employment.

35 Letter from Commissioner Robert L. Burns at 1, Feb. 8, 2016.

36 Daniel M. Karmen et al., Putting Renewables to Work: How Many Jobs Can the
Clean Energy Industry Generate?, Renewable and Appropriate Energy Lab., 2 (Jan. 31,

2006), http://rael.berkeley.edu/old drupal/sites/default/files/very-old-
site/renewables.jobs.2006.pdf.
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1 6.8 Grid security benefits

2 Q. What do you recommend regarding assessment of grid security benefits?

3

4

5

6

7

A. Assessment of grid security benefits associated with DG is discussed in detail in

the testimony of Mr. Volkmann. Mr. Volkmann recommends that the

Commission explicitly consider the reliability improvement benefits associated

with DG in its valuation methodology and provides an example of how those

benefits may be quantified. I support Mr. Volkmann's recommendation.

8

9

7 Response to Questions Raised by Commissioner
Little in His December 22, 2015 Letter

10 Q. Please address the specific questions raised by Commissioner Little in his

December 22, 2015 letter.

12 Answers to each of Commissioner Little's questions are provided below:

13

14

1. How was the value and cost of solar considered in the development of the

current net metering tariffs?

15

16

17

18

19

The current net metering tariffs were developed as part of the Commission's RES

rules to promote development of renewable DG. In developing the tariffs, it was

recognized that retail rate compensation provides a reasonable approximation of

the value and cost of DG for purposes of tariff design. In Decision No. 69127

approving the RES rules, the Commission stated:

20
21

22

23

24

[C]ustorners who pay capital costs to install distributed generation, benefit not
only themselves, but the system by not contributing to overloading of
transmission lines, overheating of distribution lines, wear and stress on
substations and transformers, and the need for utilities to procure or generate
the most expensive peaking power during peak load times, and utility
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1

2

customers who do not install distributed generation will therefore receive a
benefit from distributed generation."

3

4

5

2. Over the past several years the cost of PV panels has declined

significantly. Does the declining cost of panels affect the value

proposition? If so, how?

6

7

8

9

10

11

12

13

14

15

16

17

The answer to this question depends on the perspective from which the value

proposition is examined. As described in this testimony, I recommend that the

question the Commission should seek to answer is whether non-participating

ratepayers are paying the right amount for the DG exports they receive. This

means that the analysis should be limited to DG exports and should be evaluated

from a non-participating ratepayer perspective, including impact on utility rates

and incorporation of environmental impacts, improved electric reliability, and

economic development benefits. Non-participating ratepayers will be indifferent

as to whether the NEM customer next door spent $10,000 or $100,000 on his/her

solar installation, what is important to them is whether the price paid for the

exports is commensurate with the value received. As a result, the declining cost of

PV panels would be irrelevant to the analysis.

18

19

3. Is it appropriate to factor the cost of the panels into the reimbursement

rate for net metering? If so, how?

20

21

22

23

24

No. The cost of panels relative to the rate provided for solar DG exports will

factor into the participating customer's decision to install DG, but is irrelevant to

the core issue in this proceeding: development of a robust and standardized

methodology to inform whether the price paid for DG exports appropriately

reflects the value of the energy provided.

37 Decision No. 69127 at Appendix B p, 6, Proposed Rulemaking for the Renewable
Energy Standard and Tariff Rules, No. RE-00000C-05-0030 (Ariz. Corp. Comm'n, Nov.
14, 2006), Barcode No. 0000063561 .
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2

4. Does the cost and value of DG solar vary based on the specific customer

location? Should this variability be reflected in rates?

3

4

There is some variation in the distribution-related value and costs of DG solar

depending on location. Please see Mr. Volkmann's testimony for a full discussion.

5

6

7

8

5. How does the cost and value of DG solar vary based on the orientation of

the panels? How would the installation of single or dual access trackers

change the output or efficiency of the DG solar system? Should this

variability be reflected in rates?

9

10

11

12

13

14

15

16

17

There will be some variation in the avoided-energy benefit and avoided-

generation, -distribution, and -transmission capacity benefit based on the

orientation and technology of the DG solar system. The valuation of DG exports

can take this into account by assessing how these benefits may change if differing

PV orientation and technologies are deployed in the future. To the extent that

westward panel orientation and/or tracking systems may result in a larger net

benefit, the Commission could consider adoption of rates that vary based on time

of day ("TOU rates") to incept customers to install DG systems to maximize

production during the peak period.

18

19

20

6. How is the value and cost of DG solar affected when coupled with some

type of storage? Should deployment of storage technologies be

encouraged? If so, how?

21

22

23

24

25

26

27

28

Storage has the potential to impact customer load profiles for customers who

employ DG solar. The way in which storage would impact the value and cost of

DG solar is highly dependent on rate design. If customers are fairly compensated

for the energy from their DG systems, storage may incept them to maximize

benefits to the grid. In contrast, if rates are designed such that customers do not

receive a fair value for the energy from their DG systems, storage may enable

them to minimize grid usage or defect from the grid entirely. Storage has a large

potential to enable more efficient usage of the utility grid, bringing huge cost
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1

2

3

savings to all customers. The Commission should encourage deployment of

storage technologies with rate designs that capture the costs and benefits that

storage can provide to the grid.

4

5

6

7

7. How does the value and cost of DG solar compare to the value and cost of

community scale and utility scale solar? How do the value and costs of

DG solar compare to that of wind or other renewable resources? How

does the value and cost of DG solar compare to that of energy efficiency?

8

9

10

12

13

There are numerous factors that would need to be taken into consideration to

appropriately compare the value and cost of DG solar with community- and

utility-scale solar, other renewables, and efficiency. An important first step in any

comparison would be to develop a robust methodology for fully valuing each

resource. Until such a methodology is used to analyze the value of specific

resources, it is difficult to compare the value and cost of these different resources.

14

15

16

17

18

8. How does the intermittent nature of DG solar affect its value and costs?

Are there technologies that could reduce the intermittency of DG solar?

Should those additional costs result in changes to the value and cost of

DG solar? Should an "intermittency factor" be applied to more

accurately determine cost and value?

19

20

21

22

Intermittency affects the dependable peak capacity contribution of DG solar. This

is accounted for in the estimation of avoided generation capacity costs through an

evaluation of the ELCC of DG solar. There is no need for an additional

"intermittency factor," as this phenomenon should be fully captured by the ELCC.

23

24

Mr. Volkmann's testimony includes additional discussion of intermittency

impacts in relation to grid integration.
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9. To what degree is DG solar energy production coincident with peak

demand? Does the cost and value of DG solar vary depending on whether

or not energy production is coincident with peak demand? Are there

policies that the Commission could consider that address this issue?

5

6

7

8

9

10

11

Peak demand typically occurs in the afternoon during the summer, when solar

provides energy and capacity. Valuation of avoided energy, generation capacity,

distribution capacity, and transmission capacity costs vary based on peak demand

coincidence, the methodology outlined in this testimony takes each of these

factors into account. To the extent the Commission wishes to incept greater peak

coincidence from DG solar, TOU rates that value energy higher during peak hours

should be considered.

12

13

Mr. Volkmann's testimony includes additional discussion of peak coincidence of

DG.

14

15

16

10. Is it possible for DG solar to be more dispatchable? How does the ability

to dispatch or the lack of ability to dispatch affect the value and cost of

DG solar?

17 Please refer to Mr. Volkmann's testimony for a full discussion.

18

19

20

21

22

23

11. Will the bi-directional energy flow associated with DG solar require

modifications or upgrades to the distribution system? How should the

cost of these upgrades be considered when determining the cost and value

of DG solar? Would the required upgrades vary based on location and

penetration of DG solar? Should the costs for DG installations vary based

on these factors?

24 Please refer to Mr. Volkmann's testimony for a full discussion.
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12. How much should secondary economic impacts of DG solar deployment

be considered in the value and cost considerations? Do investments in

other types of generation technology have similar, greater or lesser

secondary economic impacts? If so, how?

5

6

7

8

9

It has been found that solar PV creates roughly seven to eleven times more jobs

per MWh than gas- or coal-fired generation." Secondary economic impacts of

additional DG solar deployment should be considered in the valuation study

through economic input-output modeling or quantification of tax enhancement

value resulting from increased employment.

10

11

12

13. How does the value and cost of DG solar change as penetration levels

rise? How should this be considered in rate making and resource

planning contexts?

13

14

15

16

17

18

As penetration levels rise, the value and cost of DG solar may change in several

ways. Large-scale deployment of solar may depress market prices for

conventional energy, and large amounts of DG solar may shift the system peak. In

this proceeding, it is most useful to consider the value and cost of solar based on

current and near-term projected penetration levels, and to consider revisiting the

analysis periodically as penetration levels increase.

19

20

21

14. Should the fuel cost savings to the utility associated with DG solar be

considered in the value and cost determination? If so, how do we deal

with the uncertainty of future fuel prices?

22

23

24

25

26

Yes. Dealing with fuel price uncertainty is an inherent issue in any long-term

energy resource evaluation, but the uncertainty in fuel prices does not negate the

very real avoided energy costs associated with DG solar. In fact, DG solar

provides the additional benefit of shielding consumers from the uncertainty

inherent in fuel market pricing. As discussed in detail Section 6.2 of this

38 Karmen et al., Putting Renewables to Work, Renewable and Appropriate Energy Lab.,
http://rael.berkeley.edu/old drupal/sites/defauldfiles/very-old-
site/renewables.jobs.2006.pdf.
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testimony, fuel price uncertainty can be addressed by looking at available forward

market data and evaluating scenarios in which fuel prices are higher than and

lower than expected.

4

5

6

15. Does the deployment of DG solar result in changes in the need for

transmission capacity? If so, how should those changes be included in the

value and cost considerations?

7 Please refer to Mr. Volkmann's testimony for a full discussion.

8

9

10

16. Does the deployment of DG solar result in changes in the need for

distribution capacity? If so, how should those changes be included in the

value and cost considerations?

11 Please refer to Mr. Volkmann's testimony for a full discussion.

12

13

17. Does the grid itself add value to DG solar? If so, how should the value of

the grid be considered when assessing the value and cost of DG solar?

14 Please refer to Mr. Volkmann's testimony for a full discussion.

15

16

17

18. Does the deployment of DG solar result in a reduction in the use of water

in electric generation? How should this be considered when determining

DG solar value?

18 Please refer to Mr. Volkmann's testimony for a full discussion.

19

20

21

19. Are there disaster recovery or backup benefits associated with the

deployment of DG solar? Are they reliable and quantifiable enough to

determine tangible benefits that might accrue to the grid?

22 Please refer to Mr. Volkmann's testimony for a full discussion.
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20. What, if any, costs are associated with the utility providing voltage

support and/or frequency support or other ancillary services in support

of DG solar installations?

4 Please refer to Mr. Volkmann's testimony for a full discussion.

5

6

8 Response to Questions Raised by Commissioner
Stump in His Februarv 19, 2016 Letter

7

8

Q. Please address the specific questions raised by Commissioner Stump in his

February 19, 2016 letter.

9 Answers to each of Commissioner Stump's questions are provided below:

10

12

13

1. The Commission's May 7, 2014 Workshop on the Value and Cost of

Distributed Generation included debate on whether a remote solar

generation station should receive equal treatment with rooftop solar, with

regard to calculating the value of solar. What are the parties' thoughts?

14

15

16

17

18

19

This is discussed in response to Commissioner Little's question number 7 on page

39 of this testimony. In addition, there are a number of differences between

utility-scale solar generation and DG that would need to be taken into account in

order to compare resource costs and benefits. Namely, DG may have additional

benefits associated with avoided line losses and capacity benefits resulting from

geographic diversity.

20

21

22

2. Why argue that a value-of-solar proceeding is important only for

resource-planning purposes, given that discussions about cost-shifts are

informed by discussions on the value of DG?

23

24

25

26

Vote Solar believes that the tension that has built up over solar rate design in

Arizona is in part a function of the disconnect between short-term cost-of-service

ratemaking and accounting for long-term benefits of DG. Utilities in Arizona have

alleged that DG is causing a cost-shift, but these analyses are largely based on
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short-term evaluations that, by design, cannot fully account for the long-term

benefits associated with DG. Robust valuation of DG exports can help to inform

cost-of service ratemaking, as discussed in Section 3.3 of this testimony.

4

5

6

7

8

9

10

11

12

13

3. In 2014, lost fixed costs associated with EE programs amounted to $24.1

million out of $34.5 million in total cost shifts. Do recoverable EE lost

fixed costs constitute a greater proportion of the total lost fixed cost

revenue at hand? Discuss how value-of-solar discussions are informed by

comparing the impacts of solar versus EE on the grid. Is the per-

customer shift larger for solar versus EE customers? Why is the greater

customer accessibility of EE programs relevant to this discussion? How

does the average DG user's demand curve differ from an EE user, and

describe its effect on the grid, given that the EE user is not in need of

backup power, unlike the solar DG user.

14

15

Please refer to the response to Commissioner Little's question number 7 on page

39 of this testimony.

16

17

4. How do we calculate regressive social costs into the value of solar, given

that non-solar utility customers subsidize solar customers?

18

19

20

21

22

23

24

25

It is Vote Solar's contention that it has not been established whether non-NEM

customers subsidize NEM customers under the current rate structure. The

Commission's findings have been limited by focus on short-term cost-of-service-

based analysis and have not fully evaluated the long-term value and cost of DG

exports. Vote Solar is hopeful that this proceeding may inform a robust,

standardized methodology for evaluation of the long-term costs and benefits

attributable to DG that may enable the Commission to better evaluate whether any

cost shifts may occur as a result of DG in Arizona.
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2

Are solar DG users being overcompensated or undercompensated for

remitting excess solar power to the utility at the retail rate?

3

4

5

This is the central question to be answered by the methodology developed in this

proceeding. Vote Solar is hopeful that a robust long-term evaluation of the costs

and benefits attributable to DG exports will be able to answer this question.

6

7

6. To what degree do intermittency and non-dispatchability affect the value

of solar?

8

9

Please see response to Commissioner Little's question number 8 on page 39 of

this testimony.

10

11

12

13

7. How will increases in productivity be incentivized once the value of solar

is estimated? In addition to the declining cost of panels, is it appropriate

to factor relatively high U.S. installation costs into a value-of-solar

determination?

14

15

Please see response to Commissioner Little's question numbers 2 and 3 on page

37 of this testimony.

1 6

17

1 8

1 9

2 0

21

2 2

23

2 4

25

8. In value-of-solar discussions, are we attributing a unique value to DG,

which other power soirees also have? In other words, are there

alternatives to DG that may be more efficient in reaching the same

desired outcome of reducing carbon dioxide emissions at lower

instillation costs? How does the cost and value of DG compare with

alternative renewable resources? In pursuing DG, what alternative forms

of renewable energy are we displacing? How does the cost and value of

DG compare with that of utility-seale and community-scale solar? Is DG

as efficient as alternative forms of solar? Is the value of solar lessened for

DG versus utility-scale or community-scale solar?

26

27

Please refer to the response to Commissioner Little's question number 7 on page

39 of this testimony.
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2

3
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9. How should we go about attempting to quantify largely externalized and

unmagnetized factors, such as projected financial, energy security, social,

and environmental benefits? How are long-term forecasts accurately

incorporated into present value-of-solar calculations?

5

6

7

8

Renewable DG assets provide a number of quantifiable environmental benefits,

economic benefits, and benefits to grid security and reliability. Recommended

methodologies for calculating each of these factors are provided in Section 6 of

this testimony.

9

10

11

12

13

14

15

10. Despite recognized advantages, a number of states are reexamining their

traditional net metering policies and underlying rate designs. The

increasingly pervasive review of conventional net metering policies by

states is attributable to a multitude of trends, including decreasing solar

rebate incentives, rapid encroachment of renewable portfolio standards,

the realization of net metering caps, as well as raised public awareness

surrounding prospective cost-shift concerns.

16

17

18

19

20

21

22

23

24

25

26

27

28

29

For instance, the Hawaii Public Utilities Commission brought an end to

the state's net metering program when it cut payments to new solar

customers by approximately half the going rate. Nevada alternatively

reduced payments to existing solar customers from the retail to the

wholesale rate and raised customers' fixed charges to cover the cost of

using the grid. Moreover, the California Public Utilities Commission

recently approved a NEM 2.0 successor tariff, which effectively preserves

retail rate payments for residential DG systems while imposing new

interconnection fees, non-bypassable charges, and a shift to time-of-use

rates for DG customers.

a. Given this context, how did Hawaii, Nevada, and California value the

costs and benefits of net-metered solar?

b. What analyses on the cost of solar did these states use when they

changed their net metering policies in light of an acknowledged cost-
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3

4

5

c.

shift? Did such analyses adequately account for the costs associated

with redesigning and maintaining the distribution system to

accommodate DG?

How would a value-of-solar methodology facilitate the successful

implementation of similar updated policies in Arizona?

6

7

8

9

10

11

12

Quantification of the value and costs of DG is an inherently context-specific

exercise and caution should be taken in extrapolating findings from one utility

service territory to another. As a result, we recommend that a robust, long-term

evaluation of the costs and benefits attributable to DG exports be completed

specific to any utility requesting modification to the existing NEM structure.

Notwithstanding the need for system-specific analysis, there are several lessons

that can be learned from the experience in other jurisdictions.

13

14

15

16

17

18

19

In reference to Hawaii, it is important to consider that the penetration levels of

DG on Hawaii's isolated island systems are vastly larger than DG penetration in

Arizona. In fact, DG currently accounts for as much as 30-53% of system peak on

Hawaii systems." The experience in Hawaii highlights the strength of the NEM

policy, which was kept in place until DG penetration reached much higher levels

of penetration than is expected in Arizona. The Hawaii Public Utilities

Commission's order states the following:

20
21
22
23
24
25
26
27
28
29

The commission has determined that DER policies and programs in

Hawaii must evolve to meet changing customer and utility system needs.

This is in sharp contrast to the attempts in other states to alter or limit net

metering before customer sited renewables have had the opportunity to

scale or have resulted in significant technical integration challenges. The

NEM program has fulfilled its core objective of providing a simple and
effective tool to jumpstart the adoption of distributed renewable energy.

As a corollary, this policy also moved the DER industry in Hawaii past the

early stages of development. Hawaii's electric utilities and the DER

industry are now adapting to technical challenges not yet experienced in

39 Decision and Order No. 33258 at 160, Instituting a Proceeding to Investigate

Distributed Energy Res. Policies, No. 2014-0192 (Haw. Pub. Util. Comm'n, Oct. 12,

2015).
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1
2

other jurisdictions, while developing advanced solutions that, in some
cases, have not yet been tested in operating power systems.40

3

4

5

6

In addition, even with such large levels of DG penetration, Hawaii has continued

to embrace solar development. The state recently passed legislation directing the

utilities to generate 100% renewable power by 2045 and to promote deployment

of additional distributed PV through community solar projects.41

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Additional lessons can be learned from the recent developments in Nevada. In

2014, the Public Utilities Commission of Nevada ("PUCN") commissioned a

study to evaluate the long-term costs and benefits of DG. A stakeholder process

was convened to select an independent, third-party to complete the analysis and

the results indicated that long-term benefits attributable to the NEM program

exceeded costs, benefitting Nevada ratepayers by a total of $36 million.42 Despite

these findings, the PUCN recently approved a proposal to single out NEM

customers for punitive rate treatment. This approval was based only on a short-

term evaluation of utility cost-of-service, and failed to take into account any long-

term benefits attributable to DG. In addition, Vote Solar contends that the utility-

sponsored cost-of-service study presented in the docket was flawed and should

not have been relied on. It is notable that the PUCN decision on NEM changes

has caused significant controversy and economic impacts in the state of Nevada.

As a result of the PUCN decision, major solar companies have eliminated jobs in

Nevada, putting hundreds of people out of work.44

40 Id at 161-162 (emphasis added).
41Governor Ice Signs Bill Setting I00 Percent Renewable Energy Goal in Power Sector,
Governor of the State of Haw. (June 8, 2015),
http://governonhawaii.gov/newsroom/press-release-governor-ige-signs-bill-setting100-
£)€ÌC€l"lt-I'€1'l€W3bl€-€I1€ÌgY~80211-111-POW€Ì-S€CtOÌ/.
2 ET Report at 93.

43 Order, Application of NV Energy for approval of a cost-of-service study and net
metering tariffs,Nos. 15-07041 and 15-07042 (Nev. Pub. Util. Comm'n, Dec. 23, 2015).
4 Sean Whaley,Utility regulators reject call to delay new rooftop-solar rates,Las Vegas

Review-Journal (Jan. 13, 2016, 10:52 AM),
http://wwwxeviewjoumal.com/business/energy/utility-regulators-reject-call-delay-new-
rooftop-solar-rates.
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Finally, the California process included evaluation of the long-term costs and

benefits of solar DG through a publicly-vetted process that allowed stakeholders

to suggest appropriate modifications and inputs to the valuation tool. Based on the

evidence developed in the proceeding, the California Public Utilities Commission

determined that it was appropriate to continue full retail-rate net metering for DG

in California.45 In addition, California has taken the lead in planning for DERs

through various processes discussed in detail in the testimony of Mr. Volkmann.

8 9 Recommendations

9 Q. Please summarize your recommendations.

10

12

13

1 4

15

1 6

1 7

1 8

1 9

2 0

2 1

2 2

2 3

2 4

2 5

I recommend the following:

The Commission should develop a robust, standardized methodology for

valuation of DG that can be employed to develop specific findings for each

Arizona utility.

Because customers have the right to self-consume the energy they generate on

their own private property as a result of private investments, DG valuation studies

should be limited to DG exports.

This proceeding should seek to answer the question of whether the price paid for

DG exports appropriately reflects the value of the energy provided.

The standard methodology should include the following requirements :

o If only DG exports are evaluated: use a modified RIM test plus societal

adders;

o If DG consumed onsite is evaluated in addition to DG exports: use the

Societal Cost Test,

o Examination of commercial and industrial DG, in addition to residential

DG;

45 Decision 16-01-044 Adopting Successor to Net Energy Metering Tariff, Rulemaking to
Develop a Successor to Existing Net Energy Metering Tariffs, Rulemaking 14-07-002
(Cal. Pub. Util. Comm'n, Feb. 5, 2016),
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M158/K285/l58285436.pdf.
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Analysis on the basis of levelized cost of electricity as examined over

useful life of a DG system;

Use of appropriate discount rate to reflect non-participating ratepayer

perspective,

Use of realistic near-term forecast of DG penetration,

Analysis of capacity benefits on a continuous basis to capture modularity

unique to DG,

Inclusion of full accounting of utility distributed solar costs, energy

generation savings, generation capacity savings, transmission capacity

savings, distribution capacity savings, environmental benefits, economic

development benefits, and grid security benefits.

12 Q. How should this analysis be used by the Commission and utilities?

13

14

15

16

17

18

19

20

21

A. I recommend that the Commission require that any utility seeking reform of the

existing rate structure for DG provide necessary data for an independent, third-

party to complete a full long-term evaluation of the costs and benefits of DG

exports. This independent analysis should be specific to the utility's system, using

the standardized methodology developed in this proceeding. The Commission

should also develop a stakeholder process to allow interested parties to provide

input on the independent, third-party DG export valuation. I recommend that the

results of the DG export valuation be used in the utility's general rate case

proceeding to inform DG rate design.

22 Q- Who would pay for the independent, third-party analysis?

23

24

25

26

A. The utility should provide funding for the independent, third-party analysis that

would be recoverable in rates. Because this expense would be directly related to

DG, it would be appropriate to include costs of this analysis as a cost to be

evaluated in the context of the DG valuation study.

27 Q- Does this conclude your testimony?

28 A. Yes, it does.
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Executive Summary

As distributed motor generation ("DSG") system prices continue to toll and this energy
resource becomes more accessible thanks To financing options and regulatory
programs, regulators, utilities and other stokeholders ore increasingly interested in
investigoling DSG benefits and costs. Understandably, regulators seek to understand
whether policies, such as net energy metering ("NEM"), put in place to encourage
adoption of DSG ore appropriate and cost-effective. this paper first offers lessons
learned tram the 16 regional and utility-specific DSG studies summarized in o recent
review by the Rocky Mountain Institute ("RMl"),' and then proposes o standardized
valuation methodology tor public utility commissions to consider implementing in future
studies.

Moor Conclusions
Three conclusions stand out
based on their potential to
impact valuations

DSG primarily offsets
combined-cycle ncturol gos
facilities, which should be
reflected in avoided energy
costs

DSG inslollollons ore
predictable and should be
included in utility forecosls of
copocily needs, so DSG
should be credlled with o
cdpocity value upon
interconnection

As RMl's meta-study shows, recent DSG studies
have varied widely due to differences in study
assumptions, key parameters, and
methodologies. A stork example come to light in
early 2013 in Arizona, where two DSG benefit
and cost studies were released in consecutive
order by that State's largest utility and then by
the solar industry. The utility-funded study
showed a net solar value of less than four cents
per kilowatt~hour ("kwh"), while the industry-
funded study found a value in excess of 21 cents
per kph. A standard methodology would be
helpful as legislators, regulators and the public
attempt to determine whether to curtail or
expand DSG policies.

Valuations vary by utility, but the authors
contend that valuation methodologies should
not. The authors suggest standardized
approaches for the various benefits and costs,
and explain how to calculate them regardless of
the structure of the program or rote in which this
valuation is used. Whether considering net NEM,
value of solar tariffs, fixed-rate feed-in tariffs, or
incentive programs, parties will always want to
determine the value provided by DSG. The
authors seek to fill that need, without endorsing
any particular DSG policy in this paper.

The societal benefits of DSG
policies, such as job growth
health benefits and
environmental benefits
should be included in
valuations, as these were
typically among the reasons
for policy enactment in the
first place

1 A Review of Solar PV Benefit 8. Cost Studies (RMI), July 2013 ("RMI 2013 Study"),available Ar
he' .rmi.ora/elab empower.

3
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There is an acute need for a standardized approach to distributed solar generation
("DSG") benefit and cost studies. In the first half of 2012), a steady flow of reports, news
stories, workshops and conference panels have discussed whether to reform or repeal
net energy metering ("NEM"), which is the bill credit arrangement that allows solar
customers to receive full credit on their energy bills for any power they deliver to the
grid.2 The calls for change are founded on the claim that NEM customers who "zero
out" their utility bill must not be paying their fair share for the utility infrastructure that
they are using, and that those costs must have shifted to other, non-solar customers.
Only a thorough benefit and cost analysis can provide regulators with an answer to
whether this claim is valid in o given utility service area. As the simplicity and certainty of
NEM have made it the vehicle for nearly all of the 400,000+ customer-sited solar arrays
installed in the United States,3 changes to such a successful policy should only be mode
based on careful analysis. This is especially so in light of a body of studies finding that
solar customers may actually be subsidizing utilities and other customers.

The topic of NEM impacts on utility economics and on rotes for non-solor customers
seems to hove risen to the top of utility priorities with the publication of on industry trade
group report in January 2013 calling NEM "the largest near-term threat to the utility
model."4 Extrapolating from the current NEM penetration of just over 0.1% of U.S. energy
generation to very high market penetration assumptions (e.g., if "everyone goes solar"),
some hove speculated that unchecked NEM growth will Ieod to o "utility death spiral."
One Will Street rating agency questioned the value of utility stocks in light of the
continued success of NEM programs, claiming that it was "o scheme similar to net
metering that led to the destabilization of the power markets in Spain in tote 2008."5

2 NEM allows utility customers with renewable energy generators to offset port or all of their electric load,
both at the time of generation and through kph credits for any excess generation. This enables customers
with solar arrays to take credit at night for excess energy generated during the day, for instance. Forty-
three states have implemented NEM (see www.freeingthearid.ora for details on state NEM policies).
3 Larry Sherwood,U.$. Solar Market Trends 2012 (Interstate Renewable Energy Council), at p. 5 (316,000
photovoltaic installations connected to the grid at year-end 2012, with 95,000 in 2012 alone), July 2013,
available at http://www.irecusa.org/wp-content/uploads/2013/07/Solar-Report-Final-July-2013-1 .pd.

Forecasts for 2013 installations surpass 2012. See, e.g., U.S. Solar Market insight Report Q1 2013, Greentech
Media, Executive Summary, at p, 14, June 2013,available at
http://www.greentechmedia.com/research/ussmi.
4 Peter Kind,Disruptive Challenges: Financial Implications and Strategic Responses to a Changing Retail
Electric Business (Edison Electric Institute), at p. 4, Jan. 2013.
5 Solar Panels Cast Shadow on U.S.Utility Rate Design (FitchRatings), July 17,2013, available at
http://www.fitchratings.com/gws/en/fitchwire/fitchwirearticle/Solar-Panels-Cast8lpr id=796776. The piece
was wrong on its facts. The Spanish model used a feed-in tariff ("FlT") based on solar energy costs and set
at over US $0.60/kWh, leading to a massive build-out in a single year when solar prices dipped below the FIT
rates. See Spain's SolarMarket Crash Offers a Cautionary Tale About Feed-In Tariffs, N.Y. Times, Aug. 18,
2009, available at http://www.nytimes.com/gwire/2009/08/18/18greenwire»spains-solar-market-crash-
offers-a-cautionarv-88308.html3paaewanted=all (for up to 44 eurocent incentives, and using 0.71 1 average
euro to U.S. dollar exchange rate in 2008, per IRS tables).

4
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Numerous trade and industry publications hove joined the chorus, with little indication
that the rhetoric will abate anytime soon.6

DSG benefit and cost studies are important beyond the context of NEM. To address
concerns about the cost-effectiveness of NEM, Austin Energy implemented the first
Value of Solar Tariff ("VOST") in 2012, which is now under consideration in other
jurisdictions. Under the Austin Energy dpprooch, dll of the customer's energy needs ore
provided by the utility, just as they would be if the customer did not hive DSG, did the
utility credits the residential solar customer for the value of dll of the energy produced
by the customer's solar drrc1y.7 Though intended to offer o new dpprooch to address
the valuation issue, Austin Energy's VOST did little to quell the larger debate, indeed, this
new policy highlights the fact that valuation is the key issue for dry solar policy-nEM,
VOST or otherwise.

Austin Energy's VOST rate, as initially calculated, was about three cents higher than
retail rates, giving customers an even greater return than the NEM policy that the VOST
replaced. However, as with NEM, discussions about "value of solar" rates have now
turned to how to calculate the benefits of customer-generated energy. Claiming the
use of their own VOST approach, City Public Service, the municipal utility serving San
Antonio, Texas (just 80 miles from Austin) used an undisclosed, annualized value
approach to conclude that the value of customer-sited energy from solar arrays was
roughly half of the retail rate. A competing study for San Antonio, sponsored by Solar
San Antonio and using publicly available data, showed twice that value.8 As with NEM,
the VOST approach is still subject to significant variation in valuation methodologies.

In early 2013, competing studies looking Qt DSG values for Arizona Public Service ("APS")
kept the debate over valuation raging. APS funded o study their concluded DSG value
was only 3.56 cents per kilowatt-hour ("kwh"), based on the present value of o kph
from DSG in the year 2025. Subsequently, APS filed on dpplicotion to either change the
rote schedule available to NEM customers or switch to o Feed-ln Tariff ("FiT"), with both
ololorodches relying on vdluotion in the range of 4 to 5.5 cents per kph. At the some
time, d solar industry-sponsored study found d 21 to 24 cent range for the value of each
kph of DSG, for exceeding costs, which it found to be in the range of 14 to 16 cents per
kWh.9 The lock of d consistent study ololorooch drives the disparity in results.

6 See David Roberts,Solar panels could destroy U.$. utilities, according to U.S. utilities,Grist, April 2013,
available at http://grist.org/climate-energv/solar-panels-could-destroy-u-s-utilities-according-to-u-s-utilities/,
Herman Trabish, Solar's Net Metering Under Attack, GreenTech Media, May 2012, available at
http://wwwgreentechmedia.com/articles/read/solors-net-metering-under-attack.
7 See Austin Energy's Residential Solar Tariff,available at
www.austinenergy.com/About%20Us/Rates/pdfs/ResidentiaI/ResidentialSolar.pdf (last accessed
September 9, 2013).
8 See n. Jones and B. Norris,The Value of Distributed Solar Electric Generation to San Antonio, March 2013
("San Antonio Study"), available at www.solarsanantonio.org/wb-content/uploads/2013/04/value-of-Solar~
at-San-Antonio-03-13-2013.pdf.
9 Arizona Corporation Commission Docket No. E-01345A-13-0248 regarding NEM valuation opened with
APS's application in July, 2013, and is available at http://edocket.azcc.gov/. The May 2013 APS study
prepared by SAIC is available at http://www.solarfuturearizona.com/2013SolarvalueStudy.pdf, The May
2013 solar industry~sponsored study prepared by Crossborder Energy is available at
http://www.solarfuturearizona,com/TheBenefitsandCostsofSolarDistributedGenerationforAPS.pdf.

5
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Figure I displays the 150% difference between the Austin Energy cm Son Antonio cm/
Public Service DSG voiuoiions, alongside the EX difference in values found in the two
APS studies.

Figure 1: Disparate ass Valuations in Texas Studies (cents/kWh).
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The figure above shows 3h0r Austin Energy's latest valuation of 12.8 cents per kph is
l 50% greater the 5.1 cent vczluotion by City Public Service in Son Antonio, just 80 miles
away. Even more dromcztic is the difference in DSG values for APS, with 3.56 cents by
the utility consultorit and o range of 21 .5 to 23.7 cents by the solar industry consultant.

Overview of a proposed standardized approach. This paper explains how to calculate
the benefits and costs at* DSG, regardless of the structure of the program or rate in
which this valuation is used. Whether considering NEM, VOST, Fits or incentive programs,
parties will always want lo understand DSG value. Indeed, accuracy in resource and
energy valuation is the cornerstone of sound utility rotemaking and cl critical element of
economic efficiency. iiortunately, of least 16 studies of individual utilities or regions have
been performed over the pest several years, providing o backdrop for the types of
benefits arid costs to consider. While the variation in the purposes, assumptions and
approaches in these studies hes been wide, the body at published work is sufficient to
draw some conclusions about best practices via a meta-analysis.

Rocky Mountain institute ("RMl"), a Coloraddbased not-for-profit research
organization, looked at these 16 studies and summarized the range of valuations tor
each benefit and cost category in A Review of Solar PV Benefit and Cost Studies ("RMl
20i3 Study"), providing a very useful tool for regulators determining whether a new
study has considered as of the relevant benefits and costs. As well, an REc-led report in
eariy 2012 summarized these key benefits and costs and provided a generalized, high-

6
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level approach for their inclusion in any study ("Solar ABCs Report").'° Together, the
Solar ABCs Report and the RMI 2013 Study provide d detailed summdfion of efforts to
dote to assess the net benefits and costs of DSG.

This paper discusses various studies, but does not attempt to replicate RMI's thorough
meta-analysis. Rather. this paper proposes how each benefit should be calculated and
why. Io assist state utility commissions and other regulators as they consider DSG
valuation studies and the tote of NEM, VOST. or other programs or rate designs, we offer
o set of recommended best practices regulators can use to ensure that a DSG benefit
and cost study accurately measures the rel irripact of DSG."

this paper synthesizes the prevalent and preferred methods at quantifying the
categories at benefits and costs of DSG. One point at agreement is that DSG-related
energy benefits ore well accepted and are typically employed in cost-effectiveness
testing, as well as in avoided cost calculations. Additional benefits and costs, related to
capacity, Ira nsrnission and distribution ("i8.D") costs, line losses, ancillary services, fuel
price impacts, market price impacts, environmental compliance costs, and
administrative expenses are less uniformly treated in regulation and in the literature, and
are addressed here in on effort to establish more commonality in approach. The
quantification of societal benefits (beyond utility compliance costs) is also addressed.
While typically not quantified in cost-effectiveness tests, these benefits-especially as
related to evaluation of the risk associated with alternate resources--also merit more
uniform treatment.

Organizationally, this paper covers the types of studies undertaken in relation to DSG
valuation and overarching issues in DSG valuation studies, followed by the benefits and
costs considered in various studies, the rationale for them, and the authors'
recommendations on how to approach them.

The premise of this paper is that while colculcifed values will differ from
one ufilily ro the next, the cipprooch used ro calculate the benefits and
costs of dis rribuleci solar genercilion should be uniform

• DSG Benefit and Cost Studies

A history of DSG benefit and cost studies. There have been on increasing number of
studies conducted and published over the post Io-i5 years addressing the value of
DSG and other distributed energy resources. The first comprehensive effort to

xo J. Keyes and J. Wledman, A Generalized Approach ro Assessing the Rare Impacts or Net Energy Metering
(Solar America Board of Codes and Standards), January 2012 ("SolarABcs Report"), available al
www.solarabcs.ora/aboutjpubiications/reports/ratelrnpact.
it In addition, me Interstate Renewable Energy Council. Inc. ("REC") Is proactively working with stale utility
commissions to ask these questions before studies are undertaken, with the expectation that having
clarified the assumptions, commissioners will be more confident in the results.
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characterize the value of distributed energy resources was Small Is Profifoble:The
Hidden Economic Benefits of Making Electrical Resources the Right Size, published by
RMI in 2002. Drawing from hundreds of sources, pilot project reports, and studies, Small Is
Profifoble set the stage for more specific technology-bosed studies, including the NEM
cost-benefit studies and solar valuation studies that followed. Studies specific to DSG
systems hive appeared with increasing frequency since the Vote Solar Initidfive
published Ed Smeloff's Quonfifying the Benefits of Solar Power for Cdlifomid in 2005 and
Clean Power Research ("CPR") published its evaluation of The Value of Solar to Austin
Energy and the City of Austin in 2006.

The reasons behind the appearance of these studies ore several. DSG represents on
increasingly affordable, interconnected form of distributed generation, creating the
potential for significant penetration of small-scaie generation into grids generally built
around a central station model. In addition, economic and policy pressure on rebates
and other mechanisms to foster DSG penetration has increased interest in improving
understanding of the DSG value proposition. Utilities, policymakers, regulators,
advocates, and service and hardware providers share a common interest in
understanding what benefits and costs might be associated with such increased
deployment of DSG, and whether net benefits outweigh net costs under a variety of
deployment and analysis scenarios.

Many recent DSG valuation studies have been cost-effectiveness analyses of NEM
policies for o given utility or group of utilities. NEM hos proven to be one of ire major
drivers of distributed generation in the United States, 43 stdfes and the District of
Columbia feature some form of NEMJ2 The success of NEM as o policy to drive
distributed generation mclrkef growth hos caused several states to examine the impact
that the policy hos on other non-porticipoting ratepayers. Efforts ore currently underway
in California, Arizona, Hawaii, Colorado, Nevddo, North Carolina and Georgia to
quantify the benefits and costs of the policy in order to inform the appropriate level of
support for distributed energy generation, pdrticulorly rooftop solar photovoltaic ("PV")
generation. Other sfofes may follow soon, even those with relofively few DSG
installations, for example, the Louisiana Public Service Commission indicated that it
would launch o cost-benefit analysis for net-metered systems.

Another major use for DSG value dnolysis is in resource planning and other regulatory
proceedings. In December 2012, Lawrence Berkeley National Laboratory ("LBNL")
published o review of how several utilities account for solar resources in An Evoludtion of
Solar Vdluofion Methods Used in Utility Planning and Procurement Processes.'3 At this
writing, Integrated Resource Plan ("liP"), avoided cost, or renewable pion dockets ore,
or soon will be, underway at several utilities'4 where the ydlue of DSG is directly at issue.
In ddditlon, the state of Minnesota hos recently adopted legislation that establishes o

12 See Database of State Incentives for Renewables and Energy Efficiency ("DSlRE"): Summary Maps - Net
Metering policies,available atwww.dsireusa.org (last accessed Aug. 18. 2013).
13 Andrew Mills & Ryan Wiser, An Evaluation of SolarValuationMethods Used in UtilityPlanningand
Procurement Processes (Lawrence Berkeley National Laboratory), LBNL-5933E, December 2012 ("LBNL Utility
Solar Study 2012"), available at nttp://emp.lbl.gov/publications/evaluation-solor-valuation-metnods-used-
utility-planning-and-procurement-processes.
14See, e.g.,Georgia Public Service Commission Docket No. 36989 (Georgia Power Rate Case), North
Carolina Utilities Commission Docket No. E-i00, Sub 136 (Biennial Avoided Cost), Colorado Public Utilities
Commission Docket No. l 3A-0836E (Public Service Company Compliance Plan).
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Value of Solar rote for DSG.15 The authors anticipate that additional valuation studies will
result from one or more of these proceedings.

As of this writing, relatively few jurisdictions hove conducted full cost-effectiveness
studies for DSG and fewer still provide sufficient detail to guide development of o
common methodology. CPR's Austin Energy study, updated in 2012, established on
approach that hos been applied in other regions, including o recent study on the value
of DSG in Pennsylvonio and New Jersey.'° The Colifornio Public Utilities Commission
("CPUC") and APS commissioned comprehensive studies in 2009, both commissioned
revised studies in 2013.17 In January 2013, Vermont's Public Service Deportment'**
completed o cost-benefit analysis of NEM policy.

While not identical in structure, these works typify the recent reports and illustrate some
commonalities in oporodcriing the volition of distributed energy. NEM-specific studies
include the 2009 California Energy and Environmental Economics ("ET") Study,
Crossborder Energy's 20i 3 updated look at that ET study,i9 Crossborder Energy's 2013
ondlysis of DSG cost-effectiveness in Arizono,20 and the Public Service Deportment's
own oncllysis for Vermont.

As noted earlier, this paper complements iRE's recent publication, A Generalized
Approach to Assessing the Rate Impacts of Net Energy Metering.2' That piper reviews
the DSG valuation studies that Nod been published to date and provides general
dpprooches to colcuioting the widely recognized categories of benefits and costs that
ore relevant to the consideration of the cost-effectiveness of VOST, NEM, and other
policy mechanisms impacting DSG. The intent of this examination is to dive deeper, find
more common ground for discussion and foster greater consistency in how these values
ore determined cross jurisdictions.

Also as noted earlier, this paper benefits from analysis recently published by RMI,
entitled A Review of Solar PV Benefit and cost Studies.22 That report reviews i 6 studies in
o meta-onolysis that examines methodologies and assumptions in great detail. Figure 2
is from that study, and characterizes the differences and similorifies in the studies. As

15 Minn. Stat. § 216B.164, sued. 10 (2013): Chapter 85--H.F. No. 729, Article 9, Distributed Generation, Section
IO.
la Richard Perez, Thomas Hoff, and Benjamin Norris, The Volue of Distributed Solar Electric Generation to
New Jersey and Pennsylvania, 2012 ("CPR 2012 MSEIA Sfudy"),available at
http://communitypowernetwork.com/sites/defoult/files/MSEIA-FinoI-Benefits-of-Solar-Report-2012-i 1-01 ,pd .
17 APS studies: Distributed Renewable Energy Operating Impacts and Valuation Study, RW Beck, Jan, 2009.
available at http://www.solarfuturearizona.com/SolarDEStudy.pdf, 2013 Updated Solar PV Value Report,
SAIC, May 2013, available at http://www.solarfuturearizona.com/2013SolarValueStudv.pdf.
cpuc studies conducted by Energy and Environment Economics ("E3"):
http://www.cpuc.ca.qov/pUC/eneray/Solar/nem cost effectiveness evaluation.htm.
18 Evaluation of Net Metering in Vermont Conducted Pursuant to Act i25 of 2012, January 15, 2013
("Vermont Study"), available at www.leq.state.vt.us/reports/2013ExternolReports/285580.pdf.
19 Thomas Beach and Patrick McGuire, Evaluating the Benefits and Costs of Net Energy Metering in
California (Vote Solar Initiative), 2013 ("Crossborder 2013 California Study"),available at
http://www.seia.org/research-resources/evaluating-benefits»costs-net~eneray-metering-california.
20 Thomas Beach and Patrick McGuire, The Benefits and Costs of Sofar Distributed Generation for Arizona
Public Service (Vote Solar Initiative), at p.12, 2013 ("Crossborder 2013 Arizona Study"),available at
http://www.solarfuturearizona.com/TheBenefitsandCostsofSolarDistributedGenerationforApS.pdf.
21 See SolarABCs Report, supra, footnote 10.
22 See RMI 2013 Study,supra, footnote i.
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well cs considering benefits and costs the RMI 2013 Study points out that the various
studies differ significantly in the amount of DSG penetration considered, which con
drastically impact values. Another important differentiator is whether the studies ore
based on high-level, often secondary, review of benefits and costs, or whether they rely
on more grcnulor and detailed modeling of impccts.23

Figure 2: Rocky Mountaln Institute Summary at DSG Benetlts and Costs

BENEFITS AND COSTS OF DISTRIBUTED PV BY STUDY
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The RMI 2013 Study figure is reprinted here to make three importonf points. First and
foremost, the calculated benefits often exceed residential retail rites, shown in the
figure with diamonds, implying that NEM would not entail o subsidy flowing from non-
solor to soler customers. Second, commercial customers almost always hove
unbundled rotes and NEM hos minimal impact on their demand charges because they
still hove demand offer the sun sets. That means that DSG benefits compared fo
commercial customer energy rotes would be strongly positive based on almost oil of
these studies. And third, costs ore accounted for in varying ways: three studies show
costs including lost retail rote payments, with large bars below the zero line indicating
total costs, one shows costs other than retail rote payments (CPR NJ/PA), and the rest
include costs as o deduction within the benefits calculation. As on overarching point,

23 rd. ct p. 21 .
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the RMI 2013 Study figure confirms that there is no single standard DSG valuation
methodology today.

Types of Studies. Distributed solar volucltion requires quontitdtive ondlysis of o wide
range of dodo in on organized way. Forfunotely, There ore abundant existing
dpprooches fhdf can contribute to estimation of DSG value. This section briefly
introduces the two major types of studies that underlie DSG voludfion. The first category
of studies is input and production cost models. These hive general application in the
utility industry in the comparison of resource olferncltives. The second category, DSG-
specific studies, includes three sub-fypes, depending on the purpose for which the
study was conducted. In practice, most DSG-specific studies rely on inputs from input
and production cost models.

A. Input and Production Cost Models

Utility planners and industry experts rely on <31 wide range of models did analytical tools
for calculating costs ossocidted with generation and systems. Power flow, dispatch,
and planning models dll provide input to the financial models used to evdluote DSG
cost effectiveness did value. While detailed tredfment of the utility models providing
input to the DSG models is beyond the scope of this piper, they impact the DSG
models and need to be understood. Often, these utility models Dre deemed
proprietary, creating "block box" solutions regarding whit generation is needed and
when. Among the most critical decisions mode at this juncture is whether the
generation that will be offset by DSG is d relatively efficient noturdl gds combined-cycle
combustion turbine ("CcGT")or o less efficient single cycle "pecker" plant running on
ndfurdl gds, or some combination of the two.

As most of the gcss-fired energy delivered by utilities comes from CCGTs, and peckers
will still be needed to handle chclnges in load, models should reflect thief DSG is
primclrily offsetting CCGTS. However, the APS 2013 study is on example in which the
input model results ore confounding, and there is no way fo review the black box
solution. Oddly, APS found thou boselodd cool would be displaced for port of the year.
We believe that such on example deserves more careful study, if is o nearly universal
truth that cool plants ore run as much as possible. while many cool plants helve been
shut down in the post decode, those that remain ore typically only curtailed for
mdinfenonce. Regulators should consider whether input ossumpfions such ds cool or
nuclear displacement ore redsonoble, particularly if the results ore based on
proprietary, opaque modeling.

Capacity needs in planning models ore typically forecasted several years in The future
and, because of The legacy of the central station utility plant paradigm, in large
increments of capacity. These so-called "lumpy" capacity investments generally
overshoot capacity requirements in order to ensure resource adequacy in the face of
multi-year development lead times. As a result, the opportunity for DSG to provide
useful capacity is generally seen as too little and too early. For example, a typical utility
resource plan might state that capacity is adequate until the year 20i8, at which time
the company forecasts a need for an additional 200 megawatts ("MW") of generation
capacity. In such a situation, traditional resource planning and avoided cost estimates
assign no capacity value to DSG installed on customer roofs before 2018, and none in

1 1
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2018 unless the systems provide the equivalent to 200 MW of capacity. This ignores the
benefit of DSG's modularity-the utility does not need 200 MW in 2018, at that point it
only starts to need more thon it already hos ovoilclble. DSG con provide for that
capacity through incremental installations starting in 2018. Likewise, if the utility hos
projects under development prior to 2018, it could hove deferred or avoided some of
that need if it hod occurdtely predicted and valued DSG installations.

Today, many input and production cost planning models include The opportunity To
adjust assumptions about customer adoption of DSG (and energy efficiency), which
assume that those resources ore going Io ploy o role in the utility's nectar term capacity
requirements. With these adjustments, the in-service requirement dote con possibly be
deferred, generclting both energy and capacity savings attributable to the distributed
resources. Accordingly, models that do not clddress DSG installations ore inodeduote
and could lead to costly overbuilding and, given planning and construction Redd times
associated with large plants, premature expenditure of development costs.

B. DSG-Specific Studies

DSG-specific studies often start with inputs from the models just described. These studies
Dre themselves usually of three types:

Studies of studies. Like this white paper, these studies start with work conducted by one
or more experts and organize the information and dote in o form that addresses
questions of interest. In some cases, the authors report the results and the source
conditions for the dote. In others, study oufhors of tempt to adjust the results for different
local conditions. The RMI 2013 Study on solar PV reports the results of 16 different studies
spanning some eight years. These studies provide useful introductions to the emerging
discipline and demonsfrote the ways in which differences in assumptions,
methodologies, and underlying dote con impact outcomes. in addition, when
adjusting for outlier conditions, the studies con demonstrate where there exists relotiyely
strong coherence in approach and results.

Cost-Benefit Analysis studies. Cost-benefit studies focus on using avoided cost
methodologies and cost-benefit test approaches to review large-scole DSG initiatives
and programs. They seek to answer the question of whether total costs or total benefits
ore greater over o specified period of time. For these studies, forward-looking cost
estimates for DSG interconnection, lost revenues, avoided RPS costs, and incentive
programs ore important inputs. The best-known examples of this study approach were
conducted by ET, reviewing the California Solar Initiative and NEM programs, and those
by Crossborder Energy, reviewing the ET reports. Most of the studies reviewed by the
RMI 2013 Study ore of this sort. There ore several cost-benefit analysis varietals, as
described in the Colifornio Standard Practice Manual and summarized in the box
below.

Value of Solar studies. Smeloff and CPR pioneered the "value of solar" genre of study.
As the name implies, this study opprodch focuses on using avoided cost and financial
analysis methods in discerning the future investment value of distributed solar 'ro the
utility, rdtepoyers, and society. Generally, these evaluations ignore utility lost revenues,
instead focusing on volition that con be used in designing and setting incentive
levels, program limits, and other features of utility DSG programs. The studies stop short
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of rote or tariff design features, and as a result, do not Typically address Iosep revenue
issues. Perhaps best known is the Austin Energy Value of Solar study conducted by CPR
in 2006 and updated in 2012.24

With reference to the California Stdndord Practice Manual study descriptions
summarized in the prior box, the type of test that the authors suggest in this paper is o
blend of the Ratepayer lmpocf Measure ("RlM") and Sociefol Cost Test ("SCT")
approaches. The RIM test addresses the impact on non-porticipoting rofepoyers in
terms of how benefits and costs impact the utility and ore pissed along to those
rdfepdyers. That necessarily does not account for the participating rofepoyers' outlay
for DSG systems, nor should it. The SCT opprodch looks at whether it is d good idea for
society as o whole to pursue o policy, and includes porticipofing ratepayers'
investment in DSG systems. The authors contend that the participants' investment is
outside of the scope of the dppropriote investigofion. The goal should be to determine
whether non-porticiponts hive o net benefit from the installation of DSG systems. As the
job creation, health and environmenfol benefits accrue to non-porticiponts just as
much ds they accrue to porticipdnts, there is no opporenf reason why societal benefits
should not be included. In its consideration of benefits, this approach aligns with the
VOST methodology which aims fo include oil benefits that con reasonably be
qudnfified and assigned fo utility operations.

Utilities offer object, stating that valuing sociefol benefits conflates customers with
citizens, and note that Utility rates must be based on costs directly imposing utilities. By
this line of reasoning, job creation and health benefits may be the basis of legislative
policies supportive of DSG, but should not be considered when developing DSG tariffs.
We are reluctant to accept an artificial division between citizens and utility customers,
the overlap is complete for most benefits and costs. Moreover, o major reason for
establishing NEM, VOST or other DSG programs is primarily related to the same broad
societal benefits that drive utility regulatory systems-economic efficiency, and rates
and services in the public interest-so those benefits should be considered in any
programmatic or policy analysis.

Recommendation: Use 0 blend of the Ratepayer lmpoct Measure ("RIM") and Societal
Cost Test ("SCT") Cost-Benefit Tests

24 Author K. Rabago, while at Austin Energy, helped establish The notions' first VOST. See K. Réibago, The
Value of Solar Rafe: Designing an Improved ResidentialSolar Tariff,Solar Industry, at p. 20, Feb. 2013,
available at http://solarindustrvmaq.com/diaitaleditions/Main.phb?MaglD=3&Maano=59.
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Cost-Benefit Tests

The Cofifomia Standard Practice Manual is used for economic analysis of
demand-side management ("DSM") programs in California. The cost-benefit
tests in the Standard Practice Manual have also been used lo evaluate DSG
value, most notably in California, where the tests have been applied lo o
review of the cost effectiveness of the Cafifomia Solar initiative. The various
tests differ in the perspective from which cost effectiveness is assessed

Participant Cost Test ("PCT"). Measures benefits and costs to program
participants
Ratepayer Impact Measure ("Rim") Test. Measures changes in electric
service rates due to changes in utility revenues and costs resulting from
the assessed program
Program Administrator Cost Test ("PACT"). Measures the benefits and
costs to the program administrator, without consideration of the effect
on actual revenues. This test differs from the RIM test in that it considers
only the revenue requirement, ignoring changes in revenue collection
typically called "lost revenues
Total Resources Cost Test ('TRC "). Measures the total net economic
effects of the program, including both participants' and program
administrator's benefits and costs, without regard to who incurs the
costs or receives the benefits. For o utility-specific program, the test
can be thought of as measuring the overall economic welfare over
the entire utility service territory
Societal Cost Test ("SCT'). The SCT is similar to the TRC, but broadens
the universe of affected individuals to society as a whole, rather than
just those in the program administrator territory. The SCT is also a
vehicle for consideration of non-monetized externalities, such as
induced economic development effects, which are not considered in
the TRC

Key Structural Issues for DSG Benefit and Cost
Studies

Undertytng study assumptions and major study components.The evaluation of the cost-
effectiveness of o given DSG policy, particularly NEM, is cm complex undertaking with
many potential moving Paris. Before delving into The specific benefits and costs, if is
important to recognize that the ultimate outcome of the analysis is highly dependent
on the base financial and framework assumptions that go into the effort. Much of the
work involves forecasting-estimating the future benefits and costs, performance, and
cumulative impacts associated with increasing penetration of distributed generation
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into the electric grid. It is important to develop o common set of base assumptions that
reflect the resource being studied and to be as transparent ds possible about these
assumptions when reporting the results of the ondlysis. At the outset of d study, it is
important to define these structural parameters. Below we present key questions for
regulators to explore at the onset of o study:

QT: WHAT DISCOUNT RATE WILL BE USED?

The discount rote should reflect how society evaluates costs over time. Utilities use o
discount rote based on the time value of money, using the rote of return available for
investments with similarly low risk, now in the 6% to 9% range. However, society cly
prefer the use of o lower discount rote, closer to the rote of inflofion. The difference is
importonf. High discount rotes improve the evolution of resources with continuously
escolofing or high end-of-life costs. For instance, on 8% discount rote may favor o
natural gos generdfor because much of the cost (the fuel, operation and
maintenance) to run the generator is incurred over the life of the genercifor, while the
cost of DSG is almost entirely at the front end. A low discount rote improves the
valuation of resources with high initial costs and low or zero end-of-life costs. The some
ondlysis based on o 3% inflation rote may fclvor DSG resources, as there ore no fuel
costs over time and the operations and mclintendnce ("O&M") costs ore low because
there ore fewer or no moving ports. While the utility's discount rote is oppropriclfe when
considering utility procurement because those funds could be invested elsewhere at
competitive rotes, the utility is not procuring the DSG resources in the case of NEM, VOST
or FiT orrdngements. It is worth questioning whether the future benefits of DSG resources
should be heavily discounted, based on the utility's cost of capital, when the customer
(or d third porgy owning o system of the customer's site) is making the investment. As
utility vcrluotion techniques improve, is if redsonoble fo discount future benefits and
costs by the inflofion rote rather than the utility's cost of capitol.

Recommendation: We recommend using Q lower discount rote for DSG thon o typical
utility discount rote to account for differences in DSG economics.

Q2: WHAT IS BEING CONSIDERED _ ALL GENERATION OR EXPORTS ONLY?

Under NEM, utility customers con fake advantage of G federal ldw25 allowing for on-sife
generation to offset consumption, with the opportunity to sell excess generofion to the
utility at the utility's avoided cost. Because the customer hos o right to ovoid any and oil
consumption from the utility, studies of NEM cost-effectiveness will often look only at the
utility cost ossociofed with exports to the grid. The assumption under NEM is effectively
that at or below the total consumption level, the value of offset consumption is the
recoil rote. This valuation is supported by the concept behind cost-of-service rote
regulation-thof the retail rote is the accumulation of costs fo generate and deliver
energy for the <:usfomer.26 Note that fo the extent that NEM benefits ore calculated to

25 See Public Utility Regulatory Policies Act ("PURPA"), 16 U.S.C. efseq.
26 VOST studies, on the other hand, presume o difference between The value of generation at or near the
point of consumption and the level of the rote. That is, the customer with DSG may well be generating
electricity of greater value than that being provided by the utility.
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outweigh costs, consideration of all generation amplifies the calculated net benefit.
However, if NEM costs outweigh benefits, the opposite is true.

Recommendation: We recommend assessing only DSG exports to the grid.

OVER WHAT TIMEFRAME WILL THE STUDY EXAMINE THE BENEFITS AND COSTS OF DSG?

Utility planners routinely consider the lifecycle benefits and costs of traditional utility
generators, typically over a period in excess of 30 years. Solar arrays have no moving
parts and are generally expected to last for at least 30 years, with much less
maintenance than fossil-fired generation. Solar module warranties are typically for 25
years, and many of the earliest modules from the l 960s and i 970s are still operational,
indicating that modules in production today should last for at least 30 years. This useful
life assumption creates some data challenges, as utilities often plan over shorter time
horizons (10-20 years) in terms of estimating load growth and the resources necessary to
meet that load. As described below, methods can be used to estimate the value in
future years that interpolate between current market prices or knowledge, and the
most forward market price available or data that can accurately be estimated, just as
planners do for fossil-fired generators that are expected to last for decades.

Recammendafion: We suggest that the most appropriate timeframe for evaluating DSG
and related policy is 30 years, as that matches the currently anticipated life span of the
technology.

Q4: WHAT DOES UTILITY LOAD LOOK LIKE IN THE FUTURE?
Key to determining the value of DSG is a reasonable expectation of what customer
loads will look like in the future, as much of the value of distributed resources derives
from the utility's ability to plan around customer-owned generation. Other DSG rate or
program options involving sole of all output to the utility do not reduce utility loads, as
customer facilities contribute to the available capacity of utility resources as small
contracted generators.

Recommendation: Given that NEM resources ore interconnected behind customer
meters, and result in lower utility Goods, we recommend that the assigned capacity
value of the distributed systems reflect the fact that the utility con pion for lower loads
thon it otherwise would hove.

Q5: WHAT LEVEL OF MARKET PENETRATION FOR DSG IS ASSUMED IN THE FUTURE?
Many benefits and costs ore sensitive to how much customer-owned generation
capacity is on 'Me grid. Most studies assume current, low penetration rcltes. Several of
the studies consider higher penetration levels, ds well, typically out to i5% or 20% of
peck load, with some outlier studies looking at 30% and 40% penetrdfion levels. In d
high-penetrcltion scenario, the utility may face higher infegrotion expenses that might
undermine the specific infrastructure benefits of distributed generation. Studies that
address the issue often find thief morgindl cclpocify benefits decline with high
penetration.
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On the other hand, some studies such as those by Ape, conclude that cdpocity benefits
ore dependent on having enough DSG to offset the next nciturdl gds generator, did
therefore that there Dre no copdcity benefits in low-penetrotion scenarios. Market
penetration estimates should also be redsonoble in light of current supply chain
cdpocity and local mdrkef conditions. Generally, the most important penetration level
to consider for policy purposes is the next increment. If o utility currently hos 0.1% of its
needs met by DSG and cl study shows thou growth to 5% is cost-effective, but growth to
40% is not, then it would be economically efficient to allow the program to grow to 5%
and then be reevaluated.

Recommendation: We recommend the estobtishment of cm expected level of DSG
penetration, and the development of low and nigh sensitivities to consider the full
range of future impacts.

QS: WHAT MODELS ARE USED TO PROVIDE ANALYTICAL INPUTS?
Analysts have used o wide variety of tools to calculate the benefits cm costs of DSG.
There is almost no commonality at the model level, even though many of the analyses
address similar or identical issues. Several studies use some version of investment and
dispatch models in order to determine which resources ore displaced by solar and the
resulting impacts. As noted earlier, utility DSG studies have often relied on proprietary
models for these inputs. The fact that CPR and Professor Richard Perez27 hove published
o number of studies creates some commonality among those studies, but over time,
even the CPR approaches have evolved as tools have been improved.

Recommendation: We suggest that transparent input models accessible to oil
stakeholders are the proper fourldotion for confidence and utility of DSG studies. If
rtecessory, non-disclosure agreements con be used to overcome dote shoring
sensitivities.

Q7: WHAT GEOGRAPHIC BOUNDARIES ARE ASSUMED IN THE ANALYSIS?
Value of solar analysis is heavily influenced by loco! resource and market conditions.
Most published studies ore geographically scoped at the state, service territory, or
interconnected region level. Given its leadership in sololr deployment, Colifornid olly
leads as the subject of studies and as o dote source. Some studies relating to economic
development and environmental impacts use o ndtionol and regional scope.

Recommendation: We suggest that it is important to account for the range in loco!
values that ctworocterize the brooder geographical Oreo selected for the study. In some
cases, qucmtificotion according to similar geographical sub-regions may be
appropriate.

Q8: WHAT SYSTEM BOUNDARIES ARE ASSUMED?_

The majority of studies consider benefits and costs in the generation, transmission, and
distribution portions of the system. Of the studies that consider environmental impacts,

27 Richard Perez is Q Reseorch Professor ct the University or Albcmy~SUny.
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most only look at avoided utility environmental compliance costs al the generation
level.

Recommendation: We recommend considering impacts associated with adjacent
utility systems, especially at higher (above i 0%) penetration levels of DSG. 28

FROM WHOSE PERSPECTIVE ARE BENEFITS AND COSTS MEASURED?

Nearly dll the studies consider impacts from the perspective of the utility and
ratepayers. Several also consider customer and societal benefit and costs. Cost-benefit
studies apply Cdlifomid Standard Practice Manual tests for Demand Side Management,
discussed earlier.

Recommendation: We suggest that rote impacts cm societal benefits and costs should
be assessed.

Ql0: ARE BENEFITS AND COSTS ESTIMATED ON AN ANNUALIZED OR LEVELIZED BASIS?
When G DSG system is installed, it is like commissioning o 30-yedr power plant that will, if
properly mdintoined, produce energy and other benefits during that entire period.
Several studies look dl snapshots of benefits and costs in d given year, which foils to
answer the basic question of whether DSG is cost-effective over its lifetime. Levelizotion
involves colculclting The stream of benefits and costs over on extended period and
discounting to o single present value. Such levelized estimates ore routinely used by
utilities in evoludting alternative and competing resource options. As such, Ievelizotion
of the entire stream of benefits and costs is dppropriote.

Recommendation: We recommend use of 0 Ievelized approach to estimating benefits
and costs over the entire DSG life of 30 years.

Q11: WHAT DATA AND DATA SOURCES ARE USED?
As the number of solar valuation studies hos increased, so hos the frequency with which
newer studies cite dots provided in prior studies. There ore two reasons behind this
trend, cost and ovoilcibility of dote, which we discuss in detoii below.

As with any modeling exercise, models ore only as good ds the data fed into them. The
ability to precisely calculate the benefits of DSG often rests on the availability and
granularity of utility operdtionol and cost data. More grdnulor data yields more reliable
clndlysis about the impacts of DSG deployment did operation.

Calculating many of the benefit and cost categories requires that analysts address
utility-specific or regional conditions that can vary significantly from utility to utility, even
within the same state. In addition, the availability of the type of granular data needed

28 Mills and Wiser point out that consideration of inter-system sales of capacity or renewable energy credits
could mitigate reductions in incremental solar value that could accompany high penetration roles. See A.
Mills 8¢ R. Wiser,An Evaluation of Solar Vofuation Methods Used in Utility Planning and Procurement
Processes (Lawrence Berkeley National Laboratory), LBNL-5933E, at p. 23, December 2012, avoiiobie at
http://emp.lbl.gov/publications/evoluotion-solar-yoluation-methods-used-utility-planning-and-
procurement-processes.
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to accurately project location and time-specific benefits varies from one utility to the
next. Much of the data needed to quantify the benefits of DSG resides with utilities.

Fortunately, additional dote, such cs energy market prices, is often publicly available,
or con be released by the utility without proprietary concerns. In some limited cases,
the utility may hove proprietary, competitive, or other concerns with plont- or controct-
specific information. And in some cases, the form and format of utility dote may require
adjustments.

These problems ore not insurmountable. Utility general rote cases and regulatory filings
with the Federal Energy Regulofory Commission ("FERC") ore good sources for dodo
relevant 'ro utility peak demand and for the components of cost of service, including
fronsmission costs, line loss factors, O&M costs, and costs of specific distribution
upgrades or investments, among other cost categories. Ad ditionolly, the federal Energy
lnformotion Administration ("ElA") and various smote agencies compile utility cost dote
that con be used as o reference fo determine hedf rotes, the costs of O&M associated
with various plonfs, and the overall copifol cost of new construction of generofing
copocity.29

Recommendation: Require that utilities provide the following dote sets, both current
informofion and projected dodo for 30 yeors30:

i) The five or ten~yeor forward price of nofurol gos, the most likely fuel for marginal
generation, along with longer-ferm projections in line with the life of the DSG.

2) Hourly load shapes, broken down by customer class to analyze the intro-closs
and inter-clciss impacts of NEM policy.

3) Hourly production profiles for NEM generators. The use of time-correlofed solar
dote is importonf to correctly assess the match of solar output with system loads.
In the case of solar PV, this could vary according to the orientation of the system.
For example, while south-focing systems may hove greater overall output, west
or southwest facing systems may produce more oyeroll value with fewer kph
because of peak production occurring later in the day thon o south-focing
system.

4) Line losses based on hourly load ddfo, so that marginal oyoided line losses due
to DSG con be colculofed.

5) Both the initial copifol cost and the fixed and yorioble O&M costs for the utility's
marginal generation unit.

6) Distribution planning costs that identify the copifol and O&M cost (fixed and
variable) of constructing and operating distribution upgrades that ore necessary
fo meet load growth.

7) Hourly load dote for individual distribution circuits, porticuldrly those with current
or expected higher thon dveroge penetrations of DSG, in order to capture the
potential for dyoiding or deferring circuit upgrades.

29 See UpdatedCapital Cost Estimates for Electricity Generation Plants (EIA), November 2012, available at
http://www.eia.gov/oiaf/beck plantcosts/pdf/updatedplantcostspdf (providing estimate of capital cost,
fixed O&M, and variable O&M for generation plants with various technical characteristics).
) Note: Where a utility or jurisdiction does not regularly collect some portion of this data, there may be

methods to estimate a reasonable value to assign to DSG.
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Benefits of DSG get categorized and ordered in various ways from study to study,
typically based on the relative magnitude of the benefits. The RMI 2013 Study is
structured around d list of "services," encompassing flows of benefits and costs to and
from solar pp. That list is replicated here in on effort to coordinate with that study.3' The
RMI services categories ore depicted in the graphic below.

Figure 3: Rocky Mountain Institute Summary of DSG Benefits
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while replicating the RMI services categories, we have subdivided them in recognition
that the divide between utility avoided costs did other societal benefits is not clear
from the list above. For instance, utilities con ovoid certain environmental compliance
costs, which ore direct utility avoided costs, while other environmental benefits inure to
society more generally. As another example, reliability or resiliency is only o utility
avoided cost to the extent that the utility was going to take some other measures to
achieve the levels enabled by DSG. If DSG enables higher reliability than would hove
otherwise been achieved, that is undoubtedly o benefit, though it is most notably
realized by utility customers when d storm event does not cause d major service
interruption, which may occur once in d decode. As o further example, market price

31 See RMI 2013 study.
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response benefits con be felt by the utility itself but will also extend to citizens who ore
customers of nearby utilities.

To track utility avoided costs and sociefdl benefits separately, separate subsections ore
provided below, with the find! three RMI environmental and social benefit categories
covered offer utility avoided costs. We note where some categories listed under utility
avoided costs hove societal benefits as well, and we separately create on environment
cdfegory under utility avoided costs to collofure utility avoided environmental
compliance costs.

Colculcting Utility Avoided Costs

Avoided energy benefits

To determine the value of avoided generation costs, the first step is to identify the
marginal generation displaced. In most instances, the next marginal generator will be d
natural gas-fired simple-cycle combustion turbine ("CT") or d more efficient CCGT.
Avoiding the operation of that marginal generating facility to produce the next
increment of electricity means that the solar generator allows the utility to avoid both
variable O&M activities (i.e., those activities and expenses that vary with the volume of
output of the CT or CCGT plant) and the fuel that would be consumed to produce that
next unit at the time that the customer-generator allows the utility to avoid that
operation.

To calculate the avoided generation cost over the life of the DSG system-assumed
throughout this paper to be 30 years-fhe calculation must estimate the market price of
energy throughout that time span. Given the limitations on the availability of data,
including the future price of a historically volatile commodity like natural gas, many
studies have used interpolation and extrapolation to estimate gas prices in the 30 year
horizon by taking the readily attainable current market price for natural gas and
referencing it against the most forward natural gas price available.

Additionally, the calculation of avoided generation costs over time must account for
degradation in the marginal generation plant and adjust expected heat rates (i.e., the
measure of efficiency by which a unit creates electricity by burning fuel for heat to
power a turbine). Over time, the marginal generation plant will become less efficient
and require incrementally more fuel fo reach the same production levels. Production
cost modeling enables the utility to cumulate value of avoided costs throughout the
useful life of the solar generating system. However, due to built in constraints or other
issues, such modeling can produce results that are illogical, as has been seen in Arizona
(caseload coal generation displaced by DSG) and Colorado (high cost of frequent unit
startups reducing energy benefits).

A siandord approach to determining the value of avoided generaTion over The life of a
DSG sysTem is To develop: (i) an hourly markeT price shape for each monTh and (2) a
forecast of annual average markeT prices into the fuTure.32 One way ro forecast The
annual markeT prices, wiTh less reliance on forward markeT prices, is To project The
rolled-in cosTs of The marginal generaTion uniT, accounting for variable O8<M and

32 ET Study, Appendix A at pp.I0-I 1 .
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Comparison with PURPA Avoided Cost Calculations

Value of solar analysis literature is complemented by other studies and reports
related to the issue. These include studies relating to avoided cost methodologies
under the Public Utility Regulatory Policies Act of 1978 ("PURPA"), and those
addressing utility resource planning evaluation of distributed resources

Because both thecost-benetit and value-of-solar approaches start with avoided
cost calculations, publications and processes used in conducting such
calculations are informative in establishing the costs and benefits al DSG. Stale
utility commissions and public utile regulators have approached PURPA valuation
of avoided costs quite differently, and FERC has rarely constrained the approach
selected. Rather than attempt to discern a consensus approach, a more truilful
approach is to consider what PURPA allows

:REC recently published a paper to do this, cataloguing the kinds al DSG-related
avoided cost calculations that could improve understanding of DSG value, and
citing most of the utility avoided costs discussed in this paper

See the lull rerporl
hi lp://www.ir<>c:us<1.org/wp-c;f.>r1tent/upl<.>cxis/Q() IIs/(Wb/Linlor.:king.;-DG-Vuhn.!.p<1f

degradation of heat rote efficiency in future years. This method still relies on forecasts of
natural gos prices in future years, but provides more certainty for variable O&M costs."

In the Vermont study, the Public Service Department assumed that the New England
Independent System Operator ("ISO-NE") wholesale market would provide the marginal
generation price for energy displaced by solar generation. To account for the high
correlation of solar PV with system peak, and therefore the offset of higher value
generation, the Department created o hypothetical avoided cost for 201 i using real
output data that was matched with actual hourly market data from the ISO-NE
market!" This adjusted hourly market price was then scaled to future years by utilizing
an energy price forecast, based on the forward market energy prices for the first five
years and for the forward natural gas prices for years five to ten.35 Prices for years after
year ten were based on an extrapolation of the market prices for electricity and natural
gas for years one through ten.

As CPR observes, there are inherent shortcomings in relying on future market prices for
marginal generation decades into the future.=*° A more straightforward method would
be to "explicitly specify the marginal generator and then to calculate the cost of the
generation from this unit."37 in this way the avoided fuel and O&M cost savings are
roughly equivalent to capturing the future wholesale price. of course, this approach still
relies on forward projections in the natural gas market.

33 CPR 2012 MSEIA Study at pp. 28-29.
34 Vermont Study at p. 16.
35 Id.
as CPR 2012 MSEIA Study at pp. 28-29.
37 ld. at p. 29.
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2. Calc ulofing system losses

DSG sited at or near load avoids the inefficiencies associated with delivering power
over great distances To the end-use customer due to electric resistance and conversion
losses. When o DSG customer does not consume oil output as it is being produced, the
excess is exported to the grid and consumed by neighboring customers on the some
circuit, with minimal losses in comparison to electricity generated by and delivered from
o utility's centralized but distant plonf. Without DSG and its local load reduction impact,
utilities ore forced to generofe additional electricity to compensate for line losses,
decreasing the economic efficiency of each unit of electricity that is delivered.

Including avoided line losses as d benefit is relatively straightforward and should be
non-controversidl. For instance, FERC's regulations implementing PURPA recognize that
distributed generation con account for avoided line losses." This benefit exists for dll
types of DG technologies and, to some extent, in dll locations. Typically, average line
losses ore in the range of 7%, did higher during heavier load periods, which cdr
correlate with high irrctdidnce periods for many utilities." Additional losses termed "lost
did unaccounted for energy" ore also likely associated with T&D functions did, with
further research, may also be avoided by DSG.'*0

Ayeroge line loss is often used as the primary opprodch to odjusfing energy and
copocify-reldfed benefits. However, because line losses ore nor uniform across the year
or day, the use of overage losses ignores sig nificd nf value because if foils to qudnfify
the "True reduction in losses on o marginal bosis."4i Considering losses on o marginal
basis is more occurofe and should be sfondord procfice as if reflects the likely
correlofion of solar PV to heavy Gooding periods where congestion and fronsformer
fhermdl conditions fend to exdcerpdfe losses. In ifs Austin Energy study, CPR evoludfed
rndrginol T&D losses of times of seosondble peak demand using load flow dnolysis. CPR
decided to oyeroge the marginal energy losses on The distribution system, for purposes
of The study, and added mdrginol fro nsmission losses in order fo report hourly mdrginol
loss savings due to solar generdfion. According to one APS study, the degree of line
losses may decrease as penefrofion increoses/'2

As with the effect of reducing mdrkel prices by reducing load at times of peak
demand, and therefore reducing marginal wholesale prices (see below), DSG-induced
reduction of losses al times of peak load hos o spillover effect. The ability of customers
to serve on-sile load without use of The distribution system reduces lronsformer

38 See FERC Order No. 69, 45 Fed. Reg. 12214 at l2227.("lf the load served by the [QF] is closer to the [QF]
thon it is to the utility, it is possible that there may be net savings resulting from reduced line losses. In such
cases, the rotes should be adjusted upwclrds.").
39 For example, the ET study assumes on overage loss factor of 1.073, which indicates that 7.3% more
energy is supplied to the grid thon is ultimately delivered and metered by the end-use customers. In
contrast, Vermont's study noted that the Department's energy efficiency screening tool concluded that
typical marginal line losses Dre about 9%. Vermont Study at p.17.
40 See, e.g., A. Lovinset al.,Smoll Is Profitable: The Hidden Economic Benefits of Making Electrical Resources
the Right Size,Rocky Mountain Institute, at p. 2i2, August 2002, U.S. Energy lnformotion Administration's
Annual Energy Review,dvciilobleathttp://www.eio.gov/totdlenergy/doto/onnudl/diogrom5.cfm.
4] CPR 2012 MSEIA Study at p, 27.
42 DistributedRenewable Energy Operating Impacts cm Vdluotion Study, R. w. Beck for Arizona Public
Service,Jon. 2009, of p. 4-7 and Table 4~3.(Finding thato "lowof diminishingreturns"applies to solar
distributedenergy ins tdllotions.) Avdiloble at:http://www.solon'uturedrizono.com/$oldrDEStudy.pdf.
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overheating, Q major driver of transformer wear and tear, cm in tum allows customers
to receive power from Utility generators at lower marginal loss rotes. Without on- or
near-loeok DSG, oil customers would face higher morgindl loss rotes with the
contribution to thermal transformer conditions caused by oil customers seeking grid
delivered power for dll on-site needs at times of peak load.

With consideration of the line losses avoided in relation to both the energy that did not
hove to be delivered due 'ro DSG, and the marginal improvement in line losses to
deliver power for the rest of utility's customers' needs, the appropriate methodology
developed by CPR is to look at total line losses without DSG and total line losses with
DSG. In practice this con equal i 5-20% of the energy value.

Separately, line losses figure into capacity value as well, as a peck demand reduction
of 100 MW means in tum that a generation capacity of more than i00 MW is avoided.
This aspect of avoided line losses should be included with generation and T&D capacity
benefits, discussed below.

Calculating generation capacity

Determining the capacity benefits of intermittent, renewable generation is a more
complex undertaking than analyzing energy value, but there is a demonstrated
capacity value for DSG systems. Capacity value of generation exists where a utility can
count on generation to meet its peak demand and thereby avoid purchasing
additional capacity to generate and deliver electricity to meet that peak demand.

while individual DSG systems (without energy storage) provide little firm capacity value
to a utility given the potential for cloud cover, there is compelling research supporting
the consideration of the aggregate value of DSG systems in determining capacity
value. A recent study by LBNL demonstrates that geographic diversity tends to smooth
the variability of solar generation output, making it more dependable as a capacity
resource.43 As well, FERC considered the fact that distributed solar and wind should
produce some capacity value when considered in the aggregate when it was
developing its avoided cost pricing regulations/*4 Capacity value for DSG systems
should look to the characteristics of all DSG generators in the aggregate, including the
smoothing benefits of geographic diversity.

Solving for Intermittency. CPR developed the most prominent and widely used method
to address the intermittency of DSG technologies. This method recognizes a capacity
value for intermittent, non-dispatchable resources, and is referred to the as the
"effective load carrying capability" ("ELCC"). ELCC is a statistical measure of capacity
that is "effectively" available to a utility to meet load. "The ELCC of a generating unit in
a utility grid is defined as the load increase (MW) that the system can carry while

43 See Andrew Mills and RyanWiser, Implications of Wide-Area Geographic Diversity for Short-Term
Variability of Solar Power (Lawrence Berkeley National Laboratory), LBNL-3884E, September 2010.
44 FERC Order No. 69, 45 Fed. Reg. 12214 at 12227 ("In some instances, the small amounts of capacity
provided from [QFs] taken individually might not enable a purchasing utility to defer or avoid scheduled
capacity additions. The aggregate capability of such purchases may, however, be sufficient to permit the
defelTal or avoidance of a capacity addition. Moreover, while an individual [QF] may not provide the
equivalent of firm power to the electric utility, the diversity of these facilities may collectively comprise the
equivalent of capacity.").
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mointdining the designated reliability criteria (e.g., constant loss of Good lorobdbiIity)."45
In this way, ELCC provides d reliable statistical method to project the capacity value of
intermittent resources.

On the other hand, the ELCC method con be dote intensive and complex to some
stoke folders. Simloler methods may also yield reasonable results. For example, on
oltemote method, based on the utility's load duration curve, looks at the solar copdcity
available for the highest load hours, usually the top 50 hours.

Implemented in o rate, d cdpocity credit for DSG denominated in kph represents the
best opprodch. This ensures that DSG only receives copdcity credit for actual
generation.

Valuing Small, Distributed Capacity Additions. An often controversial issue in
determining avoided capacity value is The fact that distributed generation provides
small, incremental additions and utility resource planning typically adds capacity in
large, or "lumpy," blocks of capacity additions. For example, if a utility has ample
capacity to meet its reserve margin and its next capacity addition will be a 500 MW
CCGT, a utility might argue that incremental additions of i MW or 20 MW do not allow
them to avoid capacity costs. FERC's regulations recognize that distributed generation
provides a more flexible manner to meet growing capacity needs and can allow a
utility to defer or avoid the "lumpy" capacity additions.46 Therefore, it is inappropriate to
hold that there is no capacity benefit for deployment of distributed generation in years
that come before the time where the "lumpy" capacity investment is required.
Distributed generation resources, like other demand-side resources that are
continuously pursued fo address load growth and to reduce peak demand, provide
immediate benefit and a hedge against unexpected outages that could lead to a
shortage in capacity. There is, therefore, no good reason to value DSG capacity for ifs
long-term value only in years where it physically displaces the next marginal generating
unit.

One solution Ground the valuation of incremental capacity additions versus lumpy
additions that would follow more traditional utility planning is laid out in Crossborder
Energy's 2013 update to The 2009 ET Net Metering Cost-effectiveness study for
Ccllifornid. In the E3 study, o mix of short-run and long-run avoided capacity costs Dre
applied to renewable generators based on The fact that odditiondl capacity would not
be required until o certain year, coiled the "Resource Bdlonce Year" in the ET study.
Crossborder's update recognizes the incremental value of small copdcity additions for
the years leading up to the Resource Balance Year and uses o long-run cdpclcity value
methodology for the life of the distributed generation system.47 In other words, utilities
ore responsible for predicting load growth and planning accordingly, so the full
penetration of DSG instolldtions should already be built into their plans, reflecting the
incremental capacity benefits these systems provide.

Adding If All Together:Determining the capacity credit for DSG systems. There ore two
basic opprodches token to determine capacity credit: (i) determine the market value

45 CPR 2012 MSEIA Study ct pp. 32-33.
46 18 C.F.R. 292.304(e)(2)(vii) (providing that avoided cos? may value "the smaller increments and shorter
Ieod times dvdilobie with additions of copociiy from qualifying facilities").
47 Crossborder 2012 California Study, Appendix B.I .
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of avoided capacity, or (2) estimate the marginal costs of operating the marginal
generator, typically a CCGT.4*`* For the same reasons that it is less than ideal to rely solely
on the future projected market price for energy, it is also unreliable to credit DSG based
on the projected future capacity market. The preferred approach is to determine the
capacity credit by looking af the capital and O&M costs of the marginal generator."

The resulting value is often termed Q capacity credit-d credit for the Utility capacity
avoided by DSG. It is important to recognize that this credit is different from the
"ccipocity value" of DSG. Capacity value is o term for the percentage of energy
delivered as d friction of whit would be delivered if the DSG unit was always working
at its roted capacity, that is, as if the sun were directly overhead with no clouds and the
temperature was o constant 72 degrees at oil times. Cdpocity value is typically in the
range of i 5-25% in the United States, depending on location. Because DSG generates
electricity during daylight hours, often with high coincidence with peak demand
periods, it earns o copdcity credit based on the higher value of its generation during
the hours in which it operotes-d higher amount thon simple capacity value.
Alternatively, for d utility with on early evening peak or o winter peak, the capacity
credit may be based on o lower percentage of its roted capacity thon the cdpocity
value.

Once the ELCC is determined for DSG resources for Q given utility, the calculation of
generation capacity is strdightforword. The capacity credit for d DSG system is "the
coloitoI cost ($/MW) of the displaced unit times the effective capacity provided by
PV."50 Inherent in the ELCC calculation ore the line losses dssocioted with capacity, as
discussed earlier.

4. Calculating Transmission and distribution capacity

Distributed solar generation, by its nature, is usually located in close proximity to Good on
the distribution system, which may help reduce congestion and weir and tear on T&D
resources. These benefits con reduce, defer, or avoid operating expenses and capitol
investments. Tcicticol and strategic targeting of distributed solar resources could
increase this value.

The ability of DSG systems to yield T&D benefits is location-specific and also depends on
the extent to which system output correlates to cost-cousing local load conditions,
especially before and during peck loc ld periods. Utilities undertake system resource
planning (i.e., planning for upgrades or cldditions to T8.D cdpocity) to meet peak load
conditions, so the correlation of DSG output to peak load conditions is important to
understand. On the distribution system, unlike the bulk transmission system, this is o more
difficult undertaking because local cost-cousing load conditions (i.e., the timing,
duration, and rclmping rotes dssocioted with peck load on o given circuit) will vary
according to d number of factors. These factors include customer mix, weather
conditions, system age and condition, and others. As o simple example, o circuit that
carries predominantly single-fdmily residential load is likely to rise relatively smoothly to d
peak in early evening, when solar PV output is wining. A circuit primarily serving

48 CPR 2012 MSEIA Study ct p, 32.
49 ld. at pp. 32-33.
50Id.
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commercial customers in Q downtown setting will typically peck in the early afternoon.
All other things being equal, DSG systems on circuits primarily serving commercial
customers ore more likely to ovoid distribution capacity costs.

It is also important to consider system-wide T&D impacts. Transmission lines, and to on
extent, substations, serve enough of o cross-secfion of the customer base to peck ct
approximately the same time as the utility as a whole. DSG coincidence with system
peak means that DSG, even located on residential circuits, contributes to reduced
demand at the substation level and above. Bosed on interconnection procedures, DSG
systems in the aggregate on a circuit do not produce enough to export power off of
the circuit, they simply reduce the need for service to the circuit. The avoided need for
transmission infrastructure creates on avoided cost value to a utility and should be
reflected as a benefit for DSG systems. Combining any granular distribution value with
avoided, peak-related transmission costs, oil DSG may demonstrate significant T&D
value in allowing the utility to defer upgrades or avoid capital investments.

Estimating T8.DCapacity Value. To determine the ability of DSG systems to defer T&D
upgrades or capacity additions, it is critical to have current information on the system
planning activities of utilities, and to periodically update that information. Often, the
cost information is obtainable through rate case proceedings, where the utility
ultimately seeks to include the upgrade or capital project in rate base. To make use of
any cost data, however, if is important to have a sufficient amount of hourly data on
both load and solar resource profiles. Much of the relevant information is also
contained in utility maintenance cost data, grid upgrade and replacement plans, and
capital investment plans. Beyond the planning horizon, expense and investment trends
must be extrapolated to match the expected useful generating life of DSG.

With the doff in hand, T&D capacity savings potential con be determined in o two-sfep
process.5' As described by CPR, "The first step is to perform on economic screening of
dll reds to determine the expansion pion costs and load growth rotes for each
planning Oreo. The second step is to perform <1 technical load-mcitching clnolysis for the
most promising locations."

For solar PV profiles, output con be estimated at pdrticulor places using irrodidnce ditto
and various methods of estimating the output profile.52 By looking of the loci profile for
o year, if is possible to isolate peak days at the circuit or substation level and colculdte
o capacity credit by measuring the net load with solar PV production. By reducing
dbsolufe peak load, DSG systems may allow o utility fo ovoid overloading transformers,
substations or other distribution system components and, thereby, to defer expensive
capitol upgrcldes.

To determine deferral value, it is necessary to monetize the length of time that DSG
allows o utility to defer d copitdl upgrade. Deferring on upgrade allows o utility to ovoid
the carrying cost or the cost of ownership of on asset and defers substontidl
expenditures thief may be, at least to some extent, debt financed. Generally, the

51 rd. at p. 33 (citing T. E. Hoff, Identifying Distributed Generation and Demand Side Management
lnvestment Opportunities, Energy Journal: 17(4), I996).
52 M. Ralph, A. Ellis, D. Borneo, G. Corey, and S. Baldwin,Transmission and Distribution Deferment Using PV
and Energy Storage, published in Photovoltaic Specialists Conference (PVSC), 201 i 37th IEEE, June 201 l ,
available at http://energv.sandio.gov/wp/wp-content/gallery/uploads/TransandDistDeferment.pdf.
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avoided capitol is multiplied by The utility's weighted dveroge cost of capitol or
authorized rote of return to determine the value of deferring that investment.53
However, as noted earlier, o lower discount rate could be used. For instance, the
ovoiddnce of o million dollar transmission upgrade five years from now--for d utility with
d 7% discount rote-is arguably worth that amount divided by (I .07)/\5, or
dpproximotely $713,000. From the ratepayers' perspective, avoiding the million dollar
upgrade in five years might be worth more; based on on estimated inflation rote of 33,
the value would be $862,000.

System-Wide Marginal Transmission and Distribution Costs. When conducing a
statewide or utility-wide analysis, it may be difficult to hone in on specific locofions to
determine the ability of DSG systems to enable deferment or avoidance of system
upgrade ocfivify. In some cases, distribution deferral value monifesfs in changes in
distribution load projection profiles and should be calculated as the difference in what
would have happened wifhoui the DSG. ET's approach to valuing avoided T&D lakes a
broader look at The ability to avoid costs and eslimafes T8.D avoided costs in a similar
manner to other demand-side programs, such as energy efficiency. ET's avoided cost
methodology develops "ollocofors" to assign capacity value to specific hours in the
year and Then allocates estimates of marginal T&D costs fo hours. ET acknowledges
that if lacks sufficient data to base ifs ollocafors on local loads and that, ideally, "T&D
allocofors would be based upon local loads, and T&D costs would be allocofed to the
hours with the highest loads."54

ET determined that temperature data, which is ovdiloble in o more gronuldr form for
specific locations in the many climate zones of CclIifornio's major utilities, would be d
suitable proxy method for allocating T8.D costs. After determining these ollocdtors and
designing them to specific hours, ET determined the morgindl distribution costs by
climate zone, using o Good-weighted oyeroge. Since morgindl transmission costs ore
specific to each utility, those ore added to the marginal distribution costs to arrive at
the overall mdrginol T8.D for o specific climate zone. This dpprooch locks the potential
for capturing high-volue, Iocotion-specific deferral potentioi, but it does opproximdte
some value without requiring extensive project planning cost and Good dote for specific
feeders, circuits, and substations. E3's methodology may be suitable in circumstances
where there is limited local load dote to develop what ET described ds on "ideoI"
methodology, but it does come with drawbacks. For example, allocating costs to
certain hours by temperature may not correlate to peak conditions in certain locations.

Alternative Approaches to T8.D Valuation. Clean Power Research also approached T&D
value broadly in its study of Pennsylvania and New Jersey, taking utility-wide average
loads in a conservative approach to valuation. CPR's Pennsylvania and New Jersey
report notes that T&D value may vary widely from one feeder to another and that "it
would be advisable to ... systematically identify the highest value areas."55

Where information on specific upgrade projects is known, and there is sufficiently
detailed local load dote, o more detailed analysis of deferral potential should yield for
more occurcite results that better reflect the T&D value of DSG. For example, CPR was

53 ld.
54 ET Study, Appendix A at p. 16.
55 CPR 2012 MSEIA Study Of D- 20.
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oblle to toke Q more granular and Oreo-specific look at T&D deferral values of DSG in its
Austin Energy study, where it hod specific distribution system costs for discrete sections
of the city's distribution system.56

In Vermont, the Public Service Deportment took o reliability-focused approach. Noting
that T&D upgrades ore driven by reliability concerns, the Depclrtment determined that
the "critical value is now much generation the grid con rely on seeing at peak times."
To capture this benefit, the Deportment colculdted o "reliability" peak coincidence
value by calculating the overage generator performance of illustrative generators for
June, July and August ofternoons.57 The resulting number reflects the percentage of o
system's nameplate capacity that is assumed to be available coincident with peak, as
if it is "always running or perfectly dispdtchoble."58 Accordingly, the generation system
receives the some treatment as firm capacity in terms of value for providing T&D
upgrade deferrals at that coincident level of output.

The risk of the Vermont approach is that it may overstate the ability of certain
generators to provide actual deferral of T&D upgrades, since system planners often
require absolute assurance that they could meet load in the event that a particular
distributed generation unit went down. Another apparent weakness of this approach is
the inability to target or identify location-specific values in the dynamic, granular nature
of the distribution system.

T8.DCapacityValue Summary.Distributed solar systems provide energy at or near the
point of energy consumption. When they are generating, the loads they serve are
therefore are less dependent on T&D services than other loads. In addition, because
DSG provides energy in coincidence with a key driver of consumption-solar
insulation-these resources can reduce wear and tear. Calculating the T&D benefits of
DSG requires data that allows estimation of marginal T&D energy and capacity related
costs. Ideally, utilities will collect location-specific data that can support individualized
assessment of DSG system value. In the absence of such data, system-wide estimations
of T&D offset and deferral value con be used with reasonable confidence.

5. Calc ulcfirzg grid support (ancillary) services

Grid support services, also referred to cs ancillary services in many studies, include VAR
support, and voltage ride-through. Existing studies often include estimates of ancillary
services benefits as well as costs associated with DSG, ds reported in the RMI 2013 Study.
Costs, also coiled grid integration costs, ore discussed below.

Currently, DSG systems utilize inverters to change direct current to alternating current
with output at o set voltage and without VAR output, and with the presumed
functionality of disconnecting in the event of circuit voltage above or below set limits.
This disconnection feature hos become o concern, as o voltage dip with the loss of d
major utility generator could lead to thousands of inverters disconnecting DSG systems,
reducing voltage inputs and exacerbating the problem. In practice, inverters could be

57 Vermont Study at p. 19 (The Department looked at ten two-oxis tracking solar PV systems, four fixed solar
PV systems, and Mo small wind generators.).
58 Id. at p. 19.
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much more functional or "sm<:1r'f", indeed Germany is in the process of changing out
hundreds of tnousdnds of inverters to achieve added functionality.

Because U.S. elecTrical codes generally preclude inverTers ThaT provide ancillary
services, many valuaTion sTudies hove concluded ThaT no ancillary service value should
be calculaTed. While ThaT approach had some meriT in The pasT, when more versaTile
inverTers where generally unavailable and regulaTory change seemed far off, The
presenT circumsTances warranT a near-Term recogniTion of ancillary services value. WiTh
proof of The viabiliTy of advanced inverters, it is highly likely ThaT advanced inverTers will
be sTandard in The nexT few years, and ancillary services will be provided by DSG.

A group of Western utilities cm transmission planners recently issued o joint letter on the
issue of odvdnced inverters, calling for the deployment as soon as feasible to ovoid the
sort of cdscoding problem described above, which could Ieod to system-wide
blockouts.5" With the utilities themselves calling for ddvonced inverter deployment, and
costs expected to be only $150 more thon current inverters, there will be good reason
to collect the dote and develop the techniques to quantify ancillary services benefits
of DSG. Modeling these oncillciry services is important to inform policy decisions such as
whether to require such technology as o condition of interconnection, and under what
circumstances.

6. Calculating financial services: fuel price heage60

DSG provides o fuel cost price hedge benefit by reducing reliance on fuel sources that
ore susceptible lo shorldges and morkef price volofilify. In oddifion DSG provides o
hedge ogoinsf uncerfdinfy regarding future regulolion of greenhouse gos and other
emissions, which also impocf fuel prices. DSG customer exports help hedge dgoinsf
these price increases by reducing the vololilify risk dssociofed with base fuel prices-
effecfively blending price sfdbilify info The fotcil utility portfolio.

The ideal method to capture the risk premium of nofurol gos uncertainty is to consider
the difference between on investment with "substantial fuel price uncerfointy" and one
where the uncertainty or risk hos been removed, such as through o hypothetical 30-
yeor fixed price gos contract. As CPR explains, o utility could quo ntifotively set aside the
entire fuel cost obligation up front, investing the dollars into o risk free instrument while
entering into natural gos futures confrocts for future gos needs.°' Performing this
calculation for each year that DSG operates isolofes the risk premium and provides the
value of the price hedge of avoiding purchases involving that risk premium.

Interestingly, utilities often used to hedge dgoinst fuel price volatility, but do less such
hedging now. That Ieods some utilities to conclude that since the fuel price hedge
benefit is not avoiding d utility cost, it should not be included. In practice, the risk of fuel
price volatility is falling on customers even if the utility is not mitigating the risk. Reducing
that risk hos value to utility customers, even if the utility would not otherwise protect
ogdinst it.

59 See L. Vestal, ufiIffy Brass Coll for Smart-Inverter Requirement on Solar Installations, California Energy
Markets No. 1244, at p. 10, August ll, 2013.
60 Clean Power Research now uses the term "Fuel Price Guarantee" in order to distinguish this benefit from
traditional utility fuel price hedging actions.
61 CPR 2012 MSEIA Study at p. 31.
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7. Calculating financial services: market price response

Another portfolio benefit of DSG is measured in reductions to mdrkef prices for energy
and copdcity. By reducing demand during peck hours, when the price of electricity is
at its highest, DSG reduces the overall Todd on utility systems and reduces the amount
of energy and capacity purchased on the market. In this way, DSG reduces the cost of
wholesdte energy and cdpdcify to dll rdtepdyers.*'>2 This benefit is not cdpfured by ET's
methodology, it is reflected in CPR's most recent Pennsylvonid and New Jersey study,
where if is iilustrdted and explained in much gredfer detdiI.63

The premise of this benefit is that fatal expenditures on energy and capacity ore less
with DSG generation thon without. The total expenditure, cs CPR explains, is the current
price of power times the current load at any given point in time. Because the amount
of Good affects the price of power, o reduced Good condition, such as occurs as d result
of DSG generation, reduces the market price of dll other power purchases at those
fimes.64 while this change in market price is incrementally small, it represents o
potentially significant system-wide benefit. This means that oil customers, including non-
solor customers, enjoy the benefit of lower prices during these reduced load conditions.
As CPR notes, however, the reduction in price cannot be directly measured, as it is
based on o hypothetical of what the price would hove been without the load
reduction, and must be modeled. The tool value of market price reductions is the total
cost savings calculated by summing the savings over dll time periods during which DSG
operotes.°5 A similar analysis for capacity market prices con be conducted as well.

8. Calc ulofing security sewicess reliobilify and resiliency

Porticuldrly with the extended blackouts from Hurricclne Sandy in 2012, cl value is being
attributed to added reliability and resiliency due to DSG, at both the grid did the
individual customer levels. For grid benefits, this value in pdrticulor is difficult to quantify,
it depends on the assumed risk of extended blackouts, the assumed cost to strengthen
the grid to ovoid that risk, and the assumed clbility of DSG to strengthen the grid. With
utility generation and T&D out of service, DSG con only do so much, and storm
conditions often occur during periods of limited sunshine, so it is pdrticulorly heard to
determine what DSG con do in this regard.

The oncilldry services benefit discussed earlier is closely relaTed lo This benefiT when
considering The lootenTidl for the grid ds d whole lo continue oloerdTion. Even dl The
level of d circuiT ouTage, The ancillary services benefiT is coloTuring The value of
providing VAR supporT did volTage ride-Through. ArgUably, The ancillary services
benefiT capTures This level of grid suloloorT.

On the other hand, CPR noted in its first Austin Energy study that reliability and resiliency
ore very real DSG benefits ct the individual customer level. The hospital with traditional
backup generation Powers up during on outage, and con be supported during d
prolonged outage by the addition of DSG. Instead of relying entirely on the traditional
generation and o substantial fuel supply, it con get by with less fuel. Likewise the

62nd. at 15.
as Id. at pp. 33-43.
64 CPR 2012 MSEIA StUdy at p, 34.
65 ld. ct p. 36.

31
Ex. BK-2 31 of46



b y A

residential customer with a medical condition requiring certainty con rely on DSG plus
battery storage rather than a generator.

To the extent that utilities hove on obligation to provided heightened reiiobility to
vulnerable customers, DSG con be counted ds avoiding those utility costs. On d larger
scale, to the extent that customers enjoy greater reliability thon the utility would
otherwise provide, that is o benefit to participating customers that con be included.

Calculating environmenfol services

A. Utility avoided compliance costs. The cost of complying with regulatory and statutory
environmental requirements is a real operating expense of a generating plant and
should be included in the avoided cost of generation. This avoided cost typically is
included in the studies as a direct utility cost. in the CPUC's 2010 CSI Impact Evaluation
report, conducted by citron, the cal general market program and the Self-Generation
Incentive Program ("ScalP") were estimated to be responsible for reducing over 400,000
tons of CON emissions in 2010. Additionally, the report estimated that the CSI general
market program and the ScalP provided over 52,000 pounds of PM10 and over 92,000
pounds of NOx emissions reductions in 2010.66 These reductions can be quantified and
calculated against the market price for the relative compliance instrument. To the
extent these values are fully reflected in the cost of the avoided energy, they should
not be counted again in a DSG valuation analysis. It is important to account for only
residual environmental compliance costs in estimating the benefit of DSG.

While certain emissions credit markets will be geographically tied to Q small area with
no established compliance market, The markets for NOx, SOx, and CO2 are more readily
identified and quantified with publicly available sources. Accordingly, any study of DSG
should include the value of avoided compliance costs reflected in air emissions, land
use, and any consumption and discharge costs associated with water.

Likewise, utilities in states with Renewable Portfolio Stonddrds ("RPS") avoid RPS
compliance costs due to DSG. For example, if o utility must comply with o 20% RPS and
hos o billion megawatt hours ("MWh") of annual load, it hos to secure 200 million MWh
of renewable generation. If instead, 100 million MWh is generclted by DSG facilities, the
utility's clnnuol load is reduced by that amount and its RPS compliance obligation is
reduced by 20 million Mwh. The utility's cost of procuring those 20 million MWh should
be considered, to the extent that the procurement is greater than the utility's avoided
ndturol gos energy and cdbocity costs already attributed to those 20 million Mwh.

Quantification of societal benefits is particularly difficult and controversial. Regarding
environmental benefits, avoided utility compliance costs capture what society hos
decided are the proper tradeoffs of electricity generation for pollution, but society
recognizes additional value related to not generating electricity from fossil generation
in the first place. If DSG within a given utility service territory avoids a 100 million MWh of
gas-fired generation, the utility avoids paying for the required clean up the emissions

66 California Solar lniiiafive 2070 Impact Evaiuoiion (California Public Utilities Commission), prepared by
lion, at p, ES-2, 201I, available at htlp://www.cpuc.ca.gov/NR/rdonlyres/E2EI 89A8-5494-45A1 -ACF2-
5F48D36A9CA7/0/CSI 2010 Impact Evil RevisedFinal.t>df.
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that never occurred. However, hold the utility generated those i00 million Mwh, millions
of pounds of pollutants would hive gotten post the required emissions controls, and not
emitting dll of those pollutants is o significant benefit to the society.

While most utility avoided costs benefit the utility's ratepayers directly, societal benefits
tend to be spread beyond the utility's customers. Job creofion con be expected to
center in the utility's service territory, but will also lead to jobs in adjoining service
territories. Emissions benefits ore even more dispersed. The benefits ore regional or
global, with utility generation often for removed from Utility customers. This is the
fro ditionol "tragedy of the commons67" problem, but on o global scale. As with the
problem of colonial formers not having on incentive to core for the commons on which
their cows grazed, utilities use the environment but hove no incentive to core for it
beyond what is legally required. By recognizing the value of not emitting pollufonts in o
DSG valuation study, onolysfs capture this value that utilities would otherwise ignore. To
soy that this benefit is realized by society, but somehow not by utility customers, is to
ignore the reolify that society is mode up of utility customers.

Again, we use the benefits categories outlined in the RMI 2013 Study, of which the lost
three address societal benefits and are listed here.

8. Carbon. The RMI 2013 Study breaks out carbon as a separate avoided cost, based
on the significant uncertainty of carbon regulation. On the one hand, carbon markets
and restrictions on carbon emissions have been frequently discussed, and tied to
climate change. On the other hand, almost no carbon restrictions are currently in
place, despite all of the discussion. Studies now five years old that presumed carbon
costs by 2013 have been proven wrong. However, with the establishment of a carbon
market in California, and the continuation of carbon markets in Europe, the likelihood of
carbon costs throughout the U.S. is well beyond zero.

Even in the absence of o carbon market or carbon restrictions, the benefits of not
emitting carbon ore considered to be real by many people. While some have touted
the benefits of carbon for plant life, the widespread view appears to be that emitting
more carbon has a negative impact. One way to approach this is to consider what
customers are willing to pay for reduced emissions of both carbon and other matter. For
instance, Austin Energy uses the premium value for their GreenChoice® green power
product in the absence of compliance cost information in its Value of Solar rate.

Another carbon valuation option is to use the added utility cost to comply with RPS
targets. The argument for this opprodch is that if society hos determined that o 20% RPS
is dppropriote, and renewable energy costs on expo $10 per MWH to procure, then it
would presumoPly value cldditionol avoided emissions (both carbon and other offer)
at the some rote. However, RPS systems ore compliance systems that integrate price
impact controls, credit frdding schemes, and other feofures that impact compliance
certificate prices without direct relationship to the value of ossocidfed emissions
reductions. Caution should be used in applying o regulatory system designed to
minimize the cost of compliance with on effort to ciccurotely value benefits net of costs.

67 G. Hardin, "The Tragedy of the Commons," Science 13 December 1968: 1243-1248. Available at:
http://www.sciencemog.org/content/I 62/3859/1243,fulI2sid=f031 fb58-2f56-4c25-010e-d802771 c92ef
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Where o state hos o RPS mandate for its utilities, DSG provides d dual benefit. First, it
lowers the number of retail soles that comprise the compliance baseline. Second, it
results in the export of 100% renewable generation to the grid to offset some mix of
renewable and fossil-fuel generation being produced to meet customer |ood.68 The first
benefit was discussed clove, under avoided utility compliance costs. The second
benefit clccounts for the fact that energy exports from DSG ore 100% renewable
generation and orgudbly should be valued at 100% of the RPS value for purposes of o
cost-benefit study."

Another way to look at this is to soy that dll exports from o DSG system should receive
the value of o market-priced renewople energy certificate, even where such o
generator cannot easily create o tradable certificote.70 This is justified because DSG
exports help meet other customers' load on the utility's grid with 100% renewable
energy and displace grid delivered electricity, which is only partially renewople. If o
state hos on RPS of 33% renewobles, as does California, then DSG exports give rise to at
Impost o 67% improvement in the renewable component of electricity.7'

C. Airborne EmissionsOther than Carbon and Health Benefits. Exceed ng utility
compliance with air regulations con be token into account in o manner akin 'to that
described for valuation of avoided carbon emissions. The public health impacts of fossil
fuel generation have been well documented, though not well reflected in electricity
pricing. In particular, air pollution can increase the severity of asthma attacks and other
respiratory illnesses in vulnerable populations living in close proximity to fossil fuel-fired
plants. Impacts on crops and forest lands have also been documented.

DSG reduces fossil fuel generation, especially from less efficient weaker plants and
potentially from thermal plants that emit higher levels of pollution during startup
operations. We are not aware of a dominant methodology, but note that public health
literature will continue to grow in the area of recognizing and quantifying the public
health impacts of electric generation, including health impacts related to climate
change. Valuing emissions of carbon and other matter based on green energy pricing
programs or RPS compliance costs, as described earlier, is an effective way to capture
this benefit. Even outside of states with such programs, the value of reduced emissions is
not zero: the value ascribed by nearby states with programs could serve as a proxy.

D. Avoided Wafer Pollution and Conservation Benefits. The utility industry uses and
consumes o substantial portion of the notion's freshwater supplies for thermoelectric
generotion.72 The benefit of not using the water for fossil-fuel generation should be

68 A third benefit associated with reducing overall market costs for renewable energy certificates may also
manifest with increased DSG penetration.
69 Crossborder 2013 California Study at pp.18-21 .
70 For example, owners of California NEM systems rarely bother to establish RECs related to their output
given required documentation, and the treatment of RECs from NEM systems in a lower value "bucket"
than RECs from systems with in-state wholesale sales to utilities.
71 Crossborder 2013 California Study at p. Le.
72 How ff Works: Water for Energy (Union of Concerned Scientists), July 2013, available at
http://www.ucsuso.org/clean enerQy/our-energy-choices/energy-and-woter-use/water-energy-electricity-
overview.html.
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based on the value of the water to society, that is, the value of conserving water for
other beneficial uses.

Valuing water is intrinsically difficult. The tangle of water rights lows among the states
complicate the determination of water value. To the extent that utilities have specific
contracts for delivery or withdrawal of water to serve particular plants, it is likely that
those expenses are already captured as an operating expense of the plant, but those
are often at historic, ultra-low rates. Where a plant uses potable water, the value should
be based on what society is willing to pay for that water. Likewise, where a plant is using
non-potable, reclaimed water for cooling purposes, the appropriate value might be
the price that someone would pay for on alternate use, such as irrigation.

The value to society of conserving water, which is of growing importance in water
constrained regions of the country, is not adequately cclptured by The contract price
for water or in the retail price that one would poly for on alternate use. We ore not
swore of o dominant methodology for measuring the conservation value of water, but
this value should be considered as utilities consume o tremendous amount of water
each year and will be increasingly competing for finite walter resources. Avoiding the
increased risk associated with maintaining secure, reliable, did affordable supplies of
water is o benefit that DSG, with its 30-yeor expected operating life, delivers to dll
customers of the utility system.

10. Calculating socialservices: economic development

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 and generates revenue locally.
Economic activity associated with the growing rooftop solar industry creates 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.

Talking c conservative ololorooch, CPR's Pennsylvania and New Jersey study focused
solely on 'box enhancement value, which derives from The jobs created by the PV
industry in those states. CPR used rebresentdtive job creation numbers from previous
studies in Ontario and Germany that quantify the number of jobs created by installing o
unit of solar pp. CPR used assumptions that construction of solar PV involves d higher
concentration of locally trdceclble jobs thon construction of o centralized CCGT plant
and determined the net local benefit of o solar project on the economy.

There remains a legitimate regulatory policy question of whether economic
development benefits should be considered in calculating the value of DSG for use in
setting electricity rates, or avoided cost calculations, even though there is a long history
of economic development factors influencing commercial rates and line-extension
fees. In any event, the economic development and tax base benefits of DSG
deployment and operation should be consider when evaluating the societal cost-
effectiveness of the technology and policies fo support re.
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Checklist of Key Requirements for o Thorough Evaluation of DSG Benefits

121 Energy benetlls should be based on the utlllly not running a CT or o CCGT. It is highly
unlikely that DSG will offset cool or nuclear generation. Some combination of
intermediate and pecking nalurol gas generation, with widely accepted natural
gas price forecasts. should establish the energy value

line losses should be based on marginal losses. Losses are related to load and DSG
lowers circuit loads. which in turn lowers losses lot utility service lo other customers
Average Hne losses do not capture all of the loss savings. any study needs to
capture both the losses related to the energy not delivered to the customer and
the reduced losses lo serve customers who do not have DSG

a

IZ! Generation capacity benefits should be evaluated from day one. DSG should be
credited for capacity based on its Effective Loud Carrying Capacity ("ELCC") from
the day ii is installed. If the utility has adequate capacity already, ii may not have
taken into account DSG penetration in its planning and overbuilt other generation
the DSG units that are actually operating during utility peaks should be credited
with capacity value rather than a plant that is never deployed

BZ! T&D capacity benefits should be assessed. If the utility hos any transmission plans
then DSG is helping to defer o major expense and should be included. On
distribution circuits, watch for a focus on circuits sewing residential customers. which
tend to peak in the early evening when solar energy is minimal. Circuits sewing
commercial customers lend to peak during the early afternoon on sunny days. and
a capacity value should be recognized for them in the form of avoided or deferred
investment costs

EI Anc are services should be evaluated. Inverters that con provide grid support ore
being mass-produced, and utility CEOs in the United States ore calling for their use
ancillary services will almost certainly be available in the near future. Modeling the
costs and benefits of ancillary services can also inform policy decisions like those
related to interconnection technology requirements. and provides a hedging
benefit

v

El A fuel price hedge value should be Included. In the post, utilities regularly bought
natural gas futures contracts or secured long-term contracts to avoid price volatility
The fact that this is rarely done now and the customer is bearing the price volatility
risk does not diminish the fact that adding solar generation reduces the reliance on
fuels and provides a hedging benefit

A market prize response should be included. DSG reduces the utility's demand for
energy and capacity from the marketplace, and reducing demand lowers market
prices. That means that the utility can purchase for less. saving money

'H

El Grid reliability and resiliency benellts should be assessed. Blackouts cause
widespread economic losses that con be avoided in some situations with DSG. As
well, customers who need more reliable service than average can be sewed with a
combination of DSG. storage and generation that is less expensive than the
otherwise necessary standby generator

El The utility's avoided environmental compliance costs should be evaluated. DSG
leads to less Utility generation. and lower emissions of NOx,SOx and particulates
lowering the utilities costs to capture those pollutants

H Societal benetlts should be assessed. DSG policies were implemented on the basis
of environmental, health and economic benefits, and should not be ignored or not
quantified
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Recommendations for Calculating the Costs of
DSG

Distributed solar generation comes with <31 variety of costs. These include the costs for
the purchase did installation of the DSG equipment, the costs associated with
interconnecting DSG to the electric grid, the costs of incentives, the cost associated
with d d ministrotion and billing, and indirect costs associated with lost revenues and
other system-wide impacts. As with cost of service regulation in general, the important
principles of cost cdusotion and cost ollocdtion ore critical in dealing with DSG costs ds
well.

DSG cost estimation depends on the perspective from which one seeks to examine
policies. Some costs, depending on perspective, should not be treated as costs in d
DSG vdluotion study at dll. For example, the cost of o DSG system net of incentives and
compensation that the individual solar customer ultimately bears-the net investment
cost, does not impact other customers. Whether o customer pays $100,000 or $20,000
for d five kilowatt ("kW") DSG system, the avoided utility costs and the societal benefits
ore unchanged.

In general, solar vciludtion studies clddress costs in varying degrees according 'ro The
dim of the individual study. A convenient way to characterize solar costs is according to
who bears them. Costs relevant to determining value or cost effectiveness cdr
generally be grouped into three categories:

1 . Customer Costs--Customer costs ore costs incurred by or accruing to the
customers who use DSG. These include purchase and installation costs, insurance
costs, maintenance costs, and inverter replacement, all net of incentives or
payments received.

2. Utility and Rotepdyer Costs--Utility and rdtepoyer costs ore costs incurred by the
utility and rdtepoyers due to the operation of DSG systems in the utility grid. These
include integration and ancillary services costs, billing and metering costs,
ddministrotion costs, and rebate and incentive expenses. In NEM voluoition
studies, utility lost revenues ore potentially d significant utility cost, under the
assumption that there Dre no other mechanisms to adjust for these losses.73

3. Decline in Volue for Incremental Solar Additions at High Market Penetrotion-A
number of studies also identify modeled impacts associated with significant
penetration of solar on the utility system. Most studies chordcterize low
penetration as less thon 5% of peak demand or total energy met by solar
generation, and chordcterize high penetration ds i0%-I 5% or more. These

73 Lost revenues arise when market penetration of consumption-reducing measures like energy efficiency
and distributed generation have sales impacts that exceed those forecasted in the last rate-setting
procedure, and only last until the next rate-setting, when a true-up can occur. Between rate cases, trackers
or other mechanisms to mitigate impacts of regulatory lag can also be installed. Valuation studies
themselves do not dictate whether lost revenues occur or are recovered. This is a function of tariff design. In
some jurisdictions, for example, stand-by charges are used to adjust for revenue losses under NEM. In
others, Buy All-sell All arrangements or Net Billing models are used.
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impacts con be accounted for as o cost or cs an adjustment to value credit for
solar energy when long-term impacts are considered.

When evaluating the cost-effectiveness of NEM, most utilities have access to cost-of-
service data that can measure energy-related impacts. As noted earlier, the most
direct and obvious source of potential cost or benefit of NEM policy is the mechanism
that sets NEM customers apart from general ratepayers-the ability to use electricity not
consumed instantaneously (i.e., exported energy) against future purchases of electricity
in the form of a kph or monetary bill credit. The value that customers derive from these
bill credits is solely assignable to NEM as a policy, as distinguished from changes in
behind-the-meter consumption that could occur under PURPA, in the absence of NEM
policy. Accordingly, it is only appropriate to examine the net value of exports, and not
behind the meter consumption, as a cost to non-participating ratepayers. It is also
appropriate to note that NEM export costs are likely different depending on the class of
customer generating excess solar energy. The good news is that the easy starting point
for calculating NEM export energy costs is the monthly sum of the bill credits appearing
on the customer bill, already adjusted by customer class. These credit costs can then
be netted against the value of avoided produced or purchased energy.

1. Recommendations for calculating customer costs

Most value of solar studies focus on utility, rdtepoyer, and society costs, but not private
costs. Therefore, these studies do not address customer investments or expenses in DSG.
On the other hand, these costs ore port of the fatal cost effectiveness of solar and hove
been addressed in brooder societal perspective studies or in evdluoting cost
effectiveness for o solar incentive program. NEM and VOST programs ore not intended
to be incentive progrclms, but rather to fairly compensate customers for DSG.

When customer costs ore included for o brooder societal test, o major challenge in
evaluating forward-looking solar customer costs associated with o long-term policy
relates to accurately predicting the market prices for solar systems and installation as
well as maintenance costs.

Regarding customer O&M costs, NREL hos estimated costs between 0.05 and 0.15 cents
per kWh.74 ET estimates customer O&M costs at $20 per kW with on escalator of .02% per
year, factors inverter replacement at $25 per kw, once every i0 years, and estimates
insurance expenses at $20 per kw, escalating at .02% per year.75 Together, these O&M
costs are fractions of o cent when converted to kph, in line with the NREL estimate.

As noted, customer costs ore rarely relevant to DSG policy valuation studies. The
relevant question when evaluating DSG programs is what the net effect is on other
utility customers.

Recommendations for calculating utility costs

74 Pholovoltaics Value Analysis (National Renewable Energy Laboratory), February 2008, available of
Nttb://www.nreI.gov/analysis/bdfs/42303.bdf.
75 Technical Potential for Local Distributed Photovoltaics in California: Preliminary Assessment (Energy &
Environmental Economics, Inc.), March 2012 ("ET Technical Potential Study 2012"), available at
Nttp://www.cpuc.ca.aov/NR/rdonlyres/8A822C08-A56C-4674-A5D2-
099E48B41 160/0/LDPVPOter\'liGIRepOrtMorCh20I2.pdf.
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The most significant utility cost for NEM program volucition purposes is clvoided revenue.
A customer who used to pay $1000 per year to her utility and then installed o NEM
system cm cut her bills to only $200 per year is seen ds costing the utility $800 of lost
revenue. Again, to the extent that the customer could instill the some system under
PURPA and reduce her bill to $300 per year, the net cost of the NEM program would
only be $l00, representing the extra savings that she realized due to the NEM progrcsm.
For o VOST program, the intent is to determine the value of the benefits and credit that
amount to customers for oil generation. in effect, the cost of the program is
outomdticdlly equated to the benefits of the program, net of charges for consumption
or network services.

The second largest utility or societal cost of DSG programs is the cost of incentives,
though this cost is declining rapidly. incentive costs are direct costs when the utility
provides the funding from ratepayers, but are indirect when considering taxpayer-
funded incentives. While incentive costs are real, they are primarily justified on market-
stimulation bases, and scheduled to expire in a matter of years. Given that
independent rationale for incentives, incentive costs are generally not included in DSG
valuations. As the installed cost of DSG has declined, the need for incentives and
rebates has diminished, with the California market reaching the end of its state
incentive program almost entirely, and federal incentives slated to end in 2016.

Integration costs ore the third most important utility cost for NEM programs, and the
leading factor for value of solar studies addressing utility costs. Integration costs include
the direct costs associated with administration of utility functions associated with
distributed solar systems, rebates and incentives, and other administrative tasks. Direct
costs can be addressed as a cost or as a decrement to the benefits of DSG, since these
costs enable the benefits.

Reports of utility costs vary most significantly with the assumed solar penetration rate
used in the study. Integration costs are variously labeled as "integration costs," "grid
support expenses," or "benefits overhead." Estimates of these costs range from 0.1 to i
cent per kph in studies that attempt to account for increased variability in the overall
generation mix and resulting increases in ancillary services costs starting from very low
solar penetration rates. Solar integration costs for a 15% market penetration level were
estimated at 2.2 to 2.3 cents per kph by Perez and Hoff, based on an analysis that
focuses on the need and cost of storage to complement solar intermittency in order to
provide firm capacity." Navigant and Sandia performed an assessment of high
penetration of utility scale solar in 201 i and estimated integration costs associated with
increasing production to account for solar variability at between 0.31 cents for low
penetration and 0.82 cents for higher penetration of roughly one gigawatt of installed
solar.77

In states like California, where utilities ore prohibited from charging solar customers for
interconnection costs or upgrades, interconnection costs may be o substantial source
of costs directly assignable to o DSG program. Where this is the case, it is necessary to
hove roi, disaggregated dote that tracks the exact interconnection costs of DSG. In

76 CPR 2012 MSEIA Study ct p. 47.
77 Large Scale PV Integration Study (Navigant), July 201I, available at
http://www.naviaant.com/Insights/library/energy/20I 1/large-scale-pv-integratiowstudv/.
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the ET study, for example, utilities did not hive sufficient detail on interconnection costs
in 2009 to provide o clear or transparent picture on the extent of those costs, or whether
the costs incurred were reasonable and not blended in with other upgrades that would
hove occurred withoutthe solar generator's interconnection. Interconnection costs
should, in theory, be clearly identifiable through utility-provided dote. In analyzing the
value of distributed solar, these costs should also be amortized ogdinst the useful life of
the measures.

In states where customers ore responsible for interconnection costs and upgrades,
however, this would not be o cost cissignoble to DSG policy. As with other customer
costs, this is not o cost borne by the utility and should not be factored into on
evdluotion of the impact of o DSG policy on other customers.

Experience cm more sophisticated modeling will be required lo understand the shape
and ultimate level of the integration cost curve. While integration costs ore likely low at
low market penetration levels, they ore also likely Io increase with market penetration.
But These increases may decline ds solar systems become more widely dispersed and ds
utilities begin targeting deployment To high-volue locations within the grid. In addition,
increased deployment of other distributed technologies, such as electric vehicles,
distributed storage, load control, and smart grid technologies will impact the costs
associated with larger scale DSG deployment.

The billing and administration costs associated with DSG encompass the one-time setup
expenses of processing and verifying dpplicofions and the ongoing expense of
administering unique features of solar customer bills. In states with modest numbers of
solar customers, it is not uncommon to mdnuolly adjust solar customer bills, with
ossocidted incremental costs. Depending on the utility's accounting practices and
billing co pd bilities, solar-specific billings cost should be relatively easily segregated and
ollocdfed. in states with automated processes, the ongoing incremental costs of
administering solar customer accounts should be, ds was determined in the Vermont
study, nearly zero.78

In some cases, utilities will incur costs directly associated with DSG that ore not fairly
ossigndble to DSG policy. For example, in Texas, renewable energy generators under
one MW ore classed as "microgenerotors," subject to registration and reporting
requirements under the state's renewable energy portfolio sfdndclrd low.79 To the extent
that the utility acts as o program manager and oggregofor of renewable energy
certificates designed by solar generators, these costs ore not fairly designed to NEM or
other solar promotional program unless also offset by the value of the assigned
certificates.

Recommendations for calculating decline in voice for incremental solar
additions dl high market oenetrotion

The incremental positive value of odditiondl solar deployment within O pdrticulor utility
service territory is dnticipoted to decline as solar penetration levels increase. There ore
two major drivers of these impacts, which ore not technically costs, but actually

78 Vermont Study ct p. 15.
79 See 16 Tex. Admin. Code 15, available at
http://www.puc.texas.gov/agencv/rulesnlaws/subrules/electric/25.I 73/25.173.pdf.
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decrement adjustments that impact value of solar in the context of expending markets
and higher solar penetration.

These impacts address the value of additional deployments and not past installations,
and not replacement installations. The two major drivers are the expected reduction in
capacity credit for solar and reduced peak energy value as market penetration
increases. Capacity credits for solar are typically higher than capacity factor due to
good solar coincidence with peak demand periods. However, as more solar is added
to a system, the difference between peak and non-peak demand dissipates. Without
storage, solar has a limited ability to reduce a system peak that is essentially shifted
forward into evening hours. As a result, the incremental capacity benefit of solar is
reduced for incremental additions as penetration increases. This impact could reduce
capacity credit by 20-40% as penetration rates approach i 5%.80

To the extent that solar energy is generated at periods of high utility cost, it provides
great value. As the penetration rote of solar increases, peak market prices ore likely
suppressed, reducing the value of incremental solar energy. ET estimated the reduced
energy value at 15% over ten years in o study for Colifornio.8l

Much work is needed in measuring and modeling the impact of high penetrations of
DSG to address exactly how much DSG creates high penetration impacts, and inserting
this clarity in vdluotion and cost effectiveness studies. Most std fes receive less thon 0.5%
of peak energy from distributed solar generation, while most studies looking at high
penetration model levels at l0-i5%. As noted earlier, the most relevant costs to consider
ore those that will occur at more modest penetrations. For example, if copdcity benefits
decline significantly at higher penetrations, that does not justify finding low cdbocity
benefits at early stages.

Other important issues to be addressed include the impacts of different assumptions
regarding geographic region, system size, and long-term changes in energy demand. It
is important tO note that both the capacity credit and energy value deterioration could
be mitigated through consideration of energy sales from areas of high solar penetration
to areas of lower penetration. For example, utilities facing near term surplus capacity
situations could incur short-term lost revenues that could be mitigated over the period
that solar systems operate, creating the potential for net benefits over that longer term.

80 See LBNL Utility Solar Study 2012, supra, footnote 13.
81 See ET Technical Potential Study 2012, supra, footnote 74.
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Checklist of Key Requirements for a Thorough Evaluation of DSG Costs

121

[Zl

Interconnection costs should not be included. If the DSG customer pays for
the interconnection, this should not be included as o cost to the utility. As
welt, the uTility's interconnection costs should be compared to national
averages to determine whether they are reasonable

Integration costs should not be based on unrealistic future penetration levels
Studies tend to find minimal grid upgrade requirements at DSG penetratioris
below o few percent. Looking ahead to what the grid might need to
accommodate 50% penetration unnecessarily adds costs that are not
actually being incured

Is lost revenue or utility costs the basis d the study? For NEM studies, lost
revenue is the standard (what the DSG customer would have otherwise paid
the utility). For other studies and even some NEM studies, the cost to serve
the DSG customer is addressed instead, which should lead to on inquiry in
particular regarding allocation at capacity costs

Assumptions about administrative costs must reflect an lndustrywtde move
towards automation. With higher penetration, costs per DSG customer lend
lo decline, so administrative costs should assume automation of processes

VI. Conclusion

Valuations vary by utility, but valuation methodologies should not. In this report IREC
and Robogo Consulting LCC suggests 0 stcndordized approach for ccxlculoting DSG
benefits and costs that we hope proves helpful to regulators as they embark on
commissioning or reviewing volition studies. Please see the mini-guide at the end of
this report for o quick reference guide to the recommendations in this report.
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REGULATOR'S MINI-GUIDEBOOK
Calculating the 8ereefits and Costs of Distributed Solar Generation

Valuations vary by utility, but yoluotion methodologies should not. IREC and Rdbdgo
Energy LLC suggest o standardized dpprooch for cdlculoting DSG benefits and costs in
the white paper "A REGULATOR'S GUIDEBOOK: Calculating the Benefits and Costs of
Distributed Solar Generation." We hope that this paper proves helpful fo regulators as
they embark on commissioning or reviewing vdluotion studies. Below is d high-level
summary of the recommendations in the white piper. Please see the full report for
more detail per section.

* KEY QUESTIONS TO ASKATTHE ONSET OF A STUDY

Qt: WHAT DISCOUNT RATE WILL BE USED?

We recommend using o lower discount rote for DSG thon o tyloicol
Utility discount rote to account for differences in DSG economics.
Recommendation:

QQ: WHAT IS BEING CONSIDERED - ALL GENERATION OR EXPORTS ONLY?

We recommend assessing only DSG exports 'ro the grid.:*?@cQmm<<;>r1dcn'£orw:

QS: OVER WHAT TIMEFRAME WILL THE STUDY EXAMINE THE BENEFITS AND COSTS OF DSG?

Expect DSG to lost for thirty years, as that matches the life span of
the technology given historical performance and product warranties. Interpolate
between current market prices (or knowledge) and the most forward market price
dvoiloble or dote that con dccurotely be estimated, just as planners do for fossil-fired
generators that ore expected to test for decodes.

Reeciommeendmtion.

Q4: WHAT DOES UTILITY LOAD LOOK LIKE IN THE FuTuREs.

Given that NEM resources ore interconnected behind customer
meters, and result in lower utility loads, the utility con pion for lower Goods thon it
otherwise would hove. In contrast, other DSG rote or lorogrclm options involving sole of
dll output to the utility do not reduce Utility loads, but rather the customer facilities
contribute to the available capacity of utility resources.

f?e3=corrzm@nd<Jt§<:>rv:

CQ5: WHAT LEVEL OF MARKET PENETRATION FOR DSG IS ASSUMED IN THE FUTURE8`

The most important penetration level to consider for policy purposes
is the next increment: what is likely to happen in the next three to five years. If o utility
currently hos 0.1% of its needs met by DSG, consideration of whether growth to l% or
even 5% is cost-effective is relevant, but consideration of whether higher penetrations
ore cost-effective con be considered at o future dote.

R@<:0mme8~r>d<;1Hor):
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Recommendafienr
Q61 WHAT MODELS ARE USED TO PROVIDE ANALYTICAL INPUTS8`

Tronspdrent input models that all stdkeholders con access will
establish o foundation for greater confidence in the results of the DSG studies. When
needed, the use of non-disclosure agreements con be used to overcome ditto sharing
sensitivities.

Q7: WHAT GEOGRAPHIC BOUNDARIES ARE ASSUMED IN THE ANALYSIS?
It is important to account for the range in local values that

characterize the broader geographical area selected for the study. In some cases,
quantification according to similar geographical sub-regions may be appropriate.

Recommendstionr

Q8: WHAT SYSTEM BOUNDARIES ARE ASSUrEDs

It may also be appropriate to consider impacts associated with
adjacent utility systems, especially at higher (above 10%) penetration levels of DSG. 82
Recommendation:

QS: FROM WHOSE PERSPECTIVE ARE BENEFITS AND COSTS MEASURED3

We recommend that ratepayer and societal benefits and costs
should be assessed.
Recommerldclllion:

Q10: ARE BENEFITS AND COSTS ESTIMATED ON AN ANNUALIZED OR LEVELIZED BASIS?

R@commend0tioru: We recommend use of o levelized approach to estimating benefits
end costs over the full assumed DSG life of 30 years. Levelizotion involves colculdting
the stream of benefits and costs over on extended period and discounting to o single
present value. Such levelized estimates ore routinely used by utilities in evoludting
cilternotive and competing resource options.

DATA SETS NEEDED FRCM UTILITIES

M The five or ten-yeor forward price of natural gos, the most likely fuel for morgindl
generation, along with longer-term projections in line with the life of the DSG

M Hourly load shapes, broken down by customer class To dnolyze The intro-closs and
inter-closs impacts of NEM policy

i21 Hourly production profiles for NEM generators, including south-fdcing and west-
focing arrays

M Line losses based on hourly load dote, so that marginal avoided line losses due to
DSG con be calculated

M Both the initial capitol cost and the fixed and vdrioPle O&M costs for the utility's
marginal generation unit

so Mills and Wiser point out that consideration of inter-system soles of capacity or renewable energy credits
could mitigate reductions in incremental solar value that could accompany high penetration rates. See A.
Mills & R. Wiser, An Evaluation of Solar Valuation MethodsUsed in Utility Planning and Procurement
Processes (Lawrence Berkeley National Laboratory), LBNL-5933E, at p. 23, December 20i2 (nt Processes
energy credits couldavailable at http://emp.lbl.gov/publications/evaluation-solar-valuation-methods-
used~utility-planning-and-procurement-processes.
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III Distribution planning costs that identify the capitol and O&M cost (fixed and
variable) of constructing and operating distribution ulogrodes that ore necessary to
meet load growth

121 Hourly Good dots for individual distribution circuits, particularly those with current or
expected higher thon overage benetrotions of DSG, in order to couture the
botentiol for avoiding or deferring circuit upgrades

Note: where Q utility or jurisdiction does not regularly collect some portion of This data, There may
be methods to estimate Q reasonable value lo assign lo DSG.

RECOMMENDAONS FOR ASSESSING BENEFITS

1. The following benefits should be assessed:

i.  Energy

2. System Losses

3. Generation Capacity

4. Transmission and Distribution
Copocity

5. Grid Support Services

6. Finc:ncic1l: Fuel Price Hedge

7. Fincnciol: Market Price Response

8. Security: Reliability and Resiliency

9. Environment: Carbon& Other
Factors

10. Social: Economic Development

Energy benefits should be based on the utility not running a CT or a CCGT. It s
highly unlikely that DSG will offset cool or nuclear generation. Some combination
of intermediate and pecking natural gas generation, with widely accepted
natural gas price forecasts, should establish the energy value.

Line losses should be based on marginal losses. Losses are related To load and
DSG lowers circuit loads, whictt in turn lowers losses for utility service lo other
customers. Average line losses do not capture all of the loss savings; any study
needs to capture both the losses related to the energy not delivered to the
customer and the reduced losses to serve customers who do not have DSG.

Generation capacity benefits should be evaluated from day one. DSG should be
credited for capacity based on its Effective Load Carrying Capacity ("ELCC")
from the day it is installed. If the utility has adequate capacity already, it may not
have taken into account DSG penetration in its planning and overbuilt other
generation, the DSG units that are actually operating during utility peaks should
be credited with capacity value rather than a plant that is never deployed.

5. T&D copacily benefits should be assessed. If the utility hos dry transmission plans,
then DSG is helping to defer CJ major expense did should be included. On
distribution circuits, watch for d focus on circuits serving residential customers,
which lend Io peck in the early evening when solar energy is minimal. Circuits
serving commercial customers tend to peck during the early afternoon on sunny
days, did d copdciiy value should be recognized for them in The form of
avoided or deferred investment costs.

6. Ancillary services should be evaluoled. lnveriers that con provide grid support
ore being moss-produced, and utility CEOs in the United Slopes ore calling for
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their use, ancillary services will almost certainly be available in The near future.
Modeling true benefits and costs of ancillary services can also inform policy
decisions like Those related To interconnection technology requirements.

7. A fuel price hedge value should be included. In The post, uTiliTies regularly boughT
ndTurcll gds fuTures conTracTs or secured long-Term conTracTs to avoid price
volaTiliTy. The foci Thai This is rarely done now and Thc1T The cusTomer is bearing
The price volaTiliTy risk does not diminish The facT ThdT adding solar generdiion
reduces The reliance on fuels and provides d hedging benefit.

8. A market price response should be included. DSG reduces the utility's demand
for energy did cdpdciiy from the mdrkelpldce, did reducing demand lowers
mdrkel prices. Thdl means ihdt The utility con purchase ines services for less,
solving money.

9. Grid reliability and resiliency benefits should be assessed. Backouts cause
widespread economic losses that can be reduced or avoided in some situations
with DSG. As well, customers who need more reliable service than average con
be served with a combination of DSG, storage and generation that is less
expensive than the otherwise necessary standby generator.

10. The utility's avoided environmental compliance and residual environmental costs
should be evaluated. DSG leads to less utility generation, and lower emissions of
NOx, SOX and particulates, lowering the utilities costs to capture or control those
pollutants.

11. Societal benefits should be assessed. DSG policies were implemented on the
basis of environmental, health and economic benefits, which should not be
ignored and should be quantified.

RECOMMENDATIONS FOR AssEsslne COSTS

Determine whether lost revenue or utility costs are the basis of the study. For NEM
studies, lost revenue is the standard (what the DSG customer would have
otherwise paid the utility). For other studies and even some NEM studies, the cost
to serve the DSG customer is addressed instead, which should lead to on inquiry
in particular regarding allocation of capacity costs.

2. Assumptions about administrative costs should reflect an industry-wide move
towards automation. With higher penetration, costs per DSG customer tend to
decline, so administrative costs should assume automation of processes.

1.

3.

4.

Interconnection costs should not be included. If the DSG customer pays for the
interconnection, this should not be included as d cost to the utility. As well, the
utility's interconnection costs should be compared to notional averages to
determine whether they ore reasonable.

Integration costs should not be based on unrealistic future penetration levels.
Studies tend to find minimal grid upgrade requirements at DSG penetrations
below a few percent. Looking ahead to what the grid might need to
accommodate 50% penetration unnecessarily adds costs that are not actually
being incurred.
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1 1 Introduction

2 Q. Please state your name and business address.

3

4

My name is Briana Kobor. My business address is 360 22nd Street, Suite 730,

Oakland, CA.

5 Q- On whose behalf are you submitting this rebuttal testimony?

6 I am submitting this testimony on behalf of Vote Solar.

7 Q. Did you submit direct testimony in this proceeding?

8

9

A. Yes, I did. My direct testimony contains an introduction to Vote Solar, as well as a

summary of my professional experience.

10

11

2 Purpose of Testimony and Summary of
Recommendations

12 Q. Please describe how your testimony is organized.

13

14

15

16

17

18

19

20

21

22

23

A. The remainder of my testimony consists of five main sections. The first section

discusses the common ground among parties to this proceeding on analyzing exports

and self-consumption separately. The second section discusses the cost-of-service

study ("COSS") evidence presented in the direct testimonies of Arizona Public

Service Company ("APS") and Tucson Electric Power Company and UNS Electric

("TEP/UNSE"). The third section addresses various proposals for approaching the

valuation of distributed generation ("DG"), and discusses why DG should be valued

using the long-term avoided-cost approach. The fourth section discusses two issues

brought up in the direct testimony of other parties concerning (1) the distribution of

DG benefits, and (2) attempts by parties to make rate design recommendations in this

docket. Finally, the fifth section summarizes my recommendations.

A.

A.

Rebuttal Testimony of Briana Kobor on behalf of Vote Solar 1
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1 Q. Please summarize your findings and recommendations.

2

3

4

A. First and foremost, I find it is important for the Commission to determine what aims

to accomplish in this proceeding. Commissioner Little's letter to the docket indicated

that he envisions the following result from this proceeding:

5

6

7

8

9

10

11

Development of a methodology that would inform future proceedings
as to how the value and cost of solar should be evaluated and
determined as part of a rate case. Since the specifics of each rate case
are different and can vary widely for each utility and service area, the
methodology would not assign specific values, but rather provide
guidance as to how values would be determined in the context of an
individual rate case.l

12

13

14

15

16

17

18

I fully support this approach and recommend that the Commission keep this vision in

mind while evaluating the testimony provided by parties to this proceeding. To this

end, I recommend that the Commission not make findings on specific evidence from

cost of service studies introduced in this docket, nor analyses of the long-term value

of solar. The role of this docket should remain the development of a robust and

standardized methodology for the valuation of DG; a methodology that can be

employed in future proceedings to develop specific findings for each Arizona utility.

19

20

21

22

23

24

25

26

27

28

29

In my review of other parties' testimonies I found there appears to be common

ground among several parties on the need to analyze self-consumption and DG

exports separately. This approach is supported by Commission Staff ("Staff"), The

Alliance for Solar Choice ("TASC"), and Vote Solar, and appears to be in line with

statements made by APS. I recommend that the Commission recognize that what

truly differentiates DG customers from other utility customers is the ability to export

excess energy to the grid. All customers should have the right to make a choice to

consume as much or as little energy from their utility as they like-whether they

modify their consumption patterns through behavioral change, use of technology

(including efficiency and DG), or because their life circumstances change (e.g., their

kids go off to college).

1 Commissioner Little's Letter to the Parties at 1, Dec. 22, 2015 ("Guidance Letter").
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As a result, I recommend that the Commission separately consider the value of DG

exports and the value of self-consumption, and that this proceeding develop a robust,

standard methodology for valuing DG exports. To determine the appropriate rate

treatment for utility service to DG customers, these customers should be analyzed in

forthcoming utility cost-of-service studies in a fair and transparent way based on

well-developed COSS allocation methodologies. Through a separate analysis,

appropriate compensation for DG exports should be evaluated over the useful life of

the DG system using a long-term avoided cost approach. I do not recommend that the

Commission set the export rate precisely at the value determined for solar. Rather, the

best approach would be to quantify the value of solar and then to make a policy

decision regarding the best export rate level that would ensure the benefits of solar are

shared with non-participating ratepayers, while also providing sufficient

compensation to incept DG adoption.

14

15

16

17

18

19

20

21

22

23

24

25

I was only able to conduct a limited review of the COSS evidence provided in this

docket by APS and TEP/UNSE. APS's COSS evidence in this docket is the product

of a proprietary back-end model that does not allow interveners to fully evaluate the

model functionality nor can'y out alternate analyses. As a result I was able to review

the assumptions made by APS but was not able evaluate how the COSS findings

would change if the assumptions were modified. APS found that net energy metering

("NEM") customers shift $29-67 per month in costs to non-NEM customers, but I

found significant flaws that overinflate the costs allocated to NEM customers and

conflate costs and revenues associated with utility services with compensation

provided to NEM customers for exported energy. As a result, I do not find that there

is sufficient evidence in this proceeding to support the alleged cost shift calculation

put forth by APS.

26

27

28

29

My ability to review the TEP/UNSE COSS evidence has been even more limited.

TEP/UNSE has presented evidence from three STEP-related cost of service studies in

this docket but failed to provide Vote Solar with timely access to working COSS

models or functioning work papers that would allow for an evaluation of the
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methodologies and assumptions therein.2 As a result, my ability to review the

reasonableness of the COSTS-based evidence, including STEP/UNSE's claim that NEM

customers shift $874-967 per year to non-NEM customers has been extremely

limited. The limited information from TEP/UNSE that I was able to review indicates

that STEP/UNSE's analysis overinflated the cost to serve NEM customers, conflated

revenues and costs associated with utility service with compensation paid for exports,

and did not appropriately take into account the impact of TEP's request for a $109.5

million revenue increase in its currently open rate case.3 As a result, there is

insufficient evidence in this proceeding to support the alleged cost shift calculation

put forth by TEP/UNSE.

11

12

13

14

15

In light of my findings that there are significant methodological flaws in APS's and

STEP/UNSE's approaches to quantification of the alleged NEM cost shift and the

intended scope of this proceeding as indicated by Commissioner Little, I recommend

that the Commission not make findings on specific evidence regarding the existence

of a NEM cost shift in this proceeding.

16

17

18

19

20

21

I recommend that future cost of service studies evaluated in the context of individual

utility rate cases analyze NEM customers in the same manner in which other

customers are analyzed: based on delivered load. Utility cost of service studies

include standard measures of load for purposes of cost allocation, including energy

usage, non-coincident peak demand of the customer class, average and excess

demand, etc. These allocation factors are designed to model the load attributes that

2 In response to discovery due March 30, 2016 and negotiations between TEP/UNSE and
Vote Solar regarding the confidentiality of the spreadsheet analyses, TEP/UNSE provided
Vote Solar with confidential work papers to its analyses on April 5, 2016, two days prior to
the due date for filing rebuttal testimony in this case. I have not had a chance to conduct any
substantive review of the work papers in advance of filing this testimony, but may conduct
such review in advance of the hearing, and reserve the right to provide additional substantive
response to the evidence at that time.
3 See ACC Docket No. E-1933A-15-0322, In the matter of the application of Tucson Electric
Power Company 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 Tucson Electric
Power Company devoted to its operations throughout the state of Arizona and for related
approvals, Sep. 9, 2015.
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cause costs to the utility system and may be used to analyze the cost to serve a

utility's NEM customers.

3

4

5

6

7

8

9

10

11

12

13

14

I also recommend that this proceeding develop a robust, standardized methodology

for valuing DG exports, and that DG exports be analyzed separately from self-

consumption. I review the valuation methodologies discussed by other parties to this

proceeding. I find that the short-term avoided cost approach is flawed and would not

fully capture the costs and benefits associated with DG. I additionally find that the

grid-scale benchmarking approach creates a false comparison between DG and

utility-scale solar and does not have merit for consideration as an approach to setting

an export rate for DG. I recommend that a robust and standardized methodology be

developed to quantify the long-term valuation of DG exports from the perspective of

the non-participating ratepayer over the useful life of the DG asset. The results of

such an analysis can be used to inform the appropriate compensation of DG

customers for energy exports.

15

16

17

18

19

20

21

22

23

I additionally discuss two other issues raised by parties in this proceeding. The first

issue relates to a mischaracterization of the empirical evidence regarding income

distribution of solar customers. I find that empirical evidence from Arizona

demonstrates that DG is being installed across the income spectrum with a

proportionate amount of solar installations at the lower ends of the income spectrum.

I additionally find that if a robust approach to the quantification of the costs and

benefits associated with DG can be used to set a rate for exports that allows a sharing

of net benefits between customers that do and do not install DG, all customers will

benefit, regardless of income level.

24

25

26

27

28

The second and final issue relates to the attempt by parties in this proceeding to affect

rate design policy in this docket. I recommend that the Commission determine that

this docket is not the appropriate venue for such recommendations and that it would

not be appropriate to consider specific rate design proposals absent a body of

evidence to support those proposals including utility cost of service studies and bill
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1

2

impact analyses-neither of which have been provided for the rate design

recommendations discussed in this case.

3

4

3 Common Ground Among Parties on Analvzing
Exports and Self-Consumption Separatelv

5 Q- Have you reviewed the direct testimony tiled by other parties to this proceeding?

6

7

8

9

10

A. Yes. I have reviewed the direct testimony filed by Staff; the Arizona Investment

Council ("AIC"), APS; the Grand Canyon State Electric Cooperative Association

("GCSECA"),, the International Brotherhood of Electrical Workers ("IBEW"),; the

Residential Utility Consumer Office ("RUCO"); Sulphur Springs Valley Electric

Cooperative, Inc. ("SSVEC"),, TASC, and TEP/UNSE.

Q. Have you identified any areas of agreement among the parties in this

proceeding?

13

14

15

Yes. While there are a number of significant disagreements among the parties in this

proceeding, it appears that a number of parties support similar positions on analyzing

DG exports and self-consumption separately.

16

17

Q. Please discuss the parties' positions on the separate consideration of self-

consumption and exports.

18

19

Staff witness Howard Solganick addresses this issue directly with the following

statement:

20
21
22
23
24
25
26
27

Staff' s perspective is based on the concept that what happens behind

the meter is the customer's business. Whether load is reduced by
conservation, insulation, high efficiency appliances, storage or the

installation of a DG system that is solely the customer's right and

decision and a proper rate structure will offer accurate price signals to

assist a customer making a decision. Any excess energy not needed by
the customer can then be delivered to the utility and purchased at its

value at the time and location of delivery.4

4 Direct Test. of Howard Solganick 7:8-13 ("Solganick Direct").

Rebuttal Testimony of Briana Kobor on behalf of Vote Solar 6
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1

2

3

TASC witness Beach also recommends "that the appropriate framework for assessing

the relative benefits and costs of net metering is to focus on the value that customer

receives for the electricity that is exported from their premises."5

4

5

6

7

8

9

10

These statements echo Vote Solar's argument presented in my direct testimony that

every customer should have the individual right to choose how much energy to

consume or not consume from the utility.6 In support of this position, Vote Solar has

proposed that the methodology for evaluating the costs and benefits of DG focus on

the question of "whether the price paid for DG exports appropriately reflects the

value of the energy provided."7 Self-consumption of DG is best addressed in

individual utility rate cases.8

11 Q. Do any of the utilities share this view?

12

13

A. Yes, statements by APS appear to show common ground on this issue. For example,

APS witness Snook states:

14
15
16
17
18

[T]he methodology for determining Value of Solar established by the
Commission as a result of this docket should be approved as an
appropriate analysis tool for determining (i) the value of solar in the
resource planning context; and (ii) calibrating the price paid forenergy
exported to the gridiron rooftop solar arrays

19

20

Q- Based on your review of other parties' positions on this issue, do you have any

recommendations for the Commission?

21

22

23

24

25

26

A. I recommend that the Commission recognize that a bright line exists between self-

consumption of DG and the energy customers export to the grid. The Commission

should explicitly recognize the right to self-consume electricity generated on private

property largely through private investment. Based on this recognition, the

Commission should ensure that customers who choose to install DG or any other

technologies that modify their consumption of utility-delivered energy are treated the

5 Direct Test. of R. Thomas Beach at i ("Beach Direct").
6 Direct Test. of Briana Kobor 8:26-9:2 ("Kobor Direct").
7 Kobor Direct 8:21-23 (emphasis omitted).
8,Id. 9:12-16.
9 Direct Test. of Leland Snook 2:9-12 ("Snook Direct") (emphasis added).

Rebuttal Testimony of Briana Kobor on behalf of Vote Solar
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4

5

6

7

same as their next-door neighbors who have not installed such technologies regarding

cost-of-service allocation and rate design methodologies, tariffs under which they

may take service, and/or any applicable charges imposed by their utility. This

proceeding should focus on the appropriate level of compensation for DG exports

only. The Commission should seek to develop a methodology for ensuring that the

price paid for exports reflects the long-term value of the energy provided from the

perspective of the non-participating ratepayer.

8

9

4 Cost of Service Studies should analyze NEM
Customers in a fair and transparent wav

10 Q- Please describe the COSS evidence put forth by parties to this proceeding.

12

13

14

15

Witnesses from APS and TEP/UNSE have sponsored cost of service studies

purporting to show that a cost shift exists from NEM customers to non-NEM

customers. APS claims that NEM customers on two-part rates shift approximately

$29-67 per month in costs to non-NEM customers.l0 TEP/UNSE claims that TEP's

NEM customers shift $874-967 per year to non-NEM customers.' I

16

17

Q. Have you been able to evaluate the reasonableness of these utility-reported cost

shifts?

18

19

20

21

A. Unfortunately, I have not been able to comprehensively evaluate the utility-reported

cost shifts because the utilities have not provided data allowing me to do so.12 I was

able to evaluate inputs to APS's COSS and have found it to be based on flawed and

inconsistent methodologies. As a result, the APS COSS overinflates the cost to serve

10 Snook Direct 3:18-22.
11 Direct Test. off. Edwin Overcast 5:14-15 ("Overcast Direct").
12 APS has indicated that they are using a new cost-of-service model with a proprietary back-
end. They have provided spreadsheets with inputs and outputs to the model as well as a
proxy version of the model, but the proxy version is not linked to the inputs and outputs
provided and therefore does not enable a full evaluation nor assessment of results under
alternate scenarios. In conversations with APS they indicated that they would not be willing
to re-run the model with alternate assumptions in this case.
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2

3

4

5

6

7

8

9

NEM customers, conflates the cost to serve with the compensation paid for DG

exports, and skews the results. While TEP/UNSE has entered testimony in this docket

regarding various measures of the cost of service and purported cost shifts, it has

failed to provide Vote Solar with functioning copies of the cost of service studies in a

timely manner and as a result I have not been able to fully examine the methodologies

used, nor the conclusions reached in the testimony of Dr. Overcast. My limited

review based on the available information indicates flaws in the TEP/UNSE

methodology that overinflate the results. These findings are discussed in detail

separately for APS and TEP/UNSE in the following sections.

10 4.1 APS Cost-of-Sewice Study

11

12

Q- Please describe the approach used by APS to evaluate the costs to serve its NEM

customers.

13

14

15

A.

16
17

18
19

20

21

Mr. Snook uses a cost-of-service study based on embedded costs from test year 2014

to evaluate costs to serve APS's NEM customers.14 Mr. Snook describes the COSS as

follows:

A COSS is the fundamental tool for allocating a utility's costs among
its customers based upon their responsibility for incurring such costs.
It is foundational in developing appropriate pricing structures that
align the rates customers pay for the services received with the
customers who are driving the costs. This is often described as the
"cost causation principle."15

22

23

24

To examine NEM customers specifically, APS grouped its existing NEM customers

into two classes: NEM customers on "energy-based" or two-part rates (Schedules E-

12, ET-l and ET-2) and NEM customers on "demand-based" or three-part rates

13 In response to discovery due March 30, 2016 and negotiations between TEP/UNSE and
Vote Solar regarding the confidentiality of the spreadsheet analyses, TEP/UNSE provided
confidential work papers to its analyses on April 5, 2016, two days prior to the due date for
filing rebuttal testimony in this case. I have not had a chance to conduct any substantive
review of the work papers in advance of filing this testimony but may conduct such review in
advance of the hearing and reserve the right to provide additional substantive response to the
evidence at that time.
14 Snook Direct 8:3-5.
15 rd. 7:8-12.
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(Schedules ECT-l and EcT-2)." APS allocated costs to these groups of customers

based on the NEM customer's entire load at the customer's home, including the

portion of the load served by APS-delivered energy and the portion served by the

energy the customer generated with his/her DG system.17 APS then applied

"credit[s]" to the NEM customers based on APS's assessment of capacity and energy

savings resulting from the customer's DG production.]8 Mr. Snook summarizes his

discussion of this methodology by stating: "The result is that the COSS analysis only

allocates capacity and energy costs to NEM customers based on what APS has to

provide."19

10 Q. Do you support this methodology?

12

13

14

15

16

17

18

I do not. In APS's own words, the COSS is designed to "align the rates customers pay

for the services received."20 However, allocating costs to NEM customers based on

their total site load does not align with the services received. NEM customers' site

loads are served only partially by their utility, with their DG systems serving some

portion of their loads as well. It is wholly inappropriate to allocate utility costs to

NEM customers based on services the utility did not provide. The only appropriate

basis for allocating costs in the COSS is allocation based on the services provided by

the utility, which for all customers, NEM and non-NEM, is delivered load.

19

20

21

22

23

24

Reaching behind the meter and allocating NEM costs based on total site load

(regardless of whether a portion of the load is met by self-generation) is equivalent to

allocating costs to a customer for the energy they would have consumed had they not

installed energy-efficient Windows, or the energy they would have consumed had

their kids not gone off to college. When a customer chooses to install new technology

or undergoes a lifestyle change that affects their energy consumption, the services

161d. 15:9-12.

old. 15:14-17.
1814 15:18-23.

191d. 15:26-1622.
2014. 7:9-11.
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they require of their utility change. As a result, the utility's service to that customer

changes.

3

4

5

6

Mr. Snook claims that NEM customers have "vastly different load characteristics,

[that] warrant evaluating them as a separate sub-class."2l To support this, he provides

a figure depicting hourly energy usage by a NEM customer during July. That figure is

copied below for illustrative purposes.

7 Figure 1: Figure from APS Witness Mr. Snook's Direct Testimony"
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APS's methodology would allocate costs to NEM customers based on the "Before

Solar" load shape shown on the top of Figure l, with measures for crediting the

customer based on APS's definition of the energy and capacity value associated with

DG production. APS claims this load difference necessitates separate evaluation of

NEM customers, but it ignores this difference in the COSS. The only way to fully

capture the different load characteristics of NEM customers in the cost-of-service

study is to examine the cost to serve those customers based on their delivered load.

Delivered load is depicted as the "with Solar" load shape on the bottom of Figure l.

21 Id. 12:12-14.
22 ld. 13, fig. 2.
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1 Q- How do you propose APS evaluate the cost to serve its NEM customers?

2

3

4

5

6

7

8

9

10

11

I recommend that APS examine the cost to serve its NEM customers using standard

COSS allocation methods based on their delivered load. APS has presented an

embedded cost study providing an historical snapshot of utility costs. APS has

additionally presented a methodology for allocating those costs to its customers based

on a number of standard measures (i.e., energy~related costs are allocated based on

kilowatt-hour ("kwh") consumption, distribution costs are allocated based on non-

coincident peak and individual customer peak, etc.). This method is widely accepted

and may be used to capture the cost to serve groups of customers based on the

allocation methods contained therein. Evaluating NEM customer costs based on

delivered load would appropriately capture the cost to serve these customers.

12

13

Q. How does your recommended COSS methodology address costs and benefits of

energy exports?

14

15

16

17

18

19

20

21

22

A. It doesn't. My recommended methodology separates self-consumed DG from DG

exports. I recommend that the Commission ensure that customers who choose to

install DG or any other technologies that modify their consumption of utility-

delivered energy be treated the same as their next-door neighbors who have not

installed such technologies regarding cost of service allocation and rate design

methodologies, tariffs under which they may take service, and/or any applicable

charges imposed by their utility. Rates that solar customers pay for energy deliveries

from the utility should be based on standard cost-of-service principles and developed

through utility cost-of-service studies in the context of individual utility rate cases.

23

24

25

26

27

28

29

What truly differentiates customers with solar DG from other customers is the DG

customers' ability to export energy to the grid. The Commission should recognize

that exports are appropriately evaluated separate from self-consumption and should

use this proceeding to develop a robust, standardized methodology that would allow

the Commission to adjust the DG export rate such that the price paid for exports

appropriately reflects the value of the energy provided. To be clear, I do not

recommend that the Commission set the export rate precisely at the value determined

Rebuttal Testimony of Briana Kobor on behalf ofVoteSolar 12
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1

2

3

4

for solar. Rather, the best approach would be to quantify the value of solar and then to

make a policy decision regarding the best export rate level that would ensure the

benefits of solar are shared with non-participating ratepayers while providing

sufficient compensation to incept DG adoption.

5

6

7

8

9

10

My recommendations are in line with APS's own statements that "compensation to a

solar customer for net energy exported to the grid is distinct from the design of that

customer's rate as established through a cogs."" Separating self-consumed DG

from DG exports also recognizes Staffs position that "what happens behind the meter

is the customer's business."24 The costs and benefits associated with energy exports

are better addressed through a value of solar study than conflated with cost-of-service

ratemaking.

12

13

14

15

16

17

18

19

20

APS states "[a] valid Value of Solar study is a resource planning exercise and should

not be conflated with a cost-of-service analysis used for ratemaking."25 However,

their own proposed methodology conflates the two. Rather than heed their own

advice by "[u]sing a COSS to set rates [to protect] customers by ensuring that

customers pay only for actual costs that they cause,"26 APS has elected to allocate

costs to NEM customers based on services not provided by the utility and to partially

credit these customers based on their short-term evaluation of the value of solar. This

short-term evaluation of the value of solar is flawed and including it in the COSS

does not align with APS's own goals of cost-of-service ratemaking.

21

22

Q- Why do you believe that APS's short-term evaluation of the value of solar is

flawed?

23

24

25

APS's short-term evaluation of the value of solar includes two "credits" that are

applied to NEM customers in the COSS. The first is a credit for all energy produced

by the DG system, both that which is consumed onsite and that which is exported to

23 Id. 28:22-24.
24 Solganick Direct 7:8-9.
25 Snook Direct 30:18-20.
26 Id. 29:10-11.
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the grid." The second is a credit for self-provided capacity that APS says is based on

a comparison between site load and delivered load.28

3

4

5

6

7

8

9

10

11

12

13

14

It is not appropriate to allocate costs to NEM customers based on energy they do not

consume from the utility, and then to partially "credit" them for that energy. APS's

2014 COSS data show that NEM customers on energy-based rates consumed an

average of 14,700 kph, yet APS only delivered an average 10,600 kph to those

customers. Rather than account for the fact that APS did not provide the difference of

4,100 kph per customer, APS's methodology instead credits them based on the rate

applied to net excess generation under the current net metering tariff (Schedule EPR-

6) at a value of 2.895 c/kWh.29 This approach is akin to allocating costs to a customer

who installed a more efficient air conditioning unit based on what they would have

consumed absent the new air conditioning unit and crediting them 2.895 c/kWh for

their reductions. The more appropriate methodology would be to allocate costs to the

customer based on what the utility actually provides: delivered load.

15

16

17

18

19

20

21

22

23

24

25

26

APS's approach to crediting NEM customers for self-provided capacity suffers from

similar methodological issues. APS has indicated that this credit is designed to

provide NEM customers with a credit for their reduced demand on APS's system.30

To accomplish this, APS employs a complicated methodology that involves

averaging the difference between delivered and site load based on the measures of

demand during the system's four summer peaks ("CP") and non-coincident peak

demand. APS claims that "[t]his is consistent with the 'average and excess' method of

allocating production demand cost required by the ACC."31 While it is not clear that

this approach is in fact consistent with the average and excess demand method, it also

begs the question of why this after-the-fact calculation would be necessary if APS

instead employed the average and excess demand method to allocate costs based on

delivered load in the first place.

27 Id. 15:22-23.
28 Id, 15:20-21.
29 APS's Resp. to Vote Solar 2.3, APS15768 at 1 of37.
30See generally id.
31 Id at 1 off.
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Q. Have you evaluated the cost to serve NEM customers based on your

recommendation to use delivered load instead of site load?

3

4

5

6

7

8

9

10

11

12

13

14

Unfortunately, I have not been able to carry out an evaluation of the cost to serve

APS's NEM customers based on delivered load. It appears APS has chosen to use a

new approach to its COSS that involves a back-end proprietary model. While APS

has been able to provide spreadsheets showing many of the inputs and outputs to that

model and a proxy version that they call the "Cost of Service Working Model," there

is no linkage between the various parts of the study." As a result, I was unable to

modify the allocation methodology and produce revised results in the COSS,

moreover, APS has indicated that it will not re-run the proprietary model using

alterative inputs defined by Vote Solar." While this barrier to comprehensive

analysis of the COSS by interveners has troubling implications for APS's upcoming

rate case, my understanding of the purpose of this docket is that it is intended to

address methodological recommendations, rather than make findings based on results.

15

16

17

18

19

20

21

22

23

However, APS has used results from its COSS methodology to make various claims

regarding the existence of cost shifting from NEM customers to non-NEM customers.

Namely, APS has alleged that NEM customers on energy-based rates shift $67 per

month in costs and NEM customers on demand-based rates shift $29 per month in

costs to non-NEM customers.34 These claims are inaccurate and cannot be relied on

for two reasons: (1) the claims are based on a drastic over-allocation of costs to NEM

customers, and (2) APS's cost shift estimates conflate costs and revenues associated

with services provided by the utility with compensation paid for energy exports under

the NEM program.

32 APS's Resp. to VS 1.1, APSl5747.
33 Conversation between Vote Solar and APS, March 25, 2016.
34 Snook Direct 3:18-22.
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Energy
Consumption

( M w h )
CP (kW) NCP (kW) Individual

Max (kW)

Site Load Allocation 1.36% 2.02% 1.76% 1.89%
Delivered Load Allocation 0.99% 1.46% 1.65% 1.71%
Difference 38% 38% 7% 10%

U
\

1

2

Q- Please elaborate on your statement that APS's reported cost shift is based on

over-allocation of costs to NEM customers.

3

4

5

6

7

A. I have not been able to verify whether the actual cost to serve APS's NEM customers

based on their delivered load characteristics is above or below the revenues they pay

for those deliveries. However, comparing the COSS allocators using site load as

proposed by APS, and using delivered load as I propose, reveals that APS's method

drastically overstates the cost to serve NEM customers.

8

9

10

12

13

14

15

16

17

APS's COSS uses various allocation measures in its evaluation of cost to serve. These

measures are based on the following usage characteristics: total energy consumption

(MWh), demand coincident with the four summer peaks ("CP (kW)"), non-

coincident peak demand of the customer class ("NCP (kW)"); individual customer

peak demand ("Individual Max (kW)"), and the number of customers in the customer

class. Each of these allocators, with the exception of the number of customers, is

higher when site load is considered instead of delivered load. This implies that COSS

allocation based on site load will over-allocate costs to NEM customers. Table l and

Table 2 compare each relevant allocator using site load and delivered load for NEM

customers on energy-based rates and demand-based rates, respectively.

18
19

Table 1: Comparison of Allocators Using Site Load and Delivered Load, NEM
Customers on Energy-Based Rates
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Energy
Consumption

( M w h )
CP (kW) NCP (kW)

Individual
M a x ( k W )

Site Load Allocation 0.09% 0.12% 0.11% 0.11%

Delivered Load Allocation 0.07% 0.10% 0.11% 0.10%

Difference 29% 28% 3% 7%

I I I

| 4

1

2

Table 2: Comparison of Allocators Using Site Load and Delivered Load, NEM

Customers on Demand-Based Rates

3

4

5

6

7

8

9

10

11

As shown in Table 1 and Table 2, allocation based on site load inflates energy-related

costs and peak demand-related costs by 28-38%. Because energy- and peak demand-

related costs drive roughly 63% of the overall revenue requirement, this is expected to

have a significant impact on the assessment of cost to serve NEM customers."

Allocation based on site load rather than delivered load also inflates costs related to

the non-coincident peak by 3-7% and individual maximum peak by 7-10%. Because

APS did not serve site load, it is wholly inappropriate to allocate costs to NEM

customers based on site load. The only appropriate methodology for cost allocation is

to allocate costs based on the service that the utility provides which is delivered load.

12

13

14

Q- Please elaborate on your statement that APS's cost shift estimates conflate costs

and revenues associated with services provided by the utility with compensation

paid for energy exports under the NEM program.

15

16

17

18

19

20

21

22

23

A. APS's claim that NEM customers shift $29-67 of costs each month is based on a

comparison between its assessment of the cost to serve these customers and the

revenues received from these customers under the current rate structure. Issues with

APS's assessment of the cost to serve these customers are described above. The value

for revenues received from customers in APS's cost shift calculation improperly

conflates revenue received from NEM customers for delivered energy with

compensation provided to NEM customers for exported energy. Under the net

metering program, customers are able to offset delivered energy with exported

energy, effectively valuing exported energy at the retail rate.

35 VS 1.1 Cost of Service Working Model 2014TY_APS15748.
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For the purpose of evaluating NEM customers in the COSS, it is important to separate

revenues received from NEM customers for delivered energy from compensation

provided to NEM customers for exported energy. COSS methodologies and findings

should address only the services provided to the customer through delivered load and

the revenues paid by the customer for delivered load. The costs and revenues

associated with energy exports should be evaluated through the Value of Solar

approach.

8

9

Q- Please comment on Mr. Snook's comparison of the cost to serve NEM customers

in comparison to the cost to serve other subgroups of residential customers.

10

11

12

13

14

15

16

17

Mr. Snook has compared cost recovery from apartment dwellers, seasonal customers,

and customers with gas appliances to his estimate of cost recovery from solar

customers. Mr. Snook makes this comparison in an attempt to make the case that

differences in cost recovery from these other customer subgroups reflect the normal

variations in energy usage within the class, while solar customers do not.36 In support

of these claims, Mr. Snook presents two figures showing the delivered load shapes of

each subclass of customer compared with the average residential load shape. These

figures are reproduced below.

36/d 24:10-18.
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3 Figure 3: Residential Customer Usage Comparison, January
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Mr. Snook's estimation of cost recovery from apartment dwellers, seasonal

customers, and customer with gas appliances is based on the delivered load to each of

those subgroups of customers and the revenues received from those customers for

those deliveries. In contrast, his estimation of cost recovery from solar customers is

not based on delivered load, but onsite load with partial credits. As a result, this is an

apples-to-oranges comparison and cannot reasonably compare cost recovery from

solar customers with cost recovery from any of the other subcategories.

8

9

Q- How can an appropriate comparison be made between the cost to serve NEM

customers and other subgroups of residential customers?

10

12
13
14
15
16
17
18

A. An appropriate comparison could be made in one of two ways: (1) evaluate cost

recovery for all customer subgroups, including solar customers, based on delivered

load and revenue received for deliveries, or (2) analyze cost recovery for all customer

subgroups based on average residential customer costs with credits applied for sub-

class reductions. The second option would entail estimating what the seasonal

customer's load would look like if he occupied his residence year-round, and what the

customer with gas appliances would consume if she did not have gas service in her

home. The second approach would be problematic for obvious reasons and I

recommend that the first approach be adopted.

19

20

Q. Please summarize your conclusions and recommendations regarding the APS

COSS presented in this docket.

21

22

23

24

25

26

A. APS's COSS methodology is deeply flawed and should not be approved by the

Commission. The only appropriate treatment for NEM customers in the COSS is to

allocate costs to those customers based on the service actually provided by the utility,

which is delivered load. This approach is consistent with how cost responsibility is

allocated to other customers and groups of customers, and it is consistent with APS's

own statements regarding the goals of cost-of-service ratemaking.

27

28

I additionally find APS's claims regarding a cost shift from NEM customers to other

residential customers on the order of $29-67 per month are based on over-allocation

Rebuttal Testimony of Briana Kobor on behalf of Vote Solar 20
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1

2

3

4

5

of costs to NEM customers and a conflation of cost to serve with the values and costs

of energy exports. APS has claimed that their cost shift estimate "affirms the

Commission's finding that the cost shift resulting from NEM under current APS

residential rate design exists."37 To the contrary, no evidence exists to support any

finding regarding the existence of a cost shift under the current rate design.

6 4.2 TEP Cost-of-Service Study

7

8

Q- Please describe the approach used by TEP/UNSE to evaluate the costs to serve

its NEM customers.

9

10

11

12

13

14

15

16

A. TEP/UNSE witness Dr. Overcast has completed a series of three cost of service

studies for the TEP system." In his direct testimony, Dr. Overcast described the first

study as a "standard cost study with the solar NEM customers' allocated costs just

like the residential class based on actual load characteristics of the class."39 The

second study is referred to as the "counterfactual cost study" and analyzes costs that

would be incurred if all TEP NEM customers did not have DG.40 The third study is

similar to the first, but includes "a separate class for evaluating the embedded costs of

solar DG customers."41

17

18

Q. Did TEP/UNSE present any results regarding a cost shift from NEM customers

to non-NEM customers?

19

20

21

22

23

A. Yes. Dr. Overcast presented a table of results that provides his estimate of the cost

shift at $874-967 per NEM customer per year.42 This total is based on the sum of four

separate categories of costs estimated by Dr. Overcast: (1) "non power supply base

rate," which appears to be his estimate of the difference between costs allocated to

NEM customers in his COSS analyses and revenue received from those customers,

371 Id. 33:5-6.
38 Overcast  Direct  2118-10.

39 ld.  21:21-22.

40 Id. 21 :22_25.

41 14. 22:4-8.
42 ld. 5:4_15.
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9

(2) "banking arbitrage," which is based on his estimates of differing marginal costs

associated with delivered energy and exported energy, (3) "excess generation," which

applies a short-term value figure to all energy exports and contrasts that value with

the full cost of energy embedded in the rate, and (4) "premise use," which is similar

in concept to the "excess generation" figure though is based on energy consumed

onsite.43 My ability to review each of these categories has been severely limited by

STEP/UNSE's failure to provide timely access to the models on which they are based.

However, I have reviewed the available information and have identified issues with

each of these categories.

10

11

12

Q. What are the issues associated with Dr. Overcast's estimate of the difference

between costs allocated to NEM customers in his COSS analyses and the

revenues received from those customers?

13

14

15

16

17

18

A. Dr. Overcast's estimate of a $729-822 annual per-customer cost for this category is

based on the difference between two figures: (1) the cost of service for solar

customers identified in the COSS models, and (2) the revenue received from NEM

customers.44 The first figure is the result of the COSS analysis completed by Dr.

Overcast. The range reflects the difference between results from his "base COSS" and

the "solar class COSS."45

19 Q. Have you been able to evaluate the reasonableness of the COSS results?

20

21

22

23

24

25

26

I have not. The reasonableness of any COSS results depends on the methodologies

and assumptions employed in the specific study. One of the most critical assumptions

in terms of differentiating the cost to serve various customer subgroups is the COSS

allocation methodology. Unfortunately, TEP/UNSE failed to provide Vote Solar with

functioning copies of the cost-of-service studies in a timely manner. As a result, my

ability to analyze the methodologies employed in each of the three studies has been

extremely limited.

43 Id. 5:4-15 Tbl. 1, 33:14-21, EX. HEO-8.
44 Id 33:15-18 & nn. 5-6.
45ld.
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TEP/UNSE provided a work paper in Adobe PDF format that purports to show the

allocation factors used in each of the cost of service studies46, but the values shown in

this work paper are inconsistent with the values shown in Exhibit HEO-8 of Dr.

Overcast's testimony, which purports to show the inputs and results of the energy cost

study.47 As a result I cannot verify what measure (site load, delivered load, other)

TEP/UNSE used to allocate costs to NEM customers in the various cost of service

studies presented in the testimony of Dr. Overcast.

8

9

Q- What implication does this have regarding the reasonableness of the COSS

results?

10

11

12

13

14

A. As I stated earlier in the section regarding APS's COSS, the only reasonable approach

to an analysis of the cost to serve NEM customers as a separate group of customers is

to allocate costs to these customers based on standard allocation measures applied to

the load actually served by the utility. For all types of customers, NEM and non-

NEM, this means the COSS must allocate costs based on delivered load.

15

16

17

18

19

20

Exhibit HEO-8 indicates that the annual delivered load to TEP's solar customers

based on metered billing data was roughly 73 million kWh.48 The "base COSS"

appears to have used a higher value for annual kph cost allocation and the "solar

class COSS" appears to have used a lower value.49 This indicates to me that costs

were likely allocated on something other than delivered load, which would skew the

results.

21

22

Q. Have you been able to evaluate the reasonableness of the revenue Dr. Overcast

compared with costs to quantify the alleged cost shift?

23

24

Yes. Dr. Overcast used a figure of $3,352,194 in revenues from residential NEM

customers," and has indicated that this number was provided to him by TEP based on

46 TASC 1.1 TEP Datasheet v5, Feb. 8, 2016.
47 Overcast Direct 22:4-8, Ex. HBo-8.
48 ld. Ex. HB0-8 Tb1. 1.
49 See id.
50 Overcast Direct 33:14-15.

at Error! Reference source not found..

A.
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actual revenues collected from TEP NEM customers during the rate case test year.51

This implies the revenues on which the cost shift calculation was based reflect actual

billed costs, while the cost to serve was calculated based on TEP's most recent rate

case filing that includes a requested $109.5 million non-fuel revenue requirement

increase.52

6

7

8

9

10

There are two issues with this methodology. The first is the same issue that is present

in APS's cost shift analysis: the revenues to which costs are compared conflate

revenues received by the utility for deliveries with the compensation awarded to the

NEM customer for energy exports. To understand the relative cost to serve NEM and

non-NEM customers, deliveries must be analyzed separately from exports. Allocating

costs based on deliveries or site load and comparing those costs to revenues received

net of compensation for exports will inflate the purported cost shift.

13

14

15

16

17

18

19

20

21

The second issue with this methodology is that it does not put NEM customers on

equal footing with non-NEM residential customers in terms of cost recovery. In

TEP's open rate case, the Company has requested an increase in the non-fuel revenue

requirement of $109.5 million.53 TEP's application indicates that this request would

result in an increase of over 12% in adjusted test year revenues.54 It is not surprising

that costs allocated to NEM customers based on a total revenue requirement 12%

higher than the revenues used to develop current rates would show an under-recovery

of costs. In fact, I would expect Dr. Overcast's analysis to result in a showing of cost-

shift for the non-NEM residential class as well.

22

23

24

25

In order to appropriately compare cost to serve with revenues to ascertain the

magnitude of the potential cost shift, NEM customer cost recovery must be compared

on equal terms with non-NEM customer cost recovery. This methodology was used in

the APS study and should be applied to the TEP study as well. Dr. Overcast's

51 Conversation with Dr. Overcast April 2, 2016. Dr. Overcast informed me in a telephone
conversation that this number was provided to him by TEP based on actual revenues
collected from TEP NEM customers during the rate case test year.
2 See TEP Rate Case Appl. 1:14-16, No. E-1933A-15-0322.

53Id.

54Id.
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3

comparison ofNEM cost to serve based on TEP's rate case request with revenues

received based on prior-approved rates overinflates the resulting assessment of the

cost shift.

4

5

Q. Have you assessed the reasonableness of Dr. overcast's estimates of cost shift

associated with "banking arbitrage," "excess generation," and "premise use"?

6

7

8

9

10

11

12

13

Again, due to the limited data TEP/UNSE provided, I have only been able to conduct

a limited review of these alleged cost shift categories. Dr. Overcast indicates that his

analysis for these categories was based on the energy cost analyses conducted outside

of the cost of service studies and presented in Exhibit HE0-8.55 Because TEP/UNSE

declined to provide any work papers supporting Exhibit HEO-8, it is difficult to

assess the reasonableness of the calculations therein. In addition, little to no

explanation of the methodology or meaning of each of these cost shift categories is

provided in the body of the testimony.

14

15

16

17

18

19

20

21

22

23

24

25

Based on the brief descriptions of the methodology provided in Exhibit HEO-8, it

appears that the value for "banking arbitrage" is based on an estimate of the differing

marginal costs associated with delivered energy and exported energy. Exhibit HEO-8

indicates that the average marginal cost associated with DG exports was

$24.62/MWh, while the average marginal costs associated with deliveries to DG

customers was $26.97/mwh.5' It is unclear precisely what data were used to conduct

this analysis. However, in the recent UNSE rate case, Dr. Overcast made a similar

claim, stating, "excess generation sold back to the utility occurs on average at times

when the avoided energy cost is less than the average energy cost and less than the

marginal cost of energy used by solar DG customers to meet the load in excess of

solar DG."57 In the UNSE rate case, Dr. Overcast provided the work papers to support

this statement; however, it was found that the work papers did not provide support for

55 Overcast Direct, Ex. HEO-8 bl. 2.
56

Id.
57 Overcast Rebuttal Test. 13 :9- 14, No. E-04204A- 15-0142, Jan. 19, 2016.

A.
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his conclusion.58 In fact, when other available data from the docket were examined, it

was found that the average marginal cost during hours of energy exports actually

exceeded the average marginal cost during hours associated with deliveries." While a

contradictory finding based on UNSE data does not indicate that Dr. Overcast's

finding based on TEP is incorrect, it does indicate that the result should be closely

examined prior to adoption by the Commission.

7

8

9

10

Descriptions of the other two categories of alleged costs-"excess generation" and

"premise use"--appear to be based on comparison of the full retail rate with different

levels of short-term valuation of energy exported to the grid and consumed onsite.60

The short-term valuation of energy exports appears to be based on the average

marginal cost associated with deliveries to DG customers while the short-term

valuation of onsite DG consumption appears to be based on avoided fuel cost.61

13

14

Q. Do you have any comments about the inclusion of the three energy cost

categories in the cost shift assessment?

15

16

17

18

19

20

21

22

23

24

25

A. While Dr. Overcast's methodology for allocating energy-related costs to NEM

customers outside the COSS is considerably more complicated than the methodology

employed by APS to allocate energy-related costs to NEM customers within the

COSS, it appears Dr. Overcast's approach suffers from similar methodological flaws.

By assigning costs to NEM customers based not only on load consumed onsite, but

also total embedded costs associated with energy exports, Dr. Overcast's approach

unfairly assigns costs to NEM customers based on services not provided by the

utility. The more appropriate methodology would be to include energy-related costs

in the COSS and to allocate energy-related costs to NEM customers based exclusively

on delivered load. The long-term costs and benefits he associates with energy exports

should be considered through the value of solar analysis separate from the COSS.

58 Surrebuttal Test. of Briana Kobor at 15:17-21, No. E-04204A-15-0142 ("Kobor
Surrebuttal").
59 Kobor Surrebuttal 15:21-l6:5.
60 Overcast Direct, Ex. HEO-8 Tbl. 1.
61 Id. Tbl. 2.
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Q- Do you have any comments on STEP/UNSE's use of the counterfactual cost of

service study?

3

4

5

6

7

8

9

A. TEP/UNSE witness Mr. Tillman has indicated the Companies recommend use of a

counterfactual COSS "that assumes away the existence of NEM customers' power

generation"62 as part of a "more comprehensive [value of solar ("VOS")] model."63

Dr. Overcast's testimony presents the results of such a counterfactual coss.64

Notably, the results of the counterfactual COSS do not appear to be used in Dr.

Overcast's assessment of the alleged NEM cost shift, and it is not clear how he

recommends that the results of such an analysis be used to set rates.

1 0

11

1 2

13

1 4

15

1 6

17

1 8

1 9

2 0

I do not recommend the counterfactual COSS approach for a number of reasons.

First, the entire premise of comparing hypothetical costs based on the assumption that

DG never existed is problematic. Development of such a study requires assumptions

of what NEM customer consumption and utility costs would have been had customers

never made the decision to invest in DG resources. This would create challenges

associated with NEM customer load shape determination as well as quantification of

how utility costs would have changed but for the DG assets offsetting a portion of

customer load. In addition, the counterfactual COSS approach limits consideration of

the costs and benefits associated with DG to the COSS test year, while the benefits of

DG investment will accrue over the useful life of the system. This approach is

unlikely to fully capture the costs and benefits associated with DG.

21

22

23

24

The preferred approach would be to consider the cost to serve NEM customers based

on delivered load characteristics in the context of the traditional utility COSS and to

evaluate the long-term costs and benefits associated with DG exports through the

valuation of solar analysis using the methodology adopted in this proceeding.

62 Direct Test. of Carmine Tillman 7:6-8 ("Tillman Direct").
63 Tillman Direct 6:5-9.
64 Overcast Direct 3316.
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4.3 Conclusions regarding the role of COSTS-based evidence and

methodological recommendations in this docket

3

4

Q- Have you reached any conclusions regarding the COSTS-based evidence

presented in this docket?

5

6

7

8

9

10

11

12

13

A. Yes. First, I do not believe sufficient evidence has been provided to support the

alleged cost shift figures put forth by either APS or TEP/UNSE in this docket. A

review of the methodology employed to arrive at APS's estimated $29-67 monthly

cost shift reveals the underlying analysis overinflates the cost to serve NEM

customers and conflates the costs and revenues associated with delivered energy with

the compensation awarded to NEM customers for energy exports. Due to APS's

adoption of a proprietary COSS model, I have been unable to determine what level of

cost shift, if any, would result from adoption of my recommended methodological

corrections.

14

15

16

17

18

19

20

21

22

23

My review of STEP/UNSE's alleged $874-967 annual cost shift figures was

unfortunately limited by STEP/UNSE's failure to provide timely access to functioning

work papers to support the analysis. However, information provided in the testimony

and the PDF work papers indicates that the TEP/UNSE analysis likely suffers from

similar methodological issues resulting in an over-inflation of the assessment of the

cost to serve NEM customers. Moreover, the analysis includes an inaccurate

comparison of costs with revenues, which conflates revenues from deliveries with

compensation for exports and does not compare NEM customers on equal footing

with non-NEM customers in terms of expected cost recovery in light of the large

revenue increase requested in TEP's open rate case.

24

25

Commissioner Little has been clear in his guidance for this docket that he envisions

the following outcome of this proceeding:

26
27
28
29

Development of a methodology that would inform future proceedings
as to how the value and cost of solar should be evaluated and
determined as part of a rate case. Since the specifics of each rate case
are different and can vary widely for each utility and service area, the
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methodology would not assign specific values, but rather provide
guidance as to how values would be determined in the context of an
individual rate case.65

4

5

6

Keeping with Commissioner Little's statement and in light of the lack of evidence

provided to support the alleged cost shift attributable to NEM customers, I do not

recommend that the Commission adopt any specific COSS findings in this docket.

7

8

9

Q. Do you have any recommendations regarding the methodology for

determination of the cost to serve solar customers in the context of a utility

COSS?

10

11

12

13

14

15

16

17

18

Both APS and TEP have requested that the Commission adopt their proposed COSS

methodologies in this proceeding. I have identified several significant flaws in these

proposed methodologies and offer the alternative recommendation that all customer

groups be evaluated in future cost of service studies in a fair and transparent way

based on the services they are provided by the utility. This means that cost allocation

for all customers, NEM and non-NEM, must be consistent and based on delivered

load. In addition, I recommend DG exports be considered separate from the COSS

and evaluated based on a long-term avoided cost analysis as I discuss in the next

section.

19

20

21

5 The value of DG exports must be based on long-
term avoided costs to the non-participating

ratepayer

22

23

Q- What approaches to the valuation of DG have been discussed by parties in this

docket?

24

25

26

A. There are three approaches to the valuation of DG that have been discussed by parties

in this docket: (1) short-term avoided cost, (2) grid-scale benchmarking, and (3) long-

term avoided cost. In my opinion there are significant flaws with both the short-term

65 Guidance Letter at 1.
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avoided cost and grid-scale benchmarking approaches. I recommend that the

Commission adopt the long-term avoided cost approach.

3 5.1 Short-term avoided cost approach

4 Q. What is the short-term avoided cost approach to the valuation of DG?

5

6

7

8

In general, the short-term avoided cost approach seeks to evaluate the costs and

benefits of DG over the near-term. An example of this was provided in APS's

testimony, where APS described a methodology for evaluating short-term avoided

costs based on a year's worth of historical data.66

9

10

Q- What do proponents argue are the merits of the short-term avoided cost

approach?

12

13

APS witness Albert implies that the short-term approach would avoid potential issues

due to future failure of DG suppliers to maintain a resource that is available and

capable of producing power over the expected life of the system.67

14

15

16

17

18

19

20

21
22
23

24

25

TEP/UNSE witness Dr. Overcast states that payment of levelized cost in the long-

term approach "is inconsistent with rates and creates issue[s] of intergenerational

equity and potential excess payments since solar DG has no obligation to operate at

rated capacity over its useful life."68 He additionally claims that inclusion of future

energy costs would create an inter-temporal subsidy to the extent that future benefits

are reflected in current rates.69 Finally, Dr. Overcast states:

The only way to provide for efficient outcomes is to separate the
capital and the energy components of the payment stream. Energy
payments based on short run costs is the exact same way that utility
generation recovers energy costs. Over the life of some power plants
that energy cost moves up and down with competitive input prices.
There is no economic reason that solar DG should be any different

66 Direct Test. of Bradley Albert 17:22-18:27 ("Albert Direct").
6714. 19:9-19.
68 Overcast Direct 46:23-25.
69 Id. 45:26-46:3.
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than a competitive power plant that bears the fuel cost risk in the short

term.70

3 Q. Do you agree with these statements?

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

No. Mr. Albert's and Dr. Overcast's criticisms are based on the premise that

evaluating DG over the long-tenn would create some sort of risk of long-term

benefits not being realized if the DG customer were to fail to deliver as expected. But

this is not unique to DG. It is standard practice to evaluate the long-term benefits and

costs of utility investments, such as power plants and transmission lines. Often the

decision is made to invest in these large projects in advance of the actual need for the

total capacity the investment would provide. In any such case, one could argue that

"inter-temporal inequities" exist from placing such investments in a utility rate base

in advance of their need. Moreover, in the case that expected benefits of utility

investments do not materialize, ratepayers are often still obligated to pay for the

investment. If the utility provides the DG customer with compensation for the excess

energy from their DG system that is linked to energy production, there is no reason to

believe that any significant number of DG customers would fail to perform over the

useful life of the system. While parties have raised future performance of DG as a

hypothetical issue, none has provided evidence in this docket to support their theories.

1 9

2 0

21

2 2

23

2 4

25

In addition, Dr. Overcast's claim that "[e]nergy payments based on short run costs is

the exact same way that utility generation recovers energy costs"71 ignores the fact

that the majority of utility-scale power purchase agreements ("PPA") for renewable

generation are 10-20-year fixed or escalating contracts. Indeed, there is no economic

reason for compensating DG at short-term avoided costs based on fluctuations in fuel

markets when "competitive power plants" are routinely offered long-term fixed-price

contracts.

70 Id. 47:25-4824.

71 ld. 47:26-4811.
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1 Q. What do you conclude regarding the short term avoided cost approach?

2

3

4

5

6

7

8

The short-term avoided cost approach is not recommended for the valuation of the

costs and benefits of DG exports. Indeed, neither APS nor TEP/UNSE appear to

directly endorse this method either. Valuation of the costs and benefits of DG based

only on the short term would ignore many significant benefits associated with DG

that only accrue over the longer term. Compensation for exports that does not take

into account the long-term benefits would result in a suboptimal level of DG

deployment from the perspective of the non-participating ratepayer and society.

9 5.2 Grid-scale benchmarking approach

10 Q. What is the grid-scale benchmarking approach to valuation of DG?

11

12

13

14

15

16

17

18

19

A. Again, there is some variation in the exact methodology for the grid-scale

benchmarking approach. TEP/UNSE has proposed a type of grid-scale benchmarking

in the open rate cases for both TEP and UnsE." STEP/UNSE's proposals are to link

the price paid for DG exports to the price of the most recent utility-scale PPA signed

by either TEP or UNSE and connected to the TEP/UNSE distribution system. In

addition, APS witness Albert introduces the concept of a grid-scale benchmarking

methodology in his testimony, which includes benchmarking the price of utility-scale

PPAs and making adjustments for various "valuation differences" between grid-scale

and rooftop solar."

20

21

Q. What do proponents argue are the merits of the grid-scale benchmarking

approach?

22

23

24

25

The main arguments in support of a grid-scale methodology are centered on the idea

that utility-scale solar photovoltaic ("PV") provides many similar benefits and

attributes when compared with distributed solar PV, yet due to the benefits of

economies of scale is generally available at a lower unit price. APS witness Albert

72 See Docket Nos. E-04204A-15-0142 and E-1933A-15-0322, respectively.
73 Albert Direct 28:25-29:5.
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2

3

4

5

6

states the "adjusted grid-scale value would represent the cost at which the utility

could realize the same value attributes that rooftop solar systems supply."74 Similarly,

TEP/UNSE witness Dr. Overcasts states, "the proliferation of roof top solar is not the

least cost alternative to acquiring renewable energy resources or even solar DG as the

cost of solar is subject to economies of scale just as the utility costs benefit from scale

econornies."75

7 Q- Do you agree with these statements?

8

9

10

11

12

13

14

A. I agree that due to economies of scale, utility-scale PV is generally available at a

lower unit price when compared to distributed solar generation. However, I caution

against drawing a parallel between the two resources in terms of valuation. The

statements in support of the grid-scale methodology inappropriately conflate the value

of DG from the perspective of the utility with the value of DG from the perspective of

the non-participating ratepayer and result in a false comparison between the two

resources.

15 For example, Mr. Albert states:

16
17
18
19
20
21
22

Based upon the prudent utility planning principles that have been a
basic premise upon which utility resource procurement decisions have
historically been made, a utility has an obligation to seek out the
lowest-cost, best-lit approach to fulfilling a resource need. The grid-
scale adjusted methodology is consistent with this principle in that it
identifies the lowest-cost, best-tit manner of achieving the same
resource value."76

23 This concept is echoed by Dr. Overcast:

24
25
26
27
28

DG energy sales from roof top residential customers are worth far less
to the utility under net metering than under a year round contract for
solar generation. This is just another example of how markets have
both a competitive option and regulation of the remaining natural
monopoly. 7

74 Albert Direct 29:3-5.
75 Overcast Direct 8:19-22.
76 Albert Direct 32:13-18.
77 Overcast Direct 9:2-6.
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Both of these statements illustrate how the grid-scale benchmarking methodology

approaches the issue of DG valuation from the utility perspective, making a false

comparison between the two resources. While I agree that utility-scale solar provides

many of the same attributes to the electric system, often at a lower unit price, utility-

scale solar prices should not be used to set DG compensation because DG customers

cannot participate in that market and it would be inappropriate to bring prices from

the competitive utility-scale market to bear on individual customers who make the

choice to install DG when they do not have access to a market in which to sell their

power.78

10

12

13

14

15

16

The utility customer who installs solar on his rooftop chooses to make a private

investment in an energy resource that can export excess power to the grid to be

consumed by nearby customers. There is only one buyer for his power-the utility.

Currently, there is not a market in which, if he installs solar on his rooftop and is not

using all of his power, he can sign a contract with his neighbor who can purchase that

power. That market does not exist because the utility has been granted monopoly

rights to deliver power in its service territory.

17

18

19

20

21

22

23

24

25

26

27

The comparison of utility-scale pricing with distributed-scale pricing from the

perspective of the utility additionally ignores the fact that while utility~scale contracts

may in fact be cheaper, no one is offering the non-participating ratepayer access to

utility-scale solar at 5 c/kWh. The only product available to the non-participating

ratepayer is delivered energy available at the full retail rate. The non-participating

ratepayer will be generally indifferent to and unaware of whether the electrons he is

consuming are coming from their neighbor's PV array or whether they have been

carried across the entire utility transmission and distribution system from a faraway

power plant. Asking why the utility should pay more for DG than they pay for utility-

scale solar PPAs asks the wrong question. From a non-participating ratepayer

perspective, the right question to ask is: What is the level of costs avoided by the non-

78 In addition, DG provides unique benefits when compared to utility-scale solar, including
higher generation capacity value due to the geographic diversity of DG systems, higher
avoided line losses, and potentially greater avoided distribution costs and grid services from
DG.
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participating customer as a result of the exported DG? The answer to this question is

independent of the price paid for utility-scale solar.

3 Q. What do you conclude regarding the grid-scale benchmarking approach?

4

5

6

7

8

9

10

11

12

13

14

15

I do not believe the grid-scale benchmarking approach has any merit for the valuation

of the costs and benefits associated with DG exports. I disagree with APS's

recommendation that the value resulting from the grid-scale benchmarking

methodology be considered a ceiling on the price paid for DG exports.79 RUCO's

witness, Mr. Huber, agrees, stating, "[f]avorable costs of utility and community scale

solar should not be used to determine that DG solar cannot be cost-effective, or

should not be pursued."80 The attempt to set pricing for DG exports based on utility-

scale prices rather than based on non-participating ratepayer avoided costs creates a

false choice. Arizona's utility customers support choice and they support clean

energy.81 DG exports can be priced to ensure that non-participating ratepayers benefit

from the transaction and both utility-scale and distributed-scale solar PV should be

encouraged.

16 5.3 Long-term avoided cost approach

17 Q- What is the long-term avoided east approach to valuation of DG?

18

19

20

21

22

The long-term avoided cost approach is the methodology that is commonly referred to

as a "value of solar analysis." In my direct testimony in this proceeding I outlined my

recommendations for specific methodologies to assess the long-term values and costs

of DG exports. The long-term avoided cost approach is the standard approach to DG

valuation and was the approach used by APS in the R.W. Beck study from 200982 and

79 Albert Direct 3:20-26.
80 Direct Test. of Lon Huber 23:20-22.
81 Adrian Gray Consulting, Survey0fArizona Voters, Adrian Gray Consulting, LLC, 2 of 4
(Oct. 14, 2014), http://www.edfaction.org/sites/edactionfund.org/tiles/press-releases/edaf-az-
20l4.pdf.
82 R.W. Beck,Distributed Renewable Energy Operating Impacts and Valuation Study, R.W.
Beck, § 1.5 (Jan. 2009), http://files.meetup.com/l073632/RW-Beck-Report.pdf.
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the 2013 SAIC update to that study. The 2013 Crossborder Energy study also used

the long-term avoided cost approach84 as did the updated study presented by TASC

witness Thomas Beach in this proceeding.85 I recommend that the Commission adopt

the long-term avoided cost approach to the valuation of DG exports.

5 Q. Have parties provided arguments against the long-term avoided cost approach?

6

7

8

9

10

11

12

13

Yes. APS witness Brown devotes the majority of his testimony to a section entitled

"what's wrong with a 'VOS' analysis'?"86 In this section he states that the VOS

analysis "is inherently subjective, readily manipulated, and inherently skewed,"87 and

details a list of what he calls "[f]oundational problems that can throw off the whole

framework of a study."88 He additionally criticizes some of the categories of costs and

benefits outlined in the Interstate Renewable Energy Council guidebook," and examines

the results of several VOS analyses that have been completed in Arizona and other

states.9°

14 Q. Do you agree with Mr. Brown's statements?

15

16

17

18

19

No. Mr. Brown claims that "[s]tudies of the 'VOS' are highly subjective and readily

manipulated because there is no established methodology, and, furthermore, given the

complexity of the analyses needed to assess all the various 'VOS' claims, no analysis

can effectively avoid the need to make multiple subjective analytical judgments."91

However, Mr. Brown's testimony goes on to make a number of specific

83 SAIC, 2013 Updated Solar PV Value Report. SAIC, §2.1 (May 10, 2013),
https://www.azenergyfuture.com/getmedia/77708c68-7ca6-45c1 -a46f-
84382531bae3/2013 updated solar pp value report.pdf/'?ext=.pdf.
84 R. Thomas Beach & Patrick G. McGuire,The Benefits and Costs 0fSolar Distributed
Generation for Arizona Public Service, Crossborder Energy, 2 (May 8, 2013),
https://www.seia.org/sites/default/iiles/resources/AZ-Distributed-Generation.pdf.
' Beach Direct, Ex. 2.

86 Direct Test. ofAshley Brown 12:18-57 ("Brown Direct").
87 I¢i. 13:1
88ld. 18: 15.
89 181.24: 13.
90 Id. 47:4-57.
91 Id. 13:4-7.
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recommendations regarding the appropriate methodology for the calculation of many

of the inputs to the valuation analysis.92

3

4

5

6

7

8

In addition, Mr. Brown cites to the results of a study completed in Maine and a study

completed in Louisiana, pointing out that the resulting c/kWh values were very

different in the two studies as apparent support for his claims that such studies may be

biased.93 In reality, it is not at all surprising that the c/kWh valuation of solar would

differ dramatically in studies that looked at two very different states with different

climates, different customer usage patterns, and different energy supply mixes.

9

10

11

12

13

Mr. Brown's criticisms essentially support the view that that the methodology for

long-term valuation of solar DG would benefit from guidance from the Commission

in order to ensure that the resulting analysis is reliable and unbiased. This is precisely

what I have recommended in my direct testimony94 and is the purpose of this

proceeding, as indicated by Commissioner Little.95

14 6 Other Issues

15 6.1 Distribution of benefits from DG solar

16

17

Q. Have any parties in this proceeding made comments regarding the distribution

of benefits from DG solar?

18 A. Yes. Mr. Brown makes the following claim in his testimony:

19
20
21
22

A VOS analysis typically ignores the social impact of policies, such as

net metering implemented to support distributed solar. Empirical

studies on this subject have indicated that net metering pricing has a

regressive social impact. It is, in fact, a wealth transfer from lower-

92 See, e.g., id 25:4 (discussing avoided energy costs), 27:1 (discussing generation capacity
savings).
93 Brown Direct 13:7-11 .
94 Kobor Direct 49:11-13.
95 Guidance Letter 1.
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1 income people to higher-income people.96

2 Q. Do you agree with this claim?

3

4

5

6

7

8

A. I do not. Studies on net metering do not show that there is a regressive social impact

nor do they demonstrate a wealth transfer from lower-income people to higher-

income people. In fact, the only empirical study Mr. Brown cites to in his testimony

that includes data from Arizona is entitled "Solar Power to the People: The Rise of

Rooftop Solar Among the Middle Class."97 The following statement appears on the

very first page of this study:

9
10
11
12
13
14
15
16
17
18

The question is: Who is buying up all of those solar power systems?
Through our analysis of solar installation data from Arizona,
California, and New Jersey, we found that these installations are
overwhelmingly occurring in middle-class neighborhoods that have
median incomes ranging from $40,000 to $90,000. The areas that
experienced the most growth from 2011 to 2012 had median incomes
ranging from $40,000 to $50,000 in both Arizona and California and
$30,000 to $40,000 in New Jersey. Additionally, the distribution of
solar installations in these states aligns closely with the population
distribution across income levels.98

19

20

21

That report additionally included a figure depicting the distribution of solar

installations and households by income level for APS's territory. That figure is

reproduced on the following page.

96 Brown Direct 24:5-9.
97 Brown Direct 24 n.26 (citing "Hernandez, Mari, Solar Power to the People: The Rise of
Rooftop Solar Among the Middle Class. Center for American Progress, October 21, 2013.
https://cdn.americanprogress.org/wp-content/uploads/2013/ l 0/RooftopSolarv2.pd1°').
98 Mari Hernandez, Solar Power to the People, Center for American Progress, 1 (Oct. 21,
2013), https://cdnamericanprogress.org/wp-content/uploads/2013/10/RooftopSolarv2.pdf
(emphasis added).
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1 Figure 4: APS Installations and Households by Income Level"
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This analysis clearly indicates solar DG is being installed across the income spectrum

in Arizona with a proportionate amount of solar installations at the lower ends of the

income spectrum.

6

7

8

9

10

11

12

The other studies referenced by Mr. Brown include a study from California that found

that while the average income of customers with solar was higher than the general

population, that gap has been decreasing since 2007.100 Mr. Brown also referenced a

study that looked at Maryland, Massachusetts, and New York, and found that like

Arizona, Massachusetts and New York saw the majority of solar installations in

middle-income areas, while Maryland skewed slightly more towards higher-income

a1°ea$_10l

13

14

15

While distribution of solar installations across the income spectrum is one part of the

picture, Mr. Brown's allegations ignore the fact that if a robust approach to the

quantification of the costs and benefits associated with DG can be used to set a rate

99 Id. 3.
100 Energy and Envtl. Econ., California Net Energy Metering Ratepayer Impacts Evaluation,
113 (Oct.28, 2013), http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=5724.
101 Brown Direct 46-47 n.45 (citing Mari Hernandez, Rooftop Solar Adoption in Emerging
Residential Markets, I (May 29, 2014), https://cdn.americanprogress.org/wp-
content/uploads/2014/05/RooftopSo1ar-brief3.pdi).
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for exports that allows a sharing of net benefits between customers that do and do not

install DG, all customers will benefit, regardless of income level.

3 6.2 This docket is not the appropriate venue for determination of

4 specific rate design measures

5

6

Q. Have any parties to this proceeding discussed specific rate design

recommendations?

7

8

9

10

11

Yes. Several parties, including APS witness Mr. Snook, TEP/UNSE witness Dr.

Overcast, and AIC witness Mr. O'Sheasy, include specific rate design

recommendations in their direct testimonies, including an endorsement of three-part

rates that include a demand charge and increasing fixed customer service charges

through use of the minimum system method.102

12 Q. Do you have any comments on these recommendations?

13

14

15

16

17

18

19

20

21

22

23

A. I do not believe this docket is the appropriate venue for recommendations or

determinations regarding specific rate design proposals. The scope of this docket

should be limited to development of a robust, standardized methodology for valuation

of DG that can be employed to develop specific findings for each Arizona utility.

Specific rate design measures may indeed impact the magnitude of DG benefits and

costs calculated using the methodology developed in this proceeding and are an

important consideration in each utility's own rate case. Moreover, it would not be

appropriate to consider specific rate design proposals absent a body of evidence to

support those proposals, including utility cost of service studies and bill impact

analyses, neither of which has been provided for the rate design recommendations

discussed in this case.

102 Snook Direct 27:16-20, Overcast Direct 39:12-16, Direct Test. of Michael O'Sheasy
11:18-15:16.
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1 7 Recommendations

2 Q- What are your recommendations for the Commission?

3

4

In addition to the recommendations summarized in my direct testimony, I recommend

the following:

5

6

7

8

9

1 0

11

1 2

13

1 4

15

1 6

1 7

1 8

1 9

2 0

2 1

2 2

2 3

2 4

2 5

2 6

The Commission should recognize that insufficient evidence has been provided to

support the alleged cost shift calculations put forth by APS and TEP/UNSE in this

docket and that the methodologies employed to develop these calculations

overinflate the cost to serve NEM customers.

The Commission should instruct the utilities to evaluate the cost to serve NEM

customers in a fair and transparent way through standard utility cost-of-service

analysis based on delivered load.

The Commission should not make specific findings based on cost of service study

evidence in this proceeding.

The Commission should not endorse use of a counterfactual cost of service study

as proposed by TEP/UNSE.

The Commission should reject the short-term avoided cost approach to the

valuation of DG.

The Commission should reject the grid-scale benchmarking approach to the

valuation of DG

Valuation of DG exports should be considered separately from the cost to serve

NEM customers, and the valuation should be based on a full assessment of the

long-term costs and benefits associated with DG exports.

o Detailed recommendations regarding the methodology for this valuation

are provided in my direct testimony.103

The Commission should recognize that the distribution of solar DG installations

by income level reflects the income distribution of the state of Arizona.

103 Kobor Direct 49-50.
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2

3

The Commission should recognize that this docket is not the appropriate venue

for evaluation of specific rate design proposals. Rate design should be addressed

in individual utility rate cases where the proposals can be fully evaluated.

4 Q. Does this conclude your rebuttal testimony?

5 Yes, it does.
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CFI[ERGREGAST Regulatory Asset Energy Related]

CO;[]

CH:[ERGSYSBEN Customer Class Energy @ Generatlon {MWH]}

CI:[ERGSY5BEN System Benefh: - Energy Related)

CJ=il
CK:[RetaiI ONLY versions of above allocators:]

cL:{1f]

CM [Retail DEMPROD 1 Average & Excess @ Generation! {CP Juris.}]

CN:[Retai! DEMPROD1 Production Demand]

CO:[]
CP:[Retail ENERGY1 Customer Class Ener8V @ Generation [MWH}]

CO:{Ratail ENERGY1 Production - Energy]

CR:[]

CS:[Retall ERGSYSBEN Customer Class Energy @ Generation [MWH}]

CT:[RctziI SRGSYSBEN System Boneflts - Energy lolatodl

C*J:[end If]

CV:[]

CW:[Other Allocators]

CX:[Demand Production [RESH

CY:[Ratlo: Demand Production {RES}}

CZ.[]

DA:[AncIllary Servlces]

DB:[Rat1o: Ancillary Services]

618,419

2.17%

cos____ALLocAToR s
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DC:[Surrl: Ancilary Services]

DD:[Less: Ancillary Services]

OE:[]
DF;[CU5TADV Customer Advances]

DG:{CUSTADV Customer Advances]

DH:[l

Dl:1CUSTDEP Customer Deposits]

Dl:[CU$TDEP Customer Daposltsl

DK:[1

DL:[5]

Dm.{5}

DN:[]

DO:[6]

DP:[6]

DQ:{]
DR:[7]

DS:[7]

DT:[]

Du:{8]

DV:[8]

DW:[]

DX:[9]

DY:[9]

DZ:[]

EA:l1o]

EB:[10]

EC:[]

ED:[1D0% Allocator]

EE:[]
100.00%

3628

0.01

1.05%

EF:[2erci Ailacator]

EG:[]

E221 (Water Pumping)

B:[Jurisdiction}

C:[ALL OTHER Jurisdiction]

0=11
E:[DEMPROD1 Average & Excess @ Generation! [CP }Uris]]

FIIDEMPRODI Prdudon Demand]

G=ll
H:[DEMPROD6 Specific Assignment]

IIIDEMPRODG Ancillary Service - Scheduling & Dispatch]

1111

K:[DEMTRAN1 Specific Assignment]

LIIDEMTRANI Transmission 5uMutMn]

MIN]
N:[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmiulon Linea]

Pei]
Q:[DEMTRAN4 Specific Assignment]

R:{DEMTRAN4 SCE Specific]

Sri]
T:[DEMDIST1 NCP Demand @ Substation Level flosses (KWH

U:[DEMDIST1 Distribution Substatlonl

V 2il

76251

1.05%

74,319

1.05%

123951

1.34%

3,387

1.12%

74,319

1.05%

W:[DEMDlST2 NCP Demand @ Primary Line Level wliosses (KWH

x=[oEmoisT2 Distribution OH Primary Lines]

Yell
Z:[DEfVIDI5T3 Individual Maximum Demand Q* Secondary Line Level w/losses [KW}]

aA{oemDls1s Distribution OH Secondary Lines]

AB:[]

ACI[DEMDIST4 NCP Demand @ Primary Line Level w/losses {KW}]

AD:[DEMDIST4 Distribution UG Primary Unesl

AE:{}
AFzIDEMDISTS Individual Maximum Demand @ Secondary Line Level flosses (KWH

AGIIDEMDISTS Distribution UG Secondary Lines]

AH:[}
AI:[DEMDI5T6 Individual Maximum Demand @ Secondary TXF Level vvflosses {KW}]

AJ:[DEMDlSTS Distribution OH Line Transformers]

AK:[]

AL:{D£MDIST7 Individual Maximum Demand @ Secondary TXT Level flosses (KW]]

AM:[DEMDIST7 Distribution UG Una Transformers]

AN:[]

AO:lCLlSTOH1 Weighted Customer Costs for Distribution Services {$)]

Ap={cusroH1 Distribution OH Services]

Ate:[]
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services {$}}

ASI{CUSTUG1 Distribution UG Servlces]

AT:[]

AU:[DEMDIST10 NCP Demand @ Primary Line Level flosses [KWH

AV:[DEMDlSTlD Distribution Rents]

AW:[]

AX:[ENER6Y1 Customer Class Energy @ Generation (MWH}]

AY:[ENERG¥1 Production - Energy]
AZ:[}

BA:{ENERGV2 Weighted Hourly Energy Allocator @ Generation]

B8:[ENERGY2 Production Energy [Fuel and Purchased Power}]

369,052

1.30%

0.01

1.28%

18.0

1.33%

7,620

0.59%

1467

0. 12%

1,376

99.93%

BC:[}

BD:]ENERGY2_A]

BE:[ENERGY2_A Related Full {*\CC}l

BF:[]
BG:{CUST37(l Weighted Costs for Distribution Meters {$I]

sH:{cusrs1o Distribution Meters]

BI:[]

BJ:[CUST371 Dusk to Dawn Customer Class Specific]

sK:{cusTs11 Dusk to Dawn]

BL:[]

BM:[CUST3?3 Street Lighting Customer Class Specific]

Bn=icus1s73 Street Lighting]

BO:[]

BP:[ClJSTNUM Number of Customer Accounts]

BQ:[CUSTNUM Customer Accounts]

BR:{}

BS:[CUSTNUM_A Number of Customer Accounts ACC]
BT:[CUSTNUMA Cllltomer Accounts ACC]

BU:[]

BV:[CUST9 10 Number of Customer Accounts]

BW:[CUST910 Customer Service and Information]

BX:[]

BY:[CUST916 Number of Customer Accounts]

B2:lcUsT916 Solos Expense]

1,467

0.12%

1467

0.12%

cos_ALLocAToRs
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CB:[DEMRE6A5T Average BI Excess @ Generation Retail [CP }url.}]

CCIIDEMREGAST Rqulatory Aunt - Demand Related]
1.23

1.23%

CE:[ERGREGAST Customer Class Energy 9 Glnlntion [MWH]}

CFI[ERGREGA5T Regulatory Man Energy Related]
331078

1.10%

CH:[£RGSYSBEN Customer Class Energy Q Generation (MWHJI
Cl:[ERGSYSBEN Snstam Benefits - Energy Roland]

369052

1.30%

CK:{RetaiI ONLY verslorls of above allocators:]

CM:[Retail DEMPRODI Average 81 Excess @ Generation {CP Jurls.]]

CN:[RetaII DEMPROD1 Production Demand]

1
O

1.08%

CP:{RetaiI ENERGY1 Customer Class Energy @ Generation (MaIll]

CO:[Rltall ENERGY! Production » Energy]
369052

1.33%

CS:[RetailERGSYSBENCustomer Class Energy@ Generation {MWH]]

CT:[R¢tlII ERGSYS8EN System Bandits - Energy Ralatadl
369052

1.33%

CW:[Other AUocators]

CX:[Dernand Productuan (RES}]

CY:[Ratio: Demand Production [RESH

DA:[Ancillary Servlcesl

DB:[Ratio: Arlclllarv Services]

DC:[Sum: Anciiaw Services]

DD:[Less: Ancillary Services]

DF:[CUSTADV Customer Advances]

DG:[CU§TADV Customer Advances]
{143465]

0.14%

Dl:[CUSTDEP Customer Deposlts}

DJ:[CUSTDEP Customer Deposits]
(739563}

1.02%

% Allocator] 100.00%

C:[ALL OTHER Jurisdiction] 3618

E:{DEMPROD1 Average 81 Excess @ Generation [CP uris.]]

F:[DEMPROD1 Producion Demand]
0.00

n.-use

HIIDEMPRODS Specific Assignment]

l:[DEMPRODi Ancillary Servke - Scheduling In Dispatch]

K1[DEMTRAN 1 Specific Assagnmentl

L:[DEMTRAN1 Transmission Substation]

N:[DEMTRAN3 Specific Assignment)

O:{DEMTRAN3 Transmission Linus]

Q: [D EMTRAN4 Specific Assign went]
n:1oEMTnAn4 SCE Splclfi¢1

T:[DEMDIST1 NCP Demand @ Substation Level flosses {KW}]

U:[DEMDIST1 Distribution Substatlonl
34,950

0.48%

W:[DEMDIST2 NCP Demand @ Primary LineLevelw/Iosses law}]

XIIDEMDISTZ Distribution OH Primary Uris]
34064

0.48%

Z:lDEMDIST3 Individual MaximumDemand @ Secondary LineLevel w/losses{KW)]

AA:[DEMDIST3 Distribution OH Secondary Lines]
s3,ooo
0.48%

AC:[DEMDIST4 NCP Demand @ Primary Line Lave! wfiosses {KW}]

AD=[oEmolsT4 Distribution UG Primary Linn]
34,064

0.48%

AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level w/losses {KW}]

AG[DEMDIST5 Distribution UG Secondary Linus]
33,000

0.48%

Ar:[DEMDIST6 Individual Maximum Demand @ Secondary TXF Level flosses (KW}]

A.l:[DEMDlSTG Distrlhurtlon OH Um Tr\nsformlrs}
33.627

0.36%

AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level w)los$es (KWH

AM:{DEMDIST? Distribution UG Lino Transformers]
33627

0.34%

AO:[CUSTOH1WeightedCustomer Costs for Distributlon Services [SJ]

Ap[cusToH1 Dlstrihutiaan OH Ssrvlcasl

AR:[CUSTUG1 Weighted Customer Costs for Distribution Services (SH

AS:[CUSWG1 Distribution UG Slrvkes]

AU:[DEMDiST10 NCP Demand @ Primary Line Level flosses [KWH

Av={osMnlsT1o Distribution Rents]
34064

0.48%

AX:[ENERGY1 Customer Class Energy @ Generation {MWHJ] 153,848

cos_AI.LocATor<s
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AY:[EHERGY1 Production - £narly] 0.54%

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENER6Y2 Production - Energy [Full and Purchased Pow lf}]
0.00

0.49%

BE:[ENERGY2_R Related Fuel {Acc}I
0.50

0.51%

BG:[CUST3?0 Welghted Costs for Distribution Meters {$]}

aH:[cusrs7o Distribution Matursl

BJ:[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CU5T371 Dusk to Dawn]

Bm:[cusT37s Street Lighting Customer Class Speclflcl

BN:[CUST373 Strut Ughdng]
1

1w00e4

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CU5TNUM Customer Accounts]
1,023

0.09%

B5:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_.,l\ Customer Accounts ACC]
0

0.00%

BV:[CUST91O Number of Customer Accounts]
BW:[CUST91I:l Customer Service and Information]

1,023
0.09%

BY:[CUST916 Number of Customer Accounts]

B2:[CUST'!16 Sales Expense]
1,023

0.09%

CB:[DEMREGAST Average & Excess @ Generation Retail [CP loris.]]
CC:{DEMR£GAST Regulatory Asset - Demand Ralatadl

0.43

0.4394

CE:{ERGREGAST Customer Class Energy • Generation IMWHJI
CF:[ERGREGAST Regulatory Asset Energy Related]

145323

0.48%

CH:[ERGS\'SBEN Customer Class Energy @ Generate [MwHl]

CI:[ERG5Y5BEN System Benefits - Energy Roland]
153848

0.54%

CK:[Retail ONLY versions of above allocaturszl

CM[Retail DEMPROD1 Average 84 Excess @ Generation! [CP curls.]]

CN:{Rutall UEMPRQD1 Production Demand]

1

0

0.49%

CP:[Reta:l ENER6Y1 Customer Class Energy @ Generation {MWH)]

CO:[Rltail ENERGY1 Production - Energy]
153848

0.55%

CS:[Retail ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT:[Retail ERGSYSBEN System Benefits - Energy Ralatadl
153848

0.55%

CW:[Other Allocators]

CX:[Demand Production (RES]]

CY:[Ratlo: Demand Producten {RES}]

DA:[Ancrllary Servlces]

D8;[Ratlo: Ancullary services]
DC:[Sum: Andlary Services]

DD:[Less; Ancillary Servucesl

DF:[CU5TADV Customer Advances]

DG[CUSTADV Customer Advances]
(171,300)

0.17%

Dl:{CUSTDEP Customer Deposltsl

DJIICUSTDEP Customer Deposits]
(498,448)

0.69%

100.00%

C:[ALL GTHER Jurisdiction] 3628

E:IDEMPROD1 Average 8 Excess @ Generation [CP Juris.]]

F:[DEMPROD1 Production Demand]
0.00

0.01%

H:[DEMPROD5 Specific Assignment]

l:[DEMPROD6 Ancillary Slnrice - Scheduling I Dispatch]

KIIDEMTRAN 1 Specific Assignment]

L:[DEMTRAN1 Transmission Subltationl

N:[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Linus]

Q.{OEMTRAN4 Specifnc Assignment]
R:{DEMTRANI SCE Spcdflcl

T:[DEMDiST1 NCP Demand @ Substation Level flosses (KWH

U:[DEMDIST1 Distribution Substltinnl
5613

0.08%

c os AL LOCATORS
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5,471

0.08%

5,300

0.08%

5,471

0.08%

5300

0.08%

5401

0.06%

5401

o.osa¢

5,471

0.08%

24,770

0.09%

0.00

0.08%

0.08

0.08%

1
100.00%

8319

0.70%

0
0.00%

8319

0.70%

8319

0.70%

W:[DEMDIST2 NCP Demand @ Primary Line Level w)'Iosses {KW)]

X[DEMDIST2 Distribution OH Primary Lines]

Y=[]
Z:[DEMDiST3 Individual Maximum Demand @ Secondary Line Level w/losses [KWH

AA=[nEMolsT3 Dlstdbution OH Secondary Linn]

AB:[]

AC:[DEMDlST4 NCP Demand @ Primary Line Level w/iosses IKE]}
AD=[nsmolsT4 Distribution UG Primary Llnasl

AE:[]
AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level flosses (KWH

nG=[l:>smnls1s Distribution UG Secondary Lines]

AH:{]
AI:IDEMDlST6 Individual Maximum Demand @ Secondary WF Level w/losses (KWH

AJ:[DEMDIST6 Distribution OH Una Transformers]

AK:[]

AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level w;'l0sses {KW}]

AM:[DEMDIST7 Distribution UG Lino Transformers]

AN:[]

AO:[CU5TOH 1 Weighted Customer Costs for Distribution Services (SH

Ap:[cusToH1 Distribution GH Services]

AO..{]
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services (SH

As=[cusTuG1 Distribution UG Scrvicasl

AT:[]

AU1[DEMDIST10 NCP Demand @ Primary Line Level wllosses [KWH

Av=[osMolsr1o Distribution Rents]

AW:[]
AX:lEN£RGY1 Customer Class Energy @ Generation (MWH}]
Av=[enenGv1 Production - Energy]

AZ:[]

BA:lENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:{ENERGY2 Production - Energy (Fuel and Purchaser! Powerll

BC:[]

BD:[ENERGY2_A]

Be=[sneRGvz_A Related Fuel [ACCH

BF:[]

BG:[CUST370 Weighted Costs for Dlstributlon Meters {$}]

BH:[CUST370 Distribution Meters]

BI:[]

BJ:[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk tO Dawn]

BL:[}

8M:[CUST373 Street Llghtlng Customer Class Specific]

BN:[CUST3T3 Street Lightings

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CUSTNUM Customer Accounts]

BR[ l
BS.[CU5TNUM_A Number of Customer Accounts ACC]

BT:[CU5TNUM_A Customer Accounts ACC]

BU:[]

8V:[CUST910 Number of Customer Accounts]

BW:[CU5T810 Customer Servke and Information]
BX:l]

BY:[CUST916 Number of Customer Accounts]

sz:[cusT91¢ Salas Expense]
CAIII
CB:[DEMREGAST Average 81 Excess @ Generation Retail [CP Juris.}]

CC:[DEMREGAST Regulatory Asset - Demand Related]

CD:[]

0.08

0.08%

26649

0.09%

24,770

0.09%

1

0

0.08%

24770

0.09%

CE[ERGREGAST Customer Class Energy G Generation [MWH]]

CF:[ERGREGAST Regulatory Asset Energy Related]

CG:[]

CH:lERG5YSBEN Customer Class Energy @ Generation {MWH}]

Cl:[ERG5Y$BEN System Benefits - Energy Related]

cl=il
CK:[RetalI ONLY versions of above allocators:]

cL.1If]

CM:[Retail DEMPROD1 Average 81 Excess @ Generation! [CP loris]]

CN:[RetaiI DEMPROD1 Production Demand]

CO:[]

CP:[Retall ENERGY1 Customer Class Energy @ Generation {MWH]]

CQ:[Retail ENERGY1 Production Energy]

CR:[]

Cs:[RetaiI ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT:[RetaiI ERGSYSBEN System Benefits - Energy Related]

CU:[end if]

CV:[]

CW:lOther Allocators]

CO:[Demand Production (RES]}

CY.{Ratlo: Demand Production {R£S]]
CZ:[]
DA:[AncilIary Services]

DEl:[Ratio: Ancillary Services]

DC:[Surn: Ancilary Services]
Dl):{Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]

DG:{CUSTADV Customer Advances]

DH:[]

Dl:[CUSTDEP Customer Deposits]
DJ:{CU$TDEP Customer Deposits]

24770

0.09%

DK:[]

DL:[5]

DM:[5I

DN:[]

(211,388}

0.29%

DO:[6]

Dp:{6]

DC1:[]
DR:{7]

DS:[?]

oT:1}

DU:[8]

DV:[8]

DW:[]

DX:[9]

ov:I91

DZ:[]

EA:[1(J]

c os ALLOCATDRS
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100.00%

3628

0.00

0.30%

23845

G 33%

EB:[1Di

EC:{]

ED:[100% Allocatorl
EE:[]

EF[Zero Allocatorl

EG:[]

E-20 (Church Rate}
B:[lurisdict»on]
C[ALL OTHER Jurisdiction]

0:11
E:{DEMPROD1 Average S: Excess @ Generation! [cp I'uris]]

F:[DEMPRDI:I1 Production Demand]

GO}
H:[DEMPROD6 Specific Asslgnmentl

l:[DEMPRODG Ancillary Service Scheduling In Dispatch]

131]
K:{DEMTRAN1 Specahc Asslgnmentl

L:{DEMTRAN1 Transmission substation]

MII]
N:[DEMTRAN3 Specrfic Assignment]

O:[D£MTRAN3 Transmission Lines]
PII]
<1:[DEMTRAN4 Specific Assignment}

R:[DEMTR&N4 SCE Speciiicl

S=l]
T:[DEMDIST1 NCP Demand @ Substation Level w;'losses {KW}]

UIIDEMDISTI Dlstrillutioll Suhstetionl

Vrll
W:[DEMDIST2 NCP Demand Q Primary Line Level wllosses (KWH

)(:[DEmDlsT2 Distribution OH Primary Lines}

VII]
Z:[DEMDIST3 Individual Maxrmum Demand @ Secondary Line Level wllosses [KW]]

AA:[DEMD!S¥3 Distribution OH Secondary Lines]
AB:l]

23241

0.33%

23,241

0.33%

28136

0.31%

28136

0.29%

118
0.04%

B85

0.08%

23,241

0.33%

41,349

0.15%

0.00

0.15%

0.15

0.15%

AC:[DEMDIST4 NCP Demand @ Primary Line Level w/losses {KW]]

Ao:1oEMn4srs Distribution UG Primary Lines]

AE:[]
AF:{DEMDIST5 Individual Maximum Demand @ Secondary Line Level wfiosses {KW}]

AG:[DEMDIST5 Dlstriburtlnn UG Secondary Lines]

AH:[]

Ai:[DEMDIST6 Individual Maximum Demand @ Secondary TXF Level w;'losses {KW]]

AJ:[DEMDl§TG Distribution OH Line Transformers]
AK:[]
AL:[DEMDI5T7 individual Maximum Demand @ Secondary TXF Level w/losses (KW}]

AM:[DEMDI$T7 Distribution UG Ume Transformers]

AN:[]
AO:[CU5TOH 1 Weighted Customer Costs for Distributlan Series {$}]

Ap:[cusToH1 Dlstrlhurtion OH Services]

AQ U

AR:[CUSTUG1 Weighted Customer Costs for Distrlbution Services (S]]

A5:[CUSTUG1 Distribution UG Services]

AT:]]

AUI[DEMDIST1[) NCP Demand @ Primal; Line Level flosses {KW}]

Av:[oeMolsr1n Distriburtlon Rents]

Awl3
AX:]ENERGY1 Customer Class Energy @ Generation (MWH}]

AY:[£NERGY1 Production - Energy]
AZ:[]

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:]EN£RG¥2 Production - Energy (Fuel and Purchased Power]]
BC:{]

BD:[ENERGY2_A]

BE:[ENERGY2_A Related Fuel inc cu

BF:[]

BG:[CUST370 Weighted Costs for Distribution Meters [$}]

BH:[CU5T3?0 Dbtributlon Meters]

BI:]]

Bl.[cUsT3?1 Dusk to Dawn Customer Class Specific]

BK:]CUST371 Dusk to Dawn]

BL:[]

EiM:[CUST373 Street Lighting Customer Class Specific]

BN:[CUST373 Street Lighting]

BC):[]

BP;[CUSTNUM Number of Customer Accounts]

BQ:[CU5TNUM Customer Accounts]

2,600

020%

409

0.03%

0
0.00%

403

0.03%

409

0.03%

0.19

0.19%

36862

0.12%

41,249

0.15%

1

0

0.31%

41,349

0.15%

BR:{]
BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CIJSTNUM_A Customer Accounts ACC]

BU:l]

BV:[CUST910 Number of Customer Accountsl

BW:[CUST910 Customer Service and Information]

BX:[l

BY:[CUST916 Number or Customer Accounts]

BZ:[CUST!16 Sales Expense]

CA:l]
CB:[DEN'IREGA5T Average 84 Excess @ Generation Retail [CP Juris.}]

CC:[DEMREG1\ST Regulatory Asset - Demand Related]

CD:[}

CE:[ERGREGAST Customer Class Energy Q Generation {MWH}]

CF:[ERGREGAST Regulatory Asset Energy Relatedly

CG:[]
CH;(ERGSrSBEN Customer Class Energy @ Generation {MWH]}

Cl:[ERGSYSBEN System Benefits - Energy Related]

CJ:[]

CK:[RetalI ONLY versions of above allocators:]

CL:[If}
CM:{RetaiI DEMPROD 1 Average 81 Excess @ Generation {CP uris.]]

CN:{Retail DEMPROD1 Production Demand]

CO:[]

CP:[Retarl ENERGY1 Customer Class Ener8V @ Generation (MWH}]

CQ[ReteiI ENERGYI Production - Energy]

CR:[]
CS:[Retail ERGSYSBEN Customer Class Energy @ Generation lMwH}]

CT:[Reteil ERGSYSBEN System Benefits - Energy Related]

CU:[end If]

CV:[]

CW:[Other Allocators}

CX:[Dernar\d Production [RESH

CY:[Ratlo: Demand Production {RED}]

41,349

0.15%

cos__ALLocAToRs
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CZ:[}
DA:[Ancillary Senncesi

DB:[Ratlo: Anclllan,r Services]

DC:[5um: Ancllary Servlces]

DD:[Less: Ancullary Servwes]

DE:[]

DF:{CUSTADV Customer Advances]

DG:[CUSTADV Customer advances]

DH:[]

Dl:[CUSTDEP Customer Deposlts]

Dl:[CUSTDEP Customer Deposits]

11226821

0.12%

1104,6111

0.14%
DK:[}

DL:[5]

DM [5]

DN:[]

DO:[6]

DP:[6]

DQ:1]
DR:[7]

Ds:[7]

DT:[]

DU:I8]

0V:[8]
DW:[]

DK:{9]

DY:[9]

DZ:[]

EA1[10]

EB:[10]

EC:[}

ED:[100%AIlocatorl

EE:[]

EF:[2ero Allocatorl

EG:[]

100.00%

E-32 TOU [020kW]

B1[Jurisdictlon]

C:{ALL OTHER Junsdlction]

Dill
E:[DEMPROD1 Average SI Excess @ Generatiunl {CP Juris.]]

F:[DEMPROD1 Production Demand]

6:11
H:[DEMPROD6 Speclfic Asslgnrr\ent}

IIIDEMPRODG Ancillary Service - Scheduling 8 Displt¢h}
Jill

3628

KzIDEMTRANI Specific Assignment]

L:[DEMTRAN1 Transmission Substation]

Mi l l
N:[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

PII]
Q:1D£mrnAn4 Specific Assignment]
R:[D£MTRi\N4 SCE Specific]
Srl]
T:[DEMDIST1 NCP Demand @ Substation Level wrllcisses {KW}]

UIIDEMDISTI Distribution Substation]

Vi i i
W:[DEMDIST2 NCP Demand @ Primary Line Level wllosses {KW}]

X:[DEMDlST2 Distribution OH Primary Lines]

Y=[]
Z:[DEMD£ST3 Individual Maximum Demand @ Secondary Line Level flosses [KWH
AA:[DEMDIST3 Distribution DH Secondary Lines]

AB:[]

AC:[DEMDrST4 NCP Demand @ Primary Line Level w/losses (KWH
AD:[DEMDlSTl Distribution UG Primary Lines]

AE:[]
AF:[DEMDIST5 individual Maximum Demand @ Secondary Line Level flosses {KW}}

AG:[DEMDI5T5 Distribution UG Secondary Lines]

AH:[]

Al:[DEMDIST6 Individual Maximum Demand @ SecondarvTKF Level w/losses {KW]]

AJ=[oEMo1src Distribution OIl Line Transformers]

AK:[]

AL:[DEMDl5T7 Individual Maximum Demand @ Secondary TXP Level w,"losses (KWH

J\M:[DEMDIST7 Distribution UG Line Transformers]

AN:[]

AO:[CU5TDH1 Weighted Customer Costs for Distribution Services {$}]

AP:[CUSTDIli Distriburtlon OH Servloes]

AQ41
AR:{CUSTUG1 Weighted Customer Costs for Distribution Services l$}l

As:{cusruG1 Distribution UG Services]
AT:[]

AU[DEMDI5T10 NCP Demand @ Primary Line Level flosses (KWH

AV:{UEMDIST1D Distribution Rents]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation [MWH}]
A'l":[ENERGY1 Production - Energy]

AZ:[l
BA:[ENER6Y2 Weighted Hourly Eriergv Allocator @ Generation]

BB:[ENERGY2 Production - Energy (Fuel and Purchased Powerll

BC:[]
BD:]ENERGY2_A]

BE:[ENERGY2_lr Related Fuel {ACC}]

BF:[]

B6:]CUST370 Weighted Costs for Dlstrlbutlon Meters {$Jl

BH:[CLIST3T0 Distribution Motors]

Bi;[]
El1:[CUST3?1 Dusk to Dawn Customer Class Specific]

BK:{CUST371 Dusk to Dawn]

BL:]]

BM:[CUST?73 Street Lighting Customer Class Specific]

BN:[CUST373 Strut Lighting]

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CU5TNLIM Customer Accounts]

BR:[]

BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT[CUSTNUM_A Customer Accounts ACC]
BU:{]

BV:[CUST910 Number of Customer Accounts]

BW:]CLIST910 Customer Service and Information]

COS__A LLOCATORS
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BX:[]
BY:[CUST916 Number of Customer Accounts]

BZ:[CU5T916 Sales Expense]

CA:[]

CB:[DEMREGAST Average & Excess @ Generation Retail [QCP }Uris.}]

CC:[DEMREGA$T Regulatory Asset - Demand Relltedl

CD:[]

CE:{ERGREGAST Customer Class Energy U Generation 1MwIll]

CF:[£RGRE6AST Regulatory Asset Energy Related]
CG:[}

CH:[ERGSYSBEN Customer Class Energy @ Genetatuon lMwH}]

CIIIERGSYSBEN System Benefits - Energy Related]

CJIU
CK:[RetaaI ONLY versions of above allocatorsrl

CL:[lf]

CM:[Retail DEMPROD1 Average 8 Excess @ Generation! [CP loris.]]

CN:{ReteiI UEMPRODI Production Demand]

CO:[]

CP:[RetaiI ENERGYl Customer Class Energy @ Generation {MWH]]

CQ:[RetaII ENERGY1 Production Energy]

CR:[]

CS:[RetaiI ERGSYSBEN Customer Class Energy @ Generation {MWH}]

CT:[Retall ERGSYSBEN System Benelli! - Energy Related]

1

CU:[end ff

Cy:[]

CW:[Other Allocators]

CX:[Demar\d Productlon (RES]]

Cy:{Ratio: Demand Production [RES)]

CZ;[)

DA:{AncIllary Semcesl

DB:[Ratio: Ancillary Services]
DC:[Sum: Andiary Services]

DD:[Less: Ancillary Services]

DE:{]

DF:[CUSTADV Customer Advances]

DG:[CUSTADV Customer hdvauclsl

DH:[]

Dl:[CUSTDEP Customer Uepusitsl
DJ:[CU5TDEPCustomer Daposhal

DK:[]

DL1[5}

DM:[5]

DN:[]

DOzIG]

DP:[6]

DQ:[]
DRI[7]

DS:[?]

DT:[l

DU:[8]

DV:[8]

DW:[]

DX1[9]

Dv:{9]

DZ:[]
EA:[10]

EB:[10]

EC:[]

ED:[100% Aflocatorl

EEIU

EF:[Zero Allocator}

EG:[]

E32 Tau I0-1ookw}

B:[Jurisdiction]

100.00%

3628

0.00
0.09%

6886

0.09%

6711
0.09%

6,711

0.10%

9,434

0.10%

9,434

0.10%

97

0.03%

C:[ALL OTHER Jurisdiction]

Dril
E:[DEMPROD1 Average & Excess @ Generation! [CP Juris.]]

F:[DEMPRDD1 Production Demand]

Gi ll
H:[DFMPROD6 Specific Assignment]

l:[DEMPROD5 Ancillary Service - Scheduling ii Dispatch]

Jail
K:]DEMTRAN1 Specific Assignment]

L:[DEMTRAN1 ¥ransmlssion Substation]
Mi ll
N!]DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

Pill
CILIDEMTRAN4 Specific Assignment]

RIIDEMTRAN4 SCE Specific]

Sill
T:[DEMDl$T1 NCP Demand @ Substation Level flosses (KWH

U]DEMDlST1 Distribution Substation]

V=[l
W:[DEMDI5T2 NCP Demand @ Primary Line Level w/losses [KWH
X:[DEMDIST2 Distribution DH Primary Lines]

Yrl]
Z:{DEMDIST3 Individual Maximum Demand @ Secondary Line Level wllosses {KW]]

AA:[DEMDIST3 Distribution DH Secondary Lines]

AB;[]

AC:lDEMDISTd NCP Demand @ Primary Line Level flosses [KWH

A|:=1oEMolsr4 Distribution UG Primary Lines]
AE:]]

AF:[DEMDISTS Individual Maximum Demand @ Secondary Line Level w;'losses (KWH

As:ioemols15 Distribution UG Secondary Lines]

AH:[]

Al!]DEMDI$T6 Individual Maximum Demand @ Secondary TXF Level w;'losses {KW]]

AJ:[DEMDIST6 Distribution OH Une Transformers]

AK:[]

AL:[DEMDIST7 Individual Maximum Demand @ 5econdary TXF Level w;'Iosses {KW}]

AM:[DEMDIST7 Distribution UG Une Transformers]

AN:[]

AO:[CU$TOH1 Weighted Customer Costs for Distribution Services {$}]

APIICUSTDHI Distribution DH Services]

AQ:[]
An:icusruG1 Weighted Customer costs for Distribution Services l$}l

AS:[CUSTUG1 Distribution UG Services]

AT:[]

AU:[DEMDI5T10 NCP Demand @ Primary Line Level flosses ]KW]]

725

0.07%

6.711

cos__ALLocAToRs
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0.09%

40,726

0.14%

0.00

0. 14%

0.14

0.14%

1,172
0.09%

336

0.03%

0
0.00%

336

0.03%

Av=1oemulsT1o Distribution Rents]

AW:{]

AX:[ENERGY1 Customer Class Energy @ Generation {MWHJ]

AY:[ENERGY1 Production - £nergy]

AZIII
BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB[ENERGY2 Production - Energy (Fuel and Purchased Power]I

BC:{]

BD:[ENERGY2_A]

BE:[ENERGY2_A Related Fall l»\CCll
BF:[]

BGI[CUST370 Weighted Costs for Distribution Meters ]$]]

lH:[cUsT37l:l Distribution Meters]

bl:{]

BJ:[CUST371 Dusk to Dawn Customer Class specific]

BK:[CU5T371 Dusk to Dawn]

BL:[]

BM:[CU5T373 Street Lighting Customer Class Spediicl

lN:[CU$T373 Street Lighting]

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CU$TNUM Customer Accounts]

BR;[]
BS.{CU5TNUM_A Number of Customer Accounts ACC]

BT:[CU$TNUM_.R Customer Accounts ACC]

BU:[]
BV:{CUST910 Number of Customer Accounts]

BW:[CU5T!1D Customer Service and Information]

BX:[]

BY:[CUST916 Number of Customer Accounts]

BZ:{CUST916 Sales Expense]
CA:[]

CEHIDEMREGAST Average 81 Excess @ Generation Retail {CP Juris.]]

CCIIDEMREGMST Regulatory Asset - Demand Related]

336

0.03%

0.11

0.11%

47810

0.16%

40,726

0.14%

1

0

0.09%

40726

0.15%

40726

o. 15 as

[122,788]

0.12%

(l04702 )

0.14%

100.00%

3628

CD:l]

CE:[ERGREGAST Customer Class Energy Q Generation IMWHII

CF:[SRGREGAST Regulatory Asset Energy Related]

CG:[]
CH:{ERGSY5BEN Customer class Energy Q Generation {MWH}]

Cl:[ERGSYSBEN System Bandits - Energy Related]

Cl:{]

CK:[Retail ONLY versions or above allocators:]

cL 111f]
CM:[RetaiI DEMPROD1 Average 81 Excess @ Generation! [CP loris.]]

CN:{Reteil DEMPROD1 Production Demand]

Co:[]

CP:[Retall ENERGY1 Customer Class Energy @ Generation {MWH}]

CQ:[Retail ENERGY1 Production Energy]

CRI[]

C5:[Retal1 ERGSYSBEN Customer Class Energy @ Generation (MWH]]

CT:[ReteiI ERGSYSBEN System Benefits - Energy Related]

CU:[end if]

CV:{]

CW:[other Allocators]

Co:[Dernand Production [RES]]

Cy:[Ratlo: Demand Production {RES}]

CZ:[]

DA:[AnciIIary Services]

DB:[Ratlo: Ancillary Services]

DC:[sum: Ancillary Services]

Dl:}:[Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]

DG :[CUSTADV Customer Advances]

DH:[]

Dl:[CUSTOEP Customer Deposits]

DJ:{ClJSTDEP Customer Deposits]

DK[]
0L:[5]

DM:[5]

DN:[]

Do 2161

DP:[6]

DQIU
DR:[7]

DSII 7]

DT:[]

DU:[8]

DV:[8]

DW:[]

DX:]9]

DY:[9]

DZ:[]

EA:[1[]]

sB:[1o]
EC:[]

ED[100% Allocatorl

EE:[]

EF:[Zero Allocator}

EG:1}

E32 Tau 1101aookwl

B:[luriscliction]

C:[ALL OTHER .lurisdlctlon]

Url]
E:[DEMPROD1 Average & Excess @ Generation [CP Juris.]]

F[DEMPROD1 Production Demand]
Gal]

H:[DEMPROD6 Specific Assignment]

l:[DEMPRODi Andllery Service - Scheduling Lr Dispatch]

Jail
K:[0EMTRAN1 Specific Assignment]

L:[DEMTRAN1 Trensmlsslon Suhstetion]

Mi l l
N[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

Pei]
Cl:[DEMTRAN4 Specific Assignment]

R:[DEMTRAN4 SCE Specific]

S=l}

0.00

0.11%

cos_ALLocATons
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12097

0.17%

11791

0.17%

11,791
0.17%

13,041

0.14%

13041

0. 13%

42

0.01%

388

0.04%

11,791
0.17%

75,181

0.26%

(100

0.26%

0 26
0.27%

T:[DEMDIST1 NCP Demand @ Substatiorl Level flosses (KWH

U:{DEMDIST1 Distribution Suhstatlonl

VIII
W:[DEMDIST2 NCP Demand @ Primary Line Level w/losses {KW]]

x:{oEmolsrz Distribution OH Primary Ufllll

Y=ll
Z:[DEMDlST3 Individual Maximum Demand @ Secondary Line Level flosses {KW}]

AA:1oemols1s Distribution OH Secondary Uris]

AB:[]

AC:[DEMDIST4 NCP Demand @ Primary Line Level w/losses {KW]]

Ao:1o£mols14 Distribution UG Primary Lines]
AE:[]
AF:IDEM[:'lST5 Individual Maximum Demand @ Secondary Line Level flosses [KWH

J\G:[DEMDIST5 Distribution UG Secondary Linea]

AH:[]
AI:[DEMDIST6 Individual Maximum Demand @ Secondary TXF Level willosses {KW)]

AJ:[DEMOlST6 Distribution OH Um Transformers]

AK:[]

AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level flosses (KW]]
AM:[DEMDlST7 Distribution UG Lina Transformers]

AN:[]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services [SH

Ap=[cusrol41 Distribution OH Sorvicls}

ACT:[]

AR:[CUSTUG1 Weighted Customer Costs for Distribution Services [$}]

As:1cusTuc1 Distribution UG Services]

AT:[}

AUt[DEMDIST10 NCP Demand @ Primary Line Level flosses [KWJ]

Av=io£molsT1o Distribution Rents]
AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation iMWHIl

AY:[ENERGY1 Production - Energy]

AZ:[]

BA:fENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 Production Energy [Fuel and Punhased Powerll

BC:[]

BD2[ENERGY2_A]
BE:[FNERG*f2_A Related Fad IACC]]

BF:[]

BG:[CUST37(] Weighted Costs for Distributron Meters I5}l

BH:{cusrs1o Distribution Mot¢rs}
BI:[]

B1:[CUST371 Dusk to Dawn Customer Class Speclficl

BK:[CUST371 Dusk to Dawn]

BL:{]

BM:[CU5T373 Street Lighting Customer Class Specific]

BN:[CUST373 Street Llghdng]

404

0.03%

80:[]

73

0.01%

0

0.00%

TO

0.01%

73
0.01%

0.16

0.15%

73,603

0.25%

75181

0.26%

1
0

O. 18%

BP:[CUSTNUM Number of Customer Accounts]

BCl:[CUSTNUM Customer Accounts]

BR:[]

BS:[CUSTNUM_A Number of Customer Accounts ACC]

IT:[CUSTNUM_A Customer Accounts ACC]

BU:{]

BV:[CUST910 Number of Customer Accounts]

BW:[CUST910 Customer Service and information]

BX:[]

BY:[CUST916 Number of Customer Accounts]
BZ:[CUST916 Sales Fxpense]

CA:[]

CB:[DEMREGA5T Average 84 Excess @ Generation - Retail [CP uris.}]

cc:[oemncoAsT Regulatory Asset Bemand Related]

CO:[]

CE:[ERGRE6AST Customer Class Energy O Generation {MWll]]

CF:[ERGREGA5T Regulatory Asset Energy Related]

CG:[]

CH:[ERGSYSBEN Customer Class Energy @ Generatron (MWH]]

Cl:[ERGSYSBEN System Benefits - Energy Related]

CI:[]

CK:[RetalI ONLY versions of above allocators:]

cL:[1f]

CM:[RetaiI DEMPROD1 Average 81 Excess @ Generation! [CP Jurls.]]

Cn:{Retall DEMPROD1 Production Demand]

c o n
Cp:[Retall ENERGY1 Customer Class Energy @ Generation [MWH]]

CO:[RetaiI ENERGY1 Production - Energy]

CR;[J
CS:[RetaiI ERGSYSBEN Customer Class Energy @ Generation {lVIWH]]

CT:[RetalI ERGSYSBEN System Benefits - Energy Related]

75,181

0.27%

75,181

0.27%

[l92,118]

0.19%

CU:{end if]

CVIII
CW:[Other Allocatoirs]

CX:[Demand Production {RES}}

CY:[Ratfl:II Demand Production [RESH

C2:[]
DA:[Ancd1ary Sennces]
DB:[Ratio: Ancullarv Services]

DC:[Sum: Ancilaw Services]

DD:[Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]
DG:[CUSTADV Customer Advances]

DH:[]

Df:{CU5TDEP Customer Deposits]

DJ:[CUSTDEP Customer Deposits]

DK:l]

DL:[5]

Dm.[s]

DN:[]

DO [61

DP.[6]

DQII]

DR:[7]

os:[7]

DT:[]

DU:[8]

DV:[8]

DW:ll

Dxzlsi

{16382D]

023%

COS__ALLOCATORS
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100.00%

3628

0.01

0.58%

DY:[9]

D2:[]

EA:[10l

EB:[10]

EC:[I
EDt[100% Allocators

EE:[]
EF:l2ero Allocatorl

E6:[l

E32 TOU {401+ kw]

B:{Jurisdict1on]

C:[ALL OTHER Iurisdidion]

Dli l
E:[DEMPROD1 Average & Excess @ Generation [CP Juris.]]

F:[DEMPROD1 Production Demand]

Gil]
H:[DEMPROD6 Specific AssIgnment]

I:[DEMPRODG Ancillary Sarvicl - Scheduling & Displtds]

1=[l
K:[DEMTRAN1 Specific Assignment]

L:{DEMTRAN1 Transmission Substations

Mail
NlDEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

Pei]
Q.1[0EMTRAN4 Specific Assignment]

R:[DEMTRAN4 SCE Spoclflc]

S=[i
T:[DEMDIST1 NCP Demand @ Substation Level wilosses {KW}]

U:[DEMDIST1 Distribution Substations

\*':{i
W:[DEMDIST2 NCP Demand Q Primary Line Level w/losses {KW}]

X[DEMDlST2 Distribution OH Primary Lines]

45,384

0.62%

44,234

0.52%

44234

0.63%

45 764

0.50%

45764

0.46%

873

0.08%

44,234

0.52%

281 190

0.99%

0.01

0.97%

0.98

1.00%

780

0D6%

57

0.00%

o

0.00%

57
0.00%

57

0.00%

0.67

057%

311,326

1.04%

281190

0.99%

1

O

0.59%

281, 190

1.01%

YIU
Z:[DEMDIST3 Individual Maaumum Demand @ Secondary Llne Level wllosses {KW]]

AA:luEmolsva Distribution OH Secondary Linus]

AB:[]
AC:[DEMDIST4 NCP Demand @ Primary Line Level w/losses {KW}]

RDIIDEMDISTQ Distribution UG Primary Lines]

AE:[]

AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level wllosses {KW)]

AG:[DEMDIST5 Distribution UG Secondary Linus]

AH:[]

Al:[DEMDIST6 Individual Maximum Demand @ Secondary TXF Level w/losses (KWH

A.I:[DEMDIST6 Distribution DH Line Transformers]

AK:{1

AL:[DEMDIST? Individual Maximum Demand @ Secondary TXF Level wilosses [KWH

AM:[DEMDlST7 Distribution UG Une Transformers]

AN:{}

AO:[CUSTGH1 Weighted Customer Costs for Distributnon Services {$}]
AP:[CUSTOH1 Distribution OH Service

ACLU
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services (SH

AS:[CUSTUG1 Distribution UG Sarvius]

AT:l]

AU:[DEMDIST1[) NCP Demand @ Primary Line Level wllosses {KW}]

AV:[DEMDlST1D Distribution Rents]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation [MWH]]

AYIIENERGYI Production Energy]

AZ:[]

BA.[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

B8:{ENERGY2 Production - Energy (Fuel and Purchased Powarll

BC:[]

BD:{ENERGY2_A]
8£=IEnEnsv2_A Related Fuel lnccll
BF:[]

BG:{CUST370 Wenghted Costs for Dlstrlbutlon Meters {SJ]

BH:[CUST37D Distribution Metarsl

BI:[}

Bl:[CU5T371 Dusk to Dawn Customer Class Specific]

BK:{CUST3?1 Dusk to Dawn]

'BL:[]

BM:[CUST3?3 Street Llghtmg Customer Class Speciflcl

BN:[CUST373 Strut Lighting]

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CU5TNUM Custumur Accounts]

BR:[]

BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_A Customer Accounts ACC]

BU:[]

BV:[CU5T91(] Number of Customer Accounts]

BW:[CUST!10 Customer Service and Information]

BX:[]
BY:{CUST916 Number of Customer Accounts!

BZ:[CUST916 Sales Expense]

CA[]
CB:lDEMRE6AST Average 8: Excess @ Generation Retail [CP Juris.]]

cc=1osmn£GAsr Regulatory Asset - Demand Rested]
CD:{}

CE:[ERGREGAST Customer Class Energy U Generation IMWHJI

CF:[ERGREGA5T Regulatory Asset Energy Related]

CG:[]

CH:[ERGSYSBEN Customer Class EnerlY @ Generation {MWH}]

ClI[ERG5Y5BEN System Benefhs - Energy Related]
CHI]

CK:[Retail ONLY ver5lon5 of above allocators:]

CL:[lf]

CM[Reta$l DEMPROD1 Average 81 Excess @ Generations [CP }ufis.]]
CN:[RetaiI DEMPROD1 Production Demand]

co.[1

CP:[Reta:l ENERGY1 Customer Class Energy @ Generation {MWH]]

C€1:[RetaiI ENERGY1 Production - Energy]
CR:[]

CS:[RetalI ERGSYSBEN Customer Class Energy @ Generation (MWHJI
CT[ReteiI ERGSYSBEN System Benefits - Energy Related]

CU:[end if]

CV:[]

281190

1.01%

c os ALLOCATORS
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CW:[Other Allocators]

CX:[Demand Production {RED]]

Cy:[Ratio: Demand Productlon IRESJ]

DA:[Ancillary Services]
DB:[Ratio: Ancillary Services]

DC:[sum: Ancilary Services]

DU:[Less: Ancillary Services]

DF:ICUSTADV Customer Advances]

DG:[CU5TADV Customer Advance]
(s44,638 l

0.63%

Dl:[CUSTDEP Customer Deposits]

DJ:[CUSTDEP Customer Dcposhs]
(549,685)

0.76%

ED:[100% Allocators 100.00%

C:[ALL OTHER Jurisdiction] 3628

E:[DEMPROD1 Average 81 Excess @ Generation! {CP Juris.]]

F:[DEMPROD1 Production Demand]
0.01

0.51%

HIIDEMPRODG Specific Assignments

I:IDEMPROD6 Ancillary Service - Scheduling I. Dispatch]

K:[DEMTRAN1 Specific Assignment]

L:[DEMTRAN1 Transmission Substation]

N:[DEMTR3\N3 Specific Assignment]
O:[DEMTRAN3 Transmission Lines]

C1[DEMTRAN4 Speclfic Assignment]

R:lUEMTRANl SCE Specific]

T:[DEMDi5T1 NCP Demand @ Substation Lever w)losses (KWH

U:[DEMDlST1 Distribution Substation]
38392

0.53%

W:{DEMUIST2 NCP Demand @ Primary Una Level wllosses (KWH

X:[DEMDIST2 Distribution OH Primal Linus]
37,419

0.53%

Z:[0EMDlST3 individual Maxnmum Demand @ SecondaryLine Level 'iv/losses [KW]]

AA:[DEMDlST3 Distribution OH Slcnndary Linn]

A€:[DEMDIST4 NCP Demand @ Primary Llne Level w/losses {KW}]
AD:[DEMDl5T4 Distribution UG Primary Lints}

37,419

0.53%

AF:{DFMDIST5 individual Maximum Demand @ Secondary LineLevel wfiosses (KWH

AG:[DEMUlST5 Distribution UG Slcondlry Linlsl

AI:[DEMDIST6 Individual Maxlmum Demand @ Secondary TXF Level w;'losses (KWH

AJ:[DEMDISTG Distrlhurtlon OH Lina Transformers]
40,172

0.44%

AL:[DEMDIST7 Individual Maxlmum Demand @ Secondary TXF Level flosses (KWJI

AM:[DEMDISW Distribution UG I.ll\l Transformers]
40,172

0.41%

AO:[CUSTOH1 Weighted Customer Costs for Dlstribution Services {$]]

AP:[CUSTUH1 Distribution OH Servius]
67

0.02%

AR:{CUSTUG1 Wenghted Customer Casts for Distribution Services{$}]

ASIICUSTUGI Distribution UG Sowkes]
616

0.06%

AU:[DEMDlST10 NCP Demand @ Primary Line Level wflusses IKWJ]
AV:[DEMDlST10 Distribution Rents]

37419
0.53%

AX:[ENERGY1 Customer Class Energy @ Generation {MWH]]

A¥:[ENERGY1Production - Energy]
117838

0.41%

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]
BB[ENERGY2 Produdlon - Energy {Fl.lll and Punhasud Pawcrll

0.00
0.41%

se=[£nensy2_A Related Fuel {ACC]}
0.42

0.43%

B6:[CU5T370 Welghted Costs for Dlstrlbutlon Meters (SH

BH:[CUST370 Distdbuthn Mctarsl
755

0.06%

B1:[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk to Dawn]

BM:{CUST373 Street L¢ghtlng Customer Class Speclfucl
BN:[CUST373 Street Lighting]

BP:[CUSTNUM Number of Customer Accounts}

BQ:[CU5TNUM Customer Accounts]
116

0.01%

BS:[CUSTNUM_A Number of Customer Accounts Acc]

BT:[CU5TNUM_A Customer Accounts ACC}
0

080%

cos_ALLocAToRs
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116

0.01%

116

0.01%

117,838

0.41%

1

0
0.52%

117838

0.42%

117838

0.42%

{a252321

0.32%

(277326)

0.38%

100.00%

3628

0.13

12.83%

1016993

13.95%

991,221

13.95%

991,221

14.10%

1393698

15.11%

1393,698

14.14%

BU:[]
BV:{CUST910 Number of Customer Accounts]

BW:[CUST910 Customer Service Ind Information]

BX:[l
BY:[CUST916 Number of Customer Accounts]

BZ:[CUST91i Salas Expsnn]

CA:[]
CB:[DEMREGA5T Average & Excess @ Generation Retail [CP Justs.]]

CCIDEMREGAST Regulatory Asset - Demand Related]

CD:[]
CE:IERGREGAS! Customer Class Energy O Generation [MWHH

CFIIERGRFGAST Regulatory Asset - Energy Related]

CG:[]
CH:[ERGSY5BEN Customer Class Energy @ Generation [MWH}]

CIIIERGSYSIEN system Benefits - Energy' Related]

Cl:[]
CK:[Retali ONLY versions of above aIIoi:ators:]

CL:[lf}
CM:[Retail DEMPROD 1 Average 84 Excess @ Generation [CP Jurls.]]

CN:[Rltlil DEMPRUD1 Production Demand]

c o n
CP [Retail ENERGY1 Customer Class Energy @ Generation {MWH}]

CQ:[R¢taiI ENERGY1 Production Energy]
CR:[]

cS:lRetaiI ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT:[Rctail ERGSYSBEN System Benefits - Energy Roland]

CU:[end if}

CV:[3

CW:[Other Allocatorsl

CX:[Demand Production (RES}]

CY:[Ratio: Demand Production (RES}]

CZ:[]

DA:[Ancillary Services]
D8:[Rat1o: Ancillary Sewicesl

DC:[Sum: Andfary Services}

DD:[Less: AnclIIary Servrcesl

DE:[]

DF:[CUSTADV Customer Advances]
DG :ICUSTADV Customer Advances]

DH:[]
Dl:{CUSTDEP Customer Deposlts}

Dl:[CU5TDEP Customer Dcpositsl

DK1[]

DLIIS]

om:{5]

DN:[]

DO:[6]

DP1[6]

DQ:[]

OR:{7]
DS:[7]

DT:[J
DU:[8]

DV:[8]

DW:[]

0X:[9l
DY:[9]

DZ:[]

eA2[1o]

EBt[10]

EC:[]

ED:[10D% Allocatfarl

EE:{}

EF:[Zero Ailocatorl

EG:[}

E-30, E32 10 100 kw

B:[1urisdictlon]

c [ALL OTHER lunsdicticm]

Di ll
E;[DEMPROD1 Average 8: Excess @ Generation [cp Juris.]]

F:{DEMPROD1 Production Demand]

Gi ll
H:[DEMPROD6 Specific Assignment]

IIIDEMPRODS Ancillary Service Scheduling In Dispatch]

aril
K:[0EMTRAN 1 Specific Assignment]

L:[DEMTRAl'~l1 Transmission Substations

M=[l
NI[l}EMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

Pill
Q:[0EMTRAN4 Specnfic Assignment]

R:[I::IEMTRAN4 SCE Splclflc}

Srl]
T:[DEMDIST1 NCP Demand @ Substation Level w;'losses {Kwl]
U:[DEMDI$T1 Distribution Sulntationj

V 28
W:[DEMDIST2 NCP Demand @ Primary Line Level w,*losses {KW}]

X:[DEMD'lST2 Dlstrlblltkm OH Primary Lines]

YIU
Z:[DEMDIST3 individual Maximum Demand @ Secondary Line Level w/losses [KW)]

AA:[DEMDI§T3 Distribution OH Secondary Lines]
AB:[]
AC:[DEMDIST4 NCP Demand @ Primary Line Level w/losses ll<w1]

AD=[ozMolsT4 Distribution UG Primary Lines]

AE:{]
AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level flosses [KW]]

AGIIDEMDISTS Distribution UG Secondary Linn]

AH:{]

AI:[DEMDiST6 Individual Maximum Demand @ Secondary TXF Level flosses {KW}]

Al:[DEMDlSTG Distribution DH Line Transformer]

AK:[]

AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level wllosses (KWH

AM:{DEMDlS17 Distribution UP Una Transformers]

AN:[]

AO:ICUSTOH1 Weighted Customer Costs for Drstributlon Services [St]

AP:[CUSTOH1 Distribution OH Services]

A r m
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services [$}]

35, 108
11.65%

252281

c os ALLDCATORS
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23.85%

991.221

13.95%

4253,784

14.93%

0.15

15.11%

15.28
15.62%

193,237

14.87%

121274

10.24%

0

0.01%

121,274

1o25%

121,274

10.24%

15.20

15.20%

4,123,250

13.75%

4263784

14.99%

As:{cusrus1 Distribution UG Services]

AT:[]

AU:[DENlDIST10 NCP Demand @ Primary Line Level w/losses {KW]]
AV:[DEMDIST10 Distrlbutlon Rents]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation (MWH}]
AYIIENERGYI Production - Energy]

»'\Z=ll
BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 Production - Energy {Fuel and Purchased Power}]

BC:[]

8DI[ENERGY2_A]
BE:[ENERGY2_A Related Fuel {As(:}]

BF1[]
B6:[CUST370 Welghted Costs for Distribution Meters (SH

BH:[CUST370 Distribution Meters]

Bl:[]

B1:[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk to Dawn]

BL:[]
BM:[CUST373 Street Lightlng Customer Class Specific]

BN:[CUST373 Street Lighting]

B0.{}
BP:[CU$TNUM Number of Customer Accounts]

BQ:[CUSTNUN'I Customer Accounts]

BR:[]

B5:[CUSTNUM_A Number of Customer Accounts ACC]

BT:{CU$TNlJM_A Customer Accounts ACC]

B1J:[]

BV:[Cb'ST910 Number of Customer Accounts]

BW:[CUST910 Customer Service and Information]

BX:[]

BY:[CL»'ST916 Number of Customer Accounts]
BZ:[CUST916 Sales Expense]

CA:[]

CB:[DEMREGAST Average & Excess @ Generation Retail {CP Juris.]]

CCIIDEMREGAST Regulatory Asset - Demand Related]

CD:[]

CE:[ERGREGAST Customer Class Energy • Generation [MWHI]
CF:[ERGREGAST Regulatory Asset - Energy Related]

CG:l]

CH:[ERGSYSB£N Customer Class Energy @ Generation {MWH]]
CIIIERGSYSBEN System Benefits - Energy Related]

Cl:[]

CK:]RetaiI ONLY versions of above allocatorsrl

CL:[lf]
CM:[Retail DEMPROD1 Average & Excess @ Generation [llcP Juris.]]

CN:[RetaiI DEMPROD1 Production Demand]

CCl:[]

1

0
13.10%

4,263,784

15.33%

4,263,784

15.33%

Cp:[Retarl ENER6Y1 Customer Class Energy @ Generatlon IMWHH

CO:[RetaiI ENERGY! Production - Energy]

CR:[]

CS:[RetalI ERGSYSBEN Customer Class Energy @ Generation {MWH)]

CT:[Retail ERGSYSBEN System Benefits - Energy Related]

CU;[end If]

Cv:[]

CW:[Other Allocators]

CX:[Demand Production (RES]]

Cy:[Ratlo: Demand Producten {RES}}

CZ:[]

DA:[Ancillarv Servlces}

DB:[Ratlo: Ancillary Services]

Do:[Sum: Ancilarv Services]
DD:[Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]

DH:[]

Dl:[CUSTDEP Customer Deposits]

DJ[CUSTDEP Customer Deposits]

[14,695,797}

14.37%

{12531,158J

17.33%
DK:[]

DL:[5]

DM:[5}

DN:[]

DO 16]

DP:[6]

D<1=11
DR:[7]

D5:[7}

DT:[]

DUI[8l

DVI[8]

DW:[]

DX1[9]

DY:[9]
DZ:[]
EA:{10]

EB[10]

EC:[]

ED:{100'}6 Allocator]

EE:[]
EF:I2ero Allocatorl

ET:[]

E32

100.00%

B:[Jurlsdictlon]

C:{ALL OTHER Jurisdiction]

D=11
E:[DEMPROD1 Average & Excess @ Generation! [CP uris.]]

F:[DEMPRDD1 Production Demand]

Gail
H:[DEMPROD6 Specific Assignment]

IIIDEMPRODC Anclllaw Sawica - Schaduiing & Dispatch]

Jail
K:[DFMTRAH1 Specific Assignment}

L:[D£MTRAN1 Transmission Substation]
Mi ll
N:[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 TranlmlssMn Lines]

PSI)

3628
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C1:[DEMTRAN4 Speclflc Assignment]

R:[DEMTR1\N4 so: §peci'l'Ic]

5=11

T:[DEMDIST1 NCP Demand @ Substation Level flosses [KWH
u=[o£ml:»lsT1 Distribution Substation

Vrll
W:[DEMDlST2 NCP Demand @ Primary Line Level wllosses {KW}]

x=[oEmo1sT2 Dlstrlhutlon OH Primary Lines]

Yell
Z:[DEMDlST3 Individual Maul rum Demand @ Secondary Line Level flosses [KW}]

AA:[DEMDlST3 Dlairibution GH Secondary lines]

AB:[}

AC:[DEMDlST4 NCP Demand @ Primary Line Level flosses [KWH

ADSIDEMDIST4 Distribution UG Primary Linn]

AE:[]

AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level wilosses [KWH

AG:{DEMDI$T5 Distribution UG Sawndary Lines]

AH:[]

Al:[DEMDlST6 Individual Maximum Demand @ Secondary TXF Level flosses {KW}]

A}:[DEMDIST6 Distribution OH Line Transformers]

AK:[]
AL;[DEMDIST7 lndrvidual Maxlmum Demand @ secondary TXF Level w/losses (KW]}

AM:[DEMDIST7 Distribution UG Line Transformers]

AN:[]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services [$)]

Ap:{cusroH1 Distribution OH Sewlcasl

Awa
AR:[CUSTU<51 Weighted Customer Costs for Distribution Services [Si]

A5:[CUSTUG1 Distribution UG Services]

AT:l]

AUzIDEMDISTID NCP Demand @ Primary Line Level wilosses law]]

AVIIDEMDISTID Distribution Rents]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation {MWHIl

AYIIENERGYI Production Energy]

AZIII
BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]
BB:[ENERGY2 Production - Energy (Fuel and Purchases! Powell

BC:[]

BD:[ENERGY2_A]

BE:[ENERGY2_A Related Fuel {Acct}

BF.[]

BG:[CUST3?O Weighted Costs for Distribution Meters {$]}

aH={cusra7o Distribution Motors]

BI:[]

BJ:[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk tn Dawn]

BL:[]

BM:[CUST373 Street Lighting Customer Class Specific]

BN:[CU5T3?3 Street IJlhling]

HO:{]

BP:[CUSTNUM Number of Customer Accounts]

BI.1:[CUSTNUM Customer Accounts]

BR:[]

B5:[CUSTNUN'I-A Number of Customer Accounts ACC]

BT:{CUSTNUM_A Customer Accounts ACC]

BU:[]

BV:[CU5T910 Number of Customer Accounts]

BW:[CU§T!10 Customer Service and Information]
BX:[]

BY:{CUST916 Number of Customer Accounts]

BZ:[CU5T91i Sales Expense]
CA:[]

CB:[DEMREGA5T Average 81 Excess @ Generation Retail [cp Juris.]l

CCIIDEMREGAST Regulatory Asset - Demand Related]

CO:[]

CE:[ERGREGAST Customer Class Energy G Generation IMWHJ]

CF1[ERGREGA5T Regulatory Asset Energy Related]

CG:[}

CH:[ER6SYSBEN Customer Class Energy @ Generation {MWH}]

Cl:[ERGSYSBEN System Benefits - Energy Related]

CJ:[]

CK:[RetalI ONLY verses of above allocators:}

CL:[lf]

CM:{Retail DEMPROD1 Average 81 Excess @ Generation! [CP loris.]]

CN:[RetaI DEMPRGD1 Production Demand]

CO:[]

CP:{Retall ENERGYi Customer Class Energy @ Generation {MWH]]

CQ:[Retail ENERGY1 Production Energy]

CO:[]

CS:fRetall ERGSYSBEN Customer Class Energy @ Generation IMWHI]

CT:[RetaiI ERGSYSBEN System Benefits - Energy Related]

1

CU:Iend If]

CV:[]

CW:{Other Allocators]
CX:[Demarld Production (RED]]
Cy:[Ratio: Demand Production {RES}]

C2:[]

DA:[Ancillary Servlces]

D8:[Ratio: Ancillary Services]
DC:[Sum: Ancilary Services]

DD:[Less: Ancillary Servicesl

DE:[]

DF:[CUSTADV Customer Advances]

DG:[CUSTADVCustomer Advance]

DH:[]

Dl:[CUSTDEP Customer Deposits]

DJ:[CU5TDEP Customer Duposlul

DK:[]

l:)L:[5]

DM[5J

DN:[]

of[e}

DP:[6]

DQzU
DR:[7]

DS:l7]

DT:[]

DU:[8]

COS ALLOCATORS
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DV:[8]

DW:[}

DX3[9]

DY:[9]
DZ:[]

EA:[1D]

EB:[10]

EC:[]

ED1[100% Allocatorl

EE:[]
EF:[2ero Allocator]

EG:[]

100.00%

3628

E32 [101 - 400 kw}

Bzllurisdictionl

C[ALL OTHER Jurisdiction]

o i l
E:[DEMPRO01 Average & Excess @ Generation I4CP Juris.]]

F:[DEMPROD1 Production Demand]

Gail
H:[DEMPROD6 Specific Assignment]

l:{oEmpnooc Ancillary Service Scheduling Iv. Dispatch]

1:[l

K:[DEMTRAN1 Specific Assignment]

L:[D£MTRANI Transmission Substetionl
MII]
NIIDEMTRANB Specific Assignment]

O:[DEMTRAN3 Transmission Uses]
P:{]

0.09

9.14%

650,410

8.92%

633,928

8.92%

633928

9.02%

491526

5.33%

491,526

4.99%

E80

0.23%

22565

2.05%

633,928

8.92%

CL [D EMTRAN4 Specific Assignment]
n:[oem1nAlv4 SCE Specie]

Srl]
T:[DEMDlST1 NCP Demand @ Substation level flosses [KWH

U:[DEMDIST1 Dlstrlbution Substatlonl

Vrll
W:[DEMDIST2 NCP Demand @ Primary Line Level flosses [KW]]

X:[DEMDlST2 Distribution OH Primary Linus]

Yrii
Z:[DEMDIST3 Individual Maximum Demand @ Secondary Line Level w/losses {KW)]

AA:[DEMDiST3 Distribution OH Secondary Lines]

AB:{]

AC:[DEMDlST4 NCP Demand @ Primary Lane Level w/losses IKWJI

ADIIDEMDISTI Distribution UG Primary Lines]

AE:[]

AF:[DEMDlST5 Individual Maximum Demand 6* Secondary Line Level w/losses {KW]]

AG={o£mDlsTs Distribution UG Secondary Lines]
AH:[]

Al:[DEMDlST6 Individual Maximum Demand @ Secondary TXF Level wjlosses {KW}]

AJ:{DEMDlST6 Distribution DH Line Transformers]

AKII]
AL:[DEMDIST7 individual Maximum Demand @ Secondary TXF Level w/losses [KWH

AM:{DEMDIST7 Distribution UG Lina Transformers]

AN:[]
AO:{CUSTOH1 Weighted Customer Costs for Distribution Services {$}]

AP:[CUSTOH1 Distribution DH Services]

AQ (I
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services {$]]

As:[cusruG1 Distribution UG Services]

AT:[]

AU:[DEMDlST1D NCP Demand @ Primal Line Level flosses [KWJ]

AVIIDEMDISTIO Distribution Rents]

AW:[]

AX:[ENERGY1 Customer Class Fnergv @ Generation {MwHl]

AYIIENERGYI Production - Energy]

AZ:[]

BA:{ENERGY2 Weighted Hourly Energy Allocator @ Generation]
BB[ENERGY2 Production - Energy [Fuel and Purchased Powel}]

3352488

11.79%

BC:[l

0.12

11.78%

11.92

12.19%

25,147

1.94%

4,252

0.36%

O
0.00%

4,252

0.36%

4,252

036%

10.43

10.43%

3449,673

11.48%

BD.[ENER6Y2_A]

B£:[EnElGy2_A Related Fuel lAccll
BF:[]
BG:[CUST3?G Weighted Costs for Distribution Meters {$]]

BH:[CUST370 DhWhution Meters]

BI:{]

BJ[CUST371 Dusk to Dawn Customer Class Specrfrcl

BK:]CUST371 Dusk to Dawn]

BL:{]
BM:{CUST373 Street LightIng Customer Class Specific]

BN:[CU5T373 Street Ughdng]

BO:]]

BP:[CUSTNUM Number of Customer Accounts]
BQ:[CU5TNUM Customer Acwunts]

BR:[]
BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_A Customer Amount ACC]
BU:l]
BV:[CU5T910 Number of Customer Accounts]

BW:[CUST910 Customer Service and Information]

BX:[]

BY:[CUST916 Number of Customer Accounts]

BZ:[CUST91i Sales Expense]

CA:[]

CB:[DEMREGA5T Average & Excess @ Generation Retail ]CP Juris.]]

CCIIDEMREGAST Regulatory Asset - Demand Related]

CD:[]

CE:[ERGREGAST Customer Class Energy O Generation IMWHH
CFIIERGREGAST Regulatory Asset Energy Related]

CG:[]

CH:[ER6SYS8EN Customer Class Energy @ Generation {MWH]]

Cr[EaGsvsoen System Bene% - Energy Related]
CJ:[]

cK:[RetalI ONLY versions of above allocators:]

CL:[lf]

CM[RetaiI DEMPRD01 Average & Excess @ Generatlonl [CP Juris.]]

CN:[Retail DEMPROD 1 Production Demand]

3352488

11.79%

1

0
9.33%CO:[}

Cp:[Retall ENERGY1 Customer Class Energy @ Generation {MWH]]

CQ:[R¢tail ENERGY1 Production Energy]
CR:[]

CS:[RetaiI ERGSYSBEN Customer Class Energy @ Generation {MWH)]

3352488

12.05%

3,352,488

cos____ALLocAToRs
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12.05%
CT:[R¢tail ERGSYSBEN System Bandits - Energy Relatadl
CU:[end if]

CV:[]

CW:[Other Allocators]

CX:[Derr\andProduction {REs}l

CY:[Ratin: Demand Productlun IRESJ]

CZ:[]
DA:{Am:illary Servrcesl

DB:[Ratio: Ancillary Services]

DC:[$um: Ancilary Services]

DD:[Less: Ancillary Servrcesl

DE:[}

DF:[CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]

DH:[}

Dl:[CUSTOEP Customer Deposltsl

D.l:[CUSTDEP Customer Olpusitsl

110,020970J

930%

{8544916}

11.82%

100.00%

DK:[]

DL:[S]

DM:[5]

DN:{}

DOzI6]

DP:[6]

DQ:[]

DR:[7]

DS:[7]

DT:[}

DU:[8]

DV:[8]

DW:[]

DX:[9]

DY:[9]

DZ:[]

EA:[10}

EB:[10]

EC:[]

ED:[1o0% Allocator]

EE:[I

EF:[Zero Aliocatorl

EG:[]

E32

B:[1urisdictlonI

C:[ALL OTHER Jurisdiction]

D=[l
E:lDEMPROD1 Average 81 Excess @ Generation! [CP Juris.}}

F:[DEMPROD1 Production Demand]

Gill

3628

H:[DEMPROD6 Specific Assignment]

II[DEMPROD6 Ancillary service - Scheduling & Dispatch]

III]
K:[DEMTRAN1 Specific Assignment]

LIIDEMTRANI Transmlukan Substatlon]

M=[}
NIIDEMTRANS Specific Assignment]
O:[DEMTRAN3 Transmission Uris]

Pill
C1:[EJEMTRAN4 Specific Assignment]

RIIDEMTRAN4 SCE Specific]

Sill
TI[DEMDIST1 NCP Demand @ Substation Level w/losses (KWJI

u=[oemmsT1 Distrlbutlon Substatlnnl

V:[]
W:[DEMD!5T2 NCP Demand @ Primary Line Level flosses {KW}]

XIIDEMDISTZ Distribution OH Prlmlry Linus]

Yell
Z:[DEMDI5T3 Irndlvadual Maxlmum Demand @ Secondary Lune Level wllosses [KW)]

AA:{oemnIsTs Distibution DH Secondary Linn]

AB:[]

AC:[DEMDIST4 NCP Demand @ Primary Line Level flosses (KWH

AD:[DEMDISTl Distribution UG Primary Lines]

AE:[]

AF:[DEMDIST5 Individual Maximum Demand @ Secondary Ume Level w/losses {KW)]

AG:[DEMDlST5 Distribution UG Secondary Lines]

AH:[]

AI:[DEMDI$T6 Individual Maxlmum Demand @ Secondary TXF Level w/losses [KWH

A.l:[DEMDIIST6 Distribution OH Lina Transformers]

AK:{]

AL[DEMDiST7 Individual Maximum Demand @ Secondary TXF Level wllosses (KWH

AM:[DEMDISW Distribution LIG Una Transformers]

AN:[]

AO:[CUSTOH1 Weighted Customer Costs for Distributlon Services (SH

AP:]CUSTDH1 Distribution DH Services]

AQ:[]
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services {$}]

AS:[CU$TUG1 Distribution UG Services]

AT:[]
AU:[DEMDIST10 NCP Demand @ Prlmaw Line Level wflctsses [KWH

Av=[oEmDlsr1o Distribution Rents]

AW:[]
AX:IENERGY1 Customer Class Energy @ Generation (MWH}]

AY:[ENERGY1 Production - Energy]

AZ:[]

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 Production - Energy (Fuel and Purchased Powerjl

BC:[]
BD:[ENERGY2_A]

BE:{ENENGVZ_A Related Fuel {ACC}]

BF:[}
BG1[CUST370 Weighted Costs for Distributtnn Meters (SH

BH:[CUST370 Dktrlhution Meters]

Bl:[]

B1:[CUST3?1 Dusk to Dawn Customer Class Specnficl
BK:[CUST3T1 Dusk to Dlwrl]

BL:[l

8M:[CUST373 Street Lighting Customer ClassSpecific]

BN:[CU5T373 Strut Lighting]

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BE:{cusrnum customer Accounts]

cos_ALLocAToRs
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BR:[]

B5:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_ll Customer Accounts ACC]

BU:[]
8V:[CUST910 Number of Customer Accounts]

BW:{CUST910 Customer Service and Information]

BX:[]

BY.[CU5T916 Number of Customer Accounts]

az={cusTs1s Sales Expense]

CAIII
CB:[DEMREGAST Average 84 Excess @ Generation Retail [CP uris.]]

CC:[DEMREGAST Regulatory Asset - Demand Related]

CD:[]

CE:[ERGREGAST Customer Class Energy Q Generation (MWII}]

CF:{ERGREGAST Regulatory Asset Energy Related]

CG:[]
CH:[ERGSYSBEN Customer Class Energy @ Generatlon {MWH]]

Cl:[ERGSY5BEN System Benefits - Energy Related]

C1=[l
CK:[Retail ONLY versions of above allocators:]

CL:[lf]

CM.[RetalI DEMPROD1 Average & Excess @ Generation! [CP Juris.]]

CN:[Ret.ail DEMPROD1 Production Demand]

CO:{]

CP:[RetaiI ENERGY1 Customer Class Energy @ Generation [MWH}]

CO:{Retail ENERGY1 Production - Energy]

CR:[]

CS:[Retail ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT:[Retall ERGSYSIEN System Benefits - Energy Related]

1

CU:[end ill

C\!:[}

CW:[Other Allucatorsl

Co:[Derrland Production [RESH

Cy:[Ratio: Demand Producten [RESJ]

CZ:[]

DA:[AnciIIary Servo:es]
DB:[Ratio: Anclllary Services]

DC:{Sum: Ancilary Services]

D0:[Less: Ancillary Senrlcesl

DE:[}

DF:[CUSTADV Customer Advances}

DG:[CUSTADV Custom" Advancusl

DH:{]

Dl:[CUSTDEP CustomerDeposits]

DJ:[CU5TDEP Customer Deposits]

DK:{]

DL:[5]

DM[S]

DN:[]

DO:[6]

DP:[6}

DC1:[]

100.00%

3528

DR:[7]

DS:[7]

DT:[]

DU:[8]

DVIIBI
DW:[]

DX:[9]

DY:[9]

DZ:[I

EA:[10]

EBI[1{)]

EC:[]

ED:[100% Allocatorl

EE:{]

EF[2ero Allucatorl

EG:[]

E32 [4014 s<wJ

B:[}urisdlctlor\]

C:[ALL OTHER Jurisdiction]

Uri]
E:[DEMPROD1 Average 8 Excess @ Generation [CP Jurls.]]

F:[DEMPROD1 Production Demand]

Gil]
H:[DEMPROD6 Specific Asslgnmentl

I:[DEMPRDDG Ancillary Selvko Sdllduling I Dispatch]
1:[]

KIIDEMTRAN 1 Specific Assignment]

l.:[DEMTRAIllJ Transmission Sulastatlonl

M.[]
N.]DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

PII]
C1:[DEMTRAN4 Specific Assignment]
R:[DEMTRAN4 SCE Specific]

0.07
6.76sc

509739

6.99%

496822

6.99%

496,822

7.07%

Soil
T:[DEMDlST1 NCP Demand @ Substation Level flosses [KWH

U:[DEMDIST1 Distribution Substation]

V=[l
W:[DENlDIST2 NCP Demand @ Primary Line Level w/losses [KWH

X:[DEMDlST2 Distribution OH Primary Lines]

Yril
Z:[DEMD£ST3 individual Maximum Demand @ Secondary Line Level w/losses (KWH
AA=(oEmolsTs Distribution OH Secondary Lines]

AB:[]
AC:lDEMDIST4 NCP Demand @ Primary Line Level flosses (KWH

AD:[DEMDI§T4 Distribution UG Primary Lines]
AE:[]

AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level wllosses [KW]]

AG:[DEMDlST5 Distrlbutlon UG Secondary Uses]

AH:{]

Al:[DEMDIST6 Individual Maximum Demand @ Secondary TXF Level w/losses {KW}]

AJ:{D£MDIST6 Distribution DH Line Transformers]
AK:[]

AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level w/losses (KWH

AM:[DEMDIST1 Distribution UG Line Transformers]

AN:[]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services (SH

493981

5.01%

cos_ALLocAToRs
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21815

1.98%

496822

6.99%

2622,747

9.22%

0.09
9.15%

9.25

9.46%

10581

0.81%

795
0.07%

0

0.00%

795

0.07%

795

0.07%

9.50

9.60%

3,732,824

12.43%

2622,747

9.22%

1
0

6.90%

AP:[CUSTOH1 Distribution OH Sarviees]

AS:ll
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services {$}]

ASIICUSTUGI Distribution UG Services]

AT:[]

AU:[DEMDI$T10 NCP Demand @ Prlmary Ume Level flosses [KWH

MVIIDEMDISTID Distribution Rents]
AW:[]

AX:[£NERGY1 Customer Class Energy @ Generation {MwHll
AYIIENERGYI Production - Energy]

AZ:[]
BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 production - Energy [Fuel and purchased Pnweril

BC:[]

BD:[ENERGY2_A]

BE:[FNERGY2*.l\ Rlll\ld Fuel {»\CC}l
BF:{]

BG:[CUST370 Weighted Costs for Distribution Meters {$}]

BH:[cUsT37(l Distribution Meters]

BI:[]

B1:[CUST371 Dusk to Dawn Customer Class Speclfic]

BK:[CUST371 Dusk to Dawn]

BL:[]
BM:[CUST373 Street Llghting Customer Class Specrflc]

BN:[CUST373 aunt Lighting]

BO:[]
BP:[CUSTNUM Number of Customer Accounts]

BQ:[CUSTNUM Customer Accounts]

*3R[l
B5:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_A Customer Accounts ACC]

BU:[]

BV:[CUST910 Number of Customer Accounts]
BW:[CU5T910 Customer Service and Information]

Bx:l]

BY:[CU5T916 Number of Customer Accounts]

BZ:[CUST915 Sales Expense]

CA:[]
CB:[DEMREGAST Average & Excess @ Generation Retail {CP Juris.]]

CC:{0EMRE6AST Regulatory Asset - Demand Related]

CD:[]

CE:[£RGREGAST Customer Class Energy Q Generation [MWH]]
CFIIERGREGAST Regulatory Asset Energy Related]
CG;[]

CH:[ERGSY5BEN Customer Class Energy @ Generation {MWH]]

Cl:[ERGSYSlEN System BenefiU - Energy Related]

Cl:[]

CK:[Retall ONLY versions of above allocators:]

CLIP[If]
CM:[Retail DEMPROD1 Average & Excess @ Generation [CP Juris.]]

CN:]Retail DEMPROD 1 Production Demand]

coil
CP:[Retal1 ENERGY1 Customer Class Energy @ Generation {MwH1]

CQ:[Retail ENERGY1 Production Energy]

CR11
Cs:lRetail ERGSYSBEN Customer Class Energy @ Generation [MWH}]

CT:[ReteiI ERGSYSBEN System Benefits - Energy Related]

2,622,747

9.43%

2622,747

9.43%

[7144692}

5.98%

[6092303}

8 43%

CU:[end if]

CV:[]

Cw:{Other Allocators]

Co:[Demand Production (RES]]

CY:lRatio: Demand Production {RED}]

CZ:[]
DA:[Arlcillary Services]

DB:[Ratlo: Ancrflary Servlces]

DC:{Sum: Ancilary Services]

DD:[Less: Ancillary Senlces]
DE:[]

DF:[CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]

DH:[]
DMICUSTDEP Customer Deposits]

DJ:[CUSTD£P Customer Deposits]
DK:[]

oL:[5]

DM1[S]

DN:[]

DO:[6]

Dp.161

DC1:[]

DR3[7l

os:[7]

DT:{]

au: [al
DV:[8]
DW:[]

DX:[9]

DY:[9]

DZ:[]

EA:[10]

Es:{1o1

EC:[]

En:!100% Allocator]

EE:[]

EF.[Zero Allocatorl

ET:[]

100.00%

3628

E34
B:[Jurisdiction]

C:[ALL OTHER 1 urlsdlction]

Drill
E:[DEMPROD1 Average 81 Excess @ Generation! [CP loris]]
F:[D£MPROD1 Production Dirndl
GUI]
H:[DEMPROD6 Speclfic Assignments

l:{DEMPRODi Ancillary Service - Scheduling & Dispatch]

Jill
K:[DEMTRAN1 Specific Asslgnment]
L:[DEIVITRAN1 Transmission Substation

M:[]

0.02

2.24%

cos ALLOCATORS
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N:[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Linn]

P 3ll

137822

1.89%

134,330

1.89%

134330

1.91%

49, 16 E

0.50%

2,616

0.24%

134330

1.89%

801426

2.82%

0.03

2.78%

2.81

2.87%

Q:[0EMTRAN4 Specific Assignment]

R:[DEMTRANl SCE Spocilic]

Sill
T:[DEMDlST1 NCP Demand @ Substation Level w;losses (KWH

U:[DEMDIST1 Distribution Substalionl

V l l
W1[DEMDIST2 NCP Demand @ Primary Lme Level w/losses 114wl1

x:[Demolsr2 Distribution OH Primary Lines]
Y:[]

Z:[DEMDlST3 Individual Maxlmum Demand G* Secondary Line Level w/losses IKWJ]

AA:[oEMolsT3 Distribution OH Secondary Lines]

AB:[]

AC:[DEMDIST='1 NCP Demand @ Primary Lme Level flosses [KWH

AD:[DEMDIST4 Distribution UG Primary Lines]

AE:{}
AF:[DEMDlST5 Individual Maximum Demand @ Secondary Line Level wjlosses {KW}]

AG:[DFMDlSTS Distribution UG Secondary Lines]

AH:[]

AI [DEMl)lsT6 Individual Magnum Demand @ Secondary TXF Level w/losses (KWJI

A.l:[DEmOlST6 Distribution OH Line Transformers]

AK:[}

AL:[DEMDIST7 individual Maximum Demand @ Secondary TXF Level flosses [KWH

ANI:[DEMDI517 Distribution UG Lino Transformers]

AN:{]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services (SH

Ap=[cusToH1 Distribution OH Services]

Aar
AR:[CUSTU61 Weighted Customer Costs for Distribution Services [$}]

As=[cusrua1 Distribution UG Services)

AT:[}

AU:[DEM[JIST10 NCP Demand @ Primary Line Level flosses {KW}]

AV:[DEMDIST10 Distribution Rents]

AW:[]

AX:[EN£RGY1 Customer Class Energy @ Generation lMwH}]
J\Y:[ENERGY1 Production - Energy]

AZ:[]

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

B8:IENERGY2 Production » inargy [Fuel and Purchased Power}]
BC:[]

BD:[ENERG\"2_A]

BE:[ENERGY2_A Roiatcd Fuel [ACCH

BF:[]

EiG:[CUST37O Weighted Costs for Distribution Meters (SH

BHI[CU5T370 Distribution Meters]

BI:[]

B1:[CUST371 Dusk to Dawn Customer Class Specific]

8K:]CU5T371 Dusk to Dawn]

BL:{]
EM:[CUST373 Street Lighting Customer Class Specific]

BN:[CUST375 Strut Lighdngl

1,529
0.12%

30

0.00%

0

0.00%

30

0.00%

30

0.00%

2.55
2.55%

1,140,125

3.80%

801426

2.82%

1

0

2.29%

80:[]

BP:[CU$TNUM Number of Customer Accounts]
BE:[CUSTNUM Customer Accounts]

E!R:[]

BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CIJSTNUM_A Customer Accounts ACC]

BU:{]

BV:[CUST910 Number of Customer Accounts]

BW:[CUST910 Customer Service and Information]

BX:[]

BY:[CUST916 Number of Customer Accounts]

BZ:[CUST§16 Salas Expense]
CA:{]

CB:[DEMREGAST Average 8 Excess @ Generation Retail [CP Juris.1]
CC:[DEMRE6AST Regulatory Asset - Demand Related]

CD:[]

CE:[ERGREGAST Customer Class Energy G Generation [MWHH

CFIIERGREGAST Regulatory Asset Energy Related]

CG:[]
CH:[ER6SYSBEN Customer Class Energy @ Generation {MWH}]

Cl:[ERGSYSB£N System Benefits Energy Related]

cut
CK:{RetalI ONLY versions of above allocators:]

CL:[lf]
CM[Retail DEMPROD 1 Average 81 Excess @ Generation [CP JurLs.]]

CN:{Retai! DEMPROD 1 Production Demand]

CO:]]
Cp:[RetafI ENERGY1 Customer Class Energy @ Generation {MWH}]

CC1:[Retall ENERGV1 Production - Energy]

CR:[l

CS:[Retali ERGSYSBEN Customer Class Energy @ Generation [MWH}]
CT:[RetaiI ERGSYSBEN System Benefits - Energy Related]

301,426

2.88%

801426
2.88%

11,812,3841

1.77%

CU:[end If]

CV:[]

CW:[Other Allocatclrs]

Co:{Demand Production {RES}}

CY:[Ratlo: Demand Production IRESJ]

CZ:[]

DA:[AnciIIary Servwes]
DB:[Raho: AnclIIary Servlces]

DC:{Sum: Anulary Services]

DD:[Less: Ancillary Servlces]

DE:[]

DF:ICUSTADV Customer Advances]

DG:[CU5TADV Customer Advances]

DH:{]

Dl:[CUSTD£P Customer Deposlts]
DJIICUSTDEP Customer Deposits]

DK:[]

DL:l5]
DMIIS]

DN:[]

DO:[6]

DP:[6]

DC1:[]
DR;l}]

{1,5a5,426}

2.14%
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DSI[7]

DT:[]

DU:[8 I

Dv:[8}

DW:[]

ox:[9]

DY:[9]

DZ:[]
EA:[1{J]

EBI[10]

EC:{]

ED:[100% Allocatorl

FE:[]
EF:[Zero Allocatarl

EG:[]

E35

100.00%

aegis

0.04

4.45%

280932

3.85%

B:[Jurlsdictlon}

C:[ALL OTHER lurisdidionl

Di ll
E:[DEMPROD1 Average 81 Excess @ Generation {CP Juris.]]

F:[DEMPlOD1 Production Demand]

6=11
Hz[DEMPRO06 Specific Assignment]

I:[DEMPROD6 Ancillary Sowico - Scheduling & Dispatch]

Jail
K:[DEMTRAN1 Specific Assignment]
L:[DEMTRAN1 Transmission Subsection]

m=1I
N [DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

Pei]
Q:[DEMTRAN4 Specific Assignment]

R:[DEMTRAN4 SCE SpecMcl

SIR
T:[DEMDIST1 NCP Demand @ Substation Level flosses [KW}]

U[DEMDlST1 Distribution SubnaHon]

VII]
W:lDEMDI5T2 NCP Demand @ Primary Line Level w/losses {KW}]

X:[DEMDIST2 Distribution DH Prlmaw Linus]

Y=l]

273,813

3.85%

273813

3.89%

214589

2.18%

4,243

0.39%

273813

38596

Z:(DEMDI5T3 Individual Maximum Demand @ Secondary Line Level flosses (KWH

AA:[DEMDlST3 Distribution OH Secondary Lines]

AB:[]

AC:[DEMDiST4 NCP Demand @ Primary Line Level flosses (KWH

Apll)£MDI5T4 Distribution UG Primary Uses]
AE:[]
AF:(DEMDIST5 Individual Maximum Demand @ Secondary Line Lave! flosses (KWH

AGI[DEMDIST5 Distribution UG Secondary Lines]

AH:[l

Al:[DEMDlST6 Individual Maximum Demand @ Secondary TXF Lave! w,*'losses (KW]]

AJ:[DEMDI5T6 Distriburtion OH Lina Transformers]

AK:[]

AL:[DEMDIST? Individual Maximum Demand @ Secondary TXT Level wllosses (KWH

AM:[DEMDIS17 Distribution UG Line Transformers]

AN.[]

AO:[CU5TOH1 Weighted Customer Costs for Distribution Services ($]]
Ap:[cusToH1 Distribution OH Services]

AO:[]
AR:[CL.'STUG 1 Weighted Customer Costs for Distribution Services (SH

As=[cusrus1 Distrlburtlon UG Services]

AT:[]

AU:[DEMDI$T10 NCP Demand @ Prlmarv Line Level w/losses (KWH

AV:]DEMDI5T1D Distribution Rents]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation (MWH]]

AY:[ENERGY1 Production - Energy]

AZ:[]

BA:[ENERGY2 Weighted Houriv Energy Allocator @ Generation]

BB:[ENERGY2 Production - Energy (Fuel end Purchased Power]]

1570709

5.52%

0.05

5.38%

5.44

5.56%

1,720

0.13%

37

0.00%

O

0.00%

BC:[]

BD:[ENERGY2_A]

BF:[ENERGY2.A Related Fuel [ACC]]

BF11

BG.[CUST370 Welghted Costs for Drstributlon Meters [$}]

BH 2[CUST370 Distribution Motors]

BI:[]
B1[cUsT37l Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk to Dawn]

BL:[]
BM:[CUST373 Street Ll8htmg Customer Class Speciflcl

8N:[CUST373 Stint Lighting]

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CUSTNUM Customer Accounts]

BR:[]

BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_1\ Customer Accounts ACC]

BU:{]

Bv:[cu5T910 Number of Customer Accounts]

BW:[CUST810 Customer Snrvica and Information]

BX:[]

37
0.00%

37

0.00%

3.42

3.42%

1,753,593

5.84%

1570709

5.52%

BY[CUST916 Number of Customer Accounts]

BZ:{CUST916 Sales Expense]
CA:[]

CB:{DEMREGAST Average & Excess @ Generation Retail {CP Juris.]]

CC:[DEMREGAST Regulatory Asset - Demand Related]
CO:[]

CE:[ERGR£GAST Customer Class Energy O Generation IMWHJ]
CF:[ERGREGAST Regulatory Asset Energy Related]

CG:[}
CH:[ERGSYSBEN Customer Class Energy @ Generation [MWH}]

cl:lEessysaen System Benefits Energy Related]

Chill
CK:[RetalI ONLY vet$ll:m$ of above allocators:]

CL:[lf]
CM{Retail DEMPRO01 Average 8 Excess @ Generation [CP Jurls.]]

Cn{Retail DEMPROD1 Production Demand]

CO:[]

Cp:[Retail ENERGY1 Customer Class Energy @ Generation {MWH}]

1
0

4.54%

1,570,709

cos_ALLocATons
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5.55%
CO:[Rctall ENERGY1 Production - Enargyl

CR:[}

CS:[Retall ERGSYSBEN Customer Class Energy @ Generation IMWHH

CT:[RetaiI ERGSYSBEN System Bcnofits - Energy Related]

CU:[end ill

CV:[]

1,570?09

5.65%

CW:[other Allocatorsl

CX:[Demand Production (RES]]

CY:[Ratlo: Demand Production {RED}]

CZ:[]
DA:[AnciIIary Servlcesj

fJ8:[Ratio: Anciliarv Services]
Do:[Sum: AncilaryServices]

DD:[Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]
DG:[CUSTADV Customer Advance

DH:{]

Dl:[CUSTDEP Customer Deposits]

D.I:[CUSTDEP Customer Deposits]

{3,921439)

3.83%

[3343825}

4.62%
DK:[}

DL:{5]

DMzIS]

DN:[]

Do.[6]

DPz[6]

DQ;[]
DRI[7]

os:[7]

DT:[l

DU:[8]

DV:[8]

DW:[]

DXz[9]

DY:l9]

DZ:[]

EA:[10]

EB:[10]
FC:[]

ED:[100% All:Jcator}

E£:[}
100.00%

3628

092

1.72%

130,073

1.78%

126777

1.78%

1981649

2.86%

126,777

1.80%

198,649

2.86%

202,423

2.19%

202423

2.05%

a,7aa

2.25%

20290

1.84%

126,777

138%

393,750

1.40%

0.01

1.41%

0.34

0.35%

EF:[Zero Allocator]

EG:[]

RESIDENTIAL SOLARIENERGY}

B:[1urisdi€tl0r\]
C:[ALL OTHER Jurisdiction]

Del]
E:{DEMPROD1 Average 8¢ Excess @ Generation! [CP Juris.]]
F:[DEMPlDD1 Producion Demand]

G=il
HI[DEMPRO06 Specific Assignment]

IIIDEMPRODG Ancillary Sewlce - Scheduling I Dispatch]

lrll
K:{DEMTRAN1 Specific Assignment]

L:[DEMTRAN1 Transmission Substatlonl

Mali
N:[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

P:{]

QIIDEMTRAN4 Specific Assignment]

RzIDEMTRAN4 SCE Spuiic]

Srl]
T:[DEMDIST1 NCP Demand @ Substation Level w,/losses (KW]]

U:[DEMDIST1 Distribution Substation]

viii
W:[DEMDIST2 NCP Demand @ Primary Line Level w/losses {KW)]
XIIDEMDISTZ Distribution OH Primary Linn]

'l':[]

Z:[DEMDl5T3 Individual Maximum Demand @ Secondary Line Level wllosses [KWH

AAIIDEMDISTS Distribution OH Secondary Lines]

AB:[]
AC:[DEMDIST4 NCP Demand @ Primary Line Level w/losses IKE]}

Ao=1oemolsr4 Distrlhurtlon UG Primary Udell

AE:[]
AF:[DEMDlST5 Individual Maximum Demand @ Secondary Line Level flosses [KWH

AG:[DEMDlST5 Distribution UG Secondary Lines]

AH:[]

Al:[DEMDIST6 Individual Maximum Demand @ Secondary TXF Level w/losses {KW}]

AJ:[D£MDIST6 Distribution OH Line Transformers]
AK:[]
AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level w,*'losses (KW]}

AM:[DEMDI5T7 Distrlburtion UG Lino Transformers]

AN:[]

AO:[CU5TOH 1 Weighted Customer Costs for Distribution Services (SH

AP:[CUSTDH1 Distribution OH Services]

AO:[]
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services (SH

ASIICUSTUGI Distribution UG Servkes]

AT:[]

AU:[DEMDlST10 NCP Demand @ Primary Line Level wfiosses {KW}]

AV:[DENIDIST10 Distribution Rents]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation [MWHH

AY[€NERGY1 Prediction - Energy]
AZ:[]
BA:{ENER6Y2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 production - Energy [Full and Purchased Powerll

BC:[I
8D:[ENERGY2_A]

BE:[ENERGY2.A Related Fuel ¢Accn

BF U
BG:[CUST370 Weighted Costs for Distribution Meters i$Jl

BH:[CUST370 Distribution Meters]

BI:[]
BJ:[CUST371 Dusk to Dawn Customer Class Specific]

BK:{CUST371 Dusk tn Dawn]

BL:[]

BM:[CUST373 Street Lighting Customer Class Specific]

en=[cusTa13 Street Lighting]

27078

2.08%

COS ALLOCATORS
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27078

2.29%

27078

2.29%

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CUSTNUM Customer Accounts]

BR:[]

B5:[CLJ5TNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM__A Customer Accounts ACC]

BU:[]

BV:]CUST910 Number of Customer Accounts]

BW:[CUST910 Customer Service and Information]

BX:[]
BY:[CUST916 Number of Customer Accounts]

BZ:[CUST91G Salas Expense]

CAIII
CB:[0EMREGA5T Average 84 Excess @ Generation Retail [CP furls.]]

CC:[DEMREGA$T Regulatory Asset Demand Related]

CD:[]

CE:[ERGR£6AST Customer Class Energy Q Generation IMWII]]
CF:[ERGREGAST Regulatory Asset Energy Related]

CG:[]

CH:[ERGSYSBEN Customer Class Energy @ Generation (MWH}]

CIIIEPGSYSBEN System Benefits - Energy Related]

27,078

2.29%

C1:[l

CK:[RetaH ONLY verses of aboveallocators:]

CL:{lf]

398,750

1.40%

1

0

1.76%

398,750

1.43%

338750

1.43%

CM:[RetaiI DEMPROD1 Average & Excess @ Generation! [CP loris.]]

CN:[Retail DEMPRDD1 Production Demand]

CO:[]
Cp:[RetalI ENERGY1 Customer Class Energy @ Generation {MWHJ]

CQ:[ReteiI ENERGY1 Production Energy]

CR:[]

CS:[Reta4I ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT:[Retaii ERGSYSBEN System Benefits - Energy Related]

CU:[end if]

CV:[]

Cw:[other Allocators]

CX:[Demand Production [RESH

Cy:[Ratlo: Demand Production (RES}]

oZ:[]
DA:{AnciIlary Services]

DB:[Ratio: Ancillary Services]

DC:I$um: Ancilary Services]

DD:[Less: Ancillary Services]

DE:[l

DF:[CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]

DH:[}

Dl.[CUSTDEP Customer Deposits]

DJ:[CUSTDEP Customer Deposits]

[620,257]

0.61%

DK:[]

DL:[5]

DMIIS]

DN:[]

Do:[6]

(3`/03S8}

0.51%

100(}D%

3628

DP:[6]

D(l:[]

DRI[7]

DSzI 7]

DT:[]

Duzlal

DV:[8]
DW:[]

DX:[9l

DY:[9]
DZ:[]

EA:[10]

EB:[10]
EC:[}

ED:[10G% Ailocatorl

EE:[]

EF[Zero Allocatorl

EG:[]

RESIDENTIAL SOLAR {DEMAND]

B:[Jurisdlctson]

C[ALL OTHER Jurisdiction]

Del]
E:{DEMPROD1 Average & Excess @ Generation [CP 1uris.l]

F:[DEMPRGD1 Production Durand]

Gail
H;[DEMPROD6 Speclfic Assignment]

IIIDEMPRODG Ancillary Sarvicn - Sdndullng & Dispatch]

1311
K:[DEMTRAN1 Specific Asslgnmentl

L:[DEMTRAN1 Transmission Substatlonl

Mi ll
N.[DEMTRAN3 Specific Assignment]

O:[BEMTRAN3 Transmission Uris]

0.00

0.11%

8015

011%

v,a12

0.11%

11693
0.17%

7,812

01194

11693

0.17%

Pill
Q:[DEMTRAN4 Specific Assignment]

RIIDEMTRANQ SCE Spadiicl

5=ll
T:[DEMDIST1 NCP Demand @ Substation Level vv/losses [KWH

UIIDEIVIDISTI Distribution Substadonl

V=[l
W.[DEMDIST2 NCP Demand @ Primary Lune Level wIIosses KW)]

X:[DEMDIST2 Distribution OH Primary Llnas]

YIll
Z:{DEMDlST3 Individual Maximum Demand @ Secondary Line Level w/losses (KW}]

AA:[DEMDlST3 Distribution OH Secondary Linus]

AB:[}

ACIIDEMDIST4 NCP Demand @ Primary Line Level flosses {KW}]

AD[DEMDIST4 Distribution UG Primary Lines]
AE:{]

AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level w/losses KW}]

AG:[DEMDIST5 Distribution UG Secondary Linus]

AH:[]

Al:[DEMDI5T6 Individual Maxlmum Demand @ Secondary TXF Level wllosses (KWH

AJ:[DEMDISTG Distribution OH Lina Transformers]

AK:[]

AL:{DEMDIST7 Individual Maximum Demand @ 5econdary TXF Level flosses {KW}]

11915

0.13%

11,915

c os ALLOCATORS
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0.12%

295

0.10%

881
0.08%

7,812

0.11%

27,426

0.10%

0.00

0. 10%

0.05

0.05%

AM:[DEMDIST7 Distribution UG Line Transformers]

AN:[]

A0:[CUSTOH1 Weighted Customer Costs for Distribution Services (SH

Ap[cusroiu Distribution OH Sewioeel

AQ:[]
AR:{CUSTUG1 Weighted Customer Costs for Distribution Services {$]}

As:lcusTu61 Distribution UG Sewkesl

AT:[]
AU:[DEMDIST10 NCP Demand @ Primary Line Level flosses {KW}]

AV:[DEMDIST10 Distribution Rents]

AW:[]

AX:{ENERGY1 Customer Class Energy @ Generation (MWH}]

J\Y:[ENERGY1 Production - Energy]

AZ:[]
BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[EN£RG vs Production - Energy {FueI and Purchased Powerll
BC:{]

BD1[ENERGY2_A]

BE:[ENERGY2_4 Related Fuel iAccll

BF:[]

BG:[CUST370 Weighted Costs for Distribution Meters {$}]

BH:[CUST370 Distribution Meters]

BI:[]

El1:[CUST371 Dusk to Dawn Customer Class Specific]

lK:[cUsT371 Dusk to Dawn]

BL:[]

BM:[CUST373 Street Lighting Customer Class specifics

BN:{CUST373 Street Lighting]

1.176

0.09%

1176

010%

1,176

0.1084

1,176

010%

27426

0.10%

1

0
0.11%

27426

0.10%

27,425

0.10%

BO:[]

BP:]CUSTNUM Number of Customer Accounts]

BE:{CUSTNUM Customer Accounts]
BR:[]

BS:{CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_A Customer Accounts ACC]

BU:[]

BV:[CUST910 Number of Customer Accounts]

BW:[CUST91G Cusmmlr Service and Information]

BX:[]

BY:[CUST916 Number of Customer Accounts]

BZ:{CUST91S Sales Expense]

CA:[]

CB:[DEMREGAST Average & Excess @ Generation Retail MCP Jurls.]]

CC:[DEMREGAST Regulatory Asset - Demand Related]

CD:[]

CE:[ERGREGAST Customer Class Energy Q Generation {IVIWI4}l
CF:[ERGREGAST Regulatory Asset - Energy Related]

CG:[]

CH:{ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CI:[ERGSY5BEN System Benefits - Energy Related]

CJ=il
CK:[Retall ONLY versions of above allocators:]

CL:[lf]

CM:[Retail DEMPROD1 Average & Excess @ Generation! [CP loris.]]

CN:[Retail DEMPROD1 Production Demand]

co tr
CP:[Retall ENERGY1 Customer Class Energy @ Generation {MWH]]

CCI_:[RetaII ENERGY1 Production - Energy]

CR:[]

CS:[Retail ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT[RetaiI ERGSYSBEN System Benefits - Energy Related]

EU:{end if]

CV:[]

CW:[Other Allocatorsl

CX:[Demand Production {RED]]
Cy:[Ratlo: Demand Productlon ]RES]]

CZ:[]

DA:[AnciIlary Services]

D8.[Rat1o: Ancillary Services]

DC:[Sum: Ancilary Services]

DD:[Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]

DH:[]

Dl:[CUSTDEP Customer Deposits]

D.I:[CU§TOEP Customer Deposits]

(83,304

0.08%

DK:[l

DL:[5]

om:[5]

DN:{}

DO:[6]

DP:[E]

DC1:[]

(49,?41)

0.07%

DR;[7]

DS:[7]
OT:[]

DU:[81

DVIIS]

DW:[l

DX 3[9]
DY:{9]

DO:[]
EA:[1(}]

EB:[10]

EC:[]

E[)![10U% Angcatgfl
100.00%

3528

EE:[}

EF:[Zero Allocatorl

EG:[1

RESIDENTIAL E-12

B:[lurisdictlon]

C:[ALL OTHER lurisdictionl

011
E:[DEMPROD1 Average & Excess @ Generatiunl [CP Juris]]

F:{DEMPROD1 Production Dlmandl

6:[}

H:[DEMPROD6 Specific Asslgnmentl

IIIDEMPRDDG Ancillary Semis Sdnduling I Dispatch]

Lil]

0.16

15.55%

COS ALLOCATORS
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1171,727

16.07%

1142,034

16.07%

2137411

30.77%

1142034

16.24%

2,137411

30.77%

2178,022

23.61%

2,178,022

22.09%

117,421

38.95%

350951

31.91%

1, 142,034

16.07%

3860095

13.57%

0.14

13.68%

13.83

14.14%

468372

36.04%

468372

39.54%

O

0.03%

468,372

39.59%

462,372

39.54%

14.91

14.9194

4,310,449

14.35%

3860095

13.57%

1
o

15.98%

3860095
13.87%

3860,095

13.87%

[19029660}

18.60%

K:[DEMTRAN1 Specific Assignment]

L:{DEMTRAN1 Transmission Suhstationl

M:l}
N [OEMTRAN3 Speclfic Asslgnmentl

O:[DEMTRAN3 Transmission Lines]

P:[]

Qi[DEMTRAN4 Specific Assignment]
WIDEMTRAN4 SC£ Spaclficl
511]
T:[DEMDlST1 NCP Demand @ Substation level wflasses {1<w1]

U:[DEMDIST1 Distribution Salutation]

V:[]

W:[DEMD1ST2 NCP Demand @ Primary Line Level w/losses {KW}]

XIIDEMDISTZ Distribution OH Primary Linus)

Y:[]

Z:[DEMDI5T3 Individual Maximum Demand @ Secondary Lane Level w/losses [KW]]

AA:{oemoIs1s Distribution OH Secondary Lines]

AB:[]

AC:[DEMDIST4 NCP Demand @ Prlmarv Line Level w/losses [KWH

ADIIDEMDIST4 Distribution UG Primary Lines]

AE:[]
AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level flosses (KW]]

AG:[DEMDIST5 Distribution UG Socondsrv Unis]

AH:[]

AI:[DEMDiST6 Individual Maximum Demand @ Secondary TXF Level flosses (KWH

AJIIDEMDISTG Distribution OH Lina Transforrnsrs]

AK:[]
AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level flosses (KWH

AM:{DEMDIST7 Distribution UG Lina Transformers]

AN:[]

AO:lCUSTOH1 Weighted Customer Costs for Distribution Services {$}}

AP:[ClJSTOH1 Distribution DH Services]

AQ{l
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services (SH

AS:[CUSTUG1 Distrlhurtinn UG Services]

AT:[]

AU:lDEMDIST10 NCP Demand @ Primary Line Level flosses IKWI]

RVIIDEMDISTID Diltrlbution Rents]
AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation {MWH]]

AY:[ENERGY1 Production - Energy]

AZ:[]
BA;[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 Production - Energy {Fuel and Purchased Powerll

BC:[]

BD:[ENER6Y2_A]

BE:[ENERGY2_& Related Fuel 1Acc)1

BF.u
B6:[CUST370 Weighted Costs for Orstribution Meters [$}]

BH:[CUST370 Distribution Meters]

BI:[]

BJI[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk to Dawn]

BL:[]

BM:[CUST3?3 Street Llghtlng Customer Class Speciflc]

BN:[CUST373 Street Lighting]

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CUSTNUM Customer Accounts]

BR:l1

ElS.[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_A Customer Accounts ACC)

BU:H

BV:[CUST910 Number of Customer Accounts]

BW:[CUST910 Customer Service and Information]

BX:[]

BY:[CUST916 Number of Customer Accounts]
BZ:[CUST91G Sales Expense]

CA:l]

CB:[DEMREGAST Average & Excess @ Generation Retail ]CP Juris.]]
CCIDEMREGAST Regulatory Asset - Demand Related]

CD:[]

CE:[£RGREGAST Customer Class Energy O Generation ImaI-ll]
CF:[ERGREGAST Regulatory Asset Energy Related]

CG:[]

CH:[ERGSYSBEN Customer Class Energy @ Generation [MWH}]

CI:[ERG5YSBEN System Benefits - Energy Related]
CJ:[]

CK:[Retail ONLY verses of above allocators:]

CL:[lf]
CM[Retail DEMPROD 1 Average & Excess @ Generation [CP furls.]]

CN:[Retail UEMPROD1 Production Darnand]

CO:[]

CP:[RetarI ENERGY1 Customer Class Energy @ Generation [MWH}]
CO:[R¢tail ENERGY1 Production » Energy]
CR:[]

CS:[Retall ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT:{RetaiI ERGSYSBEN Systorn Band fs Energy Related]

CU:[end if]
CV:[]

Cw:[other Allocatorsl

Co:[Demand Production [RESH

CY:[Ratlo: Demand Productlon IRESII

CZ:{]

DA:[Ancillary Servlces]

DB:[Ratlo: Ancillary Services]

DC:[Sum: Ancilary Services]

DD:[Less: Ancillary Services]

DE:[]

DF:[CU5TADV Customer Advances]

DG:[CUSTADV Customer Advances]
DH:[]

Dl:[CUSTDEP Customer Deposits]

Dl:[CUSTDEP Customer Deposits]

DK:{]

DL:[5]

DM IS]

DN:[]

DO:[6]

[11,362,681}

15.71%

cos ALLOCATORS
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DP1[5]

DC1:[]
DRzI7]

0S:[7]

DT:[1

DU:[8]

DV:[8]

DW:[]
DX:[9]

DY:[9}

DZ:[]

EA:[10}

EB:[10]

EC:[]

EDr[100% Allocatorl

EE:[]

EF:[Zero APIncator]

EG:[]

RESIDENTIAL ET-1 & ET-2

B:[1urlsdlction]

C:[ALL OTHER Jurlsdil:ti<Jn]

100.00%

3628
0111
E:[DEMPROD1 Average 81 Excess @ Generation! [CP Juris.]]

F:[DEMPROD1 Preductinn Demsndl

Gi ll
H:[DEMPROD6 Specific Assignment]

I:[DEMPROD6 Ancillary Service Scheduling I Dispatch]

1=El

K:[DEMTRAN1 Specific Assignment]

LIIDEMTIANI Transmission Substation]

M:[ I

N[0EMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines}

P=U

030

30.11%

2,271,340

31.16%

2213,782

31.16%

3344350

48.14%

2213782

31.49%

3,344,350

48.14%

3407,893

36.94%

3407893

34.57%

107557

35.72%

321,770

29.26%

2213,782

31.16%

6857795

2411%

0.24

24.25%

24.52

25.07%

Q:[DEMTRAN4 Specific Assignment]

R:[DEMTRANl SCE Spociilcl

Srl]
T:[D£MDIST1 NCP Demand @ Substatlon Level w/losses (KW]]
U:[DEMDlST1 Distribution Substations

V:[]

W:[DEMDl5T2 NCP Demand @ Primary Line Level w/losses [KWH

)(:[DEmDlsT2 Distribution OH Primary Linus]

Y[ l
Z:[D£MDI5T3 Individual Maximum Demand @ Secondary Line Level w/losses [KW)]
Amlnemntsrs Distribution OH Secondary Lines]

AB:{]
AC:[DEMDIST4 NCP Demand @ Prlmary Line Level wllosses IKwl}

AD:[DEMDlST4 Distribution UG Primary Lines]

AE:[]

AF:{DEMDIST5 individual Maximum Demand @ Secondary Line Level wllosses (KW]]

AG:[DEMDlST5 Distribution UG Secondary Uris]

AH:[]

Al:[DElVIDISTE Individual Maximum Demand @ Secondary TXF Level w,flosses [KWH

Al:[DEMDlST6 Distribution OH Ume Transformers]

AK:[]

AL:[DEMDIST7 fndlvidual Maximum Demand @ Secondary TXF Level flosses (KW]I

ANI:[DEMDIST'} Distribution UG Lino Transformers]
AN:[]

AO:{CUSTDH1 Weighted Customer Costs for Distribution Services (SH

AP:[CUSTOIl1 Distribution OH Services]

ACT{}
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services [$}]

A5:[CUSTUG1 Distrlbutiolt UG Services]

AT:[]

AU:[DEMOIST1D NCP Demand @ Primary Line Level flosses {KW]}

Av:[oeml>lsTto Distribution Rents]

AW:[]
AX:[ENERGYt Customer Class Energy @ Generation [MWH]]

Av:[Enenav1 Production - Energy]

A2:[]

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 Production - Energy {Fuel and Purchased Power}}

BC:[]

BD:[ENERGY2_A]

BE:[ENERGY2_A Related Fuel [ACCH

BF:[]

BG:[CUST37U Welghted Costs for Dnstributlon Meters (SH

BH:[CUST37l:} Distribution Meters]

BI:[]

BJ:[CUST371 Dusk to Dawn Customer Class Specific]

al<:{cusT311 Dusk tn Dawn]

BL:[]

BM:[C'J5T373 Street Llghting Customer Class Speciflcl

BN:[CUST373 Street Lighting]

429,427

33.05%

429427

36.26%

0
0.03%

429,427

36.30%

429,427

36.26%

28.57

23.6?%

7,352176

24L47%

E!O:[]
op:[cusTnum Number of Customer Accounts]

BE:]CUSTNUM Customer Accounts]

BR:[]

BS:{CUSTNUM_A Number of Customer Accounts ACC]

BT:{C1JSTNUM_A Customer Accounts ACC]

BU:I]

BV:[CUST910 Number of Customer Accounts]

lW:[CU5T910 Customer Service and Information]

BX:]J

BY:[CUST916 Number of Customer Accounts]
BZ:[CUST91i Sales Expense]

CA:[]
CH:[DEMREGAST Average & Excess @ Generation Retail [CP Juris.]]

CC:[DEMREGAST Regulatory Asset - Demand Related]

CD:[]

CE:[ERGREGAST Customer Class Energy G Generation IMWI-IJ]

CF:[ERGREGA5T Regulatory Asset Energy Related]

CG:[]

CH:[ERGSYSElEN Customer Class Energy @ Generation [MWH}]

CIIIERGSYSBEN System Benefits Energy Rested]

Oi l]
CK:{RetalI ONLY versions of above allocatorsrl

CL:[lf]
CM {Retall DEMPRO01 Average 84 Excess @ Generation [CP Juris.]]

6,857,795

24.11%

1
0

COS ALLOCATORS
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CN:[Retail DEMPROD 1 Production Demand] 30.75%

CO[]

6,857,795

24.65%

6857795

24.6596

CP:[RetaéI ENERGY! Customer Class Energy @ Generation {MWH}]
CO:[Reteil ENERGY! Production - Energy]

CR:[]

CS:[Retail ERGSYSBEN Customer Class Energy IQ Generation (MWH)]

CT:[Reteil £RGSY§B£N System Benefits - Energy Related]
CU:[end ll

CV:[]

CW:[Other Allocators]

CX:[Dernat1d Production [RESH

CY:[Ratlo: Demand Production {RES}}

C2:[]
DA:[Anclllary Servlces]

DB:{Ratlo: Ancullary Services}

DC:l5um: Ancllary Servucesl

DD:[Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]

DG:ICLl5ThDV Customer Advances]

DH:[]

Dl.{CU5TDEP Customer Deposatsl

D.I:[CU5TDEP Customer Deposits]

[31,158,687]

3G46%

[18504968]

25.73%
DK:[]

DL:[5]

DMIIS]

DN:[]

DO:[6}

DP:[6]

DQ:{]
DR:[7]

DS:[7]

DT:[]

DU:[8]

DV:[8]

DW:[]

DX:[9]

DY:[9]

D2:[]

EA:[10]

EB:[10]

EC:[]

ED:[100% Allowtw]

EE:[]
100.00%

3628

EF:[Zero Allocatcurl

EG:[]

RESIDENTIAL ECT1 & ECT2

B:[1urisdlctlon}

C:[ALL OTHER Jurisdiction]

Dill
E:[DEMPROD1Average8 Excess @ Generation {CP Juris.]]

FIIDEMPRODI Production Demand]

Gill
H:[DEMPROD6 Specific Assignment]

i:[DEMPROD6 Ancillary Sowioe Scheduling In Dispatch]

J:[]

K:[DEMTRAN1 Specific Asslgnmentl

l:[DEMTRAN1 Transmission Substation]

Mail
N:[DEMTRAN3SpecificAssignment]

O:{DEMTRAN3 Transmission Lines]

Pei]

0.12

11.64%

869,276

11.92%

B47248

11.92%

1216451

17.51%

847,248

12.05%

1,216,451

17.51%

1,239564

13.44%

1239564
12.5?%

29,767

9.88%

88969

8.09%

847,248

11.92%

2,962,224
10.42%

0.10
10.41%

10.53

10.77%

QIIDEMTRAN4 Specific Assignment]

a:[oEmTnAn4 SCE Spudficl

S=ll
T:[DEMDIST1 NCP Demand @ Substation Level flosses (KWH

UIIDEMDISTI Distribution Substadonl
V:[]

W:[DEMDIST2 NCP Demand @ Primary Line Level wllosses (KWH

X:[DEMDIST2 Distribution DH Primary Lines]

Y=l]
Z:[DEMDI5T3 Individual Maximum Demand @ Secondary Line Level wllosses (KW]]

AA=[oEmolsr3 Distribution OH Secondary Lines]

AB:[]

AC:[DEMDIST4 NCP Demand @ Primary Line Level flosses (KWH

Ao=lnemmsr4 Distribution UG Primary Linn]

AE:[]

AF:[DEMDIST5 Individual Maximum Demand Q Secondary Line level w/losses (KWH

AG:[DEMDIST5 Distribution UG Secondary Lincsl

AH:[]

Al[DEMDlST6 Individual Maximum Demand @ Secondary TXF Level w,/Iasses (KW]}

A.l:[DEMDI5T6 Distribution OH Line Transformers]

AK:[}

AL:{lJEMOI5T7 Individual Maximum Demand @ Secondary TXF Level wjlosses {KW)]
AM:{DEMDl$T) Distribution UG Lino Transformers]

AN:[]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services (SH

AP:[CUSTOH1 Distriburtion OH Services]

*\t1:Il
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services l$}]

A$:[CU5TUG1 Distribution UG Services]

AT:[]
AU:[DEMDI5T10 NCP Demand @ Primary Line Level w;'Iosses [KWH

AV:[DEMDlST10 Distrihurtion Rents]

AW:[]
AX:[ENERGY1 Customer Class Energy @ Generation [MWH]]

AY:[ENERG¥1 Production - Energy]
AS:[}

BA:{ENER6Y2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 Production - Energy [Fuel and Purchased Powerll

BC:[l

BDI{ENERGY2A]

BE:[ENERGY2_A Related Fuel {»*CCll
BF:[]
BG:[CUST370 Weighted Costs for Distribution Meters (SH

BH:[CUST370 Distribution Meters]

BI:[]

Bl:{CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk to Dawn]

118736

9.14%

COS ALLOCATORS
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118736

10.02%

o

0.01%

118,736

10.04%

118,736

10.02%

895
8 95%

2,470,142

8.22%

2,962224

10.42%

1
0

11.89%

2,962224

10.65%

2952,224

10.65%

BL:[]
BM:[CUST373 Street Lighting Customer Class Specific]

lN:[CUST3T3 Street Llglmug]

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BCl:[CUSTNUM Customer Accounts]

BR:[]

BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_A Customer Accounts ACC]

BU:[]

BV:[CUST910 Number of Customer Accounts]

BW:[CUST810 Customer Service end Information]

BX:[]

BY:[CUST916 Number of Customer Accounts]

BZ:[CUST918 Sales Expense]

CA:[]

CB:lDEMREGAST Average & Excess @ Generation » Retail [CP Juris.]]
CC:[DEMREGAST Regulatory Asset - Demand Related]

CD:[]

CE:[ERGREGAST Customer Class Energy Q Generation {MWIl}]

CFzIERGREGAST Regulatory Asset - Energy Related]

CG:[]

CH:[ERGS\'5BEN Customer Class Energy @ Generatlon {MWH]]

Cl:[£RG5YSBEN System Benefits - Energy Related]
CJ=ll
CK:[Retall ONLY versions of above allocators:]

CL:[lf]

CM:[Retail DEMPHOD1 Average & Excess @ Generation! [CP loris.]]

CN:[RetaiI DEMPROD1 Production Demand]

CO:[]

CP:[Retail ENERGY1 Customer Class Energy @ Generation lMwH}]

CO:[Retail ENERGY1 Production - Energy]

CR:[]

CS:[Retall ER65Y5BEN Customer Class Energy @ Generation {MWH]]

CT:[Retail ERGSYSBEN System Benefits - Energy Related]

CU:[end if]

CV:[]
Cw:[other Allocatorsj

Co:lDemand Production {RED}]

Cy:[Ratlo: Demand Productlon [RES]]

CZ:[]

DA:{Ancillarv Servrcesl

DB:[Ratlo: Ancrllarv Servlces]

DC:[sum: Ancilary Services]

DD:[Less: Ancillary Services]

DE:[]

DF:]CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]

OH:1l

Dl:[CUSTDEP Customer Deposutsl

DJ:{CUSTDEP Customer Deposits]

[12077?81}

11.81%

[7211688}

9.97%DK:[}

DL:{5]

DM:[5]

DN:[]

DO:[6]

DP:[6]

DGIII
DR:[?]

DS2[7]

DT:l]

DU 1[8]

DV:I8]

DWI[]

ox.ls ;

DY:[9]

D2:[]

EA:[10]

5811101

EC:{]

ED:[1(}0% Allocators

EE:[} 10000%

0

47164

0.37

37.08%

2722,500

37.35%

2653,510

37.35%

EF:[2ero Allocatorl

EG:[]

TOTAL GENERAL svc

8:[Jurisdictlon}

C:[ALL OTHER lurisdlction]

D=ll
E:[DEMPRDD1 Average 8¢ Excess @ Generation [cp uris]]

F:[D£MPRDD1 Production Demand]
611
H:[DEMPROD6 Specific Assignment]
l:[DEMPRDD6 Ancillary Service - Scheduling ii Dispatch]

J=[l
K:[DEMTRAN1 Specific Assignment]
L:[DEMTRAN1 Transmission Substatlon]

Mill
N.[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transrnlasion Llnas]

PIN
QIIDEMTRAN4 Specific Assignment]
n:1o£mTnAn4 seE Specific]
Srl]
T:[DEMDIST1 NCP Demand @ Substation Level w/losses lKwll

U 1[DEMDIST1 Distribution Substation]

V=[l
W:[DEMDl$T2 NCP Demand @ Primary Line Level w/losses law]]

X[DEMDlST2 Distribution OH Primary Lines]

Y:[]

2:[DEMDIST3 Individual Maximum Demand @ Secondary Line Level wjlosses {KW]}

AA:[l:emnIsra Distribution DH Secondary Lines]

AB:]]

AC:[DEMDIST4 NCP Demand @ Primary Line Level w/losses [KWH
AD:[DEMDIST4 Distribution UP Primary Unls]

AE:]]
AF:[DEMDIST5 Individual Maximum Demand @ Secondary Line Level flosses (KW]]

AG:[DEMDiST5 Distribution UG Secondary Lines]

AH:{]

Al:[DEMDIST6 Individual Maximum Demand @ Secondary TXF Level flosses {KW}]

2653,510

37.74%

2021771

cos ALLOCATORS

l l
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21.92%

2,779,507
28.19%

36,113

11.98%

317007

28.82%

2,653510

37.35%

13,16?,438

46.30%

0.46
46.13%

46.65

47.70%

237925

18.31%

127,379

1075%

o
0.01%

127,379

10.77%

1273?9
10.75%

42.33

423396

14675,166

48.85%

13,157,438

46.30%

13

0

37.86%

13167438
4?.33%

13 157438

4 3 3 %

[39,002740}

3813%

{33,257772}

460098

1300.00%

0

18140

A.l:[DEMI:JIST6 Distribution OH Una Transformursl

AK:{I

AL:[DEMDIST7 Indlwdual Maximum Demand @ SecondanTXF Level flosses {KW}l

AM:{D£MDIST7 Distribution UG Lina Transformorsl
Ant[]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services (SH

AP:[CU$TOH1 Distribution OH Services]

AQ:[]

AR:[CUSTUG1 Weighted Customer Costs for Distribution Services {$}]

AS:[CUSTUG1 Distribution UG Sarvlolsl

AT:[]

AU:[DEMol5T10 NCP Demand @ Primary Line Level w;'losses IKWII

Av:I1:a£mmsr1o Distribution Rents]
AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation {MwHl]

AY:{ENERGY1 Production Energy]

AZ=ll
BA:[ENERGY2 Weighted Hourly Energy Allocator Q Generation]

BB:[ENER6Y2 Production - Energy {Fuel and Purchased Powlrl]

BC:{]
BD:[ENERGY2_Al

BE:[ENER6Y2_R Related Full {Acc ll

BF:[]

B6:{CUST370 Wenghted Costs for Distribution Meters (SH

Bll[cUsT37IJ Distribution Meters]

B!:[}

81:[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk to Dawn]

BL[ l
BM:[CUST373 Street Lighting Customer Class 5peciflc]

BN:[CUST373 Street Ughdngl

BO:{}

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CUSTNUM Customer Accounts]

BR:[]

BS.{CUSTNUM_A Number of Customer Accounts ACC]

BT:[CU5TNUM_A Customer Accounts ACC]

BU:[}

8V:[CUST910 Number of Customer Accounts]

BW:{CUST910 Customer Service and Informadonl

BX:[]

BY {CUST916 Number of Customer Accounts]

BZ:[CUST916 Sales Expense]

CA:[]

C8:[DEMREGAST Average 81 Excess @ Generation Retail [CP Jurist.]]

CC:[DEMREGAST Reguhtory Asset - Demand Related]

CD:[]

CE:[ERGREGAST customer Class Energy O Generation [MWHH

CFIIERGREGAST Regulatory Asset Energy Related]

CG:[]

CH:[ERGSYSBEN Customer Class Energy @ Generation {MWHJI

Cl:[ERG5YSBEN System Benefit: - Energy Related)

Cl:[]

CK:[Retarl ONLY versions or above aIIocators:I

CL:[If]
CM:[RetaiI DEMPROD1 Average & Excess @ Generation [CP 1 uris.]]

CN:[ReteiI DEMPROD1 Production Demand]

CO:[]

Cp:[Retail ENERGYI Customer Class Energy @ Generation {MWH}]

CQ:[Retail ENERGY1 Production Energy]

cRr1
Cs:lRetaiI ERGSYSBEN Customer Crass Energy @ Generation [MWH)]

CT:[RetaiI ERGSYSBSN System Benefits - Energy Related]
CU:[end if}

CV:[]

CW:[Othe4r Allocators]

CX:[Demand Production {RED}]

Cy:[Ratlo: Demand Productuon [RES]]

CZ:[]

DA:[Ar\clllary Services]

DB:[Ratio: Ancillary Services]

DC:[Sum: Ancilary Services]

DD:[less: Ancillary Servlcesl

DE[]

DF:[CUSTADV Customer Advances]

DG :ICUSTADV Customer Advances]

DH:[]

DI:{CU5TDEP Customer Deposits]

DJ:{CUSTDEP Custornnr Doposhsl

DK:[}

DL{51

DM:[5]

DN:[]

DO:[6]

DP:[6]
D(l:[]

l:)H:171

D$[7]

DT:l]

DU:[8]

DV:[8]

DW:[]

DXI[9]

D'r':[9]

D2:[]

EAI[10]

EB1[10}

EC:{]

EDI[100% Allucatorl

EE:[l

EF:[Zero Allocatorl

EG:[]
TOTAL RESIDENTIAL

B:[1urisdiction]
C:[ALL OTHER Jurisdiction]

D={l
E:[DEMPROD1 Average 8 Excess @ Generation [CP Juris.]]

F:[DEMPlOD1 Production Demand]

GSU

0.59

59.23%

c os ALLOCATORS
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4450,431

61.05%

4,337653

61.0594

6908554

99.45%

4337.653

61.70%

6,908,554

93.45%

7039,817

76.3296

7039817

71.41%

261,928

86.90%

782,860

71.18%

4,337553

61.05%

14,106,290

49.60%

0 50
49.85%

49.27

50.38%

1,044789

80.40%

1044,789

8a.21%

1
0.06%

1044789

88.32%

11044,739

88.21%

51.53

52.53%

14,132,767

47.05%

14,105,290

49.60%

5
1

60.48%

14106290

50.90%

14106,290

50.70%

{52,969689]

61.56%

H:[DEMPROD6 Specific Asslgnmentl

IIIDEMPRDDS Ancillary S¢rvlc=¢ Scheduling Sn Dispatch]

lull
K:lDEMTRAN1 Specific Assignment]

L:{DEMTRAN1 Transmission Substation]

M:ll
N[UEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmbssian Linea]

Phil
Q:[DEMTRAN4 Speclflc Assignment)

a:[oemmAn4 SCE Specific]

S=[l
T:[DEMDIST1 NCP Demand @ Substation Level w/losses (KWH

U:[DEMDIST1 Distribution Substatlonl

V:[]

W:[DEMDI5T2 NCP Demand @ Primary Line Level flosses {KW}]

XIIDEMDISTZ Distribution OH Primary Linus]

YI[]
Z:{DEMDIST3 Individual Maximum Demand @ Secondary Line Level w/losses {KW}]

AA:[oEMolsr3 Distribution OH Secondary Linus]

AB:[]
AC:{DEMDl5T4 NCP Demand @ Primary Line Level w/losses [KWJ]

AD:['DEMDIST4 Distribution UG Primary Llnosl

AE:[]

AF:[EJEMDIST5 Individual Maximum Demand @ Secondary Line Level wllosses {KW)]

AGIIDEMDISTS Distribution UG Secondary Unit]

AH:[}

Al:{DEMDIST6 Individual Maximum Demand @ Secondary TXF Level flosses {KW}]

ALIDEMDISTG Distribution OH Lina Transformers]

AK:[]

AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level flosses (KWH

AM:[DEMDISW Distribution UG Line Trlnsibrmlrsl

AN:[]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services (SH

AP:[CUSTOH1 Distribution OH Senrlees]

A(l:[]

AR:[CUSTUG1 Weighted Customer Costs for Distribution Services [$}]

As=[cusruG1 Distribution UG Services]
AT:[]

AU:[DEMDIST1[) NCP Demand @ Primary Line Level flosses {KW}]

Av=[oemols'r1o Distribution Rents]

AW:[}

AX:[ENERGY1 Customer Class Energy @ Generation lmwH}l

Ay:[En£aGv1 Production - Energy]
AZIII
BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]
BB:[ENERG¥2 Production - Energy (Fuel and Purchased Powerll
BC:[]

BD:[ENERGY2_A]

BE:[ENERGY2_l» Rolatcd Full {Acc}l
BF:[]
BG:fCUST370 Weighted Costs lot Distribution Meters (SH

BH[CUST370 Distribution Mutcrsl

BI:[]
B}.[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dual: to Dawn]

BL:[]
BM:[CUST373 Street Lighting Customer Class Specific]

BN:[CUST373 Strut Lighting]

BO:{]
BP:[CUSTNUM Number of Customer Accounts]

BE:[CUSTNUM Customer Accounts]

BR:[]

ElS:{CUSTNUM_A Number of Customer Accounts ACC]
BT:{CUSTNUM_A Customer Accounts ACC]

BU:[]
BV:[CUST910 Number of Customer Accounts]

BW:{CLIST910 Customer Service and Information]

BX:[]

BY:[CUST915 Number of Customer Accounts]

BZ:[CU5T916 Sales Expense ]
CA:[]

CBIIDEMREGAST Average St Excess @ Generation - Retail [CP Juris.}]

cc=[o£maeGAsT Regulatory Asset - Demand Related]
CD[]
CE:[ERGREGAST Customer Class Energy Q Generation {MWH]]

CF:[ERGREGAST Regulatory Asset Energy Related]

CG:[]

CH:[ERG5YSElEN Customer Class Energy @ Generation (MWHH

Cl:[ERGSYSBEN System Benefits - Energy Related]

Cl:[]
CK:[RetalI ONLY versions of above allocators:]

CL:[lf}

Cm:[Retail DEMPROD1 Average 81 Excess @ Generation! [cp furls.]]

CN:[RetaiI DEMPROD 1 Production Demand}
CO:[]

CP:[Retall ENERGY1 Customer Class Energy @ Generatlon {MWHJ}

CQ:[Retell ENERGY1 Production Energy]
CR:[]

CS:[Retail ERGSYSBEN Customer Class Energy @ Generation (MWH]]

CT:[Retail ERGSYSB£N System Benefits - Energy Related]
CU:[end if]

CV:[]

CW:[Other Allocatorsl

CX:[Demand Production pREs}]

CY:[Ratlo: Demand Produr.tlon liEs}}

CZ:l]

DA:[Ancillary Sewicesl

DB:[Ratln: Anciilarv Services]

DC:[Surn: Ancilarv Services]

DD[Less. Ancillary Servucesl

DE:[l
DF:[CUSTADV Customer Advances]

DG :ICUSTADV Customer Advances]

DH:[}

Dl:[CUST{JEP Customer Deposlts}

DJ:{C1JSTDEP Customs Deposits]

DK:[]

DL:[5]

{375994351

52.00%

COS ALLOCATORS
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DM:[5]
DN:{]
DO:{6]
DP:[6]
D<l:[]
DR:[7]
DS:[7]
DT:[]
DU:[8]
DV:{8]
DW:[]
DX:[9]
DY:[9]
D2:[]
EA:[10}
EB:[10]
EC:[]
ED1[100'x. Allocatorl
EE:[]
EP:[Zero Allocatorl
E 6:[]
RESIDENTIAL
B:I1urlsdiction]

500.00%

U

18140

0.59

59.23%

4,450,431

61.05%

C:[ALL OTHER 1 urlsdiction]

Di ll
E:[DEMPROlJ1 Average 81 Excess @ Genet ationl [CP Jurl5.]]

F:]DEMPRUD1 Production Demand]

Gi ll
HJIDEMPRODB Speclfic Assignment]

I:[DEMPROD6 Andilary Service - Scheduling It Dispatch]

i i i
K:[DEMTRAN1 Specific Asslgnment]

L:[DEMTRAN1 Transmission Substation]
M:[]

N[DEMTRAN3 Speclfic Assignment]

O:[DEMTRAN3 Transmission Linus]

p=l1
Q [DEMTRAN4 Specific Assignment]
R:{DEMTRANl SCE SpecMcl

Srl]
T:[DEMD!ST1 NCP Demand @ Substation Level w/losses [KWH

U:[DEMDIST1 Disulbutbn SuhsllOonl

V=[l
W:lDEMDI5T2 NCP Demand @ Primary Line Level w/losses {KW)]

X:]DEMDlSH Dlsuibution OH Primary Lines]

Y=l]

4337553

61.0598

6,908,554

99.45%

4337653

61.70%

5908554

99.45%

7039,817

76.32%

7039817

71.41%

261928
86.90%

782,860

71.18%

4,33?653

61.05%

14106290

49.60%

0.50

49.85%

49.27

50.3894

Z:[DEMD1ST3 Indlvlduai Maxlmum Demand @ Secondary Line Level w/losses [KWH

AA:[oeMo1sr3 Distribution OH Seconders Lines]

AB:[}

AC:[OEM[]IST4 NCP Demand @ Primary Line Level wllosses [KWH

ADIIDFMDISTQ Distribution UG Prlmerv Lines]

1\E:[]

AF:[DEMDlST5 individual Maximum Demand @ Secondary Line Level flosses (KWH

AG:[DEMDIST5 Distribution UG Secondary Lines]

AH:[]

Al:[DEMDlST5 individual Maximum Demand @ Secondary TXF Level vv;'losses [KWH

A.l:[DEMDfST6 Distribution OH Lino Transformers]

AK:[]

AL:lDEMDI5T7 Individual Maximum Demand @ Secondary TXF Level flosses [KW}]

AM:[DEMDI§°l7 Distribution UG Lino Transformers]
AN:[]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services [St]

AP:[CUSTOH1 Distribution OH Services]

»\Q=1I
AR:[CU5TUG1 Weighted Customer Costs for Distribution Services [Si]

ASIICUSTUG 1 Distribution UG Services]

AT:[}

AU:[DEMDiST1U NCP Demand @ Primary Line Level vvflosses [KWH

AV:[DEMDl5T10 Distribution Rents]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation [MWH}]

AY:[ENERGY1 Production - Energy]

A2:[]

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:{ENERGY2 Production - Energy [Fuel and Purchased Power}]

BC:[]

BD:[ENERGY2_A]

Se=[enenorz_A Related Fuel [ACC]]

l3 F:[]

BG:[CUST37G Weighted Costs for Distribution Meters [St]

BH:[CUST$7D Distribution Meters]

Bl:[]

B1:[CUST371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk to Dawn]

BL:{]
BM:[CUST3?3 Street Lighting Customer Class Specific]

an:[cusra1s Street ughtlngl

1044,789

80-10%

1044,789

88.21%

1
0.06%

1,044,789

88.32%

1044789

88.21%

52.53

52.53%

14,132,767
47.05%

80:l]
8P:[CUSTNUM Number of Customer Accounts]
BE:{ClJSTNUM Customer Accounts]
BR:[]
BS:[CUSTNUM_A Number of Customer Accounts ACC]
BT:[CUSTNUM_A Customer Accounts ACC]
BU:[]
BV:{CUST910 Number of Customer Accounts]
BW:[CUST91D Customer Service and Information]
BX:[]
BY:[CUSTEI16 Number of Customer Accounts]
az=[cusT91s Sails Expensel
CA:[]
C8:[DEMREGAST Average & Excess 9 Generation - Retail [CP }Uris.}]
cc:[oEmneoAsT Regulatory Asset - Demand Related]
CD:[]
CE:[ERGREGAST Customer Class Energy Q Generation {MWH}]
CF:[ERGREGAST Regulatory Asset Energy Related]
CG:l]
CH:[ERGSYSBEN Customer Class Energy @ Generatlon (MWH]]
CI[ERGSYS8EN System Benefits - Energy Related]
CI:{]

14105290

49.60%

c os ALLOCATORS
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S

1
60.48%

14, 106,290

50.70%

14106290

50.70%

{62969689}

61.56%

{37599,4351

52.00%

500.00%

D

47164

0.37

37.08ac

2722500

37.35%

CK:[Retall ONLY versions of above allocators:]

CL:{IfJ
CM [Retail DEMPROD 1 Average SO Excess @ Generation! {CP Juris.]]

CN:{RetaiI DEMPROD1 Production Demand]

CO:[]

CP:[RetaiI ENERGY1 Customer Class Ener£Y @ Generation {MWH}]
CO:{RetalI ENERGY1 Production - Energy]

CR:[]

CS:[Retal! ERGSYSBEN Customer Class Energy @ Generation [MWH]]

CT:[Retall ERGSYSBEN System Benefits - Energy Related I

CU:[end If]

CV=ll
CW:fOther Allocatorsl

CX:[Demand Production {RED}]

CY:[Ratro: Demand Productlorr [RES]]

CZ:[]
DA:lAnciIlary Services]

DB:[Ratio: Ancillary Services]

DC:[5um: Ancilary Services]

DD:[Less: Ancillary Services]

DE:[]

DF:]CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]

DH:[]
DI [CUSTDEP Customer Deposits]

DJ:[CU§TDEP Customer Deposits]
DK:{]

DLI[5]

DM:[5]

DN:[]

DO:l5]

DPI[6]

DCl:[]
DIit[7]

DS:{7]

DT:[]

DU:[8]

DVI[8]

DW:[]

DX:[9]

DY:[9]

DZ:l]
EA;11o]

EB:[1G]

EC:[]

ED:[100% Allocator]

EE:[]

EF.[Zero Allocator]

EG:[]

GENERAL SERVICF

B:[1urisdiction]

CI[ALL OTHER jurisdiction]

D=[l
E:[DEMPROD1 Average & Excess @ Generation {CP Juris.]]

F:[DEMPROD1 Production Demand]

Gil]
H:[DEMPROD6 Specific Assignment]

IIDEMPRODG Ancillary Service Scheduling 8 Dispatch]

1:[l
K:[DEMTRAN1 Specrfic Assignment]

L:[DEMTRAN1 Transmission SuMhtlon]

M l l
N:[DEMTRAN3 Specific Assignment]

O:{DEMTRAN3 Transmission Lines]
P:[]

Q:[DEMTRAN4 Specific Assignment]

R:[DEMWAN4 SCE SpecMc]

SIR
T:[DEMDIST1 NCP Demand @ Substatlon Level w/losses {KW}]

U[DEMDIST1 Dlshihvthn SubsuNonl

Harli
W:[DEMDIST2 NCP Demand @ Primary Line Level mosses ]KW]]

x:[oEMorsn msnrbmm OH Primary Lines]

Y:{]

2653510

37.35%

22653,510

37.74%

2,021,771
21.92%

2,779507

28.199G

36,113

11.98%

317,007

28.82%

2653,510

37.35%

13167438

46.30%

0.46

45.13%

Z:[DEMDIST3 Individual Maximum Demand @ Secondary Line Level w/losses {KW)]

AAIIDEMOISTS Distribution OH Secondary Lines]

AB:1]

AC:[DEMDIST4 NCP Demand @ Primary Line Level w/losses [KWH

As=[oemoIsrs Distrlburtlon UG Primary Uses]

AE:[1

AF:[DEMDISTS Individual Maximum Demand @ Secondary Line Level w/losses [KWH

AG:[D£MDlST5 Distribution UG Seoonderlr Linn]
AH:[]

Al:[DEMDlST6 Individual Maximum Demand @ Secondary TXF Level w/losses {KW}]
A.l[DEMDIST6 Distribution OH Line Transformers]
AK:{]

AL:[DEMD1ST7 Individual Maximum Demand @ Secondary TXF Level w/losses KW}]

AM:[DEMDIST7 Distribution UG Una Transformers]

AN:I]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services [St]

Ap:[cusTol41 Distribution OH Services]

Aar
AR:{CUSTUG1 Weighted Customer Costs for Distribution Services ($1}

AS:[CUSTUG1 Distribution UG Services]

AY:[]
AU:[DEMDi5T10 NCP Demand @ Primary Line Level flosses {KW)]

AV[DEMDlST1D Dl§Uil;lll\igl1 Rents]
AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation (MwHll

A\f:[EnER6Y1 Production - Energy]

AZ:[]

BA:[ENEfiGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERG\'2 Production - Energy (Fuel and Purchased Power)]

BC:l]

BD:[ENERGY2_A]

BEt[ENERGY2_»'l. Related Fuel IRCCH
BF:[]

BG:[CUST370 Weighted Costs for Distribution Meters l$ll

Bll:[CU5T370 Distribution Meters]

46.65

47.70%

237,926

18.31%

COS ALLUCATORS
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BJ:[CUST371 Dusk to Dawn Customer Class Specifics

BK:lcU5T371 Dusk to Dawn]

BM:[CUST373 Street Llghtirlg Customer Class Specific]

sn=[cusTs7a Strut Lighting]

BP:[CUSTNUM Number of Customer Accounts}

BQ:[CU5TNUM Customer Accounts}
127379

10.75%

B5.[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM_A Custamlr Accounts ACC]
0

0.01%

BV:[CUST910 N um Ber of Custo mer AccountsI

8w:{cusT910 Customer Service and Information]
127379

10.77%

BY:[CUST916 Num Ber of Customer Accounts]

BZIICUSTSIG Salas Elpcnsa]
127,379

10.75%

CB:[DEMREGAST Average & Excess @ Generation Retail [¢lCP }uris.l]

CC:[DEMREGAST Regulatory Asset - Demand lllatcdl
42.33

42.33%

CE:[ERGREGAST Customer Class Energy 9 Generation IMWHI]

CF:[ERGREGA5T Regulatory Asset Energy Related]
14,675,166

48.85%

CH:[ERGSYSBEN Customer Class Energy @ Generation (MWH}]

Cl:[ERGSYSBEN System Benefits - Energy Relatcdl
13,167,438

46.30%

CK:[RetaiI ONLY verses of above allocators:]

CM:[Retail DEMPROD 1 Average & Excess @ Generatlonl {CP Juris.]]

CN:IR1taiI DEMPROD1 Production Demand]

13

0

37.86%

CP:[RetaaI ENER6Y1 Customer Class Energy @ Generation [MWH}]

CO:[RltaiI ENERGYI Production - Energy]
13167438

47.33%

CS:[Retal1 ERGSYSBEN Customer Class Energy @ Generation [MWH}]

CT:[Retail ERGSYSBEN System Bandits - Energy Related]
13,167,438

47.3396

CW:[Other Allocators]

Cx{Demand Production {REs}l

Cy:[Ratlo: Demand Productlon [RESH

DA:[Ancillary Services]

DB:lRatfo: Ancillary Services]
DC:[Sum: Ancilary Services]

DD.[Less: Ancillary Services]

DF:[CU5TADV Customer Advances]
DG:[CIJ5TADVCustomer Advance

{39D02740}

38.13%

DMICUSTDEP Customer Deposits]

DJ:[CU$TDEP Customer Deposits]
[33257':'72]

46.00%

1,3[](J.00%

C:[ALL OTHER Iurlsdictionl
o

76188

E:[DEMPROD1 Average & Excess @ Generatnonl [QCP Juris]]

F:[DEMPROD1 Production Demand]
0.98

91.9316

H:[DEMPROD6 Specific Assignment]
l:[DEMPROD6 Ancillary Sarvlce - Scheduling ll Dispatch]

K:[DEMTRAN1 Specific Asslgnment]
L:{OEMTRAN1 Transmission Substation

N:lOEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

Cl[DEMTRAN4 Specnfic Assignment]

R:[DEMTRANl SO Specific]

T:[DEMDlST1 NCP Demand @ Substation Level w;'losses [KWH

U : [DEMDIST1 Distribution Suhstltion]
7289745

100.00%

W:[DEMDIST2 NCP Demand @ Primary Line Lever w,/losses (KWH

)(:[DEMDlST2 Distribution OH Primary Linn]
7105,017

100.00%

Z:[DEMDlST3 Individual Maximum Demand @ Secondary Line Level flosses {KW}]

AAIIDEMDISTS Dishlbution OH Secondary LIMS]
6946854

100.00%

AC:[0EMDIST4 NCP Demand @ Prlmary Lane Level w/losses (KWH

Ao=1nemoIsT4 Distdhutian UG Primary Linn]
7030698

100.00%

AF:{DEMDI5T5 individual Maximum Demand @ SecondaryLine Level flosses [KWH
6,946854

COS ALLOCATORS
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100.00%

9,224,567

100.00%

9858352

100.00%

301428

100.00%

1,099,867

100.00%

7,105,017

100.00%

27821398

97.8396

AGIIDEMDISTS Distribution UG Secondary Uses]

AH:[}

Al:[DEMDlST6 Individual Maximum Demand @ Secondary TXF Level flosses (KW]]

AJIIDEMDISTS Distribution OH Line Transformers]

AK:[]

AL:[DEMDIST7 Individual Maximum Demand @ Secondary TXF Level flosses (KW]]

AM:[DEMDI5T7 Distribution UG Ume Transformers]

AN:[]

AO:[€USTOH1 Weighted Customer Costs for Distribution Services (SH
Ap:[cusToH1 Distribution OH Services]

Ani l
AR:[CUSTUG1 Weighted Customer Costs for Distribution Services [$}]
AS:[CU$TUG1 Distribution UG Services]

AT:[]

AU:[DEMDIST10 NCP Demand @ Primary Line Level flosses (KWH

AV:[DEMDIST1D Distribution Rents]

AW:[]
AX:{ENERGY1 Customer Class Energy @ Generation [MWH}]

A'l":[ENERGY1 Production - Energy]

AZ:[]

BA:[EN£RGY2 Weighted Hourly Energy Allocator @ Generation]
BB:{ENERGY2 Production Energy [Fuel and Purchased Power}]

BC:[]

BD:[ENERGY2_A]

ss:{EnEnsr2_A Related Fuel [ACC)]

0.98

97.8398

97.80

100.00%

1,290,334

99.30%

1
100.00%

1
100.00%

1182977

39.88%

1,377
100.00%

BF:[]

8G:[CUST370 Weighted Costs for Distribution Meters {$il

au;[cusTaro Distribution Meters]

BI:l]

BJ:[CUST371 Ousk to Dawn Customer Class Speclfic]

BKI]CUST371 Dusk to Dawn]

BL:[]

BM:]CUST373 Street Lighting Customer Class Specific]

au[cusT:41aStreet Lighting]

BO:[]

BP:[CUSTNUM Number at Customer Accounts]

BQ:[CUSTNUMCustomer Accounts]

BR:[]

BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CU$TNUM_A Customer Accounts ACC]

BU:[]

Eiv]cUsT910 Number of Customer Accounts]

BW:[CU5T91I:l Customer Service and Information]

BX:[]

1,182,989

100.00%

1,182977

99.88%

96.60

96.60%

29310983

97.57%

27821,298

91.83%

21

1
100.00%

BY:[CUST916 Number of Customer Accounts]

az:1cusT91s Sales Expense]

CA:[l

C8:[DEMRFGA5T Average 8¢ Excess @ Generation Retail [CP Juris.]]
CCJIUEMREGAST Regulatory Asset - Demand Related]

CD:[]
CE[ERGREGAST Customer Class Energy G Generation [MWHH

CF:[ERGREGAST Regulatory Asset Energy Related]

CG:[]
CH:[ERGSYSBEN Customer Class Energy @ Generation {MWH}}

CRIERGSYSBEN System Benefits - Energy Related]

Cl:[I

cK;[Retall ONLY versions of above allocators:]

cL:[1f}
CM.{Retail DEMPRCJ01 Average & Excess @ Generation [CP Juris.]]

CN:[Retail DEMPROD1 Production Demand]

co ll
CP:lRetall ENERGYL Customer Class Energy @ Generatron {MWH]]

CO:{Retall BNERGYI Production - Energy]

CR:[]

CS:[Retail ERGSYSBEN Customer Class Energy @ Generation {MWH}]

CT:{Retall ERGSYSBEN System Benefits - Energy Related]

27,821898

100.00%

27,821398

1oooo%

4102,287,19a1

1000096

CU:[end if]

Cyril
CW:[Other Allocators]

CX:[Demand Production [RESH

CY:[Ratlo: Demand Productron lREsll

CZ:l]

DA:[Ancillary Sewrcesl

DB:[Ratlo: Ancillary Services]

DC:[Sum Ancriarv Senricesi

DD:[Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]
DH:[]

Dl:[CUSTDEP Customer Deposlts}

DJ:{CUSTDH* Customer Deposits]

DK:[]

DL:[5]

[72306606}

100.00%

DM:{S]

2,100.00%

DN:[]
DO:[6]

op:{5I

DC1:[]
DR:{7]

DS:[7]
DT:[]

DU:{8}

DV:{8]

Dw.[l

DXI[9]

DY:[9]

D2:[]

EA:[10]

EB:[10]

EC:[]

ED:{100% Allocators

EE:[]

EF.I2ero Allocatorl

EG:[]
ACC IURISDICTION

B.[Jurlsdiction]

C:lALL OTHERJurisdiction]

Dill

O

76188

COS ALLOCATORS
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0.98

97.93%

7,289,745

100.00%

7,105,017

10000%

6946854

100.00%

7,030,698

100.00%

6,946,854

100.00%

9224567

100.00%

9858352

10000%

E:[DEMPROD1 Average & Excess @ Generation [CP Juris]]

FzIDEMPRODI Producion Demand]

6111
H:[DEMPROD6 Specific Assignment]

l:]DEMPRODi Ancillary Service - Scheduling In Dispatch]

1 rll
K:lDEMTRAN1 Specific Assignment]

L:[DEMTRAN1 Transmission Substation]

m=11
Ni[DEMTRAN3 Specific Assignment]

O:[DEMWMN3 Transmlsshn Uses]

P=ll
Q:[DEMTRAN4 Specific Assignment]

RIIDEMTRAN4 SCE Spael1'Icl

SSI]
T:[DEMDlST1 NCP Demand @ Substation Level flosses {KW]]

U:[DEMDiST1 Distribution Subsudon]
V:[]

W:]DEMDIST2 NCP Demand @ Primary Line Level wflnsses [KWH

XIIDEMDISW Distribution OH Primary Uses]

Yrl]
Z:{DEMDI5T3 Individual Maximum Demand @ Secondary Line Level wflnssa (KW}]

AA:[DEMDIST3 Distribution OH Mcondan Lines]

AB:[]

ACt[DEMDlST4 NCP Demand @ Primary Line Level w/losses {KW}]

ADIIDEMDIST4 Diswlbmion UG Prlmaw Wes]

AE:[]
AF:[DEMDlST5 Individual Maximum Demand @ Secondary Line Level wflossa {KW}]

AG={nemoisrs Dlstrihutlon UG Secondary Unes]

AH:[]

Al:lDEmo1sr6 Individual Maximum Demand @ Secondary TXF Level flosses {KW}]

M:[DEMDIST6 Distribution DH Ume Transformers]

AK:[]

AL:[DEMDlST7 Individual Maximum Demand @ Secondary TXF Level flosses {KW}]

AM:[DEMDlSU Distrihmlon UG Ume Transformers]

AN:[]

AO:[CUSTDH1 Weighted Customer Costs for Distrnbutlon Services {$}]

MPIICUSTOHI Distribution DH Services]

AQ:[]

301,428

100.00%

1099867

100.00%

7,105,017

100.00%

27,821,398

97.83%

0.98

97.83%

97.80
100.00%

1,290334

99.30%

1

100.00%

AR:[CUSTUG1 Weighted Customer Costs for Distribution Semces [$]]

AS:[CUSTUG1 Distribution UG Services]

AT:[]

AU:[DEMDlST1D NCP Demand @ Primary Line Level wjiosses (KWH

AV:[DEMDIST10 Distribution Renal]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation (MWH}]

Av:££~EnGv1 Production - Energy]
AZ:[]

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 Production - Energy [Full and Purchased Puwerll

BC:f]

BD:[ENERGY2_A]

BE:[ENERG\'2_8 Related Fuel IMCCII

BF:{]

8G:[CUST3?O Weighted Costs for Distribution Meters {$]]

Bn[cusTs70 Distribution Motors]

BI:[]

B}:[CU5T371 Dusk to Dawn Customer Class Specific]

BK:[CUST371 Dusk to Dawn]

BL:[]
BM:]CUST373 Street Lighting Customer Class Specific]

BN:[CUST373 Street Lighting]

BO:[]

BP:[CUSTNUM Number of Customer Accounts]

BQ:[CU5TNUM Customer Accounts]

1
100.00%

1182977

99.8894

1,377

100.00%

1182977

100.00%

1182977

99.88%

96.50

95.50%

29,310,983

9757%

27821,398

97.83%

21

1

100.00%

27,821,398

100.00%

27,821,398

100.00%

BR:[]

BS:[CUSTNUM_A Number of Customer Accounts ACC]

BT:{CU§TNUM_.A Customer Accounts ACC]
BU:[]
BV1[CUST91CI Number of Customer Accounts]

BW:[CUST910 Customer Service and Information]

BX:]]
BY:[CUST916 Number of Customer Accounts]

BZI[CUST916 Sales Expense]

CA:{]

CB:[OEMREGA5T Average & Excess @ Generation Retail [CP JurIs]]

CC:[DEMREGA5T Regulatory Asset Demand Related]

CD:[]
CE:]ERGREGAST Customer Class Energy G* Generation {MWH}]

CF:[ERGREGAST Regulatory Asset Energy Related]

CGI l
CH:{ERGSYSBEN Customer Class Energy @ Generation (MWH]]

CI:[ERG5Y5BEN System Benefits - Energy Related]

CJ=ll
CK:[RetalI ONLY versions of above allocators:]
CL:[lf]

CM[Retail DEMPROD1 Average & Excess @ Generation! [CP Curls.]]

Cm:[Retail DEMPROD1 Production Demand]

Co[ l
CP:[Retail ENERGY1 Customer Class Energy @ Generation {MWH]]
CQ[RetaiI ENERGY1 Production Energy]

CR:{]

CS:[RetaiI ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT:[Retail ERGSYSBEN System Benefits - Energy Inleted]

CU:[end If]
CV:[]

CW:[other Allocators]

CX:[Dernand Production {RES}]

CY:[Ratlo: Demand Production ]RED]]

CZ:{]

DA:[Ancillarv Services]

D8:[Ratlo: Ancrllarv Services]

DC:[Sum: Ancilary Services]

DD:{Less: Ancillary Services]

DE:[]
DF:[CUSTADV Customer Advances]

DG:[CUSTADV Customer Advances]

DH:[]

Di:[CUSTDEP Customer Deposits]

(1022287,194]

100.00%

[723066G6}

cos_ALLocAToRs
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vs 1.1_Cost of Service Working Model 2o14Ty_Aps1574s.xlsx

100.00%
DJ:[CUSTDEP Custamar Deposits]

DK:[]

DL:[5]

DM:[5]

DN:[}

DO:[6]

DP:[6]

DC1:l]
DR:[7]

DSII 7]

EJT:[]
DU:[8l

DV:[8]

DW:[]

DX:[9]

DY1[9]

DZ:{]

EAI[10]

EB:[10]

EC:[}

ED:[100% Alioca£or}
EE [I
EF:[Zero Aliocatorl

EG:I1

ELECTRIC TOTAL

B:[Jurisdictfon]

C:[ALL OTHER Junsdictiun]

2100.00%

3628

79816

1.00

100.0096

100
100.00%

100

100.00%

100

100.00%

100

100.00%

7289745

100.00%

7 105017

10011096

6946,854

100.00%

70301698

100.00%

6946854

100.00%

9224,567

100.00%

9858352

100.00%

0:11
E;[DEMPROD1 Average 81 Excess @ Generaticml {4;CP loris.]]

F:[DEMPROD1 Production Demand]

Gill
H 1[DEMPRO05 Specific Assignment]

IIIDEMPRODG Ancillary Service - Sdteduling & Dispatch]

Jill
K:1DEMTRAN1 Specific Assignment]

L:[DEMTRAN1 Transmission Substation]

Mali
N.[DEMTRAN3 Specific Assignment]

O:[DEMTRAN3 Transmission Lines]

P:{]

Q:IDEMTRAN4 Specific Assignment]

R[DEMTltAN4 SCE Specific]

Srl]
T:[DEMDISTl NCP Demand @ Substation Level wftosses {KW}]

U:[DEMDIST1 Distribution Suhstatlon]

V111
W:[DEMDIST2 NCP Demand @ Palmary Line Level w/losses {KW}]
>l:[DEMDlST2 Distribution OH Primary Lines]

Yell
Z:[DEMDIST3 Individual Maximum Demand @ Secondary Line Level flosses law]]

AA;{D£mDlsra Distribution DH Secondary Lines]
AB:[]
AC:[DEMD!5T4 NCP Demand @ Primary Line Level w/losses {KW}]

AD[DEMDIST4 Distribution UG Primary Lines]

AE:[]

AF.IDEMDIST5 Individual Maximum Demand @ Secondary Line Level wllosses {KW}]

AG:[DEMUIST5 Distribution UG Secondary Lines]

AH:[]

AI:[DEMDI5T6 Individual Maximum Demand @ Secondary TXF Level w;'losse5 lKw}l

AJ:[DEMDISTS Distribution OH Line Transformers]

AK:[]

AL:[DEMDIST7 lrrdlvidual Maximum Demand @ Secondary TXF Level w/losses (KWH

AM:[DEMDIST7 Distribution UG Line Transformers]

AN:[]

AO:[CUSTOH1 Weighted Customer Costs for Distribution Services [$)]
Ap{cusroH1 Distribution OH Services]

Ado

301428

100.00%

1099867

100.00%

7105,017

10000%

28,439,817

100.00%

1.00

100.00%

97.80

10000%

1299475

100.00%

AR:[CUSTUG1 Weighted Customer Costs. for Distribution Services {$}]

AS:[CUSTUG1 Distribution UG Services]

AT:[]
AU:[DEMl)IST1D NCP Demand @ Primary Line Level flosses [KW]]

AV:[DEMDl5T10 Distribution Rents]

AW:[]

AX:[ENERGY1 Customer Class Energy @ Generation [MWHI]

AYzIENERGYI Production - Energy]

AZ:[]

BA:[ENERGY2 Weighted Hourly Energy Allocator @ Generation]

BB:[ENERGY2 Production - Energy {FueI Ind Purchased Powerll

BC:[]

BDt[ENERGY2_A]

BE:[£NElGY2_A Related Fuel tAccll
BF:[]
BG:[CUST37{} Weighted Costs for Distribution Meters (SH

Bll:[cUsT370 Distribution Meters]

Bl:[]
BJ:[CLJST3?1 Dusk to Dawn Customer Class Specific]

BK:]CUST371 Dusk to Dawn]

BL:[]

BM:[CU5T373 Street Lighting Customer Class Specific]
BN:[CUST373 Street Lighting]

1
100.00%

1
100.00%

1 184,446

100.00%

1,377
100.00%

1,182,977

100.00%

1,184446

100.00%

100.00

100.00%

BO:]l

EiP:[CUSTNUM Number of Customer Accounts]

BE:[CUSTNUM Customer Accounts]

BRrl
BS.[CUSTNUM_A Number of Customer Accounts ACC]

BT:[CUSTNUM.A Customer Accounts ACC]

BU:[]

BV:[CUST91D Number of Customer Accounts]

BW{CUST910 Customer Service and Information]

BX:[]

BY [CU5T916 Number of Customer Accounts]

BZ:{CUST91e Sales Expense]

CA:[]
CB:[DEMREGAST Average & Excess Q Generation Retail [CP loris.]]

CC:[DEMR£GAST Regulatory Asset - Demand Related]
CD:[]
CE:[ERGREGAST Customer Class Energy 0 Generation {MWIl]]

CFIIERGREGAST Regulatory Asset Energy Related]

CG:[]

30040 123

100.00%

cos__ALLocAToRs
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28,439,817

100.00%

21

1

100.00%

27821,398

100.00%

CH:{ERGSY5BEN Customer ClassEnergy @ Generatlon {MWHJ]

Cl:[ERG5YSBEN System Benefits - Energy Related]

CJ:[]

CK:[Retall ONLY versions of aboveallocators:]

cL=11f]

CM:[RetaiI DEMPROD1 Average 81 Excess@ Generation! [CP furls.]]

Cn:[Rotail DEMPROD1 Production Demand]

60.11
CP:[Retali ENERGYL Customer ClassEnergy@ Generation {MWH}}

CCl:[Rltail ENERGY1 Productlon - Enerzvl

CR:l]

CS:[RetaiI ERGSYSBEN Customer Class Energy @ Generation {MWH]]

CT:[Retall ERGSYSBEN System Bonuflts EnergyReli ed]

CU:[end £f}
CVIII

27,a21398

100.00%

Cw;[Other Allocatorsl

Co:[Demand Production (RES]]

Cy:[Ratio: Demand Production {RES}]

CZ:{]

DA:[Ancillary Services]
DB:[Ratlo: Ancrllary Services]

DC:[Sum: Ancilarv Services]

DD:[Less: Ancillary Services]

DE:[]

DF:[CUSTADV Customer Advances]

DG[CUSTADV Customer Advances]

DH:[]

Dl:[CUSTOEP Customer Deposlts}

DJ:{CUSTDEP Customer Dqsosits]

1102287,1941

100.00%

[72306605}

100.00%
DK:[}

DL:[5]

DM.[5]

DNI]
DO.[6]
Dp;[6}

DCl:[]
on:171

DS3[7]

n m]

DU:[8]

DV:{8]

DW:[l

DX:[9]

DY:[9]

D2:[}

EA:[10]

EB:{10}

EC:[]

ED:[100% Atlocatorl

EE:[]

EF:[Zem Allncatorl

EG:[]

2200.00%
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.i

Jr.

I



EXHIBIT

BEFORE THE ARIZONA CORPORATION COMMISSION

DOUG LITTLE

BOB STUMP
Commissioner

BOB BURNS
Commissioner

TOMFORESE
Commissioner

ANDY TOBIN
Commissioner

IN THE MATTER OF THE COMMISSION'S
INVESTIGATION GF VALUE AND COST
OF DISTRIBUTED GENERATION

DOCKET NO. E-00000J-14~0023

REBUTTAL TESTIMONY

OF

ZACHARY BRANUM

UTILITIES ENGINEER

UTILITIESDIVISION

ARIZONA CORPORATION commlsslon

APRIL 7- 2016



Illlll I

PURPOSE OF TESTIMONY 14

INTRODUCTION

llllu¢0¢l¢l¢Il¢l¢90lbb¢aolQlll»ll¢lobQlD¢

TAB.LE oF CQNTENTS

Page

• • 1

z



EXECUTIVE SUMMARY
VALUE AND COST OF DISTRIBUTED GENERATION

DOCKET NO. E-00000]-14-0023

Zachary Branum's testimony addresses some of the questions raised by Commissioner
Bums' in a letter he submitted on February 8, 2016, regarding a Colorado River shortage and power
plant water requirements. Specifically, detail regarding the water consumption requirements of
various power p ts has been provided. Additionally, the effect of power plant retirement on water
consumption has also been discussed Lastlv, L brief explanation of a Colorado River shortage has
been given.

After reviewing data provided by Arizona Public Service, Tucson Electric Power, UNS
Electric, and Arizona Electric Power Cooperative, it was determined that the largest source of water
used in power plant cooling operations is treated effluent (51 percent), followed by ground water (28
percent), and surface water (21 percent). For the years of 2016-2020, it is anticipated that there will
be a cumulative annual reduction in ground water and surface water consumption of 26.5 percent
and 27.4 percent, respectively. Conversely, annual consumption of treated effluent will increase by
roughly 7.2 percent. These changes me mainly due to power plant retirements and conversions,
which is reflected in Tables 1 and 2.

Lu
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Direct Testimony of Zachary Bra rum
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1 INTRODUCTION

2 Q. Please state your name, occupation, and business address.

3 name I  am employed by the Arizona Corporation

4

My is Zachary Thomas Bra furn.

Commission ("ACC" or "Cornlnission") as a Utilities Div ision ("StafF') Engineer. My

5 business address is 1200 West Washington Street, Phoenix, Arizona 85007.

6

7 Q . Please describe your educational background.

8 A.

9

10

I received a Bachelor's degree in Aerospace Engineering (Astronautics) from Arizona State

University in 2014 with a specialization in Applied Thennodynarnics and Space Systems

Design. I  wi l l  receive my Masters of Science msg degree in Mechanical Engineer ing on

11 May 9, 2016 with a specialization in aerodynamics and Power Generation. Courses

12

13

14

15 I

16

17

included in my graduate study were; Electrical Power Plants, Nuclear Power Engineering,

Nuclear Reactor Theory and Design, Renewable Energy Engineering, Solar Thermal

Engineering, SoM Commercialization, and Advanced Thermodynamics. Before joining the

Commission in January 2016, spent time conducting research at the National Energy

Technology Laboratory for a period of three months, and I instructed undergraduate students

at Arizona State University as a Graduate Teaching Assistant

18

19 Q . Briefly describe your responsibilities as a Utilities Division Engineer.

20 A.

21

In my capacity as a Utilities Division Engineer, I have been assigned to perform engineering

analysis and provide recommendations to the Commission on assigned cases. This is my Erst

22 proceeding as a Utilities Engineer with the Commission.

23

24 Q. Did you File Direct Testimony in this proceeding?

25 A. No.

26

ll\
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Docket No. E-00000]_14-0023
Page 2

1 PURPOSE OF TESTIMONY

2 Q.

3 A.

4

What is the scope of your testimony in this case?

The purpose of my testimony is to answer some of the questions raised by Commissioner

Burns in his letter dated February 8, 2016, regarding the water-energy nexus.

5

6 Q. Which questions will you be addressing?

7 A.

8

9

10 2.

l l

My testimony addresses the following

1. Which power plants in the state of Arizona use surfaces or ground water for the

purposes of cooling?

Which power plants in the state of Arizona use treated effluent for mc purposes of

cooling?

12

13

14 4.

15 5.

What are the water requirements of power plants that are included in previous and

future Integrated Resource Plans (IP) ?

Which power plants are retiring and how does that affect water consumption?

What is the situation with curtailing water in response to a Colorado River shortage?

16

17 Q . What resources were used to address these questions?

18 A.

19

20

21

22

Staff requested power plant water consumption data from Arizona Public Service (APS),

Tucson Electric Power (REP), UNS Electric (UNSE), and Arizona Electric Power

Cooperative (AEPCO). In the data requests, Staff also requested responses to questions

concerning a Colorado River shortage. Staff also utilized information from the website of the

Arizona Department of Water Resources ("ADWR") to address the issue of a Colorado River

23 shortage.

24

25

1Surface water refers to water provided by the Colorado River to the Central Arizona Project, along with other Rivers
and lakes.

I

3.
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1 Q. Why was data only requested from APS, TEP, UNS E , and AEPCO?

2 A.

3

4

5

6

The data was requested from APS, TEP, UNSE, and AEPCO because each are Load Serving

Entities (LSE's), producing and supplying power. Other utilities and cooperatives purchase

power from LSE's. Staff believes the power p t data from APS, TEP, UNSE, and AEPCO

provides enough information to initially address the questions asked by Commissioner Bums.

SRP is die only significant LSE that has been omitted.

7

8 CONCLUSIONS

9 Q.

10 A.

Which power plaints of these LSE's use surface water for the purposes of cooling?

Four Cornersz, Sundance, Yucca, Navajo, and San ]uan3.

11

12 Q .

13 A.

14

15

16

17

18

19

20

Which rivers and/or lakes provide this surface water?

Pour Corners Power Plant draws water from Morgan Lake, which receives water from the

San Juan River. PriOr to 2011, the Sundance Power Plant relied upon Colorado River Water.

However, APS entered into an agreement with the Gila River Indian Community in 2011 that

allows APS to receive GRIC CAP Indian Priority water, a high priority, low risk supply. Prior

to 2015, the water supply to the Yucca Power Plant was drawn from the Colorado River.

Yucca now uses groundwater for plant operations. Navajo Generating Station draws water

for plant operations from Lake Powell. San Juan Generating Station draws water for plant

operations from the San Juan River.

2 Four Comers Generating Station is located in Fruitland, New Mexico. APS owns Units 1, 2, and 3 (now shutdown) and
operates Units 4 and 5.
3 SanJuanGenerating Station is located in Farrington, New Mexico. TEP owns 50% interests in Units 1 and 2.

ll
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1 Q.

2

3 A.

4

Which power plants 'm the state of Arizona use ground water for the purposes of

cooling?

Ocotillo, Red Hawk, Saguaro, West Phoenix, Cholla, Springerville, Sundt, Luna, Gila River,

Black Mountain, Valencia, and Apache.

5

6 Q.

7

I
8 A.

Which power plaints in the state of Arizona use treated effluent for the purposes of

cooling?

Palo Verde4 and Red Hawk. The source of effluent is the City of Tolleson.

9

10 Q. What are the water requirements of power plants serving these LSEs?

11 A.

12

13

Table 1 lists the water consumptions requirements by source for each power plant for the

year 2015. The table also provides the average yearly water consumption based on yearly data

ranging from 2006 - 2015.

a

;
I
I

4 Palo Verde and Red Hawk use a small amount of groundwater as indicated in Table 1.



2015
Ground
Water
Consumed
(Acre
Feet)

Average
Yearly
Groundwater
consumption
(AcreFeet)

2015
Surface
Water
Consumed
(Acre
Feet)

Average
Yearly
Surface
Water
Consumption
(Acre Feet)

2015
Effluent
Consumed
(Acre
Feet)

Average
Yearly
Effluent
Consumption
(Acre Feet)

Four
Comets

0 0 17,615 22,685 0 0

Ocotillo 353 382 0 0 0 0

Palo Verde 1,913 2,120 0 0 71,914 68,422

Red Hawk 346 248 0 0 3,470 3,486

Sundance 0 0 52 116 0 0

oISo 29 211 0 0 0 0

West
Phoenix

2,184 2,403 0 0 0 0

Yucca 317 32 322 590 0 0

Cholera 13,009 15,253 0 0 0 0

Navajo 0 0 1,862 1,897 0 0

San Ian 0 0 4,621 4,408 0 0
IISp . ville 7,321 9,767 0 0 0 0

Sundt 1,346 1,849 0 0 0 0

Luna 440 672 0 0 56 98

GilaRiver 1,714 1,714 0 0 0 0

Black
Mountain

7 29 0 0 0 0

Valencia 5 6 0 0 0 0

Apache 3,244 4,786 0 0 0 0

Total 32,229 39,472 24,412 29,696 75,440 72,006

Direct Testimony of Zachary Bra rum
Docket No. E-00000]-14»0023
Page 5

I

I

1

2 Table 1: Water Consumption Requirements by Sources.

3

4

5

6

7

8

On average; 72,006 acre-feet of treated effluent is consumed each year, 39,472 acre-feet of

ground water is consumed each year, and 29,697 acre-feet of surface water is consumed each

year (seen in Figure below). The largest source of water used in power plant operations is

treated effluent, the second largest source is ground water, and the third is surface water. In

fact, effluent makes up 51 percent of the total water usage while ground water represents 28

9 percent and surface water represents 21 percent.

1 0

11

5For power plants that serve AEPCO and APS, the water consumption requirements represent the entire water
consumed by each plant, regardless of whether the plant is jointly owned. For power plants that serve TEP and UNSE,
the water consumption requirements only represent the shares owned by each LSE.

| -llllll
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9

Q What are the future water consumption requirements for each power plant?
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requirements for each power plant. Table 2 lists the yearly average water consumption from

2006 - 2015, the projected average yearly water consumption requirements for the upcoming

years of 2016 - 2020, and the percent difference of the average yearly water consumption

requirements.
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Current
GW

(AF)

Projected
G W

(AF)

G W
Growllh

(°/°)
|

Current
SW

(

Projected
SW (AF)

SW
Growth

<%)

Current
Eff

(AF)

Projected
Eff (AF)

Eff
Growth

(%)
Four
Corners

0 0 0 22,685 15,883 -30 0 0 0

Ocotillo 382 12 -97 0 0 0 0 0 0

Palo Verde 2,120 2,149 1 0 0 0 68,422 71,631 5

Red Hawk 248 329 32 0 0 0 3,486 5,478 57

Sundance 0 0 0 116 204 77 0 0 0

ISo are 211 16 _92 0 0 0 0 0 0

West
Phoenix

2,403 3,077 28 0 0 0 0 0 0

Yucca 32 323 918 590 0 -100 0 0 0

Cholera - 15,253 8,030 -47 0 0 0 0 0 0.

Navajo 0 0 0 1,897 2,145 13 0 0 0

San Ian 0 0 0 4,408 3,314 -25 0 0 0

Spzingerville 9,767 7,967 -18 0 0 0 0 0 0

Sundt 1,849 1,475 ~20 0 0 0 0 0 0

Luna 672 700 4 0 0 0 98 99 1

Gila River 1,714 1,732 1 O 0 0 0 0 0

Black
Mountain

29 16 -45 0 0 0 0 0 0

Valencia 6 7 10 0 0 0 O 0 0

Apache 4,786 3,200 -33 0 0 0 0 0 0

Total 39,472 29,032 -26 29,696 21,546 -27 72,006 77,209 7

Direct Testimony of Zachary Bra rum
Docket No. E_00000J-14-0023
Page 7

1 Table 2: Current, Projected, and Percent Difference of Water Consumption.

2

3

4

5

6

7

As seen in Table 2, it is anticipated that there will be a 27 percent reduction in the average

yearly consumption of ground water along v\nlth a 27 percent reduction in average yearly

consumption of surface water. The average yearly consumption of treated effluent will

increase by roughly 7 percent, These changes are mainly caused by power plant retirements

and conversions.

8

9 Q.

10

11 A.

12

13

Which power plants are retiring/converting and how does that affect water

consumption?

In 2019, one unit at the Navajo Power Plant will cease operation, thereby reducing water

demand for the plant. However, this reduction in water consumption is not reflected in the

projected yearly data provided to Staff by TEP because the unit that is being shut down is

I al I

II
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1

2

3
I

4

5

owned by SRP.6 At the end of 2017, units 2 and 3 at San Juan Generating Station will cease

operation, thereby reducing water demand for the plant by one-halfl At the end of 2013,

units 1-3 at the Four Corners Power Plant ceased operation, thereby reducing water demand

for the plant by over one-quarter. The planned retirement of Unit 2 at Cholla Power Plant in

2016 will reduce water demand for the plant by roughly one-hal£

6

7

8

9

10

AdditionMy, some coal power plants will be reducing capacity and/or making the conversion

ro natural gas. The water demand for Sprzingerville Generating Station will be reduced by

roughly 20 percent due to a reducion in coal capacity. The elimination of coal on Unit 4 and

the conversion to natural gas will reduce the water demand for the Sundt Generating Station

11

12

by 20 percent. It can be seen from the data that Saguaro's average yearly water consumption

has been reduced by 92 percent which is a result of the retirement of two steam units in June

13 2013. There is a 97 percent reduction in water demand for Ocotillo due to the modernization
I

14

15

project of the plant. Two steam units are being removed from the plant while Eve new

combustion turbines will be added by 2018.

16

17

18

19

20

21

22

23

24

25

It is important to note that the water reductions seen at some power plants are countered

with increased consumption at other facilities. This is primarily a result of more natural gas

being used in place of the retiring coal units. For example, Redhawk which uses natural gas

will see a 32 percent increase in its average annual groundwater consumption and a 57

percent increase in its average yearly effluent consumption. West Phoenix, which also uses

natural gas, will see a 28 percent increase in its average yearly ground water consumption and

Sundance is anticipated to consume 77 percent more surface water on average per year.

However, the net result is a reduction i L yearly average water consumption for both ground

water and surface water due to the fact that natural gas plants are typically more ellc:ient than

6 Refer to footnote 5
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3

4

their coal counterparts. Additionally, as more modern natural gas plants are used to meet

load, it is possible that in some instances their cooling systems are superior to those found in

the power plants that are retiring. The increased efficiency and improved cooling systems

both factor into the overall anticipated reduction in water consumption.

5

6 Q . What is the situation with curtailing water 'm response to a Colorado River shortage?

7 A.

8

9

10

l l

12

13

14

15

16

17

18

19

20

21

I

I
l

i

22

According to the ADWR, "A shortage is an annual reduction in the amount of Colorado

River water available to Arizona, Nevada and Mexico and is determined primarily by the

volume of water in Lake Mead. If the water falls below an elevation of 1075', a shortage

would be declared. A near-term shortage will not impact water supplies for Arizona's cities,

towns, industries, mines or tribes using CAP water. It would, however, eliminate Central

Arizona Project (CAP) water supplies to the Arizona Water Banking Autho1:ity.7 It would

also reduce a portion of the CAP water supply identified for groundwater replenishment,

which would impact agricultural users in central Arizona and may cause an increase in CAP

water rates. In the face of potential shortage, farmers in central Arizona may choose to offset

supply reduct ions in their CAP supply by using local  suppl ies including pumping

groundwater. Arizona has been planning for a potential shortage for decades. Since 1996,

CAP has worked with the Arizona Water Banking Authority ("AWBA") to store excess CAP

water underground to prov ide back-up supplies for municipal, industrial and Native

American water users. More than twice the amount (3.2 million acre-feet, which exceeds a

trillion gallons) of the Colorado River water that is delivered to central Arizona annually has

been stored to date. CAP, the ADV(/R and the AWBA have planned to recover and deliver

23 these supplies should the need arise."8

24

EThe Arizona Water Banllling Authority was established to increase utilization of the state's Colorado River entitlement
and develop long-term storage credits for the state. AWBA stores or "banks" unused Colorado River water to be used 'm
timesof shortage. https/ /www.azwaterbank.gov/
s Colorado River Shortage Irryiwutf on ArizonaArizona Department ofWater Resources.April 2015

all I
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1

2

3

4

Staff requested a response to the following question from APS, TEP, UNSE, and AEPCO; if

a shortage on the Colorado River or Lake Mead is declared, what will be the impact on your

existing or planned generation units? The following statements are the responses from each;

APS;

5

6

7

8

9

10

11

12

13

"In the event of a shortage on the Colorado River or Lake Mead, no impact is

anticipated on existing or planned generation units operated and owned by APS. Prior

to 2015, the water supply to the Yucca Power Plant was identified by the USBR as

reliant upon Colorado River water, and subject to curtailment in a deeMed shortage.

APS drilled a new well in 2015 that vldthdraws groundwater, eliminating this risk.

Prior to 2011, the Sundance Power Plant relied upon low priority Colorado River

water, subject to curtailment in a declared shortage. APS entered into an agreement

with the Gila River Indian Community in 2011 that allows APS to receive GRIC CAP

Indian Priority water, a high priority, low risk supp1y."°

14 TEP:

15

16

17

18

"To the extent there is any impact to TEP generating units from the declaration of a

shortage on the Colorado River or Lake Mead, it would be with respect to Navajo

Generating Station, Four Comers Power Plant, and/or San ]Ian Generating Station

as each of these facilities use surface waters that are within the Colorado River

19
I

I

i
I 20

21

22

23

24

25

drainage area. Navajo Generating Station draws water for plant operations from Lake

Powell and holds senior water rights as part of Arizona's Upper Colorado River

apportionment. Several years ago the intake for the plant was lowered to within the

"dead pool" of Lake Powell. In 2019, one unit at the plant will cease operation,

thereby reducing water demand for the plant by one-third. San Juan Generating

Station draws water for plant operations from the San Juan River, and also holds

senior water rights. In addition to these water rights, a water hazard sharing

9 APS' response to StafFs data request

|
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!
I

2

3

4

5

6

7

8

agreement with the _licoNa Nation is in place, which can provide for additional water

rights in the case of an extreme water shortage. Finally, at the end of 2017, units 2

and 3 at San Juan Generating Station will cease operation, thereby reducing water

demand for the plant by one-ha1£ Four Comers Power Plant draws water from

Morgan Lake, which receives water from the San Juan River under senior water

rights. Ar the end of 2013, units 1-3 at the plant ceased operation, thereby reducing

water demand for the plant by over one-quaner. Based on the senior water rights in

place and the decrease in water demand at each of these plants, TEP does not

9

10

11

12 4

13

14

anticipate a significant impact from the declaration of a shortage on the Colorado

River or Lake Mead. If there was an impact at one of these plants that resulted in the

need to curtail generation, we anticipate that TE? would either have sufficient

capacity through other resources within its system, or could End sufficient capacity in

the wholesale market, specifically due to the large amount of available merchant

generation located around the Palo Verde hub."10

15 UNSE:

16

17

18

"UNS Electric's fossil-Bred generating units use groundwater for cooling and other

process needs. Therefore, we do not anticipate any 'nnpact from the declaration of a

shortage on the Colorado River or Lake Mead"

19 AEPCO:

20

21

22

_

I

23

24

25

"The operation of Apache Generating Station is not dependent on Colorado River

water supply and thus the water source of AEPCO's existing units would be

unaffected in the event of a water shortage on the Colorado River or at Lake Mead.

AEPCO and its Distribution Cooperative Members have capacity under contract with

the Western Area Power Administration for the delivery of hydroelectric generation

which is served via these sources. If a shortage were to be declared upstream of these

10 TOP's response to Staffs data request
11 UNSE's response to Staffs data request

all Ill
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1

2

3

4

facilities, the energy available to AEPCO under these contracts may be curtailed

depending on the length and severity of the potential shortage. Under such

conditions, AEPCO would procure additional energy via generation or purchases

from the electric market to fulfill its energy service obligation to its Members."'2

5

6 • What are your initial conclusions after reviewing the utility provided data and their

7

8 A.

responses?

Agriculture is the largest use of water in Arizona, followed by residential use. The least

9 demanding are commercial, industrial, and institutional uses. "In Arizona, approximately 15

10

11

12

13

14

15

16

17

18

percent of the water supply is for commercial, industrial, and institutional uses. This includes

water used by commercial buildings, hospitals, schools, golf courses, parks,power plants, and

other industries."13 It appears that a Colorado River shortage would affect power plants that

use surface water as their source for cooling and the LSEs noted that they have prepared for

this. As previously mentioned, the largest source of water used in power plant operations is

treated effluent (51 percent), the second largest source is ground water (28 percent), and the

third is surface water (21 percent). As a result, it does not appear a shortage would severely

affect power plant operations, especially with current water rights agreements in place. In the

event of a shortage, several utilities intend to rely upon unspecified wholesale purchases

19 which may or may not depend on surface water as a resource.

12 APECO's response to Staffs data request
13 http://www.azwater.gov/azdwr/StatewidePlanning/Conservation2/ Cornxnercxiallndushzial/defaudt.ht1n

I'll W l I
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EXECUTIVE SUMMARY
VALUE AND COST OF DISTRIBUTED GENERATION

DOCKET no. E-00000]-14-0023

Mr. Solganick's direct testimony provides Staffs perspective of the relative value and cost of
various forms of distributed generation and highlights the drivers to determine value and cost.

The testimony discusses distributed generation and compares it to other forms of
generation.

Staffs perspective highlights the obligation of the utility to obtain goods and services at a
reasonable cost and the Commission's responsibility to ensure that potential suppliers are not
impacted by the it:ility's monophony power.

The testimony does not set or calculate the value of solar but highlights through the use of a
comparative matrix the similarities and differences between solar distributed generation and other
forms of generation, distributed generation, load shifting, storage, wind, conservation and efficient
appliances and HVAC.

Staff recommends moving over the long-term from net metering and barding to setting a
price for excess distributed energy in the utility's rate case based upon the principles detennined in
this proceeding. The recommendations consider adders for transmission and distribution impacts
where appropriate and proven.

{
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1 INTRODUCTION

2 Q. Please state your name, occupation, and business address.

3 A.

4

5

My name is Howard Solganick. I am a Principal at Energy Tactics 8: Services, Inc. My

business address is 810 Persimmon Lane, Langhome, Pennsylvania 19047. I am performing

this assignment under subcontract to Blue Ridge ConsultingServices,Inc. ("Blue Ridge") .

6

7 Q- For whom are you appearing in this proceeding?

8 A.

9

I am appearing on behalf of the Utilities Division Staff ("SfafF') of the Arizona Corporation

Commission ("Commission").

10

11 I Please summarize your quali5cations and experience.

12

13

14

15

16

17

18

19

I am licensed as a Professional Engineer in Pennsylvania (active) and New jersey (inactive). I

hold a Professional Planner's license (inactive) in New Jersey. I served on the Electric Power

Research Institute's Planning Methods Committee and on the Edison Electric Institute Rate

Research Committee. I have been appointed as an arbitrator in cases involving a pricing

dispute between a municipal entity and an on-site power supplier and a commercial landlord-

tenant case concerning sub-metering and billing. I previously served on two New jersey

Zoning Boards of Adjustment as Chainman and member and a Pennsylvania Township

Planning Commission as Chairman and member.

20

21

22

23

24

25

26

A.

Q

I have been actively engaged in the utility industry for over 40 years, holding utility

management positions in generation, rates, planning, operational auditing, facilities

permitting, and power procurement. I have delivered expert testimony on utility planning

and operations, including rate design and cost of service, tariff administration, generation,

transmission, distribution and customer service operations, load forecasting, demand-side

management, capacity and system planning, and regulatory issues.
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l

2

3

4

5

6

7

I have also been engaged (as a subcontractor) to review utility performance before, during,

and after outages resulting from major storms in the state of Washington (major windstorm),

Missouri (summer storms and ice storm), Texas (Hurricane Ike), Jamaica West Indies

(Hurricane Ivan), the two 2011 storms (tropical storm Irene and a major snow storm) that

affected New jersey, and to review the emergency plan of a New England utility. Some of

these assignments were at the request of the utility and others at the request of a state utility

regulator. Testimony, if prepared and filed, is listed in Exhibit HS-1.

8

9

10

11

12

13

14

15

16

17

I have been engaged by clients to review proposed distributed generation contracts and the

operation and integration of generating assets power pool operations, and I have

advised the Board of Directors of a public power utility consortium. For a period of four

years, I was engaged by a multiple site commercial real estate organization to manage its

solicitation for the purchase of retail energy. As a subcontractor, I have performed

management audits for the Connecticut Department of Public Utility Control and ratebase

audi ts for the Publ ic Ut i l i t ies Commission of  Ohio and the Oregon Publ ic Ut i l i ty

Commission. I also provide (as a subcontractor) support for the Staff and Commissioners of

the District of Columbia Public Service Commission for electric and gas rate cases.

18
E
i'E
z

s

19

20

21

22

I have led and/or participated in consulting projects to develop, design, optimize, and

implement both traditional utility operations and e-commerce businesses. These projects

focused on the marketing, sale, and delivery of retail energy, energy~related products and

services, and support servicesprovided to utilities and retailers.

23

24 From 1994 to due present, I have been President of Energy Tactics & Services, Inc. From

25 1996 to 1998 I was a Managing Consultant for AT&T Solutions. From 1990 to 1994 I was

26 Vice President of Business Development for Cogeneration Partners of America. In that

i

E
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1

2

position, I was responsible for the development of independent power facilities, most of

which were fueled by natural gas and oil.

3

4

5

6

From 1978 to 1990, I held positions of progressively increasing responsibility with Atlantic

City Electric Company in generation, regulatory, performance, planning, major procurement,

and permitting areas.

7

8

9

10

11

From 1971 to 1978, I was an Engineer or Project Engineer for Univac, Soabar, Buckley

Furnaces and deLaval Turbine, designing card handling equipment, tagging and printing

machines, high temperature industrial furnaces, and utility and industrial power generation

equipment, respectively.

12

13

14

I received a Bachelor of Science in Mechanical Engineering (minor in Economics) from

Carnegie-Mellon University and a Master of Science in Engineering Management (minor in

15 Law) from Drexel University. I have also taken courses on arbitration and mediation

16

17

18

19

presented by the American Arbitration Association, scenario planning presented by the

Electric Power Research Institute, and load research presented by the Association of Edison

Illuminating Companies. I have also taken courses in zoning and planning theory, practice,

and implementation in both New jersey and Pennsylvania.

20

21 • Have you previously submitted testimony in regulatory proceedings?

22 A. Yes. I have testi8ed and/or presented testimony (summarized in Exhibit HS-1) before the

23
I
I

1 24

25

following regulatory bodies:

Arizona Corporation Commission

Delaware Public Service Commission

26 Georgia Public Service Commission

l l l l llll llll Illll l l
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1

2

_Jamaica (West Indies) Electricity Appeals Tribunal

MainePublic Utilities Commission

3

4

5

Maryland Public Service Commission

Michigan Public Service Commission

Missouri Public Service Commission

6

7

New jersey Board of Public Utilities

Public Utilities Commission of Ohio

8

9

Pennsylvania Public Utility Commission

Public Utility Commission of Texas

10

11 • What is the purpose of your testimony?

12 A.

13

14

My testimony provides Staffs perspective of the relative value and cost of various forms of

distributed generation and highlights the drivers to determine value and cost. This testimony

draws contrasts between various types of distributed generation and defines various drivers of

15 value and cost.

16

17

18

19

Staff is not recommending a specific price for purchases of excess energy from any form of

distributed generation or from photovoltaic systems in particular, but is highlighting those

factors that apply, those that do not and those that may be so small that the value (or cost) is

20 dh minims.

21

22

23

Staff recommends that the price for the purchase of excess energy by a utility shod be set

within the context of a utility specific proceeding such as a rate case and depends on mc

24 conditions specific

25

situation and to drat  ut i l i ty ,  along wi th considerat ion of  the

factors/methodology set out in Exhibit HS-3 and discussed below.

26

Q

llllul lHHHHHH\\



( x

Direct Testimony of Howard Solganick
Docket No. E-00000]-14-0023

Page 5

1 DIRECT TESTIMONY

2 Q. Please define distributed generation.

3 A.

4

5

6

7 an

8

For due purposes of this proceeding Staff defines distributed generation ("DG") as on-site

generation produced or stored by a variety of small, grid-connected (typically at the

distribution level) devices using a variety of fuels (typically natural gas, distillate oil or

feedstocks), or renewable sources (such as solar, wind, hydro, biomass, geothermal). DG may

be controlled by the grid operator, thorough aggregator or uncontrolled and either be

capable of independent operation (rnicrogrid) or dependent on the grid to operate.

9

10 Q. Please provide some examples of distributed generation.

11 A.

12

13

14

Some examples of distributed generation are the following:

Combined Heat and Power ("CHP") or "Cogeneration" using combustion turbines;

diesel or spark ignition engines; boiler and steam turbine configurations; or fuel cell.

Fuels commonly used include coal, heavy oil, distillate oil, natural gas, hydrogen and

other feedstocks.15

16 On-site electrical generation uses similar technologies and fuels as CHP but does not

17 use or export heat.

18

19

Emergency generation generally employs combustion turbines; diesel or spark ignition

engines; or fuel cells. Fuels commonly used may include distillate oil or natural gas.

Wind Power20

21 Solar PV

22 Tidal

23 Geothermal

IIIII

1
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1 Q. Please describe other distinguishnixflng characteristics.

2 A.

3

DG would be expected to be smaller in size than classic utility central station generation,

closer to, if not inside, load centers and more numerous.

4

5 Q. Please describe some of the poteutiad positive attributes of distributed generation.

6 A.

7

8

DG is alleged to have potential positive attributes (compared to utility central station

generation) due to:

Size

9

10

11

12

Dispersed location

.Ability to operate on a smaller grid

Potentially less transmission required

Potential to support load during transmission and/or distribution outages

13

14

Lower emdronmental impact

Disparate ownership and financing

15

16 Q. Please describe some of the potential negative attributes of distributed generation.

17 A. potential negative attributes (compared to utility central station

18

DG is alleged to have

generation) due to:

19

20

21

22

Size -- higher cost per kilowatt

Efficiency -_ higher cost per kilowatt hour

Financing - higher costs per kilowatt

Interconnection costs

23 Lack of control and coordination

24

E
I 25
4

Impact on grid control ._ voltage, reactive, etc.

Greater and local environmental impact (closer to public and/or noise issues)

26 Lack of fuel supply flexibility

mllll l al l l
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1 Q. What value can a utility operated generating unit provide that DG does not?

2

3

4

5

Utility operated generation typically would have dual fuel capabilities (in some areas),

maximum emergency generation and rapid return from unit outages. These capabilities

allegedly result from the difference between the obligation to serve and meeting contractual

requirements.

6

7 Q. Please explain StamPs perspective as you developed this testimony.

8 A.

9

10

11

12

13

Staffs perspective is based on the concept that what happens behind the meter is the

customer's business. Whether load is reduced by conservation, insulation, high efficiency

appliances, storage or the installation of a DG system that is solely the customer's light and

decision and a proper rate structure will offer accurate price signals to assist a customer

making a decision. Any excess energy not needed by the customer can then be delivered to

die utility and purchased at its value at the time and location of delivery.

14

15

16

17

18

Staff's perspective also assumes residential and small general service rates will transition to a

Three-Part Time of Use ("TOU") structure which offers customers the opportunity to decide

when and how much energy to consume and when and how much demand to impose on the

system. (Larger customers have been served on three pan rates for many years) .

19

20

21

22

23

24

25

26

A.

Staff recognizes that utilities, utility shareholders, solar vendors, regulators, C&I customers

and residential customers all have different perspectives and value propositions. Staffs

perspective or viewpoint is to look at costs and values from the perspective of all of the

utility's customers. This perspective is derived from Staffs role in the regulatory process to

assist the Commission in ensuring that rates are based on reasonable costs. Utilities have a

responsibility, and the Commission acts as an enforcement mechanism, to provide service at

the lowest reasonable cost. Examples include reviewing procurement results, policies and
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1 recess consideren the effectiveness of the utile 's o orations and reviewing the utile 'sP 7 g P g

2 participation in its service territory.

4 Q. Please define reasonable cost.

5 A.

6

7

8

9

The utility has an obligation to spend no more than what is necessary to provide any element

of service. The "reasonable" standard does not imply that the utility should ignore laws or

regulations to obtain a rock bottom price nor does it permit that any and all expenditures

made by the utility to be part of the cost of service. The standard is not a requirement to pay

the least but to pay based on an evaluation of cost and other relevant parameters at the time

10 the decision was made by the utility. In certain circumstances, reasonable cost may be

12

tempered by other regulatory directives such as purchases within the utility's service territory

or meeting fuel diversity goals.

13

14 Q- What is a monophony?

15 A.

16

17

18

A monophony is one buyer and many competing sellers, which (absent regulation) may allow

the buyer to drive down (or dictate) the price paid for the seller's output. In some ways the

classic utility regdatory model demands that the utility act as a monophony in procuring

inputs such as fuel and purchased power in order to provide energy to rem customers at die

19 lowest reasonable costs. The Commission assumes a role to ensure that the util ity's

20

21

purchasing power does not unreasonably affect competitors such as energy service companies

of all types.

22

23 Q. Are consumers and businesses capable of making investments without an assured

24 cost or value stream?

25 A.

26

Yes. Life is inherently uncertain yet most people manage to make longterm financial

decisions such as purchasing a home, a vehicle or higher education without guarantees by die

8

l H l I H l Lu K I Ill 11111
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1

2

3

vendor, a third party or the government as to Financial success. Businesses do have partial

governmental support from the tax code's applicable loss provisions, while individuals have

less protection.

4

5

6

7

Energy efficiency measures do not receive a fixed or guaranteed future price for the energy

(that will no longer be purchased) and energy efficiency ("EE") has some of the attributes

and characteristics of DG.

8

1

9

l 10

11

12

When a consumer or business purchases a hybrid, electric, diesel or high mileage automobile

the purchaser isn't promised a fixed price for fuel to ensure long-term savings. There is an

economic risk associated will those decisions end yet high efficiency vehicles get purchased.

DG solar systems and efficient autos are in a similar price range.

13

14 4

15

Please compare and contrast the purchase of excess energy from DG as compared to

a full buy and full sell pricing regime.

16 A.

17

18

19

20

21

Staff's perspective assumes that what happens behind the meter is the customer's business

and excess energy (if any) is sold to the utility at some regulated price. This is conceptually

different than having the customer purchase all of his/her energy consumption from the

utility and sell all of the production from a DG installation to the utility. Changing the

"regime" from Staffs excess energy view to a buy all/sell all view will change the calculation

of values and costs.

22

23 Staffs

24

25

The buy all/sell all v iew inherently treats EE measures dif ferently than DG.

perspective treats the DG energy used by the customer behind the meter as a reduction in

costs to the customer at the re tariff rate just as energy efficiency is a reduction in cost to

26 the customer at the retail tariff rate.

W III II I
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1 Q. Please describe Exhibit HS-2.

2 A.

3

4

5

Exhibit HS-2 is a five»page excerpt (pages 13 to 17) of a report prepared by the Rocky

Mountain Institute ("RMI") Electricity Innovation Lab titled "A Review of Solar PV Benefit

& Cost Studies, 2nd Ed.ition". Staff attached these pages as an exhibitbecauseStaff considers

the definitions used in the document to be clear and useful for the discussion of Staffs matrix

6

7

8

9

(Exhibit HS-3). The use of these definitions is not all inclusive, as the RMI report does not

include the emergency conditions discussed below. Also as evident in Staffs matrix, certain

items are not assigned values (or costs) by Staff, such as capacity-generation (short tend),

capacity-schedu]ing/ forecasting, risk-fuel price hedging and social.

10

11 Is Staff introducing and supporting the complete RMI report?

12 A. No. Staff is only using the definitions contained in the RMI Report and thus has attached

13

14

only those pages to my testimony. Staffs use of RMI's definitions should not be viewed by

parties to be an endorsement by Staff of the RMI Report itself and/or its Findings or

15 conclusions 1

16

17 Q. Please define the terms used in Staff's matrix (Exhibit HS-3).

18 A.

19

20

21

22

23

24

The definitions of the terns used are the following:

A_v_oided Cost .- The costs of energy that would have been produced or purchased but

for the existence of the DG. These costs may be hourly or may be aggregated based

on a delivery profile for convenience or better understanding. If the avoided costs are

based on generating facil it ies meeting environmental requirements then the costs of

environmental compliance are included within the avoided cost. The losses to the

point of delivery should also be included. [On-Peak, Off-Peak, Losses-Energy]

Q
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1

2

3

4

5

Cost and Value - The cost of energy being stored or shifted, which at a later point

will be used to deliver value. Value occurs when the DG is used to support loads and

cost is incurred in preparation for action. load Shifting, Storage-Energy]

Increased Cos;.- Increased costs such as additional meters to be read, more complex

billing, and incremental customer contact before DG installation or during DG

6

7

operation.

One Time Cost Incremental costs for installation of metering arrangements and

8

9

10

11

12

13

14

communications protocols to connect DG to the grid.

Value - The provision of services delivered to the grid such as reactive power or

frequency control. This value maybe limited due to the amount of storage, when load

can be shifted or when the DG is in operation. [Load shifting, Storage-Energy, Solar,

Wind] The value may not be limited if the DG can be dispatched at any time and run

for indefinite intervals. [Responsive Generation]

Time Specific Avoided Cost .- The costs of emergency generation or other efforts to

15

16 Time Sppcitlc Payment

carry load. [Emergency (shortage)]

The value created by the ability to absorb energy when

17
1

18

19 I
I

20

21

requested. ow Load (Excess generation)]

Outage Prevention Value ...- The ability to deliver energy during emergencies at the

transmission or distribution level including maintaining service for long periods.

Limited Outage Prevention Value - The ability to deliver energy during emergencies

at the transmission or distribution level including maintaining service for limited

22

23

24

25

periods or when DG is in operation.

ELCC - Equivalent Load Carrying Capability is the value of DG based upon its

performance including its dispatchability, the length of mc the capacity is available

and the coincidence between the capacity available and peak loads.
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1 Specific Local _ Only Value available due to geographic location, such as the

2

3

ability to eliminate or defer additional assets on specific distribution feeders,

substations or transmission lines.

4

5

Maybe if Aggregated .- Value can be delivered if enough DG can be aggregated and

controlled to deliver a meaningful response or service.

6

7 Q. Please explain the term "Responsive" as used in Exhibit HS-3.

8 A.

9

10

11

DG that can be controlled by an entity that is not the owner and/or user (host) of the DG

equipment/facility is considered "Responsive". A grid operator or the local load-serving

utility may handle control. A diiicd party may aggregate multiple smaller responsive DG units.

The intent of control is to allow DG to be dispatched to meet common or emergency

12 0pejgating conditions.

13

14 •

15

Does Staff recommend increasing the value of energy by considering extra or

incremental environmental costs?

16 A. No. Avoided cost values the kph provided at the costs the utility does not incur (energy if

17

18

19

short tern and capacity (or some portion) in the longer term). If a generating unit must meet

specific environmental standards (NOt, SOx, water usage, maybe carbon) those costs are

already included the costs to construct and/or operate the plant.

20

21 9 Please describe common emergency operating conditions that are considered in

22 Exhibit HS-3.

23

24

I envision at least two emergency conditions:

A period of time when there is potentially not enough energy and capacity to support

25 the expected load. In this situation a utility or grid operator might disconnect

26 interruptible load, move all available generation to maximum capability (max

A.

Q

Q
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1

2

3

4

5

6

7

emergency), issue requests for customers to reduce or shed load and if necessary

involuxltarily curtail loads based on a predetermined load shedding plan. The intent

of the util ity or grid operator is to maintain the stability of the system for the

maximum number of customers or load. This situation may be caused by fuel

shortages, adverse weather (storms), temperature and/or humidity exceeding design

conditions, insufficient reserve margins, loss of generating units, loss of transmission

lines and on a more local basis insufficient distribution capability.

8

9

10

1

11

A period of time when there is potentially too much energy as compared to the

expected load on the system. In this situation a utility or grid operator might back

down generating units below economic costs, shutdown units without regard toi

33

I 12

13

14

15

16

recommended operating protocols and/or pay other systems to take the unneeded

energy. The intent of the utility or grid operator is to maintain the stability of the

system. This situation may occur during periods of low loads (commode at night

with little or no space conditioning load - spring or fall) combined with generating

units that are defined as "must run" or with specific minimum generation.

17

18 Q. Please describe the distinction between long-tenn and short-term as used in Exhibit

19 HS-3.

20 A.

21

22

A long-term impact is sufficient in timing and magnitude to change the utility's system plan

and eliminate or significantly defer the purchase or construction of generation, transmission

and/or distribution facilities.

23

24 Q. Please explain Staffs matrix, Exhibit HS-3.

25 A. I

26

Exhibit HS-3 was developed to demonstrate the range of capabilities of various forms or

types of DG (and other comparable alternatives) and then relate those capabilities to the

I
4I

1
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1 value drat DG may provide the utility (and its customers) or impose on the utility and its

2 customers.

3

4

5

6

The exhibit is not designed to detail or list all types of DG or differentiate by fuel type or

environmental impact but rather to focus the discussion on the capabilities and the related

value and costs and portions thereof.

7

8 Q. How does Staff envision using Exhibit HS-3?

9 A. Staff recommends that Exhibit HS-3 be used to develop the value and cost for various forms

10

11

12

13

of distributed generation during a utility's rate case or other proceeding. Staff does not

suggest that a value (and cost) must be developed for every category of DG listed in Exhibit

HS-3 at this time but only for technologies in use in Arizona or expected to be available in

the marketplace in the near future.
g
I
a

14

15 What conclusions does Staff draw from Exhibit HS-3?

16 A.

17

18

19

20

21

22

23

24

25

After developing Exhibit HS-3 and considering appropriate methodologies to develop value

and cost, Staff determined that there is a range of value that can be applied to DG and that it

is inappropriate to use the same value for all types of DG. Specifically:

DG that is "Responsive" is more valuable to the uti l i ty than DG that is not

responsive due to the ability to react to emergency conditions on the utility system or

provide reactive power.

Energy provided to the utility by DG has a mc dependent value such as avoided

energy costs (including variable operations & maintenance ("O&M")).

Generation capacity provided to the utility by DG has full value only if it is provided

coincident to peak load conditions.

I IIlml\ HW
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1

2

3

4

5

6

7

8

Transmission needs can only be offset over a long-term horizon or when specific

geographical areas can be targeted to avoid or delay new transmission construction,

but transmission charges may be reduced in the short-terrn.

Distribution capacity is only reduced when the utility's engineering design standards

(to meet customer requirements) can be reduced or when specific geographical areas

can be targeted to avoid or delay new distribution construction.

System losses can vary due to electrical properties and timing, therefore loss factors

for capacity and energy are different.

9 Interconnection costs exist and some (such as metering and protection) are due only

10 to the existence of DG.

11 Some values and costs are small and incremental and thus not worth developing and

12

13 o

14 o

15

16 O

17

including:

Billing costs (calculation and processing) of excess energy credits

On-going customer service

Some values are inherent in the avoided cost methodology including:

Environmental costs (air, water and solid waste) are inherent in the fixed and

variable costs of avoided capacity and energy, as the avoided facility must

18

19

20 O

21 o

22

meet applicable regulations.

There may be mismatches between avoided utility facilities andDG such as:

Dual (backup) fuel capabilities

Must run requirements of CHP to meet thermal loads

Renewable Energy Certificates ("REC")o

23

_l\llll I
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1 • How should Staffs matrix be used?

2 A.

3

Staffs matrix should be used to evaluate specific eligible costs and value of energy, capacity

and other services delivered to the grid by DG (of all types) during each utility's rate case

4 and/or integrated resource planning processes.

5

6 Q- How has electric metering changed recently?

7 A. over
1

3

8

9

For a number of years utilities have been able to measure the consumption of energy

very narrow time periods (hourly or even 15 minute intervals) but the challenge has been

recording that data cost effectively. Interval data has been used for load research to provide

10

11

12
I
I
|

13

an understanding of how different customers use energy and the data were typically recorded

on magnetic tape and analyzed in bully. While interval data were suitable for load research

purposes and a small number of large customers, it was difficult to provide mc data to a large

number of customers at a reasonable cost,

14

15

16

17

Similarly, time-of-use meters could accumulate energy usage in a few time-differentiated

periods but these data were only recorded and reported as On-Peak, Shoulder and Off-Peak

periods and did not offer much information to the customer, such as when the energy was

18 used on an interval basis.

19

20

21

22

23

24

25

Advanced Metering Infrastructure ("AMI") has benef ited from the declining costs of

electronic versus mechanical metering devices and the ability to analyze data on a customer-

specific basis. Utilities that have installed AMI often develop meter data management

systems that ow for the extraction of energy and demand data for billing purposes. AMI

installations can provide near real time information but are limited by data transmission

speeds and processing raw data efficiently.

26

Q



n

Direct Testimony of Howard Solganick
Docket No. E~00000]-14-0023
Page 17

1~Q. What impact does AMI have on DG?

2 A.

3

AMI can be used not only to measure the energy consumed (and the associated demand) by a

customer but can also detail the excess energy provided by a customer and when that energy

4 is delivered to the utility.

5

6 * Why is AMI relevant in the context of DG and net metering?

7 A.

8

9

Net metering was useful and appropriate when the costs of metering excess energy on a time

of delivery basis using older interval metering probably exceeded the value of the excess

energy delivered by a DG system.

10

11 Does the Commission have mies on net metering?

12

Q.

A. I have been informed that the Commission's current net metering rules are contained in Title

13 14, Chapter 2, Article 23 of the Arizona Administrative Code ("A.A.C.") (A.A.C. Section 14-

14 2-2301 et seq.).

15

16 Q. What were the advantages of net metering?

17 A.

18

Net metering:

Acted as an incentive to encourage DG

19

20

21

Was easily understood by customers

Caused little or no cost increases in the metering and billing process

Was an acceptable starting point for the net value of DG

22

23 Q. What were the disadvantages of net metering?

24 A.

25

26

Net metering:

Failed to educate customers about the mc varying value and cc>st of energy

Equated the value of excess energy to retail energy without adequate foundation

Q
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l

2

Allowed a customer to bank energy (i.e., store energy on the utility and withdraw it

later without any cost for that storage function)

3

4 Q. What is Staffs recommendation for net metering?

5 A.

6

7

Staff recommends that over the long-term net metering and the banking of excess energy

associated with net metering be eliminated and replaced with a direct mechanism for

purchasing excess DG energy that reflects the concepts discussed 'm Exhibit HS-3.

8

9 • Why should energy banking be eliminated?

10

11

12

13 1

14

15

16

17

Energy banking distorts the costs and value of DG because it does not recognize the time

varying value of eNergy and does not recognize the impact on the utility system. DG solar

may be exported during the winter and during mid-day, yet may offset energy purchases that

would otherwise occur in the summer. Other, relatively minor considerations include, for

example, when excess DG energy is fed back into the utility system it most likely passes

through the customer's distribution transformer where some of that energy is lost as heat. If

the energy is delivered to a nearby customer it also most likely will pass through another

distribution transformer incurring further losses. However "banked" energy is not reduced

18 by the possible losses but "returned" to the customer when needed to meet load. The

19

20

concept of banking excess energy treats DG differently that emerging storage devices, which

if located on the customer's side of the meter will have losses Tinto and out of storage) that

21 storage customers will pay for.

22

23 Q. What would be an ideal price mechanism for excess DG energy?

24

25

26

In a perfect world excess DG energy would be priced at real time avoided costs, with capacity

compensated separately based upon effective load carrying capabilities and various peak

conditions. However, presently the costs of tracking hourly delivery of excess DG energy,

A.

A.

Q
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1

2

3

billing and informing customers in order to properly price the excess DG energy for small

installations would be significant compared to the amounts involved and therefore a seasonal

or time period average price for excess DG may be cost effective.

4

5 Q. How does Staff recommend setting a price for excess D G energy?

6 A.

7

8

Staff recommends that DG customers be offered a price that is understandable, easy to

administer, is consistent with the utility's other opportunities to purchase energy with similar

characteristics and comports wide the utility's responsibility to procure energy at a reasonable

9 price. Since the utility has market power as a purchaser, it is appropriate that the price be

10 examined by the Commission and set in a rate proceeding.

11

12

13

14

15

The price offered shod begin with avoided energy costs along with appropriate losses

specific to that utility and/or its interconnected systems. The price may be further increased

if there is demonstrated or forecast capacity value for generation.

If the Commission determines a particular value forma, in this proceeding, then follow-on

16

17

proceedings such as rate cases and/or integrated resource planning processes are

opportunities for specie utilities to quantify the value of DG.

18

19 Q. Should the price of excess DG energy include a transmission component?

20 A. If the deferral or elimination of transmission assets and/or costs can be demonstrated. This

21

22

situation may occur when enough DG can be aggregated in a specific geographic location to

make an incremental difference. This value component should be an adder.

23

24 Q. Should the price of excess DG energy include a distribution component?

25 If the deferral or elimination of distribution assets and/or costs can be demonstrated. This

26 situation may occur when enough DG can be aggregated in a specific distribution area (feeder

Q

I y

A.



r

Direct Testimony of Howard Solganick
Docket No. E-00000]-14-0023
Page 20

l

2

or substation) to make an incremental difference. A feeder focused RFP process could be

used. This value component should be an adder.

3

4 Q . Should the price of excess DG energy recognize environmental effects?

5 A.

6

7

As discussed above, the avoided energy value includes an environmental component that

reflects the Fixed and variable costs necessary for a generating unit to meet environmental

standards, therefore no adder is needed. Payment for the value of due RECs should be an

8

9

adder only if the utility purchasing the DG energy also receives the REC; otherwise society

will pay for the REC twice. This value component should be an adder.

10

11 • How often should the price of excess DG energy be reset?

12 A.

13

For the time being, Staff recommends that the price of various components be reset in the

context of regdatory proceedings such as rate cases and be presumed to be in effect until the

14 next case.

15

16 * Should the price of excess DG energy aggregate various periods or vary with time of

17 delivery?

18

19

20

For the administrative convenience of the utility and the DG customer, one or more prices

can be set for homogeneous types of DG with similar delivery patterns that reflect a weighted

average of cost and delivery periods.

21

22 Q-

23

24

In the UNS Electric rate case, Staff has provided a model to determine the impact of

various rate design changes on solar DG customers. How do you view the use of the

model in valuing DG?

25 A.

26

The model Staff has developed is useful in examining "value" of solar DG only from the

perspective of the solar DG customer. It only adds anodler dimension to the analysis as the

A.

Q

Q
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1

2

3

4

value of solar differs from the perspective of each stakeholder. Utilities, utility shareholders,

so vendors, regulators, r1on~residential customers and residential customers will all have

different perspectives and value propositions. However, it is important to note that the

model does not estimate the profitability of solar vendors and their impact on solar DG

5 customers I

6

7 * Are you sponsoring the model in this case?

8 A.

9

10

11

No. Staff intends to utilize the model as another tool in upcoming rate cases looking at this

issue in attempting to determine the impact of various proposals on existing and future DG

customers. I am simply bringing this to parties' attention in this docket to demonstrate that

we need to consider new tools to look at the valise concept in a comprehensive fashion and

12 from different perspectives .

13

14 •

15

Is it your intent to address the issues raised by the Commissioners letters to this

docket?

16 A Yes. Below Staff addresses many of the issues raised by the Chairman in his December 22,

17

18

2015 letter. Staff will attempt to address the issues raised by the other Commissioners' letters

in rebuttal or during the hearing in this case.

19

20 Q- What issues did Chairman Little ask partier to address in this proceeding?

21 A.

22

23

24

25 O

26

Chairman Little posed many questions for the parties to this docket to address in order to

provide a better record for consideration. Staff addresses a number of his questions:

2. Over the past several years the cost of PV panels has declined significantly. Does the

declining cost of panels affect die value proposition? If so, how?

The declining cost of PV panels (and bounce of system) should, all other

parameters held constant, increase the profitably of a customer's PV system

Q

Q

E
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1

2

3

investment. Declining costs of PV panels also reduces the cost of utility

developed and third party developed large scale PV installations, which should

be considered competition for distributed PV installations.

4

5 3.

6

7 o

8

9

10

Is it appropriate to factor the cost of panels into the reimbursement rate for net

metering? If so, how?

More expensive panels (per sh) do not create any greater value. There should

be no need to consider the cost of panels (or the resultant system cost) when

considering net metering. Each decision-maker decides whether the benefit

received is adequate for undertaking the cost of panels.

11

12 4.

13

14 o

15

16

17

Does the cost and value of DG solar vary based on the specjflc customer location?

Should this variability be reflected in rates?

The costs of DG solar may vary due to customer specific conditions such as

roof orientation and tree shading. A locational variation in value (treated as

an adder) may occur if the DG solar is located on a distribution feeder that

can benefit from the mass installation of systems and offset distidbution

18 investment. Above the distribution level the value of  DG solar is not

19

20 6.

21

22 O

23

24

25

26

significantly affected by location within a compact service territory.

How is the value and cost of DG solar affected when coupled with some type of

storage? Should deployment of storage technologies be encouraged? If so, how?

With a versatile rate design such as a Three Part-TOU rate, the value of

behind the meter storage will increase due to the ability to both reduce

demand and shift energy consumption and export of DG energy. Adding

storage to a DG solar installation may effectively allow shifting of DG solar

production closer to load peaks to increase ELCC.

llllll II ulllul II
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1 7.

2

3

4

How does the value and cost of DG solar compare to the value and cost of

comrmmity scale and utility scale solar? How do the value and cost of DG solar

compare to that of wind or other renewable resources? HOW does the value and cost

of DG solar compare to that of energy efficiency?

5 O

6

7

Due to economies of scale, community and utility solar may provide lower

costs compared to DG solar while providing most or all of the value. Energy

along wide local

8

efficiency can provide similar distributed "effects"

employment and spending impacts .

9

10 8. How does the intermittent nature of DG solar affect its value and costs? Are there

11 Should these

12

13

14 o

15

16

17

18

19

technologies that could reduce the intennittency of DG solar?

additional costs result in changes to die value and the cost of DG solar? Should an

"intermittency factor" be applied to more accurately determine cost and value?

As discussed above, dispatchable generation (distributed or utility owned)

offers the flexibility to provide system support at any hour of the year; DG

solar or wind is inferior in that regard. Storage could be used to mitigate

some of the limitations of DG solar or wind. W/hen a price is set for the

purpose at delivered excess energy, intermittency must be taken into account

unless a varying real time price is used as a component of the net value

20 formula ,

21

um
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1 9.

2

3

4

To what degree is DG solar energy production coincident with peak demand? Does

the cost and value of DG solar vary depending on whether or not energy production

is coincident with peak demand? Are there policies that the Commission could

consider that address this issue?

5 O

6

Peak demand (and its timing) can vary among utility systems depending on

the mix of load and therefore a blanket statement cannot be made. The value

7

8

9

10

11

of DG does vary with time and can affect both the avoided cost of energy and

the customers demand. ELCC is a method to reflect the capacity value of an

intermittent technology. Staff notes that most utilities planning processes are

well able to address the issue of any resource's relationship to coiNcident peak

demand and, thus, this can be assessed by each utility in a relevant proceeding.

12

13 10.

14

15 o

16

17

18

19

20

21

22

23

Is it possible for DG solar to be more dispatchable? How does the ability to dispatch

or the lack of ability to dispatch affect the value and cost of DG solar?

At present DG solar as commonly installed is not dispatchable. If advanced

inverters are installed along with a centralized dispatch function then the

output of  a DG solar system can be reduced due to system or feeder

congestion. As discussed above, dispatchable generation that can be increased

and made available is more valuable than generation that follows weather and

daylight. Absent the use of storage Staff is not aware of a method (except

storage) to substantially increase the output of DG solar on command.

Tracking is expected to be used to maximize production, but not for

dispatchability.

24
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1 12.

2

3

How much should secondary economic impacts of  DG solar deployment be

considered in the value and cost considerations? Do investments and other types of

generation technology have similar, greater or lesser secondary economic impacts? If

4 so, how?

5 O

6

7

8

9

10

11

12

13

Staff recommends that secondary economics shod not be considered in

value and cost considerations of any resource choice because they are not

rewarded in the odder cases of customer inspired conservation, insulation,

high efficiency appliances and storage. CompMsons of local job content can

vary between technologies and whether jobs are construction, operations or

maintenance, sales and finance. Comparisons of local equipment content can

vary between technologies and whether equipment is manufactured locally or

produced in the United States or imported. These variations preclude valuing

secondary economic impacts easily or accurately, except in very rare

14 circumstances.

15

16 13.

17

18 O

19

20

21

22

23

24

25

26

How does .the value and cost of DG solar change as penetration levels rise? How

should this be considered in rate making and resource planning contexts?

As the penetration of DG solar increases Mere may be positive and negative

impacts at the distribution level. The positive impact of DG solar may

mitigate a future distribution investment. At the generation level, DG solar

may provide no savings for other customers if the avoided costs all flow to

the DG solar customer. As penetration increases, intermittency may require

increased dispatch and control activities and costs. If the production of DG

on a feeder becomes significant (higher penetration) the negative impacts on a

feeder can be mitigated through interconnection (and other equipment) and

potentially smart inverters. Staff recommends this consideration be deferred

I I  u l
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1 until DG solar penetration exceeds 15 percent and the issue becomes more

2 relevant.

3

4 14.

5

Should the fuel cost savings to the utility associated with DG solar be considered in

the value and cost determination? If so, how do we deal with the uncertainty of

6

7 O

8

9

10

11

12

13

14

15

16

17

future fuel prices?

Yes, fuel and other operational saving form the bulk of the avoided costs that

establish the value of excess energy delivered to the utility. Fuel forecast

variability is a significant problem that capacity planners treat by using a

vMety of forecasts and scenarios to make decisions probabilistically. As

discussed above other technologies such as energy efficiency and fuel-efficient

vehicles are not promised a fixed price for the life of the asset. Staff

recommends each utility use the same fuel price forecast for each potential

resource in its planning process so that DG is considered on the same bases

as, say, a natural gas plant. Staff recommends dealing with fuel forecast

variability by not setting too long of a term of prices for excess energy and

instead use a mechanism to recalibrate periodically.

18

19 17.

20

Does the grid itself add value to DG solar? If so, how should the value of the grid be

considered when assessing the value and cost of DG solar?

21 o

22

23

24

Yes, DG solar as generally installed requires connection to the utility grid to

operate and to sell excess DG energy. Most inverters will not operate without

voltage and 8:eq_uency from the grid. \Y/ith a Three Part-TOU rate, the costs

of the grid connection will be paid for by most DG solar customers.

25
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1 18.

2

3 o

4

5

Does the deployment of DG solar result in a reduction in the use of water in electric

generation? How shod this be considered when detemuining DG solar value?

Yes, if water is consumed in electric generation (such as cooling, steam cycle

slowdown, NOt control or power augmentation); but that cost difference

should already be accounted for in the Hied and variable O&M costs that are

6 included in avoided costs. Therefore, no value adder is needed for water

7 undessit has been inadvertently overlooked in the avoided cost comparison.

8

9 19.

10

11

12 O

13

14

15

16

Are there disaster recovery or backup benefits associated with the development of

DG solar? Are they reliable and quantifiable enough to determine tangible benefits

that might accrue to the grid?

No, for single installations that include inverters that shut down energy

production when the grid is unavailable, DG solar offers no benefits and a

slight increase in the time for restoration (due to safety measures that must be

taken to protect line personnel). Yes, if DG solar installations are aggregated

and Fitted with smart inverters and controls to allow "island" operation, only

17

18

19

those customers within the island will have service during mass outages.

However, the presence of islanded load pockets will complicate restoration

and increase the time to return non»is1anded customers due to the need to

20 obtain dsttibution dispatch clearances and resynchronize the islanded load.

21

22 20

23

24 o

25

26

What, if any, costs are associated with the utility providing voltage support and/or

frequency support or other ancillary services in support of DG solar installations?

If the impact of providing voltage support and/or frequency support or other

ancillary services are identified and become significant, they should be taken

into consideration. Also see the response to # 17.

i
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1 Q- Does this conclude your direct testimony?

2 A. Yes, it does.

g
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Exhibit HS-1

Testimony - Howard Soiganick

Arizona Corporation Commission
Case - UNS Electric Docket No. E_04204A-12_0504 (June 2013 and July 2013)
Client - Staff of the Arizona Corporation Commission
Scope - Testimony covered revenue decoupling, cost of service, revenue allocation, rate design and other
related issues.

Case .- Tucson Electric Power Company Docket No. E-01933A-12-0291 (December 2012 andjanuary 2013)
Client- Staff of the Arizona CorporationCommission
Scope .. Testimony covered revenue decoupling, cost of service, revenue allocation, rate design and other
related issues.

Case - Arizona Public Service Company Docket No. E-01345A-11-0224 (November and December 2011)
Client - Staff of the Arizona Corporation Commission
Scope - Testimony covered revenue decoupling, cost of service, revenue allocation, rate design and other
related issues.

Public Service Commission of Delaware
Case - Delmarva Power & Light Company Docket No. 10-237 (October 2010)
Client Staff of the Delaware Public Service Commission
Scope - Testimony covered cost of service, revenue allocation, rate design and other related issues including
revenue stabilization and miscellaneous charges. '

Case .. Delmarva Power & Light Company Docket No. 09-414 (February 2010)
Client - Staff of the Delaware Public Service Commission
Scope - Testimony covered cost of service, revenue allocation, rate design and other related issues including
revenue stabilization and weather normalization.

Case - Delmarva Power 8: Light Company Docket No. 09-277T (November 2009)
Client .- Staff of the Delaware Public Service Commission
Scope - Testimony covered a analysis of a straight fixed variable rate design for small gas customers and
implementation issues.

.

1

I

E

1

Case .. Delmarva Power & Light Company Docket No. 06-284 (Ianuary 2007)
Client - Staff of the Delaware Public Service Commission
Scope - Testimony covered cost of service, revenue allocation, rate design and other related is sues including
revenue stabilization or normalization.

3
3
I Georgia Public Service Commission

Case .... Atlanta Gas Light Company Docket No. 31647 (August 2010)
Client - Public Interest Advocacy Staff of the Georgia Public Service Comrnis Zion
Scope - Testimony covered revenue forecast, cost of service, revenue allocation, rate design and other related
issues.

Case - Athos Energy Corporation Docket No. 27163 (July 2008)
Client - Public Interest Advocacy Staff of the Georgia Public Service Commission
Scope - Testimonycovered rate design and odder related issues.
Jamaica (West Indies) Office of Utility Regulation
Case - Electricity Appeals Tribunal (August 2007)

1
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Direct Testimony of Howard Solganick
Docket No. E-000000J-14-0023

Exhibit Hs- 1

Client - Jamaica Public Service Company, Ltd.
Scope - "Witness Statement" on behalf of the Jamaica Public Service Company Limited. This Statement
covered issues relating to recovery of expenses incurred due to Hurricane Ivan.

Maine Public Utilities Commission
Case - Northern Utilities, Accelerated Cast Iron Replacement Program Docket No. 2005-813 (2005)
Client - Public Advocate of the State of Maine
Scope - Testimony covered an analysis of the program's economics and implementation.

Public Service Commission of Maryland
Case - Chesapeake Utilities Corporation Case No. 9062 (August 2006)
Client - Office of the Maryland People's Counsel
Scope - Testimony covered cost of service, rate design and other related issues.

Case - Baltimore Gas & E1ecf.tic's (1993)
Client - As president of the Mid Atlantic Independent Power Producers
Scope - Testimony covered BG&E's capacity procurement plans.

Michigan Public Service Commission .
Case - Consumers Energy Company Case No. U-15245 (November 2007)
Client - Attorney General Michael A. COx (Don Erickson, Esq.)
Scope - Testimony covered cost of service, rate design and revenue allocation.

Case - Consumers Energy Company Case No. U-15190 (July 2007)
Client Attorney General Michael A. Cox (Don Erickson, Esq.)
Scope - Testimony covered issues related to Consumers Energy's gas revenue decoupling proposal.

Case .. Consumers Energy Company Case No. U-15001 Quite 2007)
Client - Attorney General Michael A. Cox (Don Erickson, Esq.)
Scope .. Testimony covered issues related to Consumers Energy and the MCV Partnership.

Case .. Consumers Energy Company Case No. U-14981 (September 2006)
Client - Attorney General Michael A. Cox (Don Erickson, Esq.)
Scope - Testimony covered issues relating to the sale of Consumers interest in the Midland Cogeneration
Venture.

Case - Consumers Energy Company Case No. U-14347 (June 2005)
Client - Attorney General Michael A. Cox (Don Erickson, Esq.)
Scope - Testimony covered cost of service and revenue allocation.

Missouri Public Service Commission
Case - AmerenUE Storm Adequacy Review (July 2008)
Client - KEMA/AmerenUE
Scope - Oral testimony covered KEMA's review of AmerenUE's system major storm restoration efforts.

Case ._ Veolia Energy Kansas City, Inc. File No. HR-2011-0241 (September 2011)
Client - City of Kansas City, Missouri
Scope - Testimony covered various aspects of the Company's tariff provisions and the impact on the City of
Kansas City.
New jersey Board of Public Utilities

2
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Direct Testimony of Howard Solganick
Docket No. E-0000001_14-0023

Exhibit HS-1

Case - Cogeneration and Alternate Energy Docket # 8010-687 (1981)
Case - PURPA Rate Design and Lifeline Docket # 8010-687 (1981)
Case .. Atlantic Electric Rate Case - Phases I 8: II Docket # 822-116 (1982)
Case - Power Supply Contract Litigation .... Wiknington Thermal Systems Docket # 2755-89 (1989)
Case - NJBPU Atlantic Electric Rate Case - Phase II (1980-811 Docket # 7911-951 (Before the
Commissioners of the New jersey Board of Public Utilities)
Client - Employer was Adar tic City Electric Company.
Scope - The cases listed abovecoveredload forecasting, capacity planning, load research, cost of service, rate
design and power procurement.

Public Utilities Commission of Ohio
Case - The Application of Ohio Edison Company, The Cleveland Electric Illuminating Company, and The
Toledo Edison Company Case 07-551-EL-AIR Uanuary 2008)
Client - Ohio Schools Council
Scope - Testimony covers issues related to rate treatment of schools.

Case - The Application of the Columbus Southern Power Company 08-917-EL~SSO and the Ohio Power
Company Case 08-918-EL-SSO (October 2008)
Client - Ohio Hospital Association
Scope » Testimony covers issues related to rates for net metering and alternate feed service and related
treatment of hospitals. .

Pennsylvania Public Utilities Commission
Case - York Water Company Docket No. R-00061322 Qdy 2006)
Client - Pennsylvania Office of Consumer Advocate
Subject .. Testimony covered cost of service, rate design and other related issues, also supported the
settlement process.

Case - Pennsylvania- American Water Company Docket No. R-2008-232689 (August 2010)
Client - Municipal Sewer Group
Subject Testimony covered capacity planning, construction, treatment of future load and associated revenue,
cost of service, rate design, capacity fee and odder related issues.

I
I
I

Case .- Pennsylvania- .American Water Company Docket No. R~2008-232689 (August 2008)
Client ._ Municipal Sewer Group
Subject - Testimony covered cost of service, rate design, capacity fee and other related issues, also supported
the settlement process.

Public Utilities Commission of Texas
Case -. Determination of Hurricane Restoration Costs Docket No. 36918 (April 2009)
Client - CenterPoint Energy Houston Electric, LLC
Subject .- Testimony covered the reasonableness of die client's Hurricane Ike restoration process for an
outage covering over two million customers and a restoration period of 18 days

3
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off Grid No Export Responsive Non-Responsiv
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EXECUTIVE SUMMARY
VALUE AND COST OF DISTRIBUTED GENERATION

DOCKET no. E-00000]-14-0023

Mr. Solganick's rebuttal testimony details Staff's recommendations for the attributes needed
to derive the value and costs of DG in general and DG solar in particular.

Staff offers its perspective of the positions of various parties and analyzes the suggested
methodologies in the context of utility planning, operations and cost recovery. Staff also responds
to the positions of the various parties.

Staff also responds to some of the questions posed by Commissioners Forest, Bums and
Stump.

I
go l

I I I
, III | l | I ' '

I



r I

Rebuttal Testimony of Howard Solganick

Docket No. E-00000]_14-0023
Page 1

1 INTRODUCTION

2 • Please state your name, occupation, and business address.

3 A. My name is Howard Solganick. I am a Principal at Energy Tactics & Services, Inc. My

4

5

business address is 810 Persimmon Lane, Langhorne, Pennsylvania 19047. I am performing

this assignment under subcontract to Blue Ridge Consulting Services, Inc. ("Blue Ridge") .

6

7 • For whomare you appearing in this proceeding?
E
i
I

8 A.

9

I am appearing on behalf of the Utilities Division Staff ("Staff") of the Arizona Corporation

CoMmission ("Commission").

10

11 Q. Have you previously submitted testimony in regdatory proceedings?

12 A. Yes. I have testified and/or presented testimony (summarized in Exhibit HS- 1) before the

13

14

15

following regulatory bodies:

Arizona Corporation Commission

Delaware Public Service Commission

16

17

18

Georgia Public Service Commission

Jamaica (West Indies) Electricity Appeals Tribunal

Maine Public Utilities Commission

19

20
I
I

21

Maryland Public Service Commission

Michigmaan Public Service Commission

Missouri Public Service Commission

22

23

New_Jersey Board of Public Utilities

Public Utilities Commission of Ohio

24

25

Pennsylvania Public Utility Commission

Public Utility Commission of Texas

26

!
E
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Rebuttal Testimony of Howard Solganick
Docket No. E-000001-14-0023

Page 2

1 Q. Have you previously submitted testimony in this proceeding?

2 A. Yes. I previously provided direct testimony relating to value and cost of solar and addressed

3 some of Commissioner Litt;1e's questions.

4

5 4 Wheat is the purpose of your rebuttal testimony?
E
E

F
E

6 A. This testimony provides Staff's response to the direct testimony Bled by some of the

7 interveners and also responds to questions from Commissioners Forest, Bums and Stump.

8

9 REBUTTAL TESTIMONY

10 • What conclusions and recommendations did Staff draw in its direct testimony?

11 A.

12

13

Staff provided its perspective of the relative value and cost of various forms of distributed

generat ion "(DG") including drawing contrasts between various types of  generat ion and

deEming various drivers of value and cost.

14

15

16

Staffs perspective is based on specific conceptszl

V(/hat ha ens behind the meter is the customer's business.PP

17 The proper rate structure will offer accurate price signals to assist customers to make

18 decisions between, for example, conservation, insulation, high efficiency appliances,

19 storage or DG.

20 Rates for residential and small general service customers will transition to Three-Part

21 Time of Use ("TOU").

22 Costs and values are to be viewed from the perspective of all customers.

23 Utilities have a responsibility (enforced by the Commission) to provide service at the

24 lowest reasonable cost.

25

1 Solganick Direct 7:7
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A.

Rebuttal Testimony of Howard Solganick

Docket No. E-00000J-14-0023
Page 3

4

•

I | I ll | ll

If die deferral or eliirnination of transmission or distribution assets and/or costs is applicable

then these value components should be geographic adders,5 Geographic values should be

treated as distinct adders and not accrue to all energy delivered because the deferral of

transmission and/or distribution assets (or operational savings) is dependent on location.°

Staff suggested that the utility should consider a feeder focused adder to aftzract DG in certain

distribution locations, however there may be a threshold amount of demand drat mc DG

should offset for the adder to apply.7

The pr ice offered should begin with avoided energy costs along with appropriate losses

speci f ic to that  ut i l i ty and/or i ts interconnected systems. The pr ice should be fur ther

increased for the demonstrated or forecast capacity value for generation

What elements did Staff recommend to set the price for excess DG energy?

Staff developed its 1natrix2 that compared and contrasted various forms of DG

including generation, load shifting, storage, multiple forms of DG solar, wind, conservation,

insulation, efficient appliances and efficient HVAC. The purpose of the Staffs matrix is to

highlight that solar DG and many other alternatives offer similar attributes (tO&fferent

degrees). Based on the mam'x Staff drew many conclusions that are important when

determining value and cost.3

Yes.

determination?

Did Staff def ine DG and a number of terms that are relevant for the value and cost

III I' ll
i

EE.
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Rebuttal Testimony of Howard Solganick
Docket No. E_00000]-14-0023
Page 4

1 Environmental costs are included in the avoided cost value and therefore no additional value

2 i

i
x

3

is needed. If an emerging environmental cost will affect future energy and capacity then that

information shod be made available from the Integrated Resource Plan ("IP") process.8 E

!

4 i

I
I

5 Q. Which components of StamPs matrix are recommended for inclusion in the

6 development of values and costs?

7 A. The following elements from the Staff matrix should be included to develop the base value of

8 DG. Staffs matrix should be used to define what each form of DG provides value, as each

9 type of DG has a different value proposition.

10

11 o

12

13

14 o

15

Energy

(On 8: Off Peak) based on avoided cost including time dependency

(recognizing the value based on when the energy is delivered)

Capacity

Long-tenn based on ELCC when capacity is needed

Environmental

16 o

17

Presently included 'm avoided cost (SOX, NOX, water, land use, etc.)

therefore no additional value is needed

18 o Potentially a carbon component based on the IP process and emerging

19 regulation

20

21

22
!

i

t

I

f

1

23

The addition of losses is appropriate but they should be applied based on a specific study

(utilities generally have an energy loss study (and many have a demand loss study) that is used

in the cost of service process).

24
I
l

E

25

Energy

Losses adjusted for geographic location using the energy loss studyo

8 Solganick Direct 20:4
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Rebuttal Testimony of Howard Solganick
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1

2

Capacity

Losses adjusted for geographic location using the demand loss study.O

3

4 There are a number of geographic adders that may be effective in specific demonstrated

5 locations.

6 Transmission

7 o Long~term based on ELCC when capacity is needed and can be offset if there

8 is a true reduction 'm transmission costs and not a reallocation due to lower

9 energy sales.

10 Distribution

11 o Long-term based on ELCC when capacity is needed and can be offset.

12

13

14

15

There are a number of emergency capabilities that could also apply to some fonts of DG

that can be controlled by the utility (see Staffs matrix for applicability guidance and StafFs

discussion of "responsive"9).

16

17 O

18

Energy

Positive (value) if output can be increased under utility control.

Negative (cost) if output cannot be decreased under utility control.o

19

20 o

Capacity

Positive (value) if output can be increased under utility control.

21 Transmission

22 O Positive (value) if output can be increased under utility control.

23 Distribution

24 o Positive (value) if output can be increased under utility control.

25

9 Solganick Direct 12:7
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an - l l I

1

2 Some of these

3

4

5

6

7

8

9

9I
10

11

12

There are grid support services that could also apply to some forms of DG that can be

controlled by the utility (see Staffs matrix for applicability guidance).

capabilities are included in the avoided cost of a utility generation facility; therefore the

absence of these may be a cost to deduct. As the Commission evaluates whether these items

have value when provided by the alternate technology, it should look to the present state to

see if this value is being delivered now rather than presupposing that the market will evolve

and deliver these capabilities.

Reactive if available under utility control and needed geographically.

Frequency Regulation if available under utility control.

Operating (spinning) reserves if available under utility control.

Market price response if measureable and not already within the avoided cost (short

term effects).

13

14

15

There are customer costs to recognize as either per customer (unless judged to be very minor)

or for connection of the DG facility.

16

17

f

3
3
I

18

Metering 8: Reading

Billing (costs of applying bill credits and software changes to accomplish)

Customer Service

19 Interconnection (based on geographic location with recognition of congestion costs

20 or needed investments)

21

22

23

24

Staff does not recommend providing a value for social costs such as local economic

development as these items are difficult to quantify and not included in the raternaking

forma for existing generation and other facilities and not unique or incremental in DG.

25

i
3
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1 Q-

2 A.

3

What is the impact of RECs?

The compensation for energy should reflect whether RECs are delivered to the utility or

retained by the customer.° i
\

4

5 Q . Are there any reliability or resiliency benefits to DG solar as presently configured?

6 A.

7

8

9

10

11

12

13

14

Staff addressed this issue in its response to Chairman Little's question." At present few, if

any, DG solar installations offer reliability and resiliency benefits and the technology if

developed in the future will primarily benefit the DG customer, therefore there is no basis to

pay for a value that does not provide a benefit to nonparticipating customers. Customers

that are concerned about reliability beyond that provided by their utility often purchase at

their own expense backup sources of electricity or make appropriate plans to deal with the

emergency, therefore adding a value component is inappropriate. The presence of non-utility

generation on the grid complicates (and slows down) restoration due to requirements for

clearances to maintain safety of line workers.

15

16 Q. Does Staffs recommended values and costs impact the value of D G used behind the

17 meter?

18 A. No. The value of any DG used behind the meter is determined by the customer and the rate

19 schedule the customer purchases energy and capacity on.

20

21 Q- Are there other mechanical and/or rate setting issues involved?

22 A. Yes. Staffs direct testimony addresses a number of procedural issues.12

23

LG Solganick Direct 20:7
11 Solganick Direct 27:9
12 Solganick Direct 18:23 through 19:10 .
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•

Utility-scale and community-scale solar benefit from economies of scale, which lowers costs

and allows the use of smart inverters and other controls to tailor performance to the needs of

Community-scale solar may be located closer to the load and may be smaller than utility-scale

but can have similar attributes including increased production and better contribution to peak

demand due to tracking. Community-scale solar would typically use less of the transmission

system and have lower losses to the load.

Utility-scale would generally be connected at a substation and depending on size woad

support loads at that substation or connected substations. Due to the economies of scale and

location, the utility-scale solar can utilize tracking to maximize production and produce

energy earlier in the morning and later in the afternoon thus offering both energy and better

support of the utility's peak demand.

Are all DG resources alike?

Are all utilities alike?

Staff recognizes that each utility operates under different circumstances and challenges. The

customer density of various utilities varies and leads to different transmission and distribution

conflurations that will have an impact on geographic based costs including interconnection.

The utility's metering capabilities will also determine how detailed costs can be defined and

the corresponding rate design in place.

Staffs matrix demonstrates that there are a large number of types of DG vldth varying

characteristics, capabilities and attributes. Additionally, there can be geographical differences

among DG types that further affect performance. For DG solar there can be utility-scale,

community scale, residential and commercial and industrial ("C&I") .
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1 the distribution system such as providing voltage control and reacting to emergency

2 conditions.

3

4 Solar behind a customer's meter is generally smaller in size and more costly per kw. Tracking

5 is usually not used and in many areas the orientation of the panels has focused on maximum

6 energy production (south) rather that meeting demand (west). Losses due to distribution
8
r

I
I
I

7 feeder conductors are reduced compared to community-scale solar but distribution
|

8 transformation losses may be double (out then in) depending on customer density. Notably

9 behind the meter customer systems provide excess energy as the net of solar production less

10 the customer's internal load. Due to differences in load profile it is inappropriate to aggregate

11 residential Ami C&I systems within the same price structure as that will shift benefits between

12 two distinct customer classes.

13

14 • What are the points of agreement among the parties in this case?

15 A. The parties to this case, in general, agree that the price for excess energy delivered to the grid

16 shod include:

17 Avoided energy costs and appropriate losses.

18 Deferrable capacity costs including losses (based on ELCC) .

19

20 Q. What are the points of partial agreement among the parties in this case?!
!

!
1
8

21 A.

22

The parties to this case, in general, accept the concept, but do not agree on significant issues,

relating to theprice for excess energy delivered to the utility grid that might include:

23 Transmission capacity costs including losses but the methodology for computing the

24 value differs based on

25 O Lumpiness of assets versus continuous value

26 o Valuing deferral before need
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1 o

2

Level of penetration

Distribution capacity costs including losses but the methodology for computing the

value differs based on3

4 o

5 O

6 o

Lumpiness of assets versus continuous value

Valuing deferralbefore need

Level of penetration

7

8 Q- What are the points of disagreement among the parties in this case?

9 A.

10

There is a dichotomy among the parties to this case, in general, with only TASC and VS

suggesting the inclusion of values suchas: .

11 • Additional environmental benefits above regulations in place (such as SOX/NOX

12
v

13

14

15

16

and proposed carbon costs)

Improved electric reliability

Improved system operations

Economic development benefits

Using near term DG penetration

17

18 Q . We do our reviews not include rate des' , net metering and associated items?y y lg g

19 A.

20

21

22

23

24

Staff has held the position that the specific value of DG and the associated rate design should

be approved in the context of a rate case." Staff has provided its rate design and net

metering positions in the on-going UNS Electric rate case (15-0142), the Sulfur Springs

Valley Electric Cooperative rate case (15-0312.) and will be providing its position in the

Tucson Electric Power rate case (15-0322). Arizona Public Service is due to file its rate case

injure 2016 and Staff expects to provide its position in that upcoming rate case.

13 Solganick Direct 4.22

l
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1 Q. What is resource lumpiness?

2 A.

3

4

Utility scale resources often come in discrete sizes leading to lumpiness in the planning

process. For example, gas turbines come in discrete MW sizes, as do combined cycle plants

and some caseload generation. Transmission capability is often determined by voltage and

5 conductor size again resulting in discrete sizes.

6

7 Why is resource lumpiness problematic?
i

i

8

9

10

11

In order for a technology to reliably replace the utility resource the technology must

demonstrate the certainty that the alternate technology will reach the needed penetration to

displace mc utility resource. If the alternate technology does not ultimately reach the needed

size then it Ody delays the resource but does not eliminate it.

12

13 Q. Are there timing constraints associated with resource development?

14 A. Yes. The development of a major resource may require siring, permitting, engineering and

15

16

construction before the resource can be placed into service. Therefore the valuation process

should consider that the steps in resource development may occur and then a sufficient

17 volume of alternate resources might supplant the construction of the resource. In this

18

19
Ir

20

situation the costs of siding, permitting and engineering may not be avoidable but may need to

be performed as a contingent expenditure to f low the uti l i ty to be ready should the

distributed resources not materialize in time to meet customer needs. Staff recommends that

21 if these costs are not avoidable then they should not be included in the value proposition.

22
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1 • Does the suggested use of long-term forecasts generate concern about their

2 application?

3

4

5

Yes. RUCO, TASC and VS recommend the use of a 20 to 30 year horizon" and RUCCY5

and VS16 suggest that the value of avoided energy be levelized for excess energy supplied by

DG solar.

6

7 Does Staff agree?

8

Q.

A. This suggestion brings several concerns into focus.

9

10

11

12

13

14

15

16

17

18

19

Unlike utility or community-scale DG solar, the output of rooftop DG solar is the net of the

production less customer usage. There is no requirement that the DG solar customer deliver

a specified portion of the production over the life of the installation. There is the potential

for the DG customer to respond with a "snapback" effect, which is when a customer sees

how much they are saving they use some incremental energy as compensation for their

efforts. The increased "compensation" might be lowering the thermostat by one or more

degrees during the summer season and thus reducing the excess energy delivered to the utility

grid. In the future a solar DG customer may decide to switch to an electric vehicle and

reduce the excess energy delivered to die utility grid. Advocates of levelizing energy savings

may not recognize that these later events distort the levelization of value.

20

21

22

23

Although RUCO supports a twenty-year horizon it es a less expansive view of costs and

berets and proposes to include only easily quandflable costs and benefits and focus on

categories related to the energy system."

24

14 Huber Direct 13:7, Beach Direct 18'12 and Kobor Direct 23:1
15 Huber Direct 12:26
16 Kobor Direct 22:24
17 Huber Direct 13:7

A.

Q
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1

2

Before any long-term view is taken, the life of the alternate technology should be explored to

ensure it matches the term used in the analyses.

3

4

5

6

7

Staff recommends that a long-term analysis be undertaken with great care because of the

potential for overpayment. The use of too low or too high of a discount rate should be

avoided as this tilts the valuation higher. By revisiting the valuation in the utility's rate case,

values can be increased if avoided costs rise in the future beyond the forecast used in the

8 previous case.

9
3
1

10
l
i

4

11

TASC and VS recognize that the analysis they are recommending may require

additional data that utilities are not presently using. Does this create a concern?

12 A. Yes. Moving the level of analysis that utilities perform forward is a reasonable consideration

13 TASC

14

15

16

but the cost, pace and usefulness for util ity customers must be considered.

acknowledges that some of the data needed to bolster or raise the value of DG solar is not

presendy available in utility planning." VS wants third party review and funding for that

additional review."

17

18 Staff recommends that any discussion of enhanced analysis takeplace within die IP process.

19

20 Q.

21

Both TASC and VS envision the use of smart inverters and storage as solutions to

various issues." Should these solutions be used to recognize value now?

22 A. This issue is better addressed in rate cases wherein the value of DG solar or other

23

24

technologies are quantified and approved. Staffs recommended Three-Part TOU rate design

and net metering price the value of both demand and energy to allow all customers to make

la Beach Direct 22:1
19 Kobol: Direct 5:13
20 Beach Direct31:1 and Volkmann Direct 13:3

Q
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1

2

choices in their usage, time of usage and intensity of usage. Storage technology is one way for

all customers to make economic decisions that are rewarded by this rate design.

3

4

5

6

7

8

9

Staff" and APS" have recognized that there are emergency conditions such as Low Load

(excess generation) that may be partially alleviated by coordinated actions from smart

inverters. However, until the so DG industry demonstrates that the technology can be

controlled and includes smart inverters as standard equipment, Staff recommends that it may

be more appropriate to subtract value from DG solar for its inability to react to this

emergency condition unlike some other forms of generation and storage.

10

11 Q.

12

TASC suggests that there is a fuel hedge value to DG solar" that should be measured

and used to iNcrease the price of excess energy. Does Staff agree?

13 A.
*

14

15

16 even

17

I have seen little evidence that electric utility customers are demanding more reduction in

long-term pricing volatility. In competitive supply states residential contracts appear to

extend out a few years at most. Utility energy adjustment programs are generally annual or

shorter durations. Staff suggests electric customers do not value a partial fuel price

hedge and one should not be applied.

18

19 Q-

20

TASC suggests that there is a market price mitigation value of DG solar" that should

be used to increase the price of excess energy. Is this function unique to DG solar or

I 21 measurable?

3
I

22 A.

23

24

The suggestion appears to be that DG solar reduces the load on the grid and therefore

reduces the energy price level for all customers. This economic concept is hard to measure

and conE1:lrn. DG solar is inferior in dis respect compared to other forms of DG as shown

21 Solganick Direct13:9 and Exhibit HS-3
22 AlbeitDirect 14:8
23 BeachDirect20-21 Table 2
24 BeachDirect 20-21 Table 2

In; ' l l l l I l l ' | |.. I

al



I

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Zs Kobor Direct 24:7
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•

VS' suggestion to use current penetration levels also removes from the analysis the costs of

congestion on feeders and impacts on system operations due to higher penetration of DG

production and excess energy. This suggestion will cause the costs due to DG solar to be

understated. Staff recommeNds that the level of penetration be synchronized with the period

of analysis to properly match value and costs so that analyses are internally consistent.

that the analysis be over a twenty to thirty year tenn.2° TEP suggests that as penetration of

DG solar rises the peak may shift later into the evening." If this is the case then the ELCC

of DG solar will decrease (potentially to zero) and reduce the capacity value.

Yes. VS focuses on the present for the estimation of solar DG penetration." It .also suggests

VS suggests analyzing the value of DGsolar using current penetration but then

asserts that the analysis be over a long-term. Does this create a dichotomy?

in StafFs matrix. Increased insulation, efficient appliance and efficient HVAC provide this

response on a more certain basis as the load reduction effects of these measures are more

predictable and less subject to customer's future actions. Responsive DG when called on also

could provide aNs effect. DG solar may provide this effect subject to the DG customer's

usage. On hotter days the amount of excess energy may be reduced to serve the increased

needs of the DG customer. Based on the limited estimation of the effect and the likely more

predictable response of other forms of DG compared to DG solar, Staff recommends this

concept should not be used to increase the value of DG solar excess energy.
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1 • Please provide a review of Arizona Public Service ("APS") witness Leland R. Snook's

2 direct testimony.

3 A.

4

5

6

7

APS witness Snook states the Cost of  Serv ice Study ("COSS") "does not consider

environmental or economic development benefits because they are not part of the cost to

serve customers. They are intangible and u quantifiable values. If they are to be considered

at all, died are more appropriately considered in a resource planning context when comparing

resource alternatives."" He also provides an estimate of the percentage of a DG solar

8 instalIation's capacity that offset's generation requirements as "at most 19 percent".29

9
iII

4

10 • Please provide a review of APS witness Bradley J. Albert's direct testimony.

11 A.

12

13

APS witness Albert recognizes that energy losses are reduced when energy is consumed at the

same site because this power does not have to travel across the grid." His short-term

estimate is 7 percent over a year and 12 percent at the time of peak demand." He reminds us

14 some other generation sources do not emit CO2 or other types of emissions. These

15

16

17

18

19

generating sources include solar, wind and nuclear." He also discusses the need to curtail

energy production" a condition that Staff discussed in its direct testimony". He suggests

three potential ways to esdrnate the value of rooftop solar based on short-term avoided costs

(time varying energy market costs), long-term avoided costs (resource planning) and grid-scale

adjusted cost (market competitive).35

\ 20

28 Snook Direct 18:7
29 Snook Direct 18:19
30 Albert Direct 8:25
so Albert Direct 24'1
32 Albert Direct 13'23
33 Albeit Direct 14:8
34 Solganick Direct 13:9
35 Albert Direct 16:18
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36 Stirling Dimes: 5:11 and 6:8

37 Sm':li1r1g Direct 6:24
38 $519i98 Direct  8:7

39 StisdingD i r e c t 8 ' l 8

40 S'i1=1i1=s Direct 9:20

41 Hedrick Direct 10:15

42 H¢dn¢k Dliscect 11:8
43 Hedrick Di rec t  13 :11
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•

also explores the impact of DG the distribution system and argues that costs are not

reduced and that additional equipment may be needed." He highlights that rates are set

based on expenses that are known, measureable and continuing."

which contracts do not provide for a capacity cost reduction opportunity due to DG." He

GCSECA witness Hedrick highlights the position of cooperatives including those that

purchase energy and capacity from entities such as Arizona Electric Power Cooperative,

Please provide a review of Grand Canyon State Electric Cooperative Association

("GCSECA") witness David W. Hedrick direct testimony.

zero" and losses were considered at body the transmission and distribution 1eve1s4o.

transmission was valued based on point to point service rates38, distribution was estimated at

The first three items are estimated witixin TVA's Integrated Resource Planning process,

distribution and losses) as these are currently quantifiable value streams that impact TVA.56

should be included (generation deferral, avoided energy, environmental, transmission,

working group

APS

Please provide a review ofAPS witness John Stirling's direct testimony.

comparative resource to benchmark the value of DG.

differences and similarities of various alternatives. Staff is willing to consider the use of a

Staffs initial testimony recommended the recognition of losses and its matrix highlighted the

| 11111 111111.111111 'r'11 111

witness

we

Stirling

t o evaluate the value

describes the

l | ll II
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process

of solar and the

I I

used by a

determination

Tennessee Valley

that six

Authority ("TvA")

"value streams"
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44 Huber Direct 1:13
45 Huber Direct 2:17
46 Huber Direct 4'2
47 Huber Direct 10:22
48 HuberDirect11:7
49 Huber Direct 11:18
50 Huber Direct 12:1
51 Huber Direct 12:10
52 Huber Direct 12:19
so Huber Direct 13:7
54 Huber Direct 14:2
55 HuberDirect 18:19
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concentrated among a smaller group of customers compared to EE51. All of these items

suggest (to RUCO) that impacts should be evaluated from the perspective of non-DG

customers." He asserts that a twenty-year horizon be used and only easily quantified costs

and benefits be included." Further, lost revenue and intermittency (resulting in potential

additional operating reserves) should be determined." Benefits of solar are considered to

include fuel cost savi.ngs55, deferred capacity costs based on coincidence with peak demand

He highlights "Value should be a consideration but the amount one pays should be as cost

based as possible."45 "Additionally, RUCO believes that nearly all of the benefits that DG

solar could provide to utility customers can also be provided by utility-scale or community-

scale solar."'" He asserts that DG solar is less accessible to customers in contrast to energy

efficiency ("EE")47, that EE offers More diverse grid impacts'"', that PV systems mask but do

not reduce a customer's load4°, solar can increase utility system costs" and the benefits are

Please provide a review of Residential Utility Consumer Office("RUCO") witness

Lon Huber's direct testimony.

Staff notes GCSECA's cooperative distribution uti l i t ies have a different cost structure that

must be given due recognition. Also, GCSECA also advocates, as Staff does for the inclusion

of expenses that are known, measureable and continuing, the present ratemaking formula.

RUC() witness Huber highlights RUCO's focus on the 97 percent of residential customers

that are non-solar and the costs to serve DG customers that are paid by non-DG customers.44
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1

2

3

4

using Effective Load Carrying Capability ("ELCC")56 and the impact of solar penetration

He estimates that DG could "possibly" result in changes in distribution and transmission

capacity needs." RUCO asserts "Generally speaking, community and utility scale solar

located within the distribution system have been shown to be more cost-effective (lower

5 18/MW) than DG so1ar."59

6
I

7 •
I
i

8

Please provide a review of The Alliance for Solar Choice ("TASC") witness B.

Thomas Beach's direct testimony.

9 A.

10

11

12

13

14

15

TASC witness Beach argues "DG located behind the meter will both reduce demand for

power from the utility, and, at times, will supply power to the utility.""° " a DG system

appears no different than if the customer had installed a more efficient air conditioner or

simply decided to reduce his power usage in the middle of the day."61 He argues that benefits

and costs shod be analyzed from multiple perspectives of the utility system, participating

NEW customers, and other ratepayers ._ so the regulator can balance all those important

interests."62, use a broader set of benefits and costs including transmission and distribution

16

17

18

19

20

21

capacity and losses°3, calculate the benefits and costs over a 20 to 30 year lifetime

(corresponding to a DG system)6' and focus on expons'5. TASC highlights "avoided cost

savings" and includes avoided energy (and losses), avoided generating capacity (and losses),

suggests that marginal line losses are double the system average, avoided ancillary services,

avoided T8cD capacity (location specific), avoided environmental costs (can be included in

avoided energy costs), avoided carbon emissions, fuel hedge (forward cost plus hedging

56 Huber Direct 17:9
av Huber DireCt 18:1
as Huber Direct 19:1 and 19:11
59 Huber Direct 23:15
so Beach Direct 10:21
61 Beach Direct 12:26
so Beach Direct 17:20
as Beach Direct 17:29
64 Beach Direct 18:12
as Beach Direct 18'22
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1

2

3

costs), market price mitigation, avoided renewables (avoided utility owned or contracted,

societal benefits (climate change damages, scarce water resources, lower air emissions, fewer

power outages, greater local economic activity), less costs for integration, administrative and

4 interconnection and possibly lost revenues." He argues that all of the categories are

\
5

6

7

8 1

9
E
4
t
33

10

11

quantifiable and the quantification may require data and/or calculations that utilities may not

produce today in the normal course of business."7 TASC focuses on "... DG will remain a

viable economic proposition for participating ratepayers." TASC highlights that rooftopor

other renewable distributed energy technologies provide greater choice and new capital, new

competition, grid services (if smart inverters are employed), enhanced reliability and resiliency

(when paired with storage), high tech synergies, customer engagement and self-reliance, but

recognizes that these benefits of choice are "difficult to express in dollar terms".69

12

13 Q.

14

Please provide a review of Tucson Electric Power ("TEP") witness Carmine

Tilghlmlan's direct testimony.

15 A.

16

17

18

19

20

21

22

23

'REP witness Tillman highlights "... the Company believes that it is no longer appropriate

to pay full retail credit for DG solar when a utility-scale solar facility on the same distribution

system can be built or purchased for approximately half the cost and that provides the same

green energy with the same environmental attributes."7° He poses a significant question

relating to solar panel orientation "A western facing panel provides greater production duNg

summer peaking hours, but at an economic impact to the customer based on current rates

and NEM policies. The Commission must determine whose value they're going to consider _.

the individual customer who purchased the system, the utility looldng to reduce their overall

system cost, or society in general who wants to lower rate impacts with increasing renewable

66 Beach Direct 20-21 Table 2
67 Beach Direct 22:1
as Beach Direct25:6
69 Beach Direct 31'1
70 Tillman Direct 4:13
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1

2

3

4

5

6

7

8
i

9

10

11

12

13

14

15

16

17

18

energy?"7' He replaces the concept of intermittency with a requirement for appropriate

values and costs including dentnand rates and ancillary charges." Coincidence between the

utilities ann system peak and DG solar is approximately 30 percent, but solar production is

effectively zero two hours after the peak when the utility load is still 90-93 percent of the

system peak." He asserts that bi-directional flow on the distribution system will require

modifications and upgrades." Tillman raises the questions as to whether providing

compensation for societal benefits, secondary economic impacts and other subjective

benefits, if the Commission determines some value for them, should be compensated

through utility rate design or by state or local government." He highlights that with

increasing penetration of solar systems the utility must take into consideration the right

combination of resources to respond to the daily timing (compared to load) along with

variability and intermittency.76 He acknowledges the potential for transmission capacity

deferral but notes that a long-term peak shift may reduce this with increased solar

penetration." He also recognizes the potential for distribution capacity deferrals." He raises

an interesting question relating to the value the utility grid provides to DG solar by providing

a sink or storage for excess production and asks whether the utility should be compensated

for this value based c 1 the cost of storage. He acknowledges that water savings exist and

are included in the avoided energy cost"

19

20

21

Staff agrees with TEP that the values and costs of SOM can be benchmarked with utility-scale

and community-scale solar, that there may be a deferral value for transmission and

;Tzlghnnan Direct 11:14
Tillman Direct 13:7

75 Tilslmnw Direct 14:10
74 Tillman Dilnect 16:4
15 Tilglznman Distract 17:20
76 Hangman Direct 20:7
77 Tillman Diicect21:1

78Tnglmm, Direct 22:1
79 Tillman Direct 23:16
so Tillman Direct 24:4
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31 Solganick Direct 18:9
sz Overcast Direct 8:19
83 Overcast Direct 44:16
as Overcast Direct 45:1
as Overcast Direct 46:4
86 Overcast Direct 47:2
87 Volkmuann Direct 6:3
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VS witness Volkmann suggests that DG can add significant value by defensing capital

investrnent87 and can have zero costs or require additional measures to accommodate the

testimony.

Please provide a review of Vote Solar ("VS") wi tness Kurt Volkmann's di rect

different than a competitive power plant that bears the fuel cost risk 'm the short term.86

TOP witness Overcast argues "With regard to solar DG the proliferation of rooftop solar is

not the least cost alternative to acquiring renewable energy resources or even solar DG as the

cost of  solar is subject to economies of scale just as uti l i ty cost benef it f rom scale

economies."82 He characterizes a rate case as a near term analysis and an IP analysis as long

term." He argues that long term energy forecasts should not be used and levelized but rather

based on the short term marginal costs and that the capacity avoided costs are by their nature

long-term <:osts.84 He suggests that avoided capacity costs be established by the vintage of the

installation and also by a market process such as competitive biddirlg."5 He asserts that

energy payments based on short run costs is the exact same way that utility generation

recovers energy costs and that there is no economic reason that solar DG shod be any

Please provide a review of TEP witness H. Edwin Overcast's direct testimony.

circumstances.

distribution at certain geographic locations, that water costs are included in the avoided

energy cost and raises the question of quasi-storage due to banking that Staff has

recommended should be considered for elimination from net metering depending on
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89 Volkimarm Direct 7:8
90 Volkmann Direct 13:3
91 Volknuann Direct 14:3
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VS's proposal to require advanced inverters should be considered by the Commission. Staff

has provided additional information about water consumption at generating plants and VS

has contributed to this discussion with additional in formadon. Staff suggests that rather than

requiring utilities to disclose the capabilities of all feeders that Staffs suggestion that utilities

and for TEP at $000028 per kWh.94 He suggests inputing reductions in service interruptions

or reduced duration if the DG can operate without the grid." He suggests that distribution

planning processes consider the impact of DG as coordinated a1ternatives.°°

requirement for DG solar and storage installations and opines that this will be an additional

input into the DG solar valuation methodology.°° He discusses the coincidence of DG solar

and utility residential and commercial local peaks and suggests that storage may improve the

coincidence with local peaks.9' He recommends that the Commission adopt a detailed

marginal cost of service methodology for valuing both transmission and distribution capacity,

which he recognizes as data-intensive. He also suggests that where DG makes small,

incremental contributions to increase transmission capacity in areas where no immediate

capacity upgrade is planned, that aNs relief has value and should be recognized." He suggests

similar treatment for distribution capacity." He provides information on water usage and

references a 2011.WRA report and computes the water value for APS as $000018 per kph

t r a d i t i o n a l  u t i l i t y  s o l u t i o n s . "

increased load on a feeder88. He suggests that utilities disclose the capabilities of feeders to

accept DG in order to reduce costs and enable providers to offer innovative alternatives to

He recommends the Commission adopt a smart inverter

8
3
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1

2

use an RFP process when feeder capacity is needed would offer a similar result at lower

cost." Staff also does not agree that enhanced reliability and resiliency occur with DG solar

3 alone or provide benefits to non~participants.°8

4

5 Q- Please provide a review of VS vsdtness Briana Kobor's direct testimony.

6 A.

7

8

VS witness Kobor recommends that the focus be on the energy exported to the utility grid99,

examine cost effectiveness from the perspective of non-participating customers and include

impact on utility rates, incorporation of environmental impacts, improved electric reliability,

I

i

i

8
I

i

9 improved system operations and economic development beneEts.1°° She recommends

10

11

12

13

14

focusing on near tern levels of DG penetration.1°' She requests funding for third party

analysis of a us]ity's proposal to reform the rate structure and that the results of the DG

export valuation be used in the utility's general rate case proceeding to inform DG rate

design.'°2 She opines that DG valuation must include the full range of 1ong~term benefits and

costs and are utility specific."'3 She recognizes that utility ratemaking is based on a one-year

15 test year focused on current uti l i ty costs'"4 and that env ironmental and economic

16

17

18

19

20

development benefits should not be ignored because day do not fit the historical mold of

cost-of-service ratemaking"'5. , She suggests analyzing all DG solar (residential and

commercial/industrial), analyze value over the life of a DG system (20 to 30 yearswé), use an

appropriate discount rate (inf lation, not WACCW); use a nea1:~term forecast of DG

penetration (1 -3 yearswg) and analyze capacity on a continuous basis (recognize the modularity

1
3
8

97 Solganick Direct 19:24
pa Solgamick Direct 27:9
99 Kobor Direct 8:18
100 Kobor Direct 4:14 and 4:20 and 19'21
101 Kobor Direct 5:1
102 Kobor Direct 5:13
103 Kobor Direct 8:1
104 Kobor Direct 10:3
105 Kobor Direct 12:22
106 Kobor Direct 22:22
107 Kobor Direct 23:5
108 Kobor Direct 24:1
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1

2

3

4

5

6

7

of DG additions1°9)."° She asks for the use of scenarios to address uncertainty of future rate

design."' She suggests using long-term Energy Information Administration (25 year) fuel

projections and sensitivity ana1yses."2 She supports the addition of line losses and ELCC for

capac.ity."3 However, she requests recognition of capacity reserves for utility generation but

may imply that similar reserves are not needed for DG solar."" She argues that rooftop DG

solar requires a robust local workforce drat includes installers, manufacturers, sales associates,

and distribution workers along with a multiplier ana1ysis."5

8 E

I

!

9

10

11

12

b

13

14

15

Staff agrees with VS that the focus is the energy exported to the grid and that the perspective

be that of non~partic.ipants and line loss and ELCC have a place in the analysis. Staff does

not support limiting the longer~term analysis to near tern levels of penetration as this induces

a mismatch. Staff has concerns about using long-term fuel forecasts due to past

performance. Staff suggests that there is a mismatch when rooftop D G solar's economic

impact considers labor force while the economic impact of utility generation is not

considered within the ratemaking process.

16

17 •

18

Is there a Commission process in place that provides information to establish the

value of DG in a rate case?

19 A.

20

21

The major Arizona utilities file bMnual Integrated Resource Plans ("IP"), which detail the

generation and transmission options that the utility is and has considered during its process to

develop a long-term resource plan. The basis for the long-tenn resource plan starts with a

109 Kobor Direct 25:1
no Kobor Direct 17:13
111Kobor Direct 27:11
112 Kobor Direct 28:5
119 Kobor Direct 51:6
114 Kobor Direct 31:21
115 Kobor Direct 35:5
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Commissioner Forese expressed his concern that the parties may move to positions that are

rigid rather than searching for "win-win" scenario. Staff supports the Commissioner's more

optimistic viewpoint and notes that its position allows for evolution over time. Although

Staff adopted its long-term rate design proposal for Three-Part: TOU rates in the on-going

UNSE case (15-0l42)"6 that position did not call for the immediate suspension of net

metering and also supported partial "grandfathering""8 to recognize dirt certain customers

had been "early adopters" at the urging of  many constituencies and thus deserved

consideration as the rate design and/or net metering evolved.

Commissioner's concern, Sniff has recommended that there be an adder to reflect geographic

differentials depending on the specific distribution infrastructure if DG can replace or

What issues did Commissioner Forest ask panties to address in this proceediNg?

Once a series of load forecasts are developed then the utility can move to capacity planning

with the impacts of customer-side effects such as energy efficiency ("EE"), appliance

efficiency, demand side management ("DSM") and DG woven into the capacity planning

process. In certain cases these "subtracters" may leave the required peak capacity needs static

but the capacity planner may consider retirements, fuel conversions and emerging or potential

emissions requirements. Generation also has the capability to stand in for some level of

transmission and capacity planners consider this function in parallel with supply requirements

at specific locations on the grid. Conversely purchases supported by a robust transmission

grid can offer alternatives to construction of new capacity.

defined load forecast commonly called the base case. Robust IP include several sensitivity

cases around the base case load forecast to account for variations in the load forecast drivers.

4
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1

2

3

4

5

6

significantly delay needed upgrades or expansion."9 Staff also notes that its Three-Part TOU

proposal does not specifically single out any customer subclass including DG.120 To address

the initial post transition impact of Staffs recommended Three-Part TOU rates Staff

proposed a 15 percent cost per kW incentive for DG solar installations for the six months

after the completion of the full aansition.121 Taken togedier Staffs proposals in the UNSE

case form a foundation suitable for that utility for a win-win approach to the various issues

7 involved.

8

9 *

10

Commissioner Bums expressed his concerns over the interrelationship of energy and

water as it specifically relates to Arizona.

11 A.
as

12

13

14

Staff recognizes the nexus between energy and water, many of the existing generation

technologies require water as the "working f1u.id", for power augmentation and also for

cooling. Staff witness Zachary Bra furn has filed rebuttal testimony detailing the use of water

for Arizona power generation.

15

16

17

18

19

The use of water for the working fluid within Rankling cycle steam power plants (fueled by

nuclear, coal or gas) accounts for limited water consumption as the water is recirculated

between the boiler and steam condenser and requires limited water slowdown and makeup to

maintain the quality of the working fluid The operating costs for a power plant induce the

20 cost of such water usage.

21

22

23

Water can also be used to augment power production in combined cycle or combustion

turbine power plants by cooling the inlet air and/or steam injection. This tradeoff of

119 Solganick Direct 12~1 and 19:24
120 Solganick Direct (15_0142) 32:11
121 Broderick Rebuttal (15-0142) 13:20
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1 increased production through increased water usage is included in the operating costs for

2 such power plants.

3

4

5

I

6

7

Water has been historically used as a cooling medium for many power plants, initially in once

through cooling and more recently through the use of cooling towers. Power plzmts have

been developed that use air-cooling in place of water-cooling but there can be performance

impacts. Staff notes positively that Vote Solar witness Volkwmann has raised this issue and has

8 provided some initial infonnadon to evaluate the impact of water on power generation. The

9 typical utility IP would also use dmese types of evaluation methods to consider the water

10 energy nexus.

11

12

13

14

15

16

17

18

The quantification of the amount of water used in various forms of power generation ranging

from once through cooling to technologies that do not require water including air cooled

rs and certain forms of  DG (wt i,. large scale and rooftop solar) is a reasonably

accomplished engineering function. \What is challenging is the pricing of the cost of the water

consumed The price of water can range &om present average costs, recognize the estimated

increased future cost of water or consider the use of reclaimed water. Staff supports the use

of analyses that include a focus on the cost of water or the value of the avoidance of the use

19 of water.

20

21 Q.

22

Commissioner Burns also highlighted the potential advantages of combined heat and

power including its use in the agricultural sector.

23 A.
3

I 24

Staffs direct testimony specifically recognizes the potential value of combined heat and

power.'22 Staff also has recommended that behind the meter DG be considered in a

122 Solganick Direct (15-0142) 5:12
123 Solganick Direct (15-0142)7:7
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parties' thoughts?

Generation included debate on whether a remote solar generation station should receive

equal treatment with rooftop solar, with regard to calculating the value of solar. What are the

What issues did Commissioner Stump ask parties to address in this proceeding?

Commissioner Stump posed many questions for the parties to this docket to address in order

to provide a better record for consideration. Staff addresses a number of his questions:

1.

broader sense than DG solar, as there are many altematives'24 with various positive

attributesvj that should be considered within the IP process. The production of energy

through mc use"Of agricultural waste can and should be evaluated within the IP process

where such potential opportunities exist in Arizona.

The Commission's May 7, 2014 workshop on the Value and Cost of  Distributed

12(cost. 1

solar to provide similar control capabilities.

Staffs direct testimony addressed the cost differential between the two types of DG

solar and the utility's requirement to procure resources at the lowest reasonable

A remote solar generation station (often called utility-scale) is different from rooftop

solar due to the economies of scale (usually lower costs) and differential losses

between rooftop solar located nearer to load and utility-scale solar located at or near a

transmission or distributions substation. At present utility-scale solar could be more

easily controlled in response to system (grid) needs, while in the future wide spread

use of smart inverters combined with some centralized control may allow rooftop

E
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1

2

2. Why argue dlat a value of solar proceeding is important only for the resource-planning

purposes, given that discussions about cost-shifts are informed by discussions on the value of

DG.3

4 VVhi1e the discussions about cost-shift can be informed by the value of solar, the value

of solar should not be used to allow the continuation of cost-shifts. Staff has5

6

7 a
!

8
4

I

9

10

11

12

13

14

15

recommended the mandatory transition to a Three-PartTOU rate design as it

properly prices the discrete elements of demand, energy and customer for all

customers when fully implernentedm Staff also supports that what happens behind

the meter is the customer's business and that views all technologies on an equal

basis.'28 The purchase of energy from other utilities or a customer should be driven

by a reasonable cost standard." If the Commission then determines that DG solar

lot any other technology) can add value to Arizona and that value should be

compensated through the utility regulatory policy, then that incremental

compensation should be identified and separately paid for. Examples might include a

distribution adder if substation enhancements can be eliminated that would be paid

16 only to those customers that made the elimination possib1e."0

17

18

19

20

21

22

23

3. In 2014, lost fixed cost associated with EE programs amounted to $24.1 million out of

$34.5 million in total cost shifts. Do recoverable EE lost fixed costs constitute a greater

proportion of the total lost Fixed cost revenue at hand? Discuss how value-of-solar

discussions are informed by comparing the impacts of solar versus EE on the grid. Is dm per

customer shift larger for solar versus EE customers? Why is the greater customer

accessibility of EE programs relevant to this discussion? How does the average DG user's

127 so1gma¢k Direct (15.0142)3041
128 Solganick Direct 7:7
129 Solganick Direct 8:4
130 Solganick Direct 19:24 and 22:14
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g9
1
1

1 demand curve differ from an EE user, and describe its effect on the grid, given that the EE

2

3

4

5

6

user is not in need of backup power, unlike the solar DG user.

The relative magnitude of EE compared to solar DG will change based upon the

penetrations of each of these programs and therefore is an evolving situation.

As Staff has shown in its n1at1ix151 there are multiple technologies that may provide

die attributes of DG solar and DG solar may lack other attributes.

7

8

9

10

11

12

13

14

15

16

17

18

Staff has recommended the mandatory transition to Three-Part TOU rates" to

eliminate (after full implementation) the cost shift attributed to DG solar and place all

technologies on an equal footing.

EE and DG solar have different customer accessibility due to financing, orientation,

home ownership versus rental property and other requirements. Staff suggests that

the inherent value of each (EE or DG) does not affect the other, although the

customer shod implement lower cost alternatives first. .

Staff suggests that both engineering simulations and load research can demonstrate

that EE will reduce both peak demand (coincident and non-coincident) and energy

while solar DG will reduce energy consumption and may (or may not) reduce peak

demand Further if DG solar is delivering energy to the grid, flows are reversed (at

least through the customer's transformer and potentially into the distribution system).

19

20

21

4. How do we calculate regressive social costs into the value of solar, given that non-solar

customers subsidized solar customers?

I3
E

22

23

24

Staff has recommended the mandatory transition to 'Free-Pan TOU rates" to

eliminate (after full implementation) the cost shift attributed to DG solar and place all

technologies on an equal footing.

131 Solganick Direct Exhibit HS-3
132 Solganick Direct (15-0142) 30:11
133Solganick Direct (15-0142)30:11
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1 7. How will increases 'm productivity be incentivized once the value of solar is estimated? In

2 addition to the declining cost of panels, is it appropriate to factor relatively high U. S.

3 installation cost into a value on solar determination?

4 Productivity increases and/or decreases 'm inputs such as panels have no direct

5 relationship to the value of solar and do not need to be considered except as a means

6 to estimate market penetration.

7

8 8. In value of solar discussions, are we attributing a unique value to DG, which other power

9 sources also have? In other words are there alternatives to DG that may be more efficient in

10 reaching the same desired outcome of reducing carbon dioxide emissions at lower installation

11 costs? How does the cost and value of DG compare with the alternative renewable

12 resources? In pursuing DG, what alternative forms of renewable energy are we displacing?

13 How does the cost and value of DG compare with that utility scale and community scale

14 solar? Is DG as efficient as alternative forxns of solar? Is the value of solar lessened for DG

15 versus utility scale or community scale solar?

16 As Staff has shown in its rnatrix'3" there are multiple technologies that may provide

17 the attributes of DG solar and DG solar may lack other attributes.

18 The appropriate place to compare the value of different alternatives both renewable

19 and more traditional sources of energy is within the IP process.

20

21

The relative value of solar as DG, utility or community can be evaluated within the

IP process. Due to economies of scale that are slightly offset by reduced losses it is

22 likely that rooftop DG solar is less efficient than community or utility scale solar.

23

24 Q. Does this conclude your direct testimony?

25 A. Yes, it does.

134 Solganick Direct Exhibit HS-3
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COMMISSIONERS
DOUG LETTLE - Chairman

BOB STUMP
BOB BURNS
TOM FORESE
ANDY TOBIN

JODI I
Execute

ARIZONA CORPORATION CQMMQSIQN

April 22> 2016

Thomas A. Loquvam
Pinnacle West Capital Corporation
p.o. Box 53999, MS 8695
Phoenix, Arizona 85072-3999

We E-mail and United States Mail
tho4q,;j,Ioquvam@pinnacI§wgsz;_com

Re: Staffs ThirdSet of Data Requests to Arizona Public Service Company
Docket No. E~0(}000J-14-0023

Dear Mr. Loquvam:

Please t rea t  this  as  Staffs  Third Set  of Data  Requests  to Ar izona  Public Service
Company in the above matter.

For purposes of this data request set,  the words "Arizona Public Service Company,"
"Company," "you," and "your" refer to Arizona Public ServiCe Company and any representative,
including every person and/or entity acting with, under the control of, or on behalf of Arizona
Public Service Company. For each answer, please identify by name, title,  and address each
person providing information that forms the basis for the response provided.

These data requests are continuing, and your answers or any documents supplied in
response to these data requests should be supplemented with any additional information or
documents that come to your attention after you have provided your initial responses.

Please respond within FIVE (5) calendar days of your receipt of the copy of this letter.
However, if you require additional time, please let us know.

Please provide one hard copy as well as searchablePDF, DOC or EXCELflee (via
email or electronic media) of the requested data directly to each of the following addressees
via overnight delivery services to:

(1) Tom Broderick, Director, Utilities Division, Arizona Corporation Commission,
1200 West Washington Street, PhoexNx, Arizona 85807, tbroderick@az0c.gov_.

(2) Constance Fitzsitnmons, Legal Division, Arizona Corporation Commission, 1200
West Washington Street, Phoenix, Arizona 85007, cfitzsimmons@azcc.gov.

Sincerely

MAS,ML:k1c:rnam
Enclosure

Maureen A. SEaR Senior Staff
Matthew Laudone
Legal Division
(602)542~3402

1200 WEST WASHINGTON STREET, pHoEnix, ARIZONA 85007-2927 1400 WEST CONGRESS STREEt; TUCSON, ARIZONA 85701-1347
w w w .  a c c .  g o v



Subject: All hflformation responses should ONLY be provided in searchablePDF, DOC or
EXCEL files via email or electronic media.

r

ARIZONA CORPGRATION coMmIsst0n
STAFF'S THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY
DOCKET NO. E-00000J-14~0023

APRIL 22, 2016

x

***Fol all data requests for which you do not have the information requested, please state such
and skip to the next data request. Also, for responses to data requests that may be
voluminous or overly burdensome, please contact Tom Broderick at 602~542-4251 to
discuss.

STF 3. 1 Please provide information oN all utility-scale solar renewable PPAs, with
effective date on or after January 1, 2008, including:

an

a. The effective date

b. Term of the PPA

c. Actual price per kph to the utility and aNy other charges, by year for the
life of the contract, and

d. Type(s) of renewable technology for each ?PA.

e. Please also provide a copy of each PPA, including term sheet.

STF 3. 2 Please provide the following information on any utility~scale solar renewable
generation built and owned by the utility with a date construction began after
January I, 2008, including:

a. Date construction began

b. Date the facility began generating electricity

c. Life expectancy of facility

d. Type(s) of renewable technology at each facility

e. Total revenue requirement resulting 80m each facility by year for
depreciable life

f. Total cost of due facility, and

g. The cost per kph generated over the life of the facility.

i



Subject: All information responses should GNLY be provided in searchable PDF, DOC or
EXCEL files via email or electronic media.

***For all data requests for which you do not have the information requested, please state such
and slip to the next data request. Also, for responses to data requests that may be
voluminous or overly burdensome, please contact Tom Broderick at 602~542~425 l to
discuss.

ARIZONA CORPORATION COMMISSION
STAFF'S THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY
DOCKET NO. E-00000J-14-0023

APRIL 22, 2016

h. If the utility contracted with a developer to build the facility and the utility
subsequently bought the plant, please provide a copy of the relevant
contracts.

STF3.3 Please explain the decision criteria you have and will rely upon for deciding
whether to rely on a PPA'or utility ownership for utility scale solar. If one
decision criteria includes .cost comparisons, please provide an explanation,
fionnula and example of comparison between PPA and utility ownership. If that
formula is from a perspective other Dian the customers' revenue requements,
please explain why.

STF 3. 4 Given the utilities' support for reliance upon PPA data for utility scale solar as a
basis for pricing export for rooftop DG solar, please explain whether the utility is
willing to apply the same criteria to its utility ownership decision process for
utility scale solar. If not, why not apply the same criteria? Is the utility
supportive of applying this criteria uniformly if the PPA concept is embraced as
the benchmark for solar evaluation?

STF3.5 As regards the specific points of comparison between PPA's and utility ownership

please address:
of utility scale solar which do or may lead to differences i cost comparisons,

(To the extent these questions are general, please answer jiom the perspective of
your utility's actual experience and practices.)

2) Any differences in amount and timing of revenue requirements to
customers given PPA's recovery in PPFAC's and utility ownership
following a revenue requirements formula? For the same resource, is the
PPA less costly initially due to typical reliance upon levelized pricing;
whereas utility ownership prices are initially higher and subsequently
lower under the revenue requirements formula?

b) Please explain the differences between tax efficiency of utilization of
related investment tax credits between PPA vendors and utility
ownership?
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ops Kerri A. Carr'
Manager
State Regulatlon an

Mall Station 9712
PO Box 53999
Phoenix, Arizona 850728999
Tel 602-250-3341
KerrI.Carnes@aps.eom

May 26, 2016
a

Maureen A. Scott
Senior Staff Counsel
Arizona Corporation COmmission
1200 w. Washington Street
Phoenix, Arizona 85007

Value and Cost of Distributed Generation Generic Docket
Docket No. E-000001-14-0023

Dear Ms. Scott:

Enclosed, please find Arizona Public Service Company's response to Sta ff's Fourth Set
of Data Requests in the above-referenced matter. The response to Staff 4.2 contains
confidential information and is- provided pursuant to the protective order.

If you have any questions, please cormtéct me at (602)250»3341.

Sincerely,

H

Kerri A. Carnes

KC/kr
Attachment

RE:

cc: Matthew Laudone
Rick Lloyd

J



Revenue Requirement
Year $Thousands Year $Thousands
2017 12,147 2032 7,009
2018 11,267- 2033 e,90i
2019 10,314 2034 6,795
2020 9,457 2035 6,689
2021 8,898 2036 6,584
2022 8,339 2037 6,480
2023 8,003 2038 6,377
2024 7,890 2039 6,274
2025 7,778 2040 6,172
2026 7,666 2041 6,071
2027 7,555 2042 5,971
2028 7,444 2043 5,872
2029 7,334 2044 5,774
2030 7,225 2045 5,677
2031 7,117 2046 5,581
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ARIZONA CORPORATION COMMISSION'S
FOURTH SET OF DATA REOUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-000001-14_0023

May 24, 2016

Staff 4. 1 : Please provide cost and revenue requirement data for the Red Rock
solar facility scheduled to go on line in late 2016 or early 2017.

Response : The estimated cost for Red Rock is $94.7 million. Annual revenue
requirements are provided below based on 1/1/2017 operation
date. Note that these amounts are estimates and are subject to
change until the project is placed in service.

I mu
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ARIZONA CORPORATION COMMISSION'S
FOURTH SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-000001_14-0023

May 24, 2016

Staff 4.2: Please provide the inputs and assumptions used in calculating the
revenue requirements for all utility owned grid scale solar facilities.

Response : Please see attached confidential Excel spreadsheet APS15914.
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Year $/MWH
2015 111.6
2016 113.4
2017 115.1
2018 116.9
2019 118.8
2020 120.7
2021 122.7
2022 124.8
2023 126.9
2024 129.1
2025 131.4

. v
4

9

*r

l l

ARIZONA CORPORATION COMMISSION'S
FOURTH SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

May 24, 2016

Staff 4.3: Please provide the weighted average for all existing PPAs, 2015-
2025, for utility scale solar on a levelized and non-levelized basis.

Response : The below values are weighted by expected energy production for
all of APS's existing solar photovoltaic PPAs for the years 2015-
2025, and are derived from confidential data that is provided in
Amended Staff Data Request 3.6. please note that the below costs
are not weighted based on in-service dates.

PPA levelized cost is 119.5 $/MWH

Non-Ievelized (annual) cost of PPAs



Year w/ AZ PTC MWH w/o AZ PTC MWH
2015 105.8 123.4
2016 107.7 123.5
2017 103.9 115.5
2018 101.3 112.1
2019 99.7 109.1
2020 99.3 106.3
2021 101.9 104.6
2022 102.5 102.5
2023 100.9 100.9
2024 99.3 99.3
2025 98.2 98.2

9
I »

1
-

ARIZONA CORPORATION COMMISSION'S
FOURTH SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATrER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

May 24, 2016

Staff 4.4: Please provide the weighted average for all existing utility owned
grid scale solar facilities, 2015-2025, on a levelized and non-
Ievelizedbasis.

Response : The below values are weighted by expected energy production for
all of APS's utility owned grid scale solar photovolatic facilities for
the years 2015-2025 including Red Rock, and are derived from the
confidential data that is provided in Amended Staff Data Request
3.6. Please note that the below costs are not weighted based on in-
service dates and are provided with and without the Arizona
Production Tax Credit (eTc).

Levelized cost with PTC is 102.1 $/MWH, and without PTC is 109.9
$/MWH

Non-levelized (average) cost of APS Owned Solar

l



Yea r w/ Az PTC /MWH w/o Az PTC $/MWH
2015 107.4 120.0
2016 109.2 120.8
2017 106.4 115.4
2018 104.8 113.2
2019 104.0 111.3
2020 104.1 109.5
2021 106.5 108.6
2022 107.5 107.5
2023 106.7 106.7
2024 105_9 105.9
2025 105.6 105.6
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ARIZONA CORPORATION COMMISSION'S

FOURTH SET OF DATA REQUESTS TO
ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET.NO. E-00000J-14-0023

May 24, 2016

Staff 4.5: Please provide the combined weighted average for all existing PPAs
for utility scale solar and grid scale solar facilities, 2015-2025, on a
levelized and non-levelized basis.

Response : Using the information provided in Staff 4.3 and 4.4, below are the
combined weighted average costs of APS's existing PPAs and APS
owned utility scale solar photovoltaic facilities for the years 2015-
2025. Costs are provided with and without the Arizona Production
Tax Credit (PTC) for APS owned solar facilities.

Levelized cost of PPAs + APS Owned Solar is 106.2 $/MWH with
PTC, and 112.1 $/MWH without PTC.

Non-Ievelized (annual) cost of PPAs + APS Owned Solar:
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9 ARIZONA CORPORATION COMMISSION'S
FOURTH SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MAllTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

May 24, 2016

Staff 4.6: Please indicate whether any utility owned facilities or PPAs for grid
scale solar prior to 2010 were excluded from the calculation and
why?

Response a APS did not exclude any grid-scale facilities, whether utility owned
or third-party owned, prior to 2010 in its calculations.

I



z
I

jg

=i-

5~5
a

&ops Kerrl A. Carney
Manager
State Regulation and Compliance

Mail Station 9712
PO Box 53999
Phoenix, Arizona 85072-3999
Tel 682-250-3341
KerrLCarnes@aps.com

May 27, 2016

Maureen A. Scott
Senior staff Counsel
Arizona Corporation Commission
1200W. Washington Street
Phoenix, Arizona 85007

Value and Cost of Distributed Generation Generic Docket
Docket No. E-000003-14-0023

Dear Ms. Scott:

Enclosed, please find Arizona Public Service Company's Amended Responses to 3.2(e)
and 3.6 of Staff's Third Set of Data Requests, originally sent on May 12, 2016. Both
Amended Responses contain highly confidential information and are being provided
pursuant to a protective order in this matter.

If you have any questions, please contact me at (602)250-3341.

Sincerely

Kerri A. Carnes

KC/ks
Attachment

cc:

RE:

Matthew Laudone
Rick Lloyd
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ARIZONA CORPORATION COMMISSION'S
THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

APRIL 22, 2016

Staff 3.2: Please provide the following information on any utility-scale solar
renewable generation built and owned by the utility with a date
construction began after January 1, 2008, including :

Date construction began

Date the facility began generating electricity

c. Life expectancy of facility

a.

b.

d. Type(s) of renewable technology at each facility

e. Total revenue requirement resulting from each facility by
year for depreciable life

Q-

h.

f. Total cost of the facility, and

The cost of kph generated over the life of the facility.

If the utility contracted with a developer to build the facility
and the utility subsequently bought the plant, please provide
a copy of the relevant contracts.

Response : This information is highly confidential and is being provided
pursuant to an executed Protective Agreement.

a.e d., f., Q- Please see attached document labeled APS15911
Highly Confidential

e. Please see attached table labeled APS15899- Highly
Confidential

h. Please see the attached PDF Agreements for AZSun

APS15909 Paloma - Highly Confidential
APS15902 Cotton Center- Highly Confidential
APS15906 Hyder 1- Highly Confidential
APS15900 Chino Valley- Highly Confidential
APS15903 Foothills- Highly Confidential
APS15907 Hyder 11- Highly Confidential
APS15904 Gila Bend- Highly Confidential
APS 15901Desert Star- Highly Confidential
APS15908 Luke AFB- Highly Confidential

ll
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ARIZONA CORPORATION COMMISSION'S
THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000]-14-0023

APRIL 22, 2016

Amended
Response:

This is an amended response to 3.2(e). Attached please find the
highly confidentialExcel spreadsheet APS15912, which is being
provided to replace the previously provided APS15899. APS15912
has corrected the inadvertent use of an incorrect value and doubling
counting of the production tax credit (PTC) for certain facilities.
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ARIZONA CORPORATION COMMISSION'S
THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THEMAWER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

APRIL 22, 2016

Staff 3.6: To the extent that cost differences exist between PPA's and
utility ownership of utility scale solar, should the formula for
export pricing of rooftop DG solar, be based on a combination
of the costs to customers of PPA's and utility ownership and
not solely on PpA's? Why not? Could that formula be based
on a weighted average of the percentage of your utilities
reliance upon PPA or ownership either historically or as per
IP or both?

Response : There are several ways in which the grid-scale adjusted
methodology can be implemented. The discussion in APS
witness Albert's testimony was based upon a prospective
analysis and relied upon current pricing information publicly
available in the market. This has the advantage of utilizing
the most current market information and is likely to be the
best way to estimate the current cost of implementing grid-
scale solar pp. The methodology can also be based upon
historical costs of grid-scale solar pp. This could include both
PPAs and utility-owned systems. While this approach is
based upon actual cost information, these historical costs are
not indicative of the current cost of implementing grid-scale
solar pp.

Nonetheless, a weighted average of grid-scale costs for third-
party and utility owned projects could be used to establish a
price for energy exported to the grid from rooftop solar
facilities. To be comprehensive, a methodology using this
approach could reasonably include several factors, including:

.I.

..~

1

iv.

a graduated weighting system that places a greater
emphasis on more recent announced or executed grid-
scale solar prices;
a rolling blended average of no more than five years,
where in each subsequent year, the oldest year of data
in that period would roll out of the calculation;
refreshing the analysis each year to capture the most
current available data and ensure that the price used in
the calculation reflects current market conditions,
utilizing data and pricing for photovoltaic solar panels,
and excludes other types of solar technologies (e.g.,
concentrated solar or solar thermal projects),
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ARIZONA CORPORATION COMMISSION'S
THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

APRIL 22, 2016

v.

vi.

in the event that the utility does not have any projects
of recent vintage (for example - within the previous
year), the methodology could consider utilizing pricing
data from available industry sources for grid-scale solar
PV projects with priority placed on projects within the
state of Arizona to the extent available; and
adjusting to recognize the value differences between
grid-scale and the export portion of rooftop solar. This
adjustment to recognize valuation differences such as
generation capacity value and energy losses is more ,
fully discussed in the direct testimony of Mr. Alb€l'1I;

The attached highly confidential spreadsheet, labeled
APS15910 - highly confidential, contains a "grid-scale
weighted average" methodology that blends actual third-
party and utility-owned grid-scale solar facilities. That provide
solar energy to APS's customers. Depending on how each of
the factors described above are addressed in establishing the
methodology, APS would expect a range of results that could
vary from approximately 7 to 12 cents/kWH based upon
APS's current portfolio of grid-scale solar facilities.

The attached spreadsheet is set up to include several factors
upon which the calculation methodology can be adjusted. For
example, the spreadsheet has the capability to more heavily
weigh the impact of recent projects, and limit the impact of
projects installed further in the past. Similarly, the
spreadsheet permits varying (i) the base year considered; (ii)
the number of years included in the calculation; (iii) whether
the Arizona Production Tax Credit (As PTC) is included in the
calculations for ApS-owned facilities; (iv) whether PPAs are
levelized; (v) whether utility-owned projects are levelized or
appear as they appear in revenue requirements; and (vi)
whether to apply a 20% adjustment factor to account for the
operational differences between grid-scale and rooftop solar,
as described by Brad Albert.

Although APS prepared the attached spreadsheet at the
request of Commission Staff, it does not necessarily endorse

ll
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ARIZONA CORPORATION COMMISSION'S
THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

APRIL 22, 2016

the outcome. APS continues to support the methodologies
described in the filed testimony of Brad Albert. ..

Please note, APS is producing the .attached spreadsheet
electronically with all cells fully operational.

Amended
Response :

Attached please find the highly confidentialExcel
spreadsheet APS15913, which is being provided to replace
the previously provided APS15910. APS15913 has been
revised to include information on Red Rock in the calculation,
and to correct an error in the revenue requirements for APS
owned solar facilities with the AZ PTC.
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ARIZONA CORPORATION COMMISSION'S
THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET NO. E-00000J-14-0023

APRIL 22, 2016

Staff 3.1: Please provide information on all utility-scale solar renewable PP As,
with an effective date on or after January 1, 2008, including :

a. The effective date

b. Term of the PPA

c. Actual price per kph to the utility and any other charges, by
year for the life of the contract, and

d. Type(s) of renewable technology for each PPA.

e. Please also provide a copy of each PPA, including term sheet.

Response : This information is highly confidential and is berg provided
pursuant to an executed Protective Agreement.

a. -  d .  See a t tached
Confidential

tables labeled APS15898 Highly

e. See attached PPAs - Highly Confidential
APS15891 Ajo- Highly Confidential
APS15892 Badger- Highly Confidential
APS15893 Bagdad - Highly Confidential
APS15894 Gillespie- Highly Confidential
APS15895 Prescott- Highly Confidential
APS15896 Saddle Mountain- Highly Confidential
APS15897 Solana- Highly Confidential

_IIIII
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'L ARIZONA CORPORATION COMMISSION'S
THIRD SET OF DATA REQUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

APRIL 22, 2016

Staff 3.2: Please provide the following information on any utility-scale solar
renewable generation built and owned by the utility with a date
construction began after January 1, 2008, including :

a. Date construction began

b. Date the facility began generating electricity

c. Life expectancy of facility

d. Type(s) of renewable technology at each facility

e. Total revenue requirement resulting from each facility by
year for depreciable life

f. Total cost of the facility, and

g.

h.

The cost of kph generated over the life of the facility.

If the utility contracted with a developer to build the facility
and the utility subsequently bought the plant, please provide
a copy of the relevant contracts.

Response : This information is highly confidentialand is being provided
pursuant to an executed Protective Agreement.

a.- d., f., Q- Please see attached document labeled APS15911
Highly Confidential

e. please see attached table labeled APS15899- Highly
Confidential

h. Please see the attached PDF Agreements for AZ Sun

APS15909 Paloma .- Highly Confidential
APS15902 Cotton Center- Highly Confidential
APS15906 Hyder 1- Highly Confidential
APS15900 Chino Valley- Highly Confidential
APS15903 Foothills- Highly Confidential
APS15907 Hyder 11- Highly Confidential
APS15904 Gila Bend- Highly Confidential
APS 15901Desert Star- Highly Confidential
APS15908 Luke AFB- Highly Confidential
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ARIZONA CORPORATION COMMISSION'S
THIRD SET OF DATA REOUESTS TO

ARIZONA PUBLIC SERVICE COMPANY IN THE MATTER
REGARDING THE COMMISSION'S INVESTIGATION OF

VALUE AND COST OF DISTRIBUTED GENERATION
DOCKET no. E-00000J-14-0023

APRIL 22, 2016

not subject to cost overruns for costs associated with the
development of projects under either structure. Regarding
cost recovery, APS believes that utilities are appropriately
limited to recovering only prudently incurred costs.

d. All of the PV solar PPAs APS has entered into have contract
terms of 25 or 30 years. After that time, APS no longer has
any rights to their output. At that time, the third-party can
remarket the facility. And if APS must replace the gap left in
its generation portfolio at that time, either to comply with
the renewable energy standard or otherwise, APS will need
to incur additional costs.

By contrast, APS can continue to operate utility-owned
facilities after their depreciable life. Indeed, during the
depreciable lives, APS will be actively maintaining its
facilities, which will increase the likelihood that they continue
to produce energy after 30 years. After 30 years, the
facilities will produce energy less efficiently, but the facilities
Will be fully depreciated and no longer be in customers'
rates.

e. APS does not directly procure solar panels in either the PPA
or utility ownership modes. APS does not perceive any
significant difference between solar panels offered through a
PPA structure versus solar panels included in a developer's
proposal to APS through a utility ownership model. In each
structure, the solar developer works directly with solar panel
manufacturers.

f. APS does not have directly comparable PPA costs for any of
its most recent utility-owned grid-scale projects. Recent
utility-owned grid-scale projects have been competitively bid
for selection of an EPC contractor to construct the project on
sites that APS has already procured.

For APS's first set of AZ Sun projects, which were bid
approximately six years ago, PPA bids were also accepted.
APS did not retain any formal benchmarking data. An
evaluation of those bids confirmed that the lifetime costs
of utility-owned grid-scale projects were modestly lower than
the PPA options available at the time.

-i l l
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Staff 3.3: Please explain the decision criteria you have and will rely upon for
deciding whether to rely on a PPA or utility ownership for utility
scale solar. If one decision criteria includes cost comparisons,
please provide an explanation, formula and example of comparison
between PPA and utility ownership. If that formula is from a
perspective other than the customers' revenue requirements, please
explain why.

Response : The decision of whether to procure third-party owned, or utility-
owned, grid-scale solar generation has not been driven by a head-
to-head comparison, but more by the advisability of relying on a
balanced portfolio to meet resource needs. Under both, projects are
only selected after a competitive bidding process that ensures the
lowest available cost at the time of the project. Further, given that
the grid-scale solar developers building both third-party and utility-
owned projects have similar cost structures, and utilities often have
relatively inexpensive financing costs, utility-owned projects are
cost-competitive with third-party owned projects.

Finally, utility-owned projects offer additional advantages beyond
third-party owned projects, including: (i) PPAs are treated as
imputed debt on utility balance sheets, increasing utilities' FFO to
debt ratio and potentially requiring additional equity; and (ii) after
the typical PPA term of 25-30 years, APS no longer has any rights
to the energy produced, whereas utility-owned projects continue to
produce energy for the benefit of customers even after they are
fully depreciated.

Neither third-party nor utility-owned projects are demonstrably
better than the other. Instead, it is appropriate to obtain a balanced
portfolio of both. Currently, APS has 324.5 MWs of third-party
owned and 170 MWs of utility-owned grid-scale solar facilities.
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Staff 3.4: Given the utilities' support for reliance upon PPA data for utility
scale solar as a basis for pricing export for rooftop DG solar, please
explain whether the utility is willing to apply the same criteria to its
utility ownership decision process for utility scale solar. If not, why
not apply the same criteria? Is the utility supportive of applying
this criteria uniformly if the PPA concept is embraced as the
benchmark for solar evaluation?

Response: Please see the response to Staff 3.3. Paraphrasing the testimony of
Staff witness Howard Solganick, many factors drive resource
procurement decisions, including simple cost comparisons. Other
factors include those identified in APS's response to Staff 3.3

1
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Staff 3.5: As regards the specific points of comparison between PPA's and
utility ownership of utility scale solar which do or may lead to
differences in cost comparisons, please address:

(To the extent these questions are genera/, please answer from the
perspective ofyour utility's actual experience and practices.)

a. Any differences in amount and timing of revenue
requirements to customers given PPA's recovery in PPFAC's
and utility ownership following a revenue requirements
formula? For the same resource, is the PPA less costly
initially due to typical reliance upon levelized pricing;
whereas utility ownership prices are initially higher and
subsequently lower under the revenue requirements
formula?

b. Please explain the differences between tax efficiency of
utilization of related investment tax credits between PPA
vendors and utility ownership?

c. Please explain the differences between treatment of cost
overruns, if any, between PPA's and utility ownership? Are
PPA's typically not compensated for actual costs in excess of
contract, but utilities typically request recovery of costs over
budget in rate cases? Do utilities support limiting cost
recovery in rate cases to budgets?

d. Please explain differences between duration of PPA's versus
useful life depreciation for owned assets? Are PPA's typically
for less than the useful asset life such that vendors do not
include all costs in the initial contract but plan on cost
recovery in follow-on contracts?

e. Please explain whether the procurement of panels from
suppliers is different in PPA's versus utility ownership? Are
PPA's typically sourced from vendors purchasing solar panels
in high volumes at greater economies of scale than from a
utility?

f. To the extent available and for each existing utility owned
utility scale solar, please provide the contemporaneous
comparable PPA benchmarks known to the utility.

r.

Response : a. The revenue requirements pattern over the life of a utility-
owned PV solar facility is highest in the early years of the
facility's life before the facility has incurred much
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depreciation. The revenue requirements decline to much
lower levels in the later years of the facility's life as the
investment in plant and equipment gets fully depreciated. In
contrast, the typical PPA procured by APS exhibits a constant
fixed price for the life of the contract or an initial price with
an annual escalation feature resembling a general inflation
rate. In either case, the net present value of the annual
revenue requirements for utility-owned facilities has been
comparable to or modestly lower than 3'd-party PPAs.

4*

b. APS can claim a federal investment tax credit ("ITC") of 30%
of the tax basis of the associated facility on its income tax
return. This ITC is subject to the normalization rules of the
Internal Revenue Code and related regulations, which
provide the utility and its ratepayers a Ievelized sharing of
the benefits of the investment tax credit as either:

a. a rate base reduction, which must be restored no less
rapidly than ratably, based upon the regulatory
depreciable life of the associated facility; or

b. a cost of service reduction (through ratemaking
income tax expense), which amortizes the benefit of
the investment tax credit no more rapidly than
ratably, over the depreciable life of the property.

Through this Ievelized sharing, the benefits of the
investment tax credit are realized by both current and future
ratepayers.

PPA vendors are not subject to the normalization rules. APS
cannot discuss, however, whether or how ITC benefits
received by third-party PPA developers flow through to
customers. Furthermore, when considering solar ownership
versus a PPA, APS has found that any net present value
benefit that may result from a lower PPA price in initial years
is generally offset by the value that a utility owned solar
project is expected to have after the term of a 25-30 year
PPA expires. As discussed in Staff 3.3 and 3.5 (d), the
utility-owned project continues to produce energy for the
benefit of customers even after fully depreciated versus the
replacement cost of power necessary when a 25-30 year PPA
arrangement terminates.

c. APS procures power based upon fixed price commitments
from utility scale solar developers for both the PPA structure
and under the utility ownership model. As a result, APS is

I
I
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Staff 3.6: To the extent that cost differences exist between PPA's and
utility ownership of utility scale solar, should the formula for
export pricing of rooftop DG solar, be based on a combination
of the costs to customers of PPA's and utility ownership and
not solely on PpA's? Why not? Could that formula be based
on a weighted average of the percentage of your utilities
reliance upon PPA or ownership either historically or as per
IP or both?

Response : There are several ways in which the grid-scale adjusted
methodology can be implemented. The discussion in APS
witness Albert's testimony was based upon a prospective
analysis and relied upon current pricing information publicly
available in the market. This has the advantage of utilizing
the most current market information and is likely to be the
best way to estimate the current cost of implementing grid-
scale solar pp. The methodology can also be based upon
historical costs of grid-scale solar pp. This could include both
PPAs and utility-owned systems. While this approach is
based upon actual cost information, these historical costs are
not indicative of the current cost of implementing grid-scale
solar PV.

Nonetheless, a weighted average of grid-scale costs for third-
party and utility owned projects could be used to establish a
price for energy exported to the grid from rooftop solar
facilities. To be comprehensive, a methodology using this
approach could reasonably include several factors, including :

ii.

iv.

a graduated weighting system that places a greater
emphasis on more recent announced or executed grid-
scale solar prices;
a rolling blended average of no more than five years,
where in each subsequent year, the oldest year of data
in that period would roll out of the calculation;
refreshing the analysis each year to capture the most
current available data and ensure that the price used in
the calculation reflects current market conditions;
utilizing data and pricing for photovoltaic solar panels,
and excludes other types of solar technologies (e.g.,
concentrated solar or solar thermal projects),
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v.

vi.

in the event that the utility does not have any projects
of recent vintage (for example - within the previous
year), the methodology could consider utilizing pricing
data from available industry sources for grid-scale solar
PV projects with priority placed on projects within the
state of Arizona to the extent available, and
adjusting to recognize the value differences between
grid-scale and the export portion of rooftop solar. This
adjustment to recognize valuation differences such as
generation capacity value and energy losses is more
fully discussed in the direct testimony of Mr. Albert.

The attached highly confidential spreadsheet, labeled
APS15910 - highly confidential, contains a "grid-scale
weighted average" methodology that blends actual third-
party and utility-owned grid-scale solar facilities. That provide
solar energy to APS's customers. Depending on how each of
the factors described above are addressed in establishing the
methodology, APS would expect a range of results that could
vary from approximately 7 to 12 cents/kWH based upon
APS's current portfolio of grid-scale solar facilities.

The attached spreadsheet is set up to include several factors
upon which the calculation methodology can be adjusted. For
example, the spreadsheet has the capability to more heavily
weigh the impact of recent projects, and limit the impact of
projects installed further in the past. Similarly, the
spreadsheet permits varying (i) the base year considered; (ii)
the number of years included in the calculation; (iii) whether
the Arizona Production Tax Credit (Az PTC) is included in the
calculations for Aps-owned facilities; (iv) whether PPAs are
levelized; (v) whether utility-owned projects are levelized or
appear as they appear in revenue requirements, and (vi)
whether to apply a 20% adjustment factor to account for the
operational differences between grid-scale and rooftop solar,
as described by Brad Albert.

Although APS prepared the attached spreadsheet at the
request of Commission Staff, it does not necessarily endorse
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the outcome. APS continues to support the methodologies
described in the fled testimony of Brad Albert.

Please note, APS is producing the attached spreadsheet
electronically with all cells fully operational.
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EXHIBIT

IN THE MATTER OF THE COMMISSION'S

INVESTIGATION OF VALUE AND COST OF

DISTRIBUTED GENERATION

E-00000J-14-0023 I

STAFF'S EXHIBITS

FOR

HEARING JUNE 9, 1016

TEP/UNSE

PUBLIC INFORMATION
Staff Data Requests to TEP and UNSE

TEP and UNSE Responses to Staff Data Requests

La Senita Single -Azis System-UNSE

La Senita Estimated kph

Weighted Average S/kwh by Facility

Weighted Average $/kwh by Facility-PPA

Hypothetical loMa SAT PV

Fort Hauchuca Fixed PV System Levelized Cost of Energy

White Mountain Fixed/LCPV System Levelized Cost of Energy

White Mountain Solar Estimated kph

Rio Rico PV System-UNSE Levelized Cost of Energy

Rio Rico Estimated kph

Areva-Thermal Levelized Cost of Energy

Areva Estimated kph



4 n

Prarie Fire Fixed PV

Prarie Fire Estimated kph

Equivalent and Non-Equivalent Technologies

UASTP I Single Axis PV Levelized Cost of Energy

UASTP II Fixed PV Levelized Cost of Energy

UASTP Estimated kph

Springerville 4.6 Fixed PV Levelized Cost of Energy

Springewille 4.6 Estimated kph

Springerville 1.0 Fixed PV Levelized Cost of Energy

Springerville 1.0 Estimated kph
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UNS ELECTRIC, 11\ 1 s RESPONSE TO STAFF'S FIRST S 1 OF DATA REQUESTS
REGARDING THE VALUE/COST OF DG INVESTIGATION

DOCKET NO. E-00000J-14-0023
March 16, 2016

STF 1.1

Please provide the following information going back ten years for all your generation plants: type
of plant, total annual volume of water used for cooling separated by amount consumed, amount
withdrawn, and water source (surface water, ground water, treated effluent). Finally, please
indicate which plants will be retiring within the next 10 years.

RESPONSE:

Please see STF 1.1-1.2 UNS Electric Water Usage VofDG.x1sx. The Excel file is not identified
by Bates numbers.

RESPONDENT:

Jeff Yockey / Mike Sheehan

WITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric")
UNS Gas, Inc. ("UNS Gas")



UNS ELECTRIC, 4 RESPONSE TO STAFF'S FIRST s; OF DATA REQUESTS
REGARDING THE VALUE/COST OF DG INVESTIGATION

DOCKET no. E-00000J-14-0023
March 16, 2016

:a
ET

STF 1.2

Please provide the following information for all your generation plants: type of plant, five-year
projected total annual volume of water for cooling separated by amount consumed, amount
withdrawn and water source (surface water, ground water, treated effluent) .

RESPONSE:

Please see STF 1.1-1.2 UNS Electric Water Usage VofDG.x1sx. The Excel file is not. identified
by Bates numbers.

RESPONDENT:

Jeff Yockey / Mike Sheehan

WITNESS:

Carmine Ti l lman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric")
UNS Gas, Inc. ("UNS Gas")



UNS ELECTRIC, RESPONSE TO STAFF'S FIRST s_ OF DATA REQUESTS
REGARDING THE VALUE/COST OF DG INVESTIGATION

DOCKET NO. E-00000J-14-0023
March 16, 2016

STF 1.3

If a shortage is on the Colorado River or Lake Mead is declared, what will be the impact on your
existing or planned generation units?

RESPONSE:

UNS Electric's fossil-fired generating units use groundwater for cooling and other process needs.

Therefore, we do not anticipate any impact from the declaration of a shortage on the Colorado

River or LakeMead.

RESPONDENT:

Mark Mansfield /Jeff Yockey

WITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric")
UNS Gas, Inc. ("UNS Gas")
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UNS ELECTRIC, M; S RESPONSE TO STAFF'S F1RST SIL 5. 'OF DATA REQUESTS
GARDINGT VALUE/COST OF DG INVESTIGATION

DOCKET no. E-00000J-14-0023
March 16, 2016

STF 1.4

What does your Company believe the impact of rooftop solar and other distributed generation in

your service territory will be on water use? Please supply any data you may have to support your

conclusions.

RESPONSE:

As UNS Electric expands the use of renewable energy, including distributed generation, and that

renewable energy displaces generation from fossil resources, we expect to see a decrease in the

water used to serve customer load relative to what would have occurred without the expanded

renewable generation. UNS Electric estimates that a total of 580 acre feet of water use could be

avoided from 2015 through 2025 by realizing the amount of distributed generation needed to meet

Renewable Energy Standard ("RES") requirements. To be clear, this water reduction would occur

with any solar or wind technology, regardless of whether or not it is distributed. In 2025, the water

use avoided would represent nearly 17% of the total annual water usage. Please see STF 1.4 UNS

Electric DG Water VofDG.xlsx. The Excel file is not identified by Bates numbers.

RESPONDENT:

Jeff Yockey / Mike Sheehan / Carmine Tillman

WITNESS :

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric")
UNS Gas, Inc. ("UNS Gas")

l l umm num I'll Ill



UNS Electric
Annual Water Usage Data

Actual

Black Mountain Generating Station (1)

Valencia Generating Station

Gila River Power Station (2)

Annual Water Usage

Combustion Turbine
Combustion Turbine
Natural Gas Combined Cycle

1

1

Data reflects UNS Electric's Share of water consumption at each of its owned and jointly owned fa

Water withdrawal is equal to consumption for all facilities

Alf facilities utilize ground water as their water source. Valencia Generating Station is supplied wt

(1) The Company purchased Black Mountain Generating Station in 2008.

(2) UNS Electric's acquisition of Gila River Unit 3 in January 2015

II ll\



Actual Actual Actua I

ff. '*`»

Actual

11

Actual

0

Actual Actual

11

2181

Actual Forecast Forecast

53 55 51 19 43 35 24 375 400

abilities

aler by the City of Nogales.

I

1

1 7 8

G 1

9 9
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TUCSON ELECTRIC POWER COMPANY'S RESPONSE TO STAFF'S FIRST SET OF
DATA REQUESTS REGARDING THE VALUE/COST OF DG INVESTIGATION

DOCKET NO. E-00000J-14-0023
March 16, 2016

STF 1.1

Please provide the following information going back ten years for all your generation plants: type
of plant, total annual volume of water used for cooling separated by amount consumed, amount
withdrawn, and water source (surface water, ground water, treated effluent). Finally, please
indicate which plants will be retiring within the next 10 years.

RESPONSE:

Please see STF 1.1-1.2 TEP Water Usage VotDG.xlsx. The Excel file is not identified by Bates
numbers.

RESPONDENT:

Jeff Yockey / Mike Sheehan

WITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric")
TT"\Y["1 /*__ "f__ I¢£T T"\Yf1 r"1__a1\

N
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TUCSON ELECTM.,»OWER COMPANY'S RESPONSE 'I=_STAFF'S FIRST SET OF
DATA REQUESTS REGARDING THE VALUE/COST OF DG INVESTIGATION

DGCKET NO. E-00000J-14-0023
March 16, 2016

8/1i~\ )

STF 1.2

Please provide the following information for all your generation plants: type of plant, live-year
projected total annual volume of water for cooling separated by amount consumed, amount
withdrawnand water source (surface water, ground water, treated effluent).

RESPONSE:

Please see STF 1.1-1.2 TEP Water Usage VofDG.x1sx. The Excel file is not identified by Bates
numbers.

RESPONDENT:

Jeff Yockey / Mike Sheehan

WITNESS :

Carmine Tillman

'QV

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric")
UNS Gas, Inc. ("UNS Gas")
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TUCSON ELECTRI..BOWER COlV[PANY'S RESPONSE '[ 45TAFF»S FIRST SET OF
DATA REQUESTS REGARDING THE VALUE/COST OF DG INVESTIGATION

DQCKET NO. E-00000J-14-0023
March 16, 2016

STF 1.3

If a shortage is on the Colorado River or Lake Mead is declared, what will be the impact on your
existing or planned generation units?

RESPONSE:

To the extent there is any impact to TEP generating units from the declaration of a shortage on the

Colorado River or Lake Mead, it would be with respect to Navajo Generating Station, Four Corners

Power Plant, and/or San Juan Generating Station as each of these facilities use surface waters that

are within the Colorado River drainage area.

Navajo Generating Station draws water for plant operations from Lake Powell and holds senior
water rights as part of Arizona's Upper Colorado River apportionment. Several years ago the
intake for the plant was lowered to within the "dead pool" of Lake Powell. In 2019, one unit at
the plant will cease operation, thereby reducing water demand for the plant by one-third.

San Juan Generating Station draws water for plant operations from the San Juan River, and also

holds senior water rights. In addition to these water rights, a water hazard sharing agreement with

the Jicoria Nation is in place, which can provide for additional water rights in the case of an

extreme water shortage. Finally, at the end of 2017, units 2 and 3 at San Juan Generating Station

will cease operation, thereby reducing water demand for the plant by one-half.

Four Corners Power Plant draws water from Morgan Lake, which receives water from the San

Juan River under senior water rights. At the end of 2013, units 1-3 at the plant ceased operation,

thereby reducing water demand for the plant by over one-quarter.

Based on the senior water rights in place and the decrease in water demand at each of these plants,

TEP does not anticipate a significant impact from the declaration of a shortage on the Colorado

River or Lake Mead. If there was an impact at one of these plants that resulted in the need to

curtail generation, we anticipate that TEP would either have sufficient capacity through other

resources within its system, or could find sufficient capacity in the wholesale market, specifically

due to the large amount of available merchant generation located around the Palo Verde hub.

RESPONDENT:

Mark Mansfield / Jeff Yockey

WITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric")
UNS Gas, Inc. ("UNS Gas")

elul l
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TUCSONELECTMPQWER CO1V[PANY'S RESPONSE 'I -/STAFF'SFIRST SET OF
DATA REQUESTS REGARDING THE VALUE/COST OF DG INVESTIGATION

DOCKET no. E-00000J-14-0023
March 16, 2016

STF 1.4

What does your Company believe the impact of rooftop solar and other distributed generation in
your service territory will be on water use? Please supply any data you may have to support your
conclusions.

RESPONSE:

As TEP expands the use of renewable energy, including distributed generation, and that renewable

energy displaces generation from fossil resources, we expect to see a decrease in the water used to

serve customer load relative to what would have occurred without the expanded renewable

generation. TEP estimates that a total of 3,432 acre feet of water use could be avoided from 2015

through 2025 by realizing the amount of distributed generation needed to meet Renewable Energy

Standard ("RES") requirements. To be clear, this water reduction would occur with any solar or

wind technology, regardless of whether or not it is distributed. In 2025, the water use avoided

would represent nearly 3% of the total annual water usage. Please see STF 1.4 TEP DG Water

VofDG.xlsx. The Excel file is not identified by Bates numbers.

RESPONDENT:

Jeff Yockey / Mike Sheehan / Carmine Tillman

WITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric")
UNS Gas, Inc. ("UNS Gas")
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

May 13, 2016
STF 2.1

Please provide information on all utility-scale solar renewable PPAs, with an effective date on or
after January 1, 2008, including:

a. The effective date

b. Term of the PPA

c. Actual price per kph to the utility and any other charges, by year for the life of the contract,

and

d. Type(s) of renewable technology for each PPA.

e. Please also provide a copy of each PPA, including term sheet.

RESPONSE:

SOME OF THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL"
INFORMATION PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER
(DATED MAY 10, 2016) WHICH ARE ONLY BEING PROVIDED TO THE
REQUESTING PARTY WHO HAVE SIGNED THE PROTECTIVE ORDER. ALL
OTHER PARTIES WHO WANT THIS INFORMATION SHOULD CONTACT THE
COMPANY.

Please see STF 2.1 TEP UNSE PPA Pricing-Highly Confidential.xlsx for specific
contract and amendment dates. The Excel file is not identified by Bates numbers .

Please see STF 2.1 Renewable Energy Data.xlsx.

Please see STF 2.1 TEP UNSE PPA Pricing-Highly Confidential.xlsx. The Excel file
is not identified by Bates numbers.

TEP is not able to provide the requested PPAs without counterparty permissions.
Accordingly, the Company is in the process of seeking counterparty authorizations and
anticipates providing the PPAs where approvals were not denied on Monday, May 16,
2016.

RESPONDENT :
Carmine Tillman

WITNESS:
Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

e.

a.

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")



TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

May 13, 2016

g.

h.

STF 2.2

Please provide the following information on any utility-scale solar renewable generation built and
owned by the utility with a date construction began after January l, 2008, including:

a. Date construction began

b. Date the facility began generating electricity.

c. Life expectancy of facility

d. Type(s) of renewable technology at each facility

e. Total revenue requirement resulting from each facility by year for depreciable life

f. Total cost of the facility, and

g, The cost per kph generated over the life of the facility.

h. If the utility contracted with a developer to build the facility and the utility subsequently
bought the plant, please provide a copy of the relevant contracts .

RESPONSE:

soivlE OF THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL"
INFORMATION PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER
(DATED MAY 10,  2016)  WHICH ARE ONLY BEING PROVIDED TO THE
REQUESTING PARTY WHO HAVE SIGNED THE PROTECTIVE ORDER. ALL
OTHER PARTIES WHO WANT THIS INFORMATION SHOULD CONTACT THE
COMPANY.

a. The Company does not retain start of construction data.

b. Please see STF 2.1 Renewable Energy Data.xlsx for project COD dates.

c. Company owned facilities' life expectancy is 30 years. PPA's are 20 years.

d. Please see STF 2.1 Renewable Energy Data.xlsx for project technologies.

e. Please see STF 2.2 Value of Solar 05-2016-Highly Con fidentiaLxlsx.

f. Please see STF 2.2 Utility Owned Project Costs-Highly ConiidentiaLxlsx. The Excel
file is not identified by Bates numbers.

Please see STF 2.2 Utility Owned Project Costs-Highly Confidential.xlsx.

The responsive contract to this request is the E.On Tech Park PPA. Once permission has
been obtained from the counterparty, the Company will provide the contract to the
requesting party in response to STF 2.1e.

RESPONDENT:
Carmine Tillman

WITNESS:
Canning Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

l ml l  l



TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J_14_0023

May 13, 2016
STF 2.3

Please explain the decision criteria you have and will rely upon for deciding whether to rely on a
PPA or utility ownership for utility scale solar. If one decision criteria includes cost comparisons,
please provide an explanation, formula and example of comparison between PPA and utility
ownership. If that formula is from a perspective other than the customers' revenue requirements,
please explain why.

RESPONSE :

The decision criteria to determine whether or not a facility is to be Company-owned or procured
through a PPA is primarily based on operational strategy, prudent utility practice for asset
management, and RPS compliance.

It is impractical for the Company to assume it could build, own and operate sufficient utility scale
facilities to meet the Arizona RPS. However, it is equally impractical to assume that the Company
should be required to procure all of the needed resources necessary for compliance through a third-
party PPA. There are distinct operational advantages of utility-owned facilities over production-
based third-party owned contract facilities. These advantages include the ability to control dispatch
and output as necessary (regulation down), the ability to control and provide reactive power versus
real power when necessary (volt/VAR support), utility controlled low voltage ride-through, and
over/under frequency control at the dispatch request of the balancing authority, among others.
Finally, at the end of a PPA, the Company may no longer have access to the operating facility even
though it is still functioning, whereas, a utility-owned project will continue to produce energy for
the benefit of customers even after being fully depreciated.

As such, the Company has been on a planned trajectory of approximately 25% utility-ownership
for solar resources and a 75% third-party ownership model. This is consistent with Commission
order 71702 (March 17, 2010) that both discusses and determines the benefits of a procurement
model that allows for both utility-owned facilities and third-part owned facilities.

RESPONDENT :
Carmine Tillman

WITNESS:
Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")



TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

May 13, 2016
STF 2.4

Given the utilities' support for reliance upon PPA data for utility scale solar as a basis for pricing
export for rooftop DG solar, please explain whether the utility is willing to apply the same criteria
to its utility ownership decision process for utility scale solar. If not, why not apply the same
criteria? Is the utility supportive of applying this criteria uniformly if the PPA concept is embraced
as the benchmark for solar evaluation?

RESPONSE:

The Company does NOT support this particular methodology, as the comparison between a utility-
owned facility and a third-party facility are treated differently from an accounting perspective, tax
perspective, and an operational perspective. To ignore these differences and simply apply the
"price" of the PPA to a utility-owned model would severely discount the operational advantages
discussed in STF 2.3, while at the same time unfairly comparing the utility-owned facility to a
project that is not subject to the same rules, regulations, and requirements as the utility.

In order to utilize the "apples to apples" comparison that has been discussed throughout this
proceeding, there must be some form of discount applied to the PPA value to account for this
difference.

Additionally, it must be acknowledged that a utility's obligation to serve, while still meeting the
RPS, will include multiple forms of renewable resources that will have different prices and value.
While the Company has supported the use of solar energy for meeting the RPS, it has not been in
the past, nor is it now, the most-cost-effective renewable energy. However, as a matter of policy,
the stakeholders involved have supported the use of higher priced solar energy over other forms
of renewable energy for a number of non-value based reasons.

This same logic should be applied to the comparison between the distinctly different utility-scale
solar ownership models of utility-owned versus third-party owned.

RESPONDENT :
Carmine Tillman

WITNESS:
Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

May 13, 2016
STF 2.5

As regards the specific points of comparison between PPA's and utility ownership of utility scale

solar which do or may lead to differences in cost comparisons, please address:

(To the extent these questions are general, please answer from the perspective of your utility's

actual experience and practices.)

a.

b.

c.

d.

e.

f.

Any differences in amount and timing of revenue requirements to customers given PPA's

recovery in PPFAC's and utility ownership following a revenue requirements formula?

For the same resource, is the PPA less costly initially due to typical reliance upon levelized

pricing, whereas utility ownership prices are initially higher and subsequently lower under

the revenue requirements formula?

Please explain the differences between tax efficiency of utilization of related investment

tax credits between PPA vendors and utility ownership?

Please explain the differences between treatment of cost oven'uns, if any, between PPA's
and utility ownership? Are PPA's typically not compensated for actual costs in excess of

contract, but utilities typically request recovery of costs over budget in rate cases? Do

utilities support limiting cost recovery in rate cases to budgets?

Please explain differences between duration of PPA's versus useful life depreciation for

owned assets? Are PPA's typically for less than the useful asset life such that vendors do

not include all costs in the initial contract but plan on cost recovery in follow-on contracts?

Please explain whether the procurement of panels from suppliers is different in PPA's

versus utility ownership? Are PPA's typically sourced from vendors purchasing solar

panels in high volumes at greater economies of scale than from a utility?

To the extent available and for each existing utility owned utility scale solar, please provide

the contemporaneous comparable PPA benchmarks known to the utility.

RESPONSE:

In general, the entire PPA cost is recovered through the PPFAC and the REST surcharge

(Market Cost of Comparable Conventional Generation, MCCCG and the Above Market

Cost of Comparable Conventional Generation, AMCCCG, respectively). Each mechanism

has a true up component associated with it to ensure full and accurate recovery. The utility

model, while typically higher in the early years due to the straight-line depreciation

method, is more difficult to quantify. Previously, the Commission has authorized the

Company to recover certain ownership expenses associated with its investments in
renewable energy in between rate cases through the annual REST surcharge, which

included carrying costs, book depreciation, property taxes, and O&M. However, the net

present value of the annual revenue requirement of the two options is relatively

comparable, if not slightly in favor of utility-owned projects.

As of today, TEP no longer asks for recovery of expenses through the annual REST

surcharges, which is an advantage to the ratepayer as they do not have to pay for these costs

associated with the Company's capital investments in renewable energy between rate

cases. The actual amount of savings to the ratepayers varies depending on the time in

between the investment and the inclusion in rates.

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

a.

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")



TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

b.
May 13, 2016

PPA vendors will often use an ownership structure that allows them to market the
investment tax credit benefits associated with a renewable energy project to an entity that
has a Federal income tax liability ("Tax Equity Investor"). The Tax Equity Investor
typically has a near-term tax liability that can be offset with investment tax credits. For a
utility owned project, the utility itself must have a Federal income tax liability to use the
investment tax credits. Whether a utility has enough Federal income tax liability to use the
investment tax credits will depend on the particular facts and circumstances in the tax year.
If either the Tax Equity Investor or the utility does not have a near-term tax liability the
investment tax credits are carried forward and the benefit will be realized in a subsequent
year.

c. Cost overruns associated with a PPA are typically home by the developer. However, every

developer includes a contingency factor in their PPA price to account for potential

overruns. The amount of the contingency is dependent upon their risk tolerance and

confidence in construction. Utilizing a competitive solicitation DOES NOT guarantee that

the ratepayer is receiving the renewable energy at the most prudently incurred least cost,

only that the utility will select the least cost option available through the market. Since

these models ARE NOT based on the "cost plus" model of utility, there is no prudence

detennination on the actual costs.

d.

Cost overruns for the utility, on the other hand, are subject to reasonableness and prudence
reviews through the Company's general rate cases. It has been regularly recommended by
Staff, and ordered by the Commission, in the Company's requests for approval of its
Buildout plans that "any costs determined not to be reasonable and prudent be refunded by
the Company".

The Company's typical PPA's are for a term of 20 years, while it is widely believed that
the useful life of a solar facility is between 30-35 years. While this question should be
directed to traditional developers regarding actual costs recovered through the PPA, it is
the Company's understanding that many PPA's do assume some form of residual value at
the end of the PPA. However, the Company cannot confirm what this value is or what
impact it has on the initial contract. Regardless, the Company would need to replace the
energy source upon expiration of the PPA, even if the PPA facility is still operating. For a
utility-owned facility, the Company will continue to obtain energy from the facility even
after it is fully depreciated, which benefits customers.

f.

Due to the Company's relatively extensive utility-scale Buildout plan over the last several

years, there has been no noticeable difference on the reported price of panels that Company

procures versus those procured by solar developers.

The Company is providing a series of worksheets in order for Staff to determine some form

of contemporaneous comparable or equivalent PPA price, with the understanding that there

a numerous variables that can affect the equivalent outcome. These spreadsheets are as

follows:

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

May 13, 2016
SOME OF THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL"
INFORMATION PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER
(DATED MAY 10, 2016) WHICH ARE ONLY BEING PROVIDED TO THE
REQUESTING PARTY WHO HAVE SIGNED THE PROTECTIVE ORDER. ALL
OTHER PARTIES WHO WANT THIS INFORMATION SHOULD CONTACT
THE COMPANY.

Please see STF 2.2 UTILITY OWNED PROJECT CosTs-Highly
Confidential.xlsx, which lists the Company's total project cost for each facility.
The Excel file is not identified by Bates numbers.

Please see STF 2.1 Renewable Energy Data.xlsx provided in response to STF
2.l(a), which lists expected annual production and AC system sizes.

Please see STF 2.2 Value of Solar 05-2016-Highly Coniidential.xls, which
provides the equivalent LCOE PPA price determination for Company-owned
facilities. The Excel file is not identified by Bates numbers.

Please see STF 2.1 TEP UNSE PPA Pricing-Highly Coniidential.xlsx provided
in STF 2.1c, which provides PPA contract prices.

RESPONDENT:
Carmine Tillman

WITNESS :
Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

4.

3.

2.

1.

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")
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RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

May 13, 2016
STF 2.6

To the extent that cost differences exist between PPA's and utility ownership of utility scale
solar, should the formula for export pricing of rooftop DG solar, be based on a combination of
the costs to customers of PPA's and utility ownership and not solely on PPA's? Why not?
Could that formula be based on a weighted average of the percentage of your utilities reliance
upon PPA or ownership either historically or as per IP or both?

RESPONSE:

Under certain conditions, the Company can be supportive of a formulaic approach to calculation
of the export rate. Specifically, the Company would be supportive if the following conditions were
addressed:

1.

2.

3.

A weighted average of all facilities, based on their AC capacity value.

Weighting factors that provided greater emphasis on more recent PPA's, which would be
more indicative of the current market and value, which is what this docket was meant to
determine. As such, the Company cannot reasonably support any contractual PPA prices
that were entered into more than 5 years prior to the effective date of the calculated price
(Le: lathe calculated price is for 2017, then the prices for 2016, 2015, 2014, 2013, and 2012
would be included with the appropriate weighting factors.)

As has been discussed in the Company's filed testimony and during verbal testimony, the
Company continues to believe that there are numerous advantages to a well-planned, grid-
operator controlled, three-phase utility scale facility over the random, single-phase
distributed generation resources. These advantages have been enumerated by multiple
witnesses. As such, the Company would recommend some form of discount to the
calculated PPA price if is to be applied to a DG export rate.

RESPONDENT:
Carmine Tillman

WITNESS:
Carmine Tillman

x

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")
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Black Solar Facili
Black Mountain Solar Facility

(BMSF) Black Mountaln, LLC Duke Ene

K insman Wind F arm Western Wind/Kingman

Brookf ie ld Renewable
Energy Group Kinsman Energy Corp. Western Wind Energy Corp

Macho Springs Macho Springs Capital Power Element Power US, LLC Macho Springs Power

Avalon Solar Avalon Phase I
Coronal

Management, LLC
Centaurus Renewable Energy

LLC
Avalon Solar
Partners LLC Equator Solar LLC

Amir ox UASTP Solar Power

Generation Statidn 1 LLC Amir ox, UASTP FRB Solar LLC Ambnix
Gato Montes Solar, LLC Astrosol, Astronergy Gato Montes Solar, LLC Duke Energy First Light LLC Ast r oner

MAvraValley NRG, Avra Valley
NRG Solar Avra

Valley, LLC
Picture Rocks FRV, Mara fa Picture Rocks Solar LLC SunEdison Fotowataio MMA R enew ablesE.On Tech Park E.on UASTP Mach Park Solar, LLC E.on FSP Solar ll (Foresight)

Valencia Solar, LLC E.0n Valencia Valencia Solar, LLC EC&R NA Solar PV, LLC FSP Solar I (Foresight)
Cogénera Cogenera Washington Gas Encore Solar Arizona Green Volts

N a m e  o f  S y s t e m AKA ( Tags) Current Owner

('From left to right: most recent entity to oldest entity)

P r e v i o u s  E n t i t i v  I P r e v i o u s  E n t i t i v  I I P r e v i o u s  E n t i t i v  I I I
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

May 26, 2016

g.

h.

STF 2.2

Please provide the following information on any utility-scale solar renewable generation built and
owned by the utility with a date construction began after January 1, 2008, including:

a. Date construction began

b. Date the facility began generating electricity.

c. Life expectancy of facility

d. Type(s) of renewable technology at each facility

e. Total revenue requirement resulting from each facility by year for depreciable life

f. Total cost of the facility, and

g, The cost per kph generated over the life of the facility.

h. If the utility contracted with a developer to build the facility and the utility subsequently
bought the plant, please provide a copy of the relevant contracts.

RESPONSE: May 13, 2016

somE OF THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL"
INFORMATION PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER
(DATED MAY 10,  2016)  WHICH ARE ONLY BEING PROVIDED TO THE
REQUESTING PARTY WHO HAVE SIGNED THE PROTECTIVE ORDER. ALL
OTHER PARTIES WHO WANT THIS INFORMATION SHOULD CONTACT THE
COMPANY.

a. The Company does not retain start of construction data.

b. Please see STF 2.1 Renewable Energy Data.xlsx for project COD dates.

c. Company owned facilities' life expectancy is 30 years. PPA's are 20 years.

d. Please see STF 2.1 Renewable Energy Data.xlsx for project technologies.

e. Please see STF 2.2 Value of Solar 05-2016-Highly Confidential.xlsx.

f. Please see STF 2.2 Utility Owned Project Costs-Highly Confidential.xlsx. The Excel
file is not identified by Bates numbers.

Please see STF 2.2 Utility Owned Project Costs-Highly Confidential.xlsx.

The responsive contract to this request is the E.On Tech Park PPA. Once permission has
been obtained from the counterparty, the Company will provide the contract to the
requesting party in response to STF 2.1e.

RESPONDENT:
Carmine Tillman

WITNESS :
Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

a
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

May 26, 2016
SUPPLEMENTAL RESPONSE: May 24, 2016

Nine additional subparts have been added to STF 2.2, based on a call from the ACC. The following
responses are provided.

SOME OF THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL"
INFORMATION PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER
(DATED MAY 10, 2016) WHICH ARE ONLY BEING PROVIDED TO THE
REQUESTING PARTY WHO HAVE SIGNED THE PROTECTIVE ORDER. ALL
OTHER PARTIES WHO WANT THIS INFORMATION SHOULD CONTACT THE
COMPANY.

1. Update utility owned spreadsheet to show the annual cost per kph for each project

Response: Please see STF 2.2 Value of Solar 05-2016 w-PPA-Highly Confidentialxlsx.
The Excel file is not identified by Bates numbers.

2. Attach to spreadsheet a graph showing the declining costs over life for utility owned
projects, including a weighted average cost (will use a capacity based weighted
average cost and use weather-normalized production values on a forward looking
basis).

Response: Please see STF 2.2 Value of Solar 05-2016 w-PPA-Highly Confidentialxlsx.

3. Attach a graph showing the weighted average of all relevant technologies (utility-
owned and PPA's - do not use 2004 Springervi l le project or Areva Steam
Augmentation project)

Response: Please see STP 2.2 Value of Solar 05-2016 w-ppA-Highly Confidential.xlsx.

4. Provide copies of the Red Horse PPA (missing from attached PPA's)

Response: TEP received correspondence from Red Horse notifying the Company that Red
Horse is unable to grant consent for the Company to provide their agreements until they
have completed their due diligence, which may also include consent from their financing
parties, as required by their financing agreements. TEP will provide these agreements as
soon as consent has been obtained.

Additionally, the Company is providing a copy of the Cliff rose Solar PPA solar PPA that
was entered into under PURPA, and tiled with the Commission. Please refer to Docket No .
E-04204A-15-0314, dated August 31, 2015. See document titled STF 2.2 Cliff rose Solar
PPA_PURPA.pdf, Bates Nos. TEP\007445-007493.

5. Provide copies of the Solon E&D and P&C agreements (standardized)

Response: The Company is providing more recent standardized E&D and P&C documents
that were utilized for the Rio Rico facility. Please see Competitively Sensitive and Highly
Confidential documents titled:

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

III



File Name Bates Numbers
STF 2.2 UNSE Gehrlicher P&C Agreement (Rio Rico) 12-21-12
signed-H_IGHLY CONF1DENTIAL.pdf TEP\007609-007673
STF 2.2 UNSE Gehrlicher E&D Agreement (Rio Rico) 12-21-12
sign_d-HIGHLY CONFIDENTIAL.pdf TEP\007674-007752

File Name Bates Numbers
STF 2.2 TEP EON Ft Huachuca E&D Aunt 01-14-14 signed-
HIGHLY CONFIDENTIAL.pdf TEP\007494-007546
STF 2.2 TEP EON Ft Huachuca P&C Agrmrt EXECUTION
VERSION 3-5-14-HIGHLY CONFIDENTIAL.pdf TEP\007547-007608

r

J

TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

May 26, 2016

6. Provide copies of the E.On E&D and P&C agreements (non-standardized used at Fort
Huachuca).

Response: Please see the following files for the E.On E&D and P&C agreements.

7. Provide a copy of TEP's response to RUCO DR that provided a timeline for
renewables to meet the proposed 30% by 2030

8.

Response: Please see STF 2.1 Projected Renewables through 2025-HIGHLY
CONFIDENTIAL.xlsx. The Excel file is not identified by Bates numbers.

30 year comparison of utility owned versus a PPA LCOE PPA

see STF 2.2 Ownership model-Tracking PV-HIGHLYResponse: Please
CONFIDENTIAL.xls

9. Total PPA contract costs through 2025 by year

Response: Please see STF 2.2 TEP & UNSE PPA's estimated obligations 2016-05-20-
HIGHLY CONFIDENTIAL.xlsx.

RESPONDENT:

Carmine Tillman / David Lewis

WITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Forlis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

_I



File Name Bates Numbers

O
_

STF 2.2 TEP Red Horse Wind 2 (Torch) PPA 1st Amendment
Si ed 2-12-2014-HIGHLY CONFIDENT[AL.pdf TEP\007753-007760

STP 2.2 TEP Red Horse Wind 2 RHO (Torch) PPA 3rd
Amendment signed 08-05-2015-HIGHLY CONFIDENTIAL.pdf TEP\007761-007807

STF 2.2 TEP Red Horse Wind 2 (Torch) PPA 2nd Amendment 02-
12-14 signed-HIGHLY CONF1DENTL4L.pdf TEP\007808-007812

STF 2.2 TEP Red Horse Wind 2 (Torch) PPA 2-20-13 signed-
HIGHLY CONFIDENTIAL.pdf TEP\007813-007823

r

J

TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

May 26, 2016
May 26, 2016

THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL" INFORMATION
PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER (DATED MAY 10, 2016)
WHICH ARE ONLY BEING PROVIDED TO THE REQUESTING PARTY WHO HAVE
SIGNED THE PROTECTIVE ORDER. ALL OTHER PARTIES WHO WANT THIS
INFORMATION SHOULD CONTACT THE COMPANY.

SWPLEMENTAL RESPONSE:

TEP received permission to release the Red Horse PPAs as highly confidential documents pursuant
to the terns of the Protective Order dated May 10, 2016, which are listed below :

RESPONDENT:
Carmine Tillman

WITNESS:
Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")



4
TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT

SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS
REGARDING THE VALUE/COST OF DG INVESTIGATION

DOCKET NO. E-00000J-14-0023
May 16, 2016

STF 2.1

Please provide information on all utility-scale solar renewable PPAs, with an effective date on or
after January 1, 2008, including:

a. The effective date

b. Term of the PPA

c. Actual price per kph to the utility and any other charges, by year for the life of the contract,
and

d. Type(s) of renewable technology for each PPA.

e. Please also provide a copy of each PPA, including term sheet.

RESPONSE: May 13, 2016

SOME OF THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL"
INFORMATION PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER
(DATED MAY 10, 2016) WHICH ARE ONLY BEING PROVIDED TO THE
REQUESTING PARTY WHO HAVE SIGNED THE PROTECTIVE ORDER. ALL
OTHER PARTIES WHO WANT THIS INFORMATION SHOULD CONTACT THE
COMPANY.

Please see STF 2.1 TEP UNSE PPA Pricing-Highly Confidential.xlsx for specific

contract and amendment dates. The Excel file is not identified by Bates numbers.

Please see STF 2.1 Renewable Energy Data.xlsx.

Please see STF 2.1 TEP UNSE PPA Pricing-Highly Con fidentiaLxlsx. The Excel tile

is not identified by Bates numbers .

TEP is not able to provide the requested PPAs without counterparty permissions.

Accordingly, the Company is in the process of seeking counterparty authorizations and

anticipates providing the PPAs where approvals were not denied on Monday, May 16,
2016.

RESPONDENT:

Carmine Ti l lman

WITNESS:
Carmine Ti l lman

SUPPLEMENTAL RESPONSE: May 16, 2016

THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL" INFORMATION
PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER (DATED MAY 10, 2016)
WHICH ARE ONLY BEING PROVIDED TO THE REQUESTING PARTY WHO HAVE
SIGNED THE PROTECTIVE ORDER. ALL OTHER PARTIES WHO WANT THIS
INFORMATIONSHOULD CONTACT THE COMPANY.

The Company provided the counterparties to the PPAs until May 16, 2016 to object to the
Company providing their PPA(s) in response to this data request pursuant to the Protective

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

e.

e.

a.

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNSGas")



File Name Bates Numbers
STF 2.1 TEP Amonix UASTP Solar PPA 2 MW 4-19-2010 Signed-
1-HIGHLY CONFIDENTIAL.pdf TEP\006628-006671
STF 2.1 TEP Amonix UASTP Solar PPA Amendment No 1 8-22-
2011 Signed-HIGHLY CONFIDENTIAL.pdf TEP\006672-006674
STF 2.1 TEP Amonix UASTP Solar PPA Amendment No 2 7-30-
2013 Signed- 1 -HIGHLY CONFIDENTIAL.pdf TEP\006675-006679
STF 2.1 TEP Avalon Solar II Phase II PPA 12-17-14 signed-
HIGHLY CONFIDENTIAL.pdf TEP\006680-006736
STF 2.1 TEP Avalon Solar PPA 35MW4-19-10 Signed-HIGHLY
CONFIDENTIAL.pdf TEP\006737-006781
STF 2.1 TEP Avalon Solar PPA Amendment No. 1 35 MW 7-21-
11 Signed-HIGHLY CONFIDENTIAL.pdf TEP\006782-006784
STF 2.1 TEP Avalon Solar PPA Amendment No. 2 35 MW 9-27-
12 Signed-HIGHLY CONFIDENTIAL.pdf TEP\006785-006788
STF 2.1 TEP Avalon Solar PPA Amendment No. 3 35 MW 12-20-
13 Signed-HIGHLY CONF1DENTIAL.pdf TEP\006789-006795
STF 2.1 TEP Avalon Solar PPA Amendment No. 4 35 MW 1-17-
14 Signed-HIGHLY CONFIDENTIAL.pdf TEP\006796-006799
STF 2.1 TEP Avalon Solar PPA Consent to Assignment 35MW 9-
27-12 Signed-I-HGHLY CONFIDENTIAL.pdf TEP\006800-006803
STF 2.1 TEP Avalon Solar PPA Exhibit E 1-17-14 Signed-
HIGHLY CONFIDENTIAL.pdf TEP\006804-006805

STF 2.1 TEP Avalon Solar PPA Exhibit G 1-17-14 Signed-
HIGHLY CONFIDENTIAL.pdf TEP\006806-006807
STF 2.1 TEP Cogenra (Washington Gas) PPA 3-21-13 Signed-
HIGHLY CONFIDENTIAL.pdf TEP\006808-006850
STF 2.1 TEP Cogenra (Washington Gas) PPA Amendment No 1 9-
19- 13 Signed-HIGHLY CONFIDENTIAL.pdf TEP\006851-006853
STF 2.1 TEP Cogenra (Washington Gas) PPA Amendment No 2
10- 1_3- 15 -HIGHLY CONFIDENTIAL.pdf TEP\006854-006860
STF 2.1 TEP Cogenra (Washington Gas) PPA Assignment 09-24-
13 Signed-HIGHLY CONFIDENTIAL.pdf TEP\006861-006865
STF 2.1 TEP Cogenra (Washington Gas) PPA Exhibit B 8-28-14
signed-HIGHLY CONFIDENTIAL.pdf TEP\006866-006867

4

|

TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

May 16, 2016
Order in this docket. Attached are the PPAs for the following counterparties that did not
object and that are being provided. The following counterparty did not provide consent
and the Company is, therefore, unable to provide it.

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

nu



STF 2.1 TEP FRV (Picture Rocks Solar) PPA Amendment No 1 6-
3-10 signed-HIGHLY CONFIDENTIAL.pdf TEP\006913-006922

STF 2.1 TEP FRV (Picture Rocks Solar) PPA Amendment No 2 5-
23-11 Signed-HIGHLY CONFIDENTIAL.pdf TEP\006923-006925

STF 2.1 TEP FRV (Picture Rocks Solar) PPA Amendment No 3 3-
12-12 Signed-HIGHLY CONFIDENTIAL.pdf TEP\006926-006930

STF 2.1 TEP FRV (Picture Rocks Solar) PPA Amendment No 4
11-16-12 signed-HIGHLY CONFIDENTIAL.pdf TEP\006931-006933

STF 2.1 TEP FRV (Picture Rocks Solar) PPA Exhibit B 11-5-12
signed-HIGHLY CONFIDENTIAL.pdf TEP\006934-006936

»

STF 2.1 TEP FRV (Picture Rocks Solar) PPA Letter Agreement
Sect 4.10 11-2-2012 st ed-HIGHLY CONFIDENTIAL.pdf TEP\006937-006939

•
»

STF 2.1 TEP FSP Solar I (E.On Valencia) PPA 12 MW 04-16-10
st ed- 1 -HIGHLY CONFIDENTIAL.pdf TEP\006940-006986

STF 2.1 TEP FSP Solar I (E.On Valencia) PPA 12 MW Exhibit B
6-26- 13 signed-HIGHLY CONFIDENTIAL.pdf TEP\006987-006988

STF 2.1 TEP FSP Solar I (E.On Valencia) PPA 12 MW Exhibit E
6-27-13 signed-HIGHLY CONFIDENTIAL.pdf TEP\006989-006990

STF 2.1 TEP FSP Solar I (E.On Valencia) PPA 12 MW Revised
Exhibits B-C 9-24-12 signed-HIGHLY CONFIDENTIAL.pdf TEP\00699l-006993

STF 2.1 TEP FSP Solar II (E.On Valencia) PPA 4 MW 04-16-10
signed- 1 -HIGHLY CONFIDENTIAL.pdf TEP\006994-007040

STF 2.1 TEP FSP Solar II (E-011) PPA 4 MW 04-16-12 signed
conformed-HIGHLY CONFIDENTIAL.pdf TEP\007041-007088

IQ

STF 2.1 TEP Gatos (Astrosol First Light) PPA (EXIBITS B E and
G) 8-28-2012 Si ed-HIGHLY CONFIDENTIAL.pdf TEP\007089-007093

STF 2.1 TEP Gatos (Astrosol First Light) PPA 5 MW 4-19-10
Signed-HIGHLY con121DEnT1AL.pdf TEP\007094-007140

STF 2.1 TEP Gatos (Astrosol First Light) PPA Amendment No 1 3-
22-12 Signed-HIGHLY CONFIDENTIAL.pdf TEP\007141-007144

STF 2.1 TEP Gatos (AstroSol First Light) PPA Amendment No 2
12-10-12 Signed-1-HIGHLY CONFIDENTIAL.pdf TEP\007145-007150

STF 2.1 TEP Gatos (Astrosol First Light) PPA Assignment 12-5-11
Signed-HIGHLY CONFIDENTIAL.pdf TEP\007151-007153

•_

STF 2.1 TEP Macho Springs -Capital Power Letter of Entity

Change 1-5-15 Si ed-HIGHLY CONFIDENTIAL.pdf TEP\007154-007156

STF 2.1 TEP Macho Springs Power 1 (Torch Energy) PPA 50MW
wind 4-19-10 signed-HIGHLY CONFIDENTIAL.pdf TEP\007157-007202

STF 2.1 TEP FRV (Picture Rocks Solar) PPA 9-1-09 signed-
HIGHLY CONFIDENTIAL.pdf TEP\006868-006912

¢
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT

SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS
REGARDING THE VALUE/COST OF DG INVESTIGATION

DOCKET NO. E-00000J-14-0023
Mav 16. 2016

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")



STF 2.1 TEP NRG SOLAR AVRA VALLEY PPA Amendment No
1 8- 10-11-HIGHLY CONFIDENTIAL.pdf TEP\007250-007256

STF 2.1 TEP NRG SOLAR AVRA VALLEY PPA Amendment No
2 8-23-11 Signed-HIGHLY CONFIDENTIAL.pdf TEP\007257-007260

STF 2.1 TEP NRG SOLAR AVRA VALLEY PPA Amendment No
3 9-2011 Signed only by STEP-HIGHLY CONFIDENTIAL.pdf TEP\007261-007264

STF 2.1 TEP NRG SOLAR AVRA VALLEY PPA Amendment No
4 1-19-12 Si ed-HIGHLY CONFIDENTIAL.pdfI

Q TEP\007265-007268

STF 2.1 TEP NRG SOLAR AVRA VALLEY PPA Amendment
No. 5 9-16-13 Signed-HIGHLY CONFIDENTIAL.pdf TEP\007269-007274

STF 2.1 TEP REHNU PPA 3-08-16 signed-HIGHLY
CONFIDENTIAL.pdf TEP\007275-007322

•
_

STF 2.1 UNSE Black Mountain (Solon UNSE1) PPA 9-23-10
st ed-HIGHLY CONFIDENTIAL.pdf TEP\007323-007365
STF 2.1 UNSE Black Mountain (Solon UNSE1) PPA Amendment
1 10-11-11 signed-HIGHLY CONFIDENTIAL.pdf TEP\007366-007376
STF 2.1 UNSE Black Mountain (Solon UNSEE) PPA Amendment
2 9-28-12 signed-HIGHLY CONFIDENTIAL.pdf TEP\007377-007381
STF 2.1 UNSE Black Mountain (Solon UNSE1) PPA Assignment
10-13-11 signed-HIGHLY CONFIDENTIAL.pdf TEP\007382_007385
STF 2.1 UNSE Black Mountain (Solon UNSEE) PPA Exhibit E 3-
5-12 Signed-HIGHLY CONFIDENTIAL.pdf TEP\007386-007387
STF 2.1 UNSE Black Mountain (Solon UNSE1) PPA Letter
Agreement 5-26-11 signed-HIGHLY CONFIDENTIAL.pdf TEP\007388-007398

STF 2.1 UNSE Western Wind (Kinsman Energy) PPA let Amend
12-02-11 signed-HIGHLY CONFIDENTIAL.pdf TEP\007399-007401
STF 2.1 UNSE Western Wind PPA Wind and Solar 10-16-09
signed-HIGHLY CONFIDENTIAL.pdf TEP\007402-007444

STF 2.1 TEP NRG SOLAR AVRA VALLEY PPA 25MW 4-29-10
signed-HIGHLY CONFIDENTIAL.pdf TEP\007203-007249
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14_0023

Mav 16, 2016

WITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

H
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

May 26, 2016
STF 2.2

Please provide the following information on any utility-scale solar renewable generation built and
owned by the utility with a date construction began after January l, 2008, including:

a. Date construction began

b. Date the facility began generating electricity.

c. Life expectancy of facility

d. Type(s) of renewable technology at each facility

e. Total revenue requirement resulting ham each facility by year for depreciable life

f. Total cost of the facility, and

g, The cost per kph generated over the life of the facility.

h. If the utility contracted with a developer to build the facility and the utility subsequently
bought the plant, please provide a copy of the relevant contracts.

RESPONSE: May 13, 2016

SOME OF THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL"
INFORMATION PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER
(DATED MAY 10, 2016) WHICH ARE ONLY BEING PROVIDED TO THE
REQUESTING PARTY WHO HAVE SIGNED THE PROTECTIVE ORDER. ALL
OTHER PARTIES WHO WANT THIS INFORMATION SHOULD CONTACT THE
CONIPANY.

a. The Company does not retain start of construction data.

b. Please see STF 2.1 RenewableEnergy Data.xlsx for project COD dates.

c. Company owned facilities' life expectancy is 30 years. PPA's are 20 years.

d. Please see STF 2.1 Renewable Energy Data.xlsx for project technologies.

e. Please see STF 2.2 Value of Solar 05-2016-Highly ConiidentiaLxlsx.

i The ExcelPlease see STF 2.2 Utility Owned Project Costs-Highly ConiidentiaLxlsx.
file is not identified by Bates numbers.

g.

h.

Please see STF 2.2 Utility Owned Project Costs-Highly C0niidential.xlsx.

The responsive contract to this request is the E.On Tech Park PPA. Once permission has
been obtained from the counterparty, the Company will provide the contract to the
requesting party in response to STF 2.1e.

RESPONDENT:
Carmine Tillman

WITNESS:
Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

I'll
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

May 26, 2016
SUPPLEMENTAL RESPONSE: May 24, 2016

Nine additional subparts have been added to STF 2.2, based on a call from the ACC. The following
responses are provided.

SOME OF THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL"
INFORMATION PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER
(DATED MAY 10, 2016) WHICH ARE ONLY BEING PROVIDED TO THE
REQUESTING PARTY WHO HAVE SIGNED THE PROTECTIVE ORDER. ALL
OTHER PARTIES WHO WANT THIS INFORMATION SHOULD CONTACT THE
COMPANY.

1 . Update utility owned spreadsheet to show the annual cost per kph for each project

Response: Please see STF 2.2 Value of Solar 05-2016 w-PPA-Highly Conlidentialxlsx.

The Excel file is not identified by Bates numbers.

2. Attach to spreadsheet a graph showing the declining costs over life for utility owned
projects, including a weighted average cost (will use a capacity based weighted

average cost and use weather-normalized production values on a forward looking

basis).

Response: Please see STF 2.2 Value of Solar 05-2016 w-ppA-Highly Confidentialxlsx.

3. Attach a graph showing the weighted average of all relevant technologies (utility-
owned and PPA's - do not use 2004 Springewille project or Areva Steam
Augmentation project)

Response: Please see STF 2.2 Value of Solar 05-2016 w-ppA-Highly Confidentialxlsx.

4. Provide copies of the Red Horse PPA (missing from attached PPA's)

Response: TEP received correspondence from Red Horse notifying the Company that Red
Horse is unable to grant consent for the Company to provide their agreements until they

have completed their due diligence, which may also include consent from their financing
parties, as required by their financing agreements. TEP will provide these agreements as

soon as consent has been obtained.

Additionally, the Company is providing a copy of the ClifNose Solar PPA solar PPA that

was entered into under PURPA, and filed with the Commission. Please refer to Docket No.
E-04204A-15-0314, dated August 31, 2015. See document titled STF 2.2 Cliffrose Solar
PPA_PURPA.pdf, Bates Nos. TEP\007445-007493.

5. Provide copies of the Solon E&D and P&C agreements (standardized)

Response: The Company is providing more recent standardized E&D and P&C documents
that were utilized for the Rio Rico facility. Please see Competitively Sensitive and Highly
Confidential documents titled:

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

IH



File Name Bates Numbers
STF 2.2 UNSE Gehrlicher P&C Agreement (Rio Rico) 12-21-12
signed-HIGHLY CONFIDENTIAL.pdf TEP\007609-007673
STF 2.2 UNSE Gehrlicher E&D Agreement (Rio Rico) 12-21-12
signed-HIGHLY CONFIDENTIAL.pdf TEP\007674-007752

File Name Bates Numbers
STF 2.2 TEP EON Ft Huachuca E&D Aunt 01-14-14 signed-
HIGHLY CONFIDENTIAL.pdf TEP\007494-007546
STF 2.2 TEP EON Ft Huachuca P&C Agrmrt EXECUTION
VERS ION 3-5- 14-HIGHLY CONFIDENTIAL.pdf TEP\007547-007608

4 Q \.
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J.14-0023

May 26, 2016

6. Provide copies of the E.On E&D and P&C agreements (non-standardized used at Fort
Huachuca).

Response: Please see the following files for the E.On E&D and P&C agreements.

7. Provide a copy of TEP's response to RUCO DR that provided a timeline for
renewables to meet the proposed 30% by 2030

Response: Please see STF 2.1 Projected Renewables through 2025-HIGHLY
CGNFIDENTIAL.xlsx. The Excel tile is not identified by Bates numbers.

8. 30 year comparison of utility owned versus a PPA LCOE PPA

Response: Please
CONFIDENTIAL.xls

see STF 2.2 Ownership model-Tracking PV-HIGHLY

9. Total PPA contract costs through 2025 by year

Response: Please see STF 2.2 TEP & UNSE PPA's estimated obligations 2016-05-20-
HIGHLY CONFIDENTIAL.xlsx.

RESPONDENT:

Carmine Tillman / David Lewis

WITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")



File Name Bates Numbers

STF 2.2 TEP Red Horse Wind 2 (Torch) PPA let Amendment
Signed 2-12-2014-HIGHLY CONFIDENTIAL.pdf TEP\007753-007760

STF 2.2 TEP Red Horse Wind 2 RHO (Torch) PPA 3rd
Amendment signed 08-05-2015-HIGHLY CONFIDENTIAL.pdf TEP\007761-007807

STF 2.2 TEP Red Horse Wind 2 (Torch) PPA 2nd Amendment 02-
12-14 signed-HIGHLY CONFIDENTIAL.pdf TEP\007808-007812

STF 2.2 TEP Red Horse Wind 2 (Torch) PPA 2-20-13 signed-
HIGHLY CONFIDENTIAL.pdf TEP\007813-007823

** I \*
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TUCSON ELECTRIC POWER COMPANY'S AND UNS ELECTRIC'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S SECOND SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

May 26, 2016
SUPPLEMENTAL RESPONSE: May 26, 2016

THE FILES LISTED BELOW CONTAIN "HIGHLY CONFIDENTIAL" INFORMATION
PURSUANT TO THE TERMS OF THE PROTECTIVE ORDER (DATED MAY 10, 2016)
WHICH ARE ONLY BEING PROVIDED TO THE REQUESTING PARTY WIIO HAVE
SIGNED THE PROTECTIVE ORDER. ALL OTHER PARTIES WHO WANT THIS
INFORMATION SHOULD CONTACT THE CQMPANY.

TEP received permission to release the Red Horse PPAs as highly confidential documents pursuant
to the terms of the Protective Order dated May 10, 2016, which are listed below:

RESPONDENT:

Carmine Ti l lman

VVITNESS:

Carmine Ti l lman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")



(1) Property taxes are the product of net book value x assessment rate x property tax rate x a 18% valuation factor - then increase the tax rate annually by the escalation factor

LCOE ($/KWh)

NPV Output

Estimated Output (Kwh)

NPV Cost

Revenue Requirement

Income Tax on Equity Return:
(Return/(1-Tax Rate) X Tax Rate

Operating Expenses & Taxes:
Operations and Maintenance
Depreciation
Property Taxes(1)

Total

Return on Rate Base:
Debt Return
Equity Return

Total

Plant in Service
Acc um. Depreciation
Net Plant in Sewiee
Unamortized ITC
Unamortized ITC included in Rate Base
A.D.l.T.
Net Rate Base

Year
Tax Depreciation
Tax Depreciation included in Rate Base
Book Depreciation
Less: Book Depr on ITC Adj
Timing Difference
Def. Tax @ 38.95%
A.D.l.T.

Original Cost
Asset Life
O&M First Year
Escalation Factor
Income Tax Rate (Federal & State)
Debt Return (ltd cost)
Equity Return (ltd cost)
Tax Depreciation (Yrs)
ITC Claimed
Property Tax Rate

La Seniti Single-Axis System . UNSE

1 MW

Levelized Cost of Energy ($/KWh)
Assumptions

I

1*

X

$

$

$

$

s
$

HIGHLY CONFIDE NTIA L

$

$

x

T 2

Yr. 1
1

2011
4,512,396

161,157
189,596
28,439

(0)
(0)
(0)

2011
021374751

27,557,562

2,671,800

5,308,701
(189,596)

5_119,105
(1,433,349)
(1 ,433,349) s

0
3,685,755

4,696,059

5,308,701

28
5,000
2.00%

38.95%
2.83%
500%

6
1,592.610

11237%

571,091 $

5,000
189,596

21 ,475
216,072

184,177
104,299
288,476

ee,54a

0.17

DPIS- 2011

$

2012
0.1457773387

2,539,780

5,308,701
(379,193)

4,929,508
(1 _114,B27)
(1,114,827> s
(1 ,632,037)
2,182,644

14 £035 .403

Yr 2
2

2012

4,351,239
189,596
28,439

4,190,082
1 ,632,037
1,632,037

796305.15
1 1462%

426,107 $

5,100
189,596
21,175

215,871

109,067
el ,764

170,831

39,406

Annual S/kwh

$

2013
0.175836373

2,527,081

5,308,701
(568,789)

4,739.912
(796,305)
(796,305) $

(1 ,569,266)
2,374,340

Yr. 3
3

2013

189,596
2B,439

(161 ,157)
(62,771)

1 ,569,26G

444,353 $

5,202
189,596
20,853

215,652

118,846
67,189

185,8M

42,866

11691%

.éU1.8 25819 2020 2021 022 2023 2024 882%

$

2014
0.183968525

2,514,445

5,308,701
(758,385)

4,550,315
(477,783)
(477,783) $

(1 ,506,496)
2,566,036

Yr. 4
4

2014

189,596
28,439

(161 ,157)
(62,771)

1,506,496

462,579 $

5,s0e
189,596

20,511
215,413

128,225
72,613

200,838

46,327

11.925%

$

2015
0.19216993

5,308,701
(947,982)

4,360,719
(159,261)
(159,261)

(1 ,443,725)
2,757,733

2,501,873

Yr. 5
5

2015

189,596
28,439

(161 ,157)
(62,771 )

1 ,443,725

480,785 $

5,412
189,596
20,146

215,155

137,804
78.038

215,842

49,788

12.163%

Original Cost
ITC @ 30%
Depreciable Tax Basis
Tax Basis After 50% Bonus

$

2016
0494278456

2,489,364

(1 ,380,954)
2,790,168

5,308,701
(1 ,137,579)
4,171,122

Yr.6
6

2016

189,596
28,439

(161 ,157)
(62,771)

1,380,954

483,630 $

5,520
189,596

19,759
214,876

139,425
78,956

218,380

12.407%

50,374

$

2017
0.190201417

2,476,917

(1 ,318,184)
2,663,342

5,308,701
(1 ,327,175)
3,981 ,526

Yr.7
7

2017

1B9,596
28,439

(161,157)
(62,771)

1,318,184

471,113 s

5,631
189,596
19.348

214,575

133,087
75,367

208 ,49

12655%

4a,0e4

$

$
$
$
$

2018
0.186%9532

5,308,701
1,592,610.30
4,512,395.85
2,256,197.93

2,464,532

(1,255,413)
2,536,516

5,308,701
(1 ,516,772)
3,791 ,929

Yr.8
8

2018

189,596
28,439

(161,157)
(62,771)

1,255,413

458,574

5.743
189,596

18,912
214,252

126,750
71 ,778

198,528

12.908%

45.794

I l l
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$

13.1G6% 13.429% 13.698% 13.972% 14251% 14.536% 14.827% 15.124% 15426% 15.735%

Yr.9
g

2019

Yr. 10
10

2020

Yr. 11
11

2021

Yr. 12
12

2022

Yr. 13
13

2023

Yr. 14
14

2024

Yr. 15
15

2025

Yr. 16
16

2026

Yr 17
17

2027

Yr 18
18

2028

$ $ $ s s $ $ $ $
189,596

28,439
(161,157)

(62,771)
1,192,642

189,596
28,439

(161 ,157)
(62,771)

1,129,872

- s
189,596

28,439
(161 ,157)

(62,771)
1,067,101

189,596
28,439

(161,157)
(62,771)

1,004,330

189,596
28,439

(161 ,157)
(62,771)
941,560

189,596
28,439

(161 ,157)
(62,771)
878,789

189,596
28,439

(161 ,157)
(62,771)
816,018

189,596
28,439

(161 ,157)
(62,771)
753,248

189,596
28 v439

(161 ,157)
(62,771 )
690,477

189,596
28,439

(161,157)
(62,771)
627,706

5,308,701
(1,706,368)
3,602,333

5,308,701
(1,895,965)
3,412,736

5,308,701
(2,085,561)
3,223,140

5,308,701
(2,275,158)
3,033,543

5,308,701
(2,464,754)
2,843,947

5,308,701
(2,654,351)
2,654,351

5,308,701
(2,843,947)
2,464,754

5,308,701
(3,033,543)
2,275,158

5,308,701
(3,223,140)
2,085,561

5,308,701
(3,412,736)
1,895,965

(1 ,192,642)
2,409,690

(1 ,129,872)
2,282,865

(1 ,067,101)
2,156,039

(1,004,330)
2,029,213

(941 ,560)
1 ,902,387

(878,789)
1,775,561

(816,018)
1,648,736

(753,248)
1,521 ,910

(690,477)
1,395,084

(627,706)
1,268,258

120,412
68,189

188,601

114,075
e4,eo0

178,675

107,737
61 ,o11

168,748

101 ,400
57,422

158,822

95,062
53,833

148,896

aa,725
50,244

138,969

82,387
46.656

129,043

76.050
43,067

119,117

59,712
39,478

109.190

63,375
35,889
99,264

5,858
189,596

18,452
213,907

5.975
189,596

17,966
213,537

6,095
189,596

17,452
213,144

6.217
189,595

16,911
212,725

e,a41
189,596
16.342

212,279

6.468
189,596
15,742

211,807

6,597
189,596

15,113
211807

6,729
189,596

14,452
210,777

6.864
189,596

13,758
210,218

1,001
189,596

13,031
209,628

43,505 41,215 38,925 36.6a5 34,346 32,056 29.766 27,417 25,187 22,897

$ 446,013 $ 433,427 $ 420,817 $ 408,182 s 395,521 s 382,B32 $ 370,116 $ 357,370 $ 344,595 $ 331,789

2,452,210 2,439,949 2,427,749 2,415,610 2,403,532 2,391,514 2,379,557 2,367,659 2,355,821 2,344,042

2019
0.181881898

2020
o.177637818

2021
o. 173336424

2022
0168976827

2023
0.164558122

2024
0.160079451

2025
0.155539798



n

4

K

16.049% 16.370% 16.698% 17032% 17.372% 17.720% 18.0740/> 18.435% 18.804% 19.180%

Yr. 19
19

2029

Yr. 20
20

2030

YF. 21
21

2031

Yr. 22
22

2082

Yr. 23
23

2033

Yr. 24
24

2034

Yr. 25
25

2035

Yr. 26
26

2036

Yr. 27
27

2037

Yr. 28
28

2088

s $ s s $ s $ $ s $
189,596
28,439

(1 el ,157)
(62,771)
564,936

189,596
28,439

(161 ,157)
(62,771)
502,165

189,596
2B,439

(161,157)
(62,771)

439,395

189,596
28,439

(161 ,157)
(62,771)
376,624

189,596
28,439

(161,157)
(52,771)
313,853

189,596
28,439

(161 ,157)
(62,771 )
251 ,083

189,596
28,439

(161,157)
(62,771)
188,312

1B9_596
2B,439

(161,157)
(62,771)
125,541

1B9,596
28,439

(161,157)
(62,771)
62,771

189,596
28,439

(161,157)
(62,771)

(0)

5,308,701
(3,602,333)
1,706,368

5,308,701
(3,791 ,929)
1,516,772

5,308,701
(3,981 ,526)
1,327,175

5,308,701
(4,171 ,122)
1,137,579

5,308,701
(4,360,719)

947,982

5,308,701
(4,550,315)

758,386

5,308,701
(4,739,912)

568,789

5,308,701
(4,929,508)

379,193

5,308,701
(5.119,105)

189,596

5,308,701
(5,308,701)

0

(564,936)
1,141,432

(502,165)
1,014,607

(439,395)
887,781

(376,624)
760,955

(313,853)
634,129

(251 ,O83)
507,303

(188.312)
380,477

(125,541 )
253,652

(62,771)
126,826

0
0

57,037
32,300
89,337

50,700
28,711
79,411

44.362
25,122
69,485

38,025
21 ,533
59,558

31,687
17/944
49,632

25,350
14,356
39,706

19,012
10,767
29,779

12,675
7,178

19,853

6.337
a,589
9,926

0
0
0

7,141
189,596

12,269
209,007

7,284
189,596

11,471
208,352

7,430
189,596

10,637
207,663

7,578
189,596

9,765
206,940

7,7a0
189,596

8,853
208,180

7,884
189,596

7,902
205,383

8,042
189,596

6,908
204,547

8.203
189,596

5,872
203,672

8,367
189,596

4,792
202,755

8,534
189,596

3.666
201 ,797

20,607 18,318 16,028 13,738 11,449 9.159 6,B69 4,579 2,290 0

$ 318,951 $ 306,081 $ 293,176 s 280,236 $ 267,260 S 254,247 $ 241,195 $ 228,104 $ 214,971 $ 201,797

2,332,321 2,320,650 2,309,057 2,297,511 2,286,024 2,274,594 2,263,221 2,308,999 2,297,338 2,285,851

I H



La Senita Esimated

KWh

Contract Yea r
Estimated Power
Production (Kwh)

1 2,671,800
2 2,539,780
3 2,527,081
4 2,514,445
5 2,501,873
6 2,489,364
7 2,476,917
8 2,464,532
9 2,452,210
10 2,439,949
11 2,427,749
12 2,415,610
13 2,403,532
14 2,391,514
15 2,379,557
16 2,367,659
17 2,355,821
18 2,344,042
19 2,332,321
20 2,320,660
21 2,309,057
22 2,297,511
23 2,286,024
24 2,274,594
25 2,263,221
26 2,308,999
27 2,297,338
28 2,285,851

HIGHLY CONFIDENTIAL

COD:11/4/2011

2012
2013
2014
2015
2016
2017
2018
2019

2020
2021
2022

2023
2024
2025
2026
2027

2028
2029
2030
2031

2032
2033
2034
2035
2036
2037
2038
2039

67,139,011

ill



Company TechnologyProject Name LCOE COD
TEP

UNSE

TEP

UNSE

TEP

TEP

TEP

TEP

2014

2014

2012

2011

2011

2010

2010

2004

Fixed PV

Fixed PV

Fixed PV

Single Axix PV

Fixed PV

Single Axix PV

Fixed PV

Fixed PV

Fort Huahuca

Rio Rico

Prairie Fire

La Senita

UASTPH

UASTP I

Springerville 1.8
Springerville 4.6

0.07

0.09

0.13

0.17

0.14

0.12

0.15

0.30

s

S

s

$

s

s

s
s

Project Name LCOECompany CODTechnology
TEP

TEP

White Mtn
Areva

Low Concentrating PV

Solar Thermal Steam Augmentation
0.17

0.06
2014

2014
s

s

¢
4

Equivalent Technologies HIGHLY CONFIDENW

Cost

Fort Huahuca

Rio Rico

Prairie Fire

La Senita

UASTP II

UASTP I

Springerville 1.8
White Mtn

Non-Equivalent Technologies
Output
Fort Huahuca

Rio Rico

Prairie Fire

La Senita

UASTP II

UASTP I

Springerville 1.8

White Mtn

Fort Huahuca

Rio Rico
Prairie Fire

La Senita

UASTP ll

UASTP I

Springerville 1.8

White Mtn

$/kwh

065

I.

2



¢

I

`IAL

2010

$ 1,281,833 $ 4,096,761

e

7,446,000

3,504,000

3,942,000

2010

2010

640,917

640,917

0.09

0.09

0.17

21,030,570

2,671,800

10,950,000

3,486,480

3,922,290

571,091

2,211,064

657,303

657,303

2011

2011

2011

0.03

0.11

0.03

0.03

0.19

Weighted Average $/kwh by Facility

2014

s 4,304,518

2,044,267

2,055,913

462,579

2,038,902

706,363

706,363

5,639,668

$ 6,095,598 s 6,032,926 s 17,958,572

31,756,756

10,950,000

2,539,780

10,895,250

3,469,048

3,902,679

2,168,426

426,107

2,153,718

673,673

673,673

2012

2012

2012

0.07

0.01

0.07

0.02

0.02

0.19

31,597,972

10,895,250

2,527,081

10,840,774

3,451,702

3,883,165

2,112,189

444,3s3

2,096,331

690,027

690,027

2013

2013

2013

r: 3

0.07

0 . 0 1

0 . 07

0.02

0.02

0.19

2014

38,635,000
15,768,000

10,840,774

2,514,445

10,786,570

3,434,444

3,863,749

21,900,000

107,742,982

2014

0.04

0.02

0.02

0.00

0.02

0 . 0 1

0 . 01

0.05

0.17

2015

s 3,477,108

1,990,607

1,608,682

480,785
1,556,596

653,181

653,181
4,554,957

s 14,975,097

5:9*i»~¢;=

2015

38,441,825

15,689,160

10,786,570

2,501,873

10,732,637

3,417,272

3,844,431
21,790,500

107,204,267

2015

0.03

0.02

0.02

0.00

0.01

0.01

0.01

0.04

0.14

2016

s 3,362,371

1,569,739

1,552,322

483,630

1,517,550

636,499

636,499
4,404,485

$ 14,163,096

e

2016

38,249,616
15,610,714

10,732,637

2,489,364

10,678,974

3,400,185

3,825,208

21,681,548

106,668,246

2016

0.03

0.01

0.01

0.00

0.01

0.01

0.01

0.04

0.13

2017

s 3,247,558

1,505,232

1,495,919

471,113

1,478,457

619,798

619,798
4,253,913

s 13,691,789

2017

38,058,368

1S,532,661

10,678,974

2,476,917

10,625,579

3,383,184
3,806,082

21,573,140

106,134,905

2017

0.03

0.01

0.01

0.00

0.01

0.01

0.01

0.04

0.13

0.05

0,10

o.1s

0.25

4941

2018

$ 3,024,956

1,440,663

1,457,584

458,574

1,439,316

603,077

603,077
3,962,039

$ 12,989,287

2018

37,868,076
15,454,997

10,625,579

2,464,532

10,572,451

3,366,268

3,787,052

21,465,274

105,604,230

2018

0.03

0.01

0.01

0.00

0.01

0.01

0.01

0.04

0.12

2014 Qtr* -'~'w;

was

2012

I Fort Huahuca

2015

Rio Rico so Prairie» Firm

2 0 1 7

a la  < s > n i t a

2 0 1 8

l  w \ € T r »  H

2 0 1 9

I ! . lA§TP I

2 0 2 0 2 0 2 1 2 0 2 .

I  5p l i n g e l v i H e  1 . 8

2 0 2 3

1/hitc*  Man
0 . 0 0

20143

.1

I'll
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2019

$ 2,917,140 S

1,390,151
1,419,202

446,013

1,400,126

586,335

586,335
3,820,636

s 12,565,939 s

2020

2,839,052

1,353,693

1,380,771

433,427

1,360,885

569,572

569,572
3,718,201

12,225,173

2021 2022

$ 2,760,876 s 2,682,610

1,317,166 1,280,569

1,342,290 1,303,758

420,817 408,182

1,321,590 1,282,241

552,787 535,979

552,787 535,979

3,615,651 3,512,981

s 11,883,965 s 11,542,299

2023

$ 2,604,251
1,243,899

1,265,171

395,521
1,242,835

519,148

519,148
3,410,188

s 11,200,160

2024

s 2,525,797

1,207,153

1,226,529

382,832

1,203,370

502,292

502,292

3,307,268

s 10,857,533

2025

$ 2,447,242

1,170,330

1,187,830

370,116

1,163,846

485,410

485,410
3,204,216

s 10,514,401

2019

37,678,736

15,377,722

10,572,451

2,452,210

10,519,589

3,349,437

3,768,117

21,357,948

105,076,209

2020

37,490,342

15,300,834

10,519,589
2,439,949

10,466,991

3,332,690

3,749,276

21,251,158

104,550,828

2021

37,302,890

15,224,330

10,466,991

2,427,749

10,414,656

3,316,026

3,730,530

21,144,902

104,028,074

2022

37,116,376
15,148,208

10,414,656

2,415,610

10,362,583

3,299,446

3,711,877

21,039,178

103,507,933

2023
36,930,794

15,072,467

10,362,583
2,403,532

10,310,770

3,282,949

3,693,318

20,933,982

102,990,394

2024

35,746,140
14,997,105

10,310,770

2,391,514
10,259,216

3,266,534

3,674,851

20,829,312

102,475,441

2025

36,562,409
14,922,119

10,259,216
2,379,557

10,207,920

3,250,202

3,656,477

20,725,165

101,963,065

2019 2020 2021 2022 2023 2024 2025
0.03

0.01

0.01

0.00

0.01

0.01

0.01

0.04

0.03

0.01

0.01

0.00

0.01

0.01

0.01

0.03

0.01

0.01

0.00

0.01

0.01

0.01

0.03

0.03

0.01

0.01

0.00

0.01

0.01

0.01

0.03

0.03

0.01

0.01

0.00

0.01

0.01

0.01

0.02

0.01

0.01

0.00

0.01

0.00

0.00

0.03

0.02

0.01

0.01

0.00

0.01

0.00

0.00

0.03
0.12

0.04

0.12 0.11 0.11
0.03

0.11 0.11 0.10

Weiginieci Aveéraggei- SZRVW for Total Syrian

7617 70311 2028 2023 2024 2025



TechnologyCompany LCOE CODProject Name

TEP
UNSE
TEP
UNSE
TEP
TEP
TEP
TEP

Fixed PV
Fixed PV
Fixed PV

Single Axix PV
Fixed PV
Single Axix PV
Fixed PV
Fixed PV

For Huahuca
Rio Rico
Prairie Fire
La Senita
UASTP ll
UASTP I
Springewille 1.8
Springerville 4.6

0.07
0.09
0.13
0.17
0.14
0.12
0.15
0.30

z014
2014
2012
2011
2011
2010
2010
2004

$
$
$
$
s
s
$
s

Company TechnologyProject Name LCOE COD
2014
2014

White Mtn
Areva

TEP

TEP

Low Concentrating PV
Solar Thermal Steam Augmentation

0.17
0.06

$
s

o

4

Non-Equivalent Technologies

Equivalent Technologies

Q

0.01

£5.02

£183

Fort Huahuca
Rio Rico
Prairie Fire
La Senita
UASTP ll
UASTP I
Springerville 1.8
White Mtn
Aggregate PPA
S/kwh

.411

E (Yi

0.07

0.08

0,09

Output
Fort Huahuca
Rio Rico

Prairie Fire
La Senita
UASTP II
UASTP I
Springerville 1.8
White Mtn
Aggregate PPA

HIGHLY CONFIDENTIAL

Cost
Fort Huahuca
Rio Rico
Prairie Fire
La Senita
UASTP II
UASTP I
Springerville 1.8
White Mtn

Aggregate PPA

.06

0II

$ 1,281,833

7,446,000

3,504,000
3,942,000

2010

2010

2010

é

640,917
640,917

0.09
0.09

0.17

£010 2011 2012 Q ;

PGM 4!1!3hu(2 RIO Rn



•

•

•

2011 2012 2013

571,091
2,211,064

657,303
6S7,303

2,168,426
426,107

2,153,718
673,673
673,673

2,112,189
444,353

2,096,331
690,027
690,027

s

617,011
4,096,761 s

617,011
6,095,598

25,574,585
s 6,032,926

2014
s 4,304,518

2,044,267
2,055,913

462,579
2,038,902

706,363
706,363

5,639,668

34,524,821
$ 17,958,572

2015
s 3,477,108

1,990,607
1,608,682

480,785
1,556,596

653,181
653,181

4,554,957

42,190,642
s 14,975,097

2016
s 3,362,371

1,569,739
1,552,322

483,630
1,517,550

636,499
636,499

4,404,485

44,876,458
$ 14,163,096

2017
s 3,247,558

1,505,232
1,495,919

471,113
1,478,457

519,798
619,798

4,253,913

44,876,458
s 13,691,789

2018
s 3,024,956

1,440,663
1,457,584

458,574
1,439,316

603,077
603,077

3,962,039

44,876,458
s 12,989,287

2019
s 2,911,140

1,390,151
1,419,202

446,013
1,400,126

586,335
586,335

3,820,636

44,876,458
s 12,565,939

2011 2012 2013

2,671,800
10,950,000
3,486,480
3,922,290

10,950,000
2,539,780

10,895,250
3,469,048
3,902,679

10,895,250
2,527,081

10,840,774
3,451,702
3,883,165

4,380,000
25,410,570

4,380,000
36,136,756

190,989,900
222,587,872

2014
38,635,000
15,768,000

10,840,774
2,514,445

10,786,570
3,434,444
3,863,749

21,900,000
270,662,100
378,405,082

201s
38,441,825
15,689,160

10,786,570
2,s01,873

10,732,637
3,417,272
3,844,431

21,790,500
382,899,600
490,103,867

2016
38,249,616
15,610,714

10,732,637
2,489,364

10,678,974
3,400,185
3,825,208

21,681,548
511,014,600
617,682,846

2017
38,058,368
15,532,661

10,678,974
2,476,917

10,625,579
3,383,184
3,806,082

21,573,140
511,014,600
617,149,505

2018
37,868,076
15,454,997

10,625,579
2,464,532

10,572,451
3,366,268
3,787,052

21,465,274
511,014,600
616,618,830

2019
37,678,736
15,377,722

10,572,451
2,452,210

10,519,589
3,349,437
3,768,117

21,357,948
511,014,600
616,090,809

2011 2012 2013 2014 2015 2016 2017 2018 2019

0.02
0.09
0.03
0.03

0.06
0.01
0.06
0.02
0.02

0.01
0.oo
0.01
0.00
0.00

0.01
0.01
0.01
0.00
0.01
0.00
0.00
0.01
0.09

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.09

0.01
0.00
0.00
0.0o
0.00
0.00
0.00
0.01
0.07

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.070.02

0.19
0.02
0.19

0.11
0.14 0.14 0.12 0.10 0.09 0.09 0.09

Weighted Average S/kwh by Facility - PPA

0.20

0. Ne

,x

x '=

0.06lllllII:it 0.04Ilrllll

Q.
201 ..= ~..n113

J

."ll.i4

Prairie Fare

201'5 2016

I La Serta

:c=8

I Rh'-STP I
0 00

I UA*»Tl' ll

20.19 2021]

l§|1rim=°¢=1ru1|I1 ! ji

pa: 1 2022

l vJh l ' "  * II n

202 8 .4014

I Aggregate re 2010

1 0.02

2011 2012
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2020
s 2,839,052

1,353,693
1,380,771

433,427
1,360,885

569,572
569,572

3,718,201

44,876,458
s 12,225,173

2021
s 2,760,876

1,317,166
1,342,290

420,817
1,321,590

552,787
552,787

3,615,651

44,876,458
s 11,883,965

2022

s 2,682,610

1,280,569

1,303,758

408,182

1,282,241

535,979

535,979

3,512,981

44,876,458

S 11,542,299

2023
s 2,604,251

1,243,899
1,265,171

395,521
1,242,835

519,148
519,148

3,410,188

44,876,458
s 11,200,160

2024
s 2,525,797

1,207,153
1,226,529

382,832
1,203,370

502,292
502,292

3,307,268

44,876,458
$ 10,857,533

2025
$ 2,447,242

1,170,330
1,187,830

370,116
1,163,846

485,410
485,410

3,204,216

44,876,458
s 10,514,401

2020
37,490,342
15,300,834

10,519,589
2,439,949

10,466,991
3,332,690
3,749,276

21,251,158
511,014,600
615,565,428

2021

37,302,890

15,224,330

10,466,991

2,427,749

10,414,656

3,316,026

3,730,530

21,144,902

511,014,600

615,042,674

2022

37,116,376

15,148,208

10,414,656

2,415,610

10,362,583

3,299,446

3,711,877

21,039,178

511,014,600

614,522,533

2023

36,930,794

15,072,467

10,362,583

2,403,532

10,310,770

3,282,949

3,693,318

20,933,982

511,014,600

614,004,994

2024

36,746,140

14,997,105

10,310,770

2,391,514

10,259,216

3,266,534

3,674,851

20,829,312

511,014,600

613,490,041

2025
36,562,409
14,922,119

10,259,216
2,379,557

10,207,920
3,250,202
3,656,477

20,725,165
511,014,600
612,977,665

2020 2021 2022 2023 2024 2025
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

0.09 0.09 0.09 0.09 0.09 0.09

Weighted Average S/kwh for Tata! System

94314 L 1 / D25
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È5
*as
3
' u
E
Q.
m
. cq-l
E
m
cm
o
re
m4-»
>~
1:
GJ
oz.
9
D.

i I
2 (_)
u. 8
-"- 3 an
2  E
0 .  1 - _ l

>
U

5;
so

8 -
3888

s Es 3
'g E.35¢@3§s83§E»
§35§§§§
o 88583388

cm

8
m

a
m

.s 3
23 8
.s S 8::.§a8§

§-38888§8§§D§#
ms 883> - l - » § _ l i = 3 <

a a Q .ea la
GJ

oo

s
8
8

3
.=s U88389

£8888 8
E -1

8323539
' E o 14§ 0 .  E  E ' m

u '63 c
§ 85 as
n: a LU

58
8=" :Lab §

3 8
8888*

° f v><
, Q Q

E To
tr

ea
3
C
as
>
a)

R f

'65o
O
>
D.
z

g
8
*5
8-3
O
8
'cl
.§
'El
UJ

'S
83
O
>
D.
z

g
¥
8
Lu
o
O
_J

»l'\
4.1

U

I'll I I



39
N
N
ro
cv-

"" <rN 58 cm
o; N

/wf-x
cow-coca-er
o'>mc::-cam
Lnmmcaco*""U7IC\ICJ1"°co

t".
00 W Cal
r- of m
W I"- CD
m N co
N LD 1\~
N r cm
r-- q m
*  Winn'

9 no
o m
N 1|_
co o
1- co
UP 1-

04

* c:> N
m ca of
o>_ co_ r-
GO N (D
U) (D LT

1-

o  w  a  o fon au ca co
r-_ of m_ cm_
I* m r- QW 1-  ¢

(D co

"=r
m
et
an
of:

q-
of:
on
co
m
m

co
1-
(D
P
N
\-
we1-

39
Q1-
m
Q1"-

»-H. /-s
on  F  o f  o  so
m  Q  m  v -  P
( " )  m Q  o  N
Mn N m Q (D
1* GO N o  1 -
(D LD N 1-

*n

no m *-
q r- N
O_ ¢_ U)
Cal q (D1- l`~ W
1- 1'-

an ac: N m
|-- ea q m
Lm_ m_ h_ co_
I* I-D m N

W  w W
(D co

U)
m

co
-we

69

o>
Ia

LT
r -
no

N
N  N  84  N  o
>- N

m m Q
N -=r m1- 4_  Q
U)  I - N
N  m  U )
N  L n  ( D
¥"- O'J m
p w

!-
m r~
"  m
¢o 1D
1- r-
1- LD
v- NN-H

m
t--
1 t ' J

N
cm

_.

we
1 '

<49

23
N
o
-Q
o
1-

of v* of o of
m Q au v N
m (Ur) o o N
ID Cal m o co
1- CO Cal O  F
co ID N m

1-0 (D 1'
1" 4' LD
1-  m D
O co r-
C"J ® v-
W N

o no CD q-
m m CO r--
9; C'l3_ 1-0 N
1*- I-D 1- W

1' N W
no (D

q
("J

of
m

m
co
1"
Lm
1-
m

m
cm
w

w- cy
N v- of
4  N  Q
>- N 1"

o'> Lm no
t"- o co
-<4 * cm
m N I*-
N Cal D
N m m
|*- N Wv' P

4'4
of I-D
N  q

CD 1-
v" ea
nu m
1 -  N

au
co

_
we1-

he

8cmm1-
ov-

r-. A-\
on 1- of o co
Cf) O ("J w 0?
C") m a O N
m N m Q co
v' m N Q 1-
co Lf) C\I I-D

* ~..»

N m oW  F DT '  0_. N_
of m r-q U) q-
1- N

W of N Lo® (9 CI 1-
N of 1- of
|* lD m LD

v N 4
no co

cm
o
co
W
co

9'
N
gr)
'

ID
m

o
N a 3
4  N  o
>- N 1"

m (D r-
r- CD o
4-_ r-_ I*-_
CO co N
N  o  N
N m G)
!*- N  q

9 v
m r..
Q  1

an 8
L D W
1 -  F )*h

( D
n .
m
LD

m

89
an
m
as
m m ov au 8

P
>> N

1' Nan 3  ' SOf) O Cf) W q-m m a D N
Lo N co O co1- CO N Q 1-LD 8  Q I\-

o> m In
r- Cal -=r
"L  q  Q
GO v* M
N m of:
'7̀*l co_ 1-D_
|"- W LD

m1l-ca
(DW
1-C\l
r8 cn_

9 E 9v
N  D_ cm_
(D * I*-
CD 1- I\-
1" v  N

\" no LD W'
-4- cf: o no1- OU Q N

r- In of 4
co co

~=r
m
* E
o f
co

he

mQ
"=l1mmU)

o f
m
I N
I-D
CD

Q1-1-
r f

as
N
o
no
m of cm

1-ca; N

of 1- of o Nm Q m W 10(*)  m o o N
LT N m a (D* COPMID 1-
(D *8 9, mW

of  3 no
|- cm of
1_ Q au
m CD m
N t\ LD
N G 1-
I\- 1- (D

9  N
L f )  m
OF  1 -
co r -
1- CV)
au n.
1* v

10 q  m
v- co r--CO 1- 1'
W m |-
m N  o1- v FJ

W of Lm W
Q of we m
a o"> cf: so
r- LD (D co

1- N W'
co co

cm
LD
N
co
|\

e a

m
N
< 1
04
m
ca
1.-

m
so
LD
m
m
o
o' --./

9

socmo
w
as

CN] co m
@  F J  P
("J N CD
N L f)  l \
Q  ¢ " '  m
Cal 1- (YJ

-we of LD r-(D {"J * 1-®_CQ m O
co Lm I*- oP N LDco £0

<r
go
r\
oh
m

o
|\
so

co
m
Q
ID
a

1
@ v -  M  C  W
O'J G 09 F (D
m  m  o  o  N
lD N m D  co
1- 03 Cal D v*
CD ID N W..

N

1""\
F )  W  N
I*- LT N
W I*-_ N_
cm o of
N co (D
N 4_ N
r- O (D

1" oz:
(D ro
N  ' Q
no N
1- LD

*
Cal v

1-
r-o

\ to
_' N4 1- Q
>- N

F

he
69<-
N
Q
on

»-.»-.
W * M  D 1"-
gr) a (*J w I-
(") F) O_ O CY
I-D N m Q CD
1"" CO OI Q 1-
ID m N Ra

N

cm m w
-4 o Lm'41 ¢*:_ I--
Q h- N
N q- (D
N 1- cm

cm no no ID
Cal CO 1- of
1- m N  N
(D LO GO 1-

* N 10
(D (D

o1-
N
1 -m

o'>
LD

ow |\_ NP o
> Cal

o f  3  Q
|\- 1- (D
q -4- o
m 10 q
N -¢ no
cu of_ Q
I\ cm r-*_ -4

p"\
1-on
r-no

LDl--
* C D
m c :
C\ll0

g*
1-
1-

Dof
no
ID

Qv-

9?
89
ea
m
N
cm

-4
no 1- of O Q
m Q m W m
FJ (") D D CO
m N m O (D
1- UI N o 1-
(D LD N 10-v -N

m I-O no
r"- I*- m
'41 Q m_
cm o cm
01 o'> cm
N c cm
r-- m t-1-

co N |*-
v" m m
LD_ cm of_
of m
m I-D m
C\I 1- o':

l-oowrcacnmsncn
LDC*)lDW'
(DlODC\l

p (") l D
CD (D

LD
an
(D_
m
cm

N
I-
C.J_
cm
q
1-

nm Ia1' m N1- o; N

» " .
t o o
CD 1 "
C\| 1 -

com1-no
w e :n m _

o
Cal
m
r-
ca

o

39
II)
Lm
O
cs we in.-, NL. 1- o>- N

( * )QC*1"0}c\'>_m_¢:»_o_c\I
l f( l \IC"JO(D
* G > C \ |D \ -LD ':9.&sr-

N

4"\
m N I*-
|- m m
<4 r-- 'E
U) ~=r -¢{\| r' F
Cal co CD
|\ m on1- --v

3  r -
m  v
N  1 ;
co m
W U)
r- cm_
N LD

N -4 r--
m II) m
LD <4 Q
8 v noÌ - N
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Project Name LCOE CODCompany Technology

TEP

UNSE

TEP

UNSE

TEP

TEP

TEP

TEP

Fixed PV

Fixed PV

Fixed PV

Single Axix PV

Fixed PV

Single Axix PV

Fixed PV

Fixed PV

Fort Huahuca

Rio Rico

Prairie Fire

La Senita

UASTP ll

UASTP I

Springerville 1.8

Springerville 4.6

0.07

0.09

0.13

0.17

0.14

0.12

0.15

0.30

2014

2014

2012

2011

2011

2010

2010

2004

s
s
s
s
s
s
s
s

Project Name Technology LCOE CODCompany

White Mtn
Areva

TEP

TEP

Low Concentrating PV
Solar Thermal Steam Augmentation

0.17
0.06

2014
2014

S
s

HIGHLY CONFIDENTIAL

Equivalent Technologies

Non-Equivalent Technologies

I
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UASTP Esimated KWh

Contract
Yea r

Estimated Power
Production (Kwh)

1 3,504,000
2 3,486,480
3 3,469,048
4 3,451,702
5 3,434,444
6 3,417,272
7 3,400,185
8 3,383,184
9 3,366,268
10 3,349,437
11 3,332,690
12 3,316,026
13 3,299,446
14 3,282,949
15 3,266,534
16 3,250,202
17 3,233,951
18 3,217,781
19 3,201,692
20 3,185,684
21 3,169,755
22 3,153,906
23 3,138,137
24 3,122,446
25 3,106,834
26 3,091,300
27 3,075,843
28 3,060,464
29 3,045,162
30 3,029,936

HIGHLY CONFIDENTIAL

COD: 12/31/2010

2010
2011
2012
2013
2014
2015
2016
2017

2018
2019

2020
2021
2022

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039

97,842,758

Illllll
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UASTP Esimated KWh

Contract
Yea r

Estimated Power
Production (Kwh)

1 10,950,000
2 10,895,250
3 10,840,774
4 10,786,570
5 10,732,637
6 10,678,974
7 10,625,579
8 10,572,451
9 10,519,589

10 10,466,991
11 10,414,656
12 10,362,583
13 10,310,770
14 10,259,216
15 10,207,920
16 10,156,880
17 10,106,096
18 10,055,565
19 10,005,288
20 9,955,261
21 9,905,485
22 9,855,957
23 9,806,678
24 9,757,644
25 9,708,856
26 9,660,312
27 9,612,010
28 9,563,950
29 9,516,130
30 9,468,550

HIGHLY CONFIDENTIAL

COD: 12/29/2011

2011

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038

2039
2040

305,758,619.71

I
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Springerville 4.6

Esimated KWh

Contract
Year

Estimated Power
Production (Kwh)

1 10,074,000
2 10,023,630
3 9,973,512
4 9,923,644
5 9,874,026
6 9,824,656
7 9,775,533
8 9,726,655
9 9,678,022

10 9,629,632
11 9,581,483
12 9,533,576
13 9,485,908
14 9,438,479
15 9,391,286
16 9,344,330
17 9,297,608
18 9,251,120
19 9,204,865
20 9,158,840
21 9,113,046
22 9,067,481
23 9,022,143
24 8,977,033
25 8,932,147
26 8,887,487
27 8,843,049
28 8,798,834
29 8,754,840
30 8,711,066

HIGHLY CONFIDENTIAL

COD: 12/29/2011

2011
2012
2013
2014
2015
2016
2017

2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032

2033
2034
2035
2036
2037
2038
2039
2040

281,297,930.13
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Springerville 1.0

Esimated KWh

Contract
Year

Estimated Power
Production (Kwh)

1 3,942,000
2 3,922,290
3 3,902,679
4 3,883,165
5 3,863,749
6 3,844,431
7 3,825,208
8 3,806,082
9 3,787,052
10 3,768,117
11 3,749,276
12 3,730,530
13 3,711,877
14 3,693,318
15 3,674,851
16 3,656,477
17 3,638,194
18 3,620,004
19 3,601,904
20 3,583,894
21 3,565,975
22 3,548,145
23 3,530,404
24 3,512,752
25 3,495,188
26 3,477,712
27 3,460,324
28 3,443,022
29 3,425,807
30 3,408,678

HIGHLY CONFIDENTIAL

COD: 12/29/2010

2010
2011
2012
2013
2014
2015

2016
2017
2018
2019
2020
2021

2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032

2033
2034
2035
2036
2037
2038
2039

110,073,103.09

_I'll ll l l



HIGHLY CONFIDENTIAL

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6
0.2 0.32 0.192 0.1152 0.1152 0.0576
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Prairie Fire Esimated

KWh

Contract
Yea r

Estimated Power
Production (Kwh)

1 10,950,000
2 10,895,250
3 10,840,774
4 10,786,570
5 10,732,637
6 10,678,974
7 10,625,579
8 10,572,451
9 10,519,589
10 10,466,991
11 10,414,656
12 10,362,583
13 10,310,770
14 10,259,216
15 10,207,920
16 10,156,880
17 10,106,096
18 10,055,565
19 10,005,288
20 9,955,261
21 9,905,485
22 9,855,957
23 9,806,678
24 9,757,644
25 9,708,856
26 9,660,312
27 9,612,010
28 9,563,950
29 9,516,130
30 9,468,550

HIGHLY CONFIDENTIAL

COD: 12/28/2012

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

2025
2026
2027

2028
2029
2030
2031
2032
2033
2034

2035
2036
2037
2038
2039
2040
2041

305,758,620

-I'll I
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La Senita Esimated

KWh

Contract Year
Estimated Power
Production (Kwh)

1 2,671,800
2 2,539,780
3 2,527,081
4 2,514,445
5 2,501,873
6 2,489,364
7 2,476,917
8 2,464,532
9 2,452,210
10 2,439,949
11 2,427,749
12 2,415,610
13 2,403,532
14 2,391,514
15 2,379,557
16 2,367,659
17 2,355,821
18 2,344,042
19 2,332,321
20 2,320,660
21 2,309,057
22 2,297,511
23 2,286,024
24 2,274,594
25 2,263,221
26 2,308,999
27 2,297,338
28 2,285,851

HIGHLY CONFIDENTIAL

COD:11/4/2011

2012
2013
2014
2015
2016

2017

2018

2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029

2030
2031
2032
2033
2034

2035
2036
2037

2038
2039

67,139,011

I
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Fort Huachuca PHI
Esimated kph

Contract
Year

Estimated Power
Production (kph)

1 38,635,000
2 38,441,825
3 38,249,616
4 38,058,368
5 37,868,076
6 37,678,736
7 37,490,342
8 37,302,890
g 37,116,376

10 36,930,794
11 36,746,140
12 36,562,409
13 36,379,597
14 36,197,699
15 36,016,711
16 35,836,627
17 35,657,444
18 35,479,157
19 35,301,761
20 35,125,252
21 34,949,626
22 34,774,878
23 34,601,003
24 34,427,998
25 34,255,858
26 34,084,579
27 33,914,156
28 33,744,585

HIGHLY CONFIDENTIAL

13.6 MWac
COD:12/9/2014

2015
2016
2017

2018
2019
2020
2021
2022

2023
2024
2025
2026
2027
2028
2029

2030
2031
2032

2033
2034

2035
2036
2037
2038
2039
2040
2041
2042

1,011,827,503
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White Mountain Solar

Esimated kph

Yea r
Estimated Power

Production (kph)
1 21,900,000
2 21,790,500
3 21,681,548
4 21,573,140
5 21,465,274
6 21,357,948
7 21,251,158
8 21,144,902
9 21,039,178

10 20,933,982
11 20,829,312
12 20,725,165
13 20,621,539
14 20,518,432
15 20,415,840
16 20,313,760
17 20,212,192
18 20,111,131
19 20,010,575
20 19,910,522
21 19,810,970
22 19,711,915
23 19,613,355
24 19,515,288
25 19,417,712
26 19,320,623
27 19,224,020
28 19,127,900

HIGHLY CONFIDENTIAL

8.25 MWac
COD:

12/14/2014

2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

2025
2026
2027

2028
2029
2030
2031
2032
2033
2034

2034
2034
2034
2034
2034
2034
2034
2034

573,547,880

Lu I
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Rio Rico Esimated

KWh

Contract
Year

Estimated Power
Production (Kwh)

1 15,768,000
2 15,689,160
3 15,610,714
4 15,532,661
5 15,454,997
6 15,377,722
7 15,300,834
8 15,224,330
g 15,148,208

10 15,072,467
11 14,997,105
12 14,922,119
13 14,847,508
14 14,773,271
15 14,699,405
16 14,625,908
17 14,552,778
18 14,480,014
19 14,407,614
20 14,335,576
21 14,263,898
22 14,192,579
23 14,121,616
24 14,051,008
25 13,980,753
26 13,910,849
27 13,841,295
28 13,772,088
29 13,703,228
30 13,634,711

HIGHLY CONFIDENTIAL

COD: 3/1/2014

2015
2016
2017
2018

2019
2020
2021
2022
2023
2024

2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

2035
2036
2037
2038
2039
2040
2041
2042
2043
2044

440,292,412
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Areva Esimated KWh

Contract

Year

Estimated Power

Production (Kwh)

1 14,310,000.00

2 14,310,000.00

3 14,310,000.00

4 14,310,000.00

5 14,310,000.00

6 14,310,000.00

7 14,310,000.00

8 14,310,000.00

9 14,310,000.00

10 14,310,000.00

11 14,310,000.00

12 14,310,000.00

13 14,310,000.00

14 14,310,000.00

15 14,310,000.00

16 14,310,000.00

17 14,310,000 .00

18 14,310,000.00

19 14,310,000.00

20 14,310,000.00

21 14,310,000.00

22 14,310,000.00

23 14,310,000.00

24 14,310,000.00

25 14,310,000.00

26 14,310,000.00

27 14,310,000.00

28 14,310,000.00

29 14,310,000.00

30 14,310,000.00

HIGHLY CONFIDENTIAL

COD: 12/30/2014

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

429,300,000.00
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EXHIBIT

TUCSON ELECTRIC POWER COMPANY AND UNS ELECTRIC, INC.'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S THIRD SET OF DATA REQUESI

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

June 10, 2016 8 S
STF 3.1

Please provide actual annual production numbers for all years prior to 2016 for each individual
company-owned utility scale solar PV plant in your fleet. Provide similar actual annual production
numbers for each utility-scale solar PV PPA resource.

RESPONSE: June 10, 2016

As the Company has previously stated, all data has been weather normalized for the sole purpose
of a comparison evaluation between utility owned facilities and third party PPA's. Please see STF
3.1 TEP Utility-Scale Production 2010-2015.xlsx. The Excel file is not identified by Bates
numbers.

RESPONDENT:

Carmine Tillman / Ted Bur fans

VVITNESS:
Carmine Til lman

SUPPLEMENTAL RESPONSE: June 10, 2016

Please see STF 3.1 TEP Utility-Scale Production 2010-2015-Revised.xlsx and STF 3.1 UNSE
Utility-Scale Production 2011-20l5.xlsx. The Excel files are not identified by Bates numbers.

RESPONDENT :

Ted Bur fans

WITNESS:

Carmine Ti l lman

Arizona Corporation Commission ("Commission")
Fortis inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

I I l l l I



* TUCSON ELECTRIC POWER COMPANYAND UNS ELECTRIC, INC.'S JOINT
SUPPLEMENTAL RESPONSE TO STAFF'S THIRD SET OF DATA REQUESTS

REGARDING THE VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

June 10, 2016
STF 3.2

Please provide calculations for the actual annual total production load factor for each utility scale
plant and PPA resource for all years prior to 2016.

RESPONSE: June 10, 2016

Please see STF 3.1 TEP Utility-Scale Production 2010-2015.xlsx. The Excel file is not identified
by Bates numbers.

RESPONDENT:

Ted Bur fans

WTTNESS:

Carmine Til lman

SUPPLEMENTAL RESPONSE: June 10, 2016

Please see STF 3.1 TEP Utility-Scale Production 2010-2015-Revised.xlsx and STF 3.1 UNSE
Utility-Scale Production 2011-2015.x1sx. The Excel files are not identified by Bates numbers.

RESPONDENT :

Ted Bur fans

WITNESS:

Carmine Ti l lman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")

m H



TUCSON ELECTRIC POWER COMPANY AND UNS ELECTRIC, INC.'S JOINT
RESPONSE TO STAFF'S THIRD SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET NO. E-00000J-14-0023

June 10, 2016
STF 3.1

Please provide actual annual production numbers for all years prior to 2016 for each individual
company-owned utility scale solar PV plant in your fleet. Provide similar actual annual production
numbers for each utility-scale solar PV PPA resource.

RESPONSE :

As the Company has previously stated, all data has been weather normalized for the sole purpose
of a comparison evaluation between utility owned facilities and third party PpA's. Please see STF
3.1 TEP Utility-Scale Production 2010-2015.xlsx. The Excel file is not identified by Bates
numbers.

RESPONDENT:

Carmine Tillman / Ted Bur fans

VVITNESS:

Carmine Tillman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")
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TUCSON ELECTRIC POWER COMPANY AND UNS ELECTRIC, INC.'S JOINT
RESPONSE TO STAFF'S THIRD SET OF DATA REQUESTS REGARDING THE

VALUE/COST OF DG INVESTIGATION
DOCKET no. E-00000J-14-0023

June 10, 2016
STF 3.2

Please provide calculations for the actual annual total production load factor for each utility scale
plant and PPA resource for all years prior to 2016.

RESPONSE :

Please see STF 3.1 TEP Utility-Scale Production 2010-2015.xlsx. The Excel file is not_ identified
by Bates numbers.

RESPONDENT:

Ted Bur fans

VVITNESS:

Carmine Ti l lman

Arizona Corporation Commission ("Commission")
Fortis Inc. ("Fortis")
Tucson Electric Power Company ("TEP" or the "Company")
UNS Energy Corporation ("UNS")

UniSource Energy Services ("UES")
UniSource Energy Development Company ("UED")
UNS Electric, Inc. ("UNS Electric" or the "Company")
UNS Gas, Inc. ("UNS Gas")
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