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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 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 madding

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 bam'ers 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 M Arizona.

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

16

17

18

19

20

21

A. 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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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, Iras employed for eighteen years by Accenture, a global

management consulting and technology firm. held several positions at

Accenture, including Managing Director in Accenture's Sustainability Services

practice, where I oversaw energy efficiency and demand reduction prob acts for

commercial and industrial clients across multiple industries. Iras 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

mu1ti~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.

24

25

26

27

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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1

2

Q- Have you previously testified before the Arizona Corporation Commission

(the "Commission")?

3 A. No.

4 Q- Have you prevl'ously testified before other regulatory commissions?

5

6

7

8

9

10

11

12

A. Yes. Shave 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 M 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 Summary 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.1 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,
electn'c vehicles, DG, combined heat and power, or microgrids.

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

2 A. I recommend dirt the Commission:

3

4

5

6

7

8

9

l) 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:

11

12

13

14

15

16

17

18

DER Integration costs (Guidance Letter questions 4, 11, 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



I l

C 4

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

to

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 Elec. Power Research Inst.,The Integrated Grid: A Benefit-Cost Framework 1-5 (Feb. 2015),
avaliable at Evstn /me i/cxo£"\'~

Direct Testimony of Curt Volkmann on behalf of Vote Solar 6
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1

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?

A.

i

8

9

10

11

12

13

14

15

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

to

A. 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
bow /. w mu xx an, in so 3191138 v ebmap x Er izmll Fv, ebb in 669678242 v\b4329bfc'lb2 I"4\Z6EI6

331

Direct Testimony of Cun Volkmann on behalf of Vote Solar 7
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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, endsting

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

solar without requiring circuit modifications.4

4 s.Calif. Edison,Distribution Resources Plan 38 (July 2015), available at https''.'=Q®.*lf'eQ1'a?:6..

Direct Testimony of Curt Volkmann on behalf of Vote Solar 8
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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 bacldog 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

A. 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, HowHECO is.Using Enchase 's Data to Open its Grid to More Solar, Greentech
Media (Apr. 14, 2015),http:f/www.greentecbmedia.comlarticies/read/how-11eco-is-usinw
enphase-data-to-open-its-grid-to-more-sola.

Direct Testimony of Curt Volkmann on behalf of Vote Solar 9
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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 . A.

7

8

9

10

11

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 Curr Volkmann on behalf of Vote Solar 10
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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 Worldng 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 Iirnits under high PV penetration levels is the use of reactive power

capability of advanced inver'ters."7 APS and Salt River Prob et are deploying

6 Specifically, Underwriter Laboratories 1741 and IEEE 1547.

7 David J. Narang et al.,High Penetration ofPnotovoltaic Generation Study -Flagstaff
Community Powe 48 (Feb 2015) Ava table at hurt L J Llf1\]"v\ II hit

Direct Testimony of Curt Volkmarln on behalf of Vote Solar 11
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1

2

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

this techno1ogy.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."l0

9

10

11

12

Comments in the Commission's Notice of Proposed Rulemaidng 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

13

14

Q- Please summarize your recommendations for addressing DER integration

costs and benefits in the valuation of DG exports.

A.15

16

17

18

19

20

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

s Jeff. St. John,A State-by-State Snapshot of Utility Smart .Solar Inverter Plans,Greentech Media
(Nov. 6, 2015), http:i/www.greenteglnneglia.com/'articles/reagjfa-state-b-state-snapsbot-of-utili.-
smart-solar-inverter-plans.

9 Letter ham W. Elec. Indus. Leaders Gap., to Governors, Commissioners, and Legislators (Aug.
7, 2013),available at l1ttp:!!goo glJ2p§ZZx.

10 Id. at 1.

11 Comments of w. Grid Gap., Dot. No. RE-00000A-07-0609 (July 24, 2015),available Ar
http:/.fgoo.gl/qTS5PH.
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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 unlocldng 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

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

voltage fluctuations on the distribution system. But as 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

Direct Testimony of Curt Volkmann on behalf of Vote Solar 13
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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. 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
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9 Q- Is storage cost effective?

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

11
12

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

energy storage technologies, such as those using icel3 or electric hot water

12 Lars Karlbom et al., Why Ism 't There More Talk About Network Storage-As-A-Serviee?,QSI
Online (July 21 , 2015),http:/.-fwww.marchmenthiil.comfqsi-on1inef2015-0'7-" 1 fwhv-isnt-there-
more-talkabout-nerwork-stomge-a.s;zysgryipmi.

13 Jeff St. John,How Solar Power and lee Energy Can Play Together, Gfreentech Media (Aug. 19,
2013),hn'p:f/www.ereentechmedia.com/aniclesfread/'how-sun-powex'-and-ice-ener<.;jv-can-play-
together.
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heaters,14 are also becoming cost effective solutions for load shifting and peak

demand reduction.

3 Q- What do you recommend?

4

5

6

7

A. 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 iiuture.

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 Defen°al 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 L
transmission capacity? If so, how should those changes be included in the
value and cost considerations"

22 How do you respond?

23

24

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

transmission expansion because they can decrease die peak load at substations

14 David Podorson,Eattery Killers: How Water Heaters Have Evolved into Grid-Scale Energy-
Storage Devices,E Source (Sept. 9, 2014),https:f/wwwgsomce.com/ES-WP-18fGiWHs.
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1

2

3

sewed 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

A. Yes. New York's Reforming the Energy Vision ("REV") proceeding,15 and

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

Energy Resource ("IDER") proceedingslé 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 Cali fomia 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,

20 l6 .

/

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.17 PG&E proposes

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

15 New York Public Service Commission Case l4~M-0101.

16 California Public Utilities Commission Rulemaking 14

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

-08-013 and 14-10-003.
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3

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

deferring the project.18 SDG&E proposes to use the cost to install a traditional

project to meet a grid need as the T&D capacity value.19

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." 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

16

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
util ity 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 prov ides a more f lexible
manner to meet growing capacity needs and can allow a utility to

18 Pac. Gas & Elem. Co.,Distribution Resources Plan 70 (July 2015), available at
3; zip : 9439. £53 f'b3\l3i~#Q3<.C12.

19 San Diego Gas & Elem. Co.,Distribution Resources Plan 47 (July 2015), available at
Man so<:»<> . 92f`lvNK3»;§;1.

20 See,e.g., Jeff St. John,Distributed Marginal Price: The New Metricfor the Grid Edge?,
Gfeentech Media (Aug. 21, 2014),httpzl
4 ar,<zina1-price-d1n=;J-the-new-meu°ic-for-.he-grid-edge.

'/www.gsreentechnnedimcomfarticleslneadfdistributed-
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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
pea 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."

12

13

Q- Please summarize your recommendations for addressing transmission

capacity savings in the valuation of DG exports.

14

15

16

17

18

19

A. 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.

z1 Interstate Renewable Energy Council, Inc.,A Regulatory Guidebook: Calculating the Benefts
and Costs ofDistribuzed Solar Generation25 (Oct. 2013) (footnotes omitted),available at
http : 2898. 93 M G A .
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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."

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

7
8
9

10
11

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 T&D
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 Tglg2015

c- my* ( $43,880

Avoided T&'2n35

(-1 MW) *

load reducdcmn * marginal cost2ms
$43.88 1000 kW

kW MW
load reduction as marginal Wstzoae

$82.99 1900 kW -
kW MW(

)

) $82,988
25

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.

Hz 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 3133://900.141/v5pDi5.
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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

A. 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
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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 Me 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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2

3

4

5

response, APS reported average consumption of approximately 400 gallons per

M\7\7h in its 2014 IRP.25 Tucson Electric Power ("TEP") reported a system

average of 599 gallons per MWh in its IRP 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.27

6

7

8

9

10

11

12

13

14

15

In these same IRes, 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 IRP includes the statement, "TEP plans to

continue its development of low cost renewable prob ects 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?

A.18

19

20

21

22

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 mediodology for valuing water by examining prices paid for

alternative uses to thermoelectric cooling, specifically agriculture, municipal

25 APS,20]4 Integrated Resource Plan 119 (Apr. 2014), available at 1xtLp$:/'/';;o<>.g1/w§v;a2Za.

26 TEP, 2014 Integrated Resource Plan 166 (Apr. 2014), available at https:/»'ge6,;l/99IVAW

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

28 APS,20]4 Integrated 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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supply, and environmental uses.31 The report provides a potential range of value

for water in Arizona between $ l05 and S l ,225 per acre-foot per year.32

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 z014," 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 EB/gallon (l acre-foot = 325,851

gallons)

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

gallons/MW'h) 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 Me 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,Every Drop Counts: Valuing the Water Used to Generate Electricity
(201 1), available at 1191//'§cc.g1.»'Zn1£%SVe.

32 Id. at 65 .

33 Dennis Wichelns, Org. for Econ. Co-Operation & Dev., Agricultural Water Pricing: United
States 21 (2010), available at 1xttqcs;//,Qi>Q.gi/AE3AZP4.

34 1,000 cubic meters = 0.811 acre-foot.
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• 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 M\vh

= 0.018 cents per kph

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

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

9

10

11

Value = $149 x (1/325,851) 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 IRes .
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1

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 IRP.

Periodically reassess the value of water in Arizona as new information

becomes available.

After each IRP 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 Reliabilitv

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

A. 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
fai lures f rom other causes. Uti l i t ies of ten 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
abil ity 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
mierogrid 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 Bereft-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 speciiie?

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.

10

11

12

13

14

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

16

17

18

19

20

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

A. 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://icecalculatoncom/index.ht_1;1;1 (last visited Feb. 24, 2016).
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1

2

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

A. 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 die 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 planting 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.37

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 seeldng 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

ZN

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 Elem. Power Ass'n and Black & Veatch,Planning the Distributed Energy Future:
Emerging Electric Utility Distribution Planning Practices for Distributed Energy Resources

37

(Feb. 2016),available athttus://'goo.g1fx1Y8JV.
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Q A

1

2

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

other jurisdictions?

3

4

5

6

7

8

9

10

11

A. 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 detennining 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
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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 M 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 prob ected to be one- v

third the cost of rebuilding the transmission line and will save customers $ l7.6

million over the 10-year project life."

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 widiin 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 ar hwg 8 w :148/VI I .

39 R.I. Office of Energy Res., System Reliability Program, 319:
(last visited Feb. 24, 2016).

f/wvvw.enerl1v.r*i.gov/reiiabilitv.-'
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1

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
htm://v~fww.transmissionhub.com./a1tic1es!201 12/new-vork-psc-esta`blishes-con-edison-
deanand-management-program -in-brooklvn-queenshtml.
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1 5 Summary of Recommendations

2 Q- Please summarize your recommendations for the Commission

3 A. 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

14

15

16

17

18

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:
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1

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 A. Yes.
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1 1 Introduction

2 Q. Please state your name and business address.

3

4

A. My name is Briana Kobor. My business address is 360 22"" 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?

A.8

9

10

11

12

13

14

Vote Solar is a non-profit grassroots organization worldng 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.

A.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, Iras employed for eight
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1

2

3

4

5

6

7

8

9

10

years by NIRW & Associates, LLC ("MRW"), which is a specialized energy

consulting firm. At MRW, I focused on electricity and natural gas markets,

ratemaldng, 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. Shave experience evaluating utility cost-of-

sewice studies, revenue allocation and ratemaldng, 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-l5-

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. Shave also testified on behalf of the Utility

Consumers' Action Network in A. 14-11-003, 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 l, 2016.
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2

2 Purpose of Testimony and Summary 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

A. My testimony first addresses the role that long-term DG value analysis should

have in policy-maldng 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-tenn 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-

tenn 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 talking up this issue in the present docket. DG is only the first of

many new distributed technologies that will change the way customers interact
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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

11

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, 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, lrecoinmend that any valuation of DG exports not be limited to a

certain customer class, but include valuation of exports from residential,
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1

2

3

4

5

commercial, and industrial classes. recommend that the standardized

methodology for valuation of DG exports focus on current and near-tenn 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. recommend that

the results of the DG export valuation be used in the utility's general rate case

proceeding to inform DG rate design.
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2

3 How a Full DG Value Analysis Impacts
Ratemaking and Policy

3 Q. Please explain the relationship between DG and the utility system.

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 M

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

4

5

6

7

8

9

10

11

12

13

14

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 1aw.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

I A.A.C. R14-2-1801(M).
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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 ldlowatt-hour ("kwh"). This system has been

adopted in most states around the country, and while this process involves an

inherent approzdmation 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 1oad.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.

Q.14

15

Does net metering require util ities 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.

2Id.
3 R. Thomas Beach & Patrick G. McGuire, Evaluating the Benefts and Costs of Net
Energy Metering in California, Crossborder Energy, 9 (Jan. 2013),
http:!/votesolas.crgfvvp-content/upioads/2013/01 /Crossborder-Energy-CA-N et-Metering-
Cost-Benefit-Ean-2013-fxnaipdf.
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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

A. 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

undertaldng 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

A. 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,
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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 fonts 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?

A.19

20

21

22

23

24

25

26

27

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.

"\
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1

2

3.2 The relationship between this proceeding and cost-of-

service ratemaldng

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 ratemaldng 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 ratemaldng 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 ratemaldng 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 ("IRP") 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
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1

2

3

4

5

("TEP") and UNS Electric, Inc. ("UNSE"). TEP's IRP 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
11

12

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, dias
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 IRP process based on long-

tenn 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-serviee 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

A. 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 IRP 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 ratemaldng, 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

A. 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 M easing the tension that has developed over solar rate design in

Arizona. This tension has built up in part because cost-of-service ratemaldng, 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-tenn 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-tenn 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

A. 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
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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 ratemaldng.

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 died 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 modern 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 talking up this important issue in this docket.

6 See Steve Cornell 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:Uemplbl.gov/'sites/ailffilesfikml-1003823 .pd£
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1 4
2

History of Solar Cost-Benefit Analysis in
Arizona

3

4

Q- Have distributed solar cost-beneiit analyses been completed for any

regulated Arizona utilities in the past?

5 A.

6

7

8

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

A.

13

14

15

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 alterative

cost-benefit analysis commissioned by the solar industry.9 Each of these studies

developed significantly different results, which are summarized in Table l below.

b tips :

2009), http:/'/fiies.meetup.comf 3073632!RW-8eck-Reportpdf (R.W.

https://www.azenergyfumre.comf'<,;etmedia/'77708c68-7ca6-45c1 -a46f-
84382531bae3/2013 updated solar v va1ue__report.pdf}/?ext==

sea or, sltes def auk; files/resources. AZ Dlstrlbuted Generation pi

7 R.W. Beck, Distributed Renewable Energy Operating Impacts and Valuation Study,
R.W. Beck (Jan.
Beck Report).
8 SAIC, 2013 Updated Solar PV Value Report. SAIC (May 10, 2013),

__ _ .pf ("SAIC Repo1*t").
9 R. Thomas Beach & Patrick G. McGuire, We Benefits and Costs of Solar Distributed
Generation for Arizona Public Service, Crossborder Energy (May 8, 2013),

wwe
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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

1 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-maddng.

10

11

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

A. Yes. A number of notable studies have been sponsored by independent state

entities. Each of these studies concluded that the benefits disMbuted 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 SPOIISOI' R esu l t i ng  V a l ue
ME Mar-2015 Legislature 33 . 7¢ / kW h l eve l i zed  0
VT Nov-2014 Legislature 23.7¢A<wh level i zed '
ms s  ~ - 2 0 1 4 P S C 17.0¢/kwh levelized '
NV J u l - 2 0 1 4 P U C 18.5¢/kWh levelized
MN Jan-2014 D .  l  ' t of Commerce l 4.5¢/kWh levelizedm

1 Tab l e  2 :  R ecent  D i s t r i bu ted  So l ar  Va l ua t i on  Sm di es

2

3

4

5

6

As the studies in Table 2 demonst rate,  state-sponsored studies have found that  the

benef i t s  o f  so lar  can be as h igh as 25-30¢/kWh in  some jur i sd i c t i ons.  Whi le  each

of  these stud ies employed d i f ferent  var ia t ions in  methodology,  the resul t s  o f  these

studies ind icate that  a good fa i th  undertak ing to capture the fu l l  range of  benef i t s

of  d is t r ibuted so lar  generat ion may resul t  i n  a  va luat ion of  so lar  above the reta i l

7 rate.

10 C lean Power Research,  LLC, M a i n e  D i s t r i b u t e d  S o l a r  V a l u a t i o n St udy ,  Me.  Pub .  U t i l .
C om m ' n ,  6  (M a r .  1 ,  2015 ) , hupx f w w w . r i puc . o rg . f cven t sac t i ons f ' docke l ' 4568 -W E D -E x6 -
MaineSolarRcpor l (  I  1-28-15 ) .pd£
11 Pub.  Serv.  Dep' t , Eva l ua t i on  o f  N e t  M e t e r i ng  i n Verm ont Conduc t ed  Pursuan t  t o  Ac t
9 9  o f 2 0 1 4 , 17  (Nov .  7 ,  2014) ,
ht tp:= ' fpsb.vermont .gzov. - f s i t csfnsbf f i l es- 'Act%' ()9 ' )%"0N M%20Srudv%20Revised%"0vl  .p

M
12 El izabeth A.  Stanton,  et  al . , Net  Meter i ng  i n  M iss i ss@pi :  Costs ,  Benef i t s ,  and Po l i cy
C ons i de ra t i ons , Synapse Energy Econ. ,  I nc. ,  43 (Sep.  19,  2014), http:.='Avvvw.s\-'napse-
energy.com5siIes="de.l2ault i I i le§'Net°-é»"0IMelerin,u%'0in"4»20Mississippi.ndi`.
13 Energy and Envt l .  Econ. , N evada  N e t  Energy  M e t e r i ng  I m pac t s  Eva l ua t i on , E n e r g y
and Envt l .  Econ. ,  93 (Ju l y  2014),
h t t p  Vpuc  m o w u p l n a d e d F l l e s  D u cm -  cw  C o n t e n t  A b o u t  M e d i a  O u t re a ch -A n n o u n ce m e
i ts  Announcements.  E.»° '¢» '70PL CN" '0"( lN  EM° 'u2()Rcpon°n"()" () l4  nd* ' pd=Net  Mctertnu
S t udy ( " E 3  R e p o r t " ) .
14 Peter Fairly, Minnesota Finds Net Metering Undervalues Rooftop So la r ,  IEEE

Spect rum (Mar .  24 ,  2014) , ht tp: i . -='spectrum. ieec.orgfenergvwisefgrccn-
tech= 'so la t im inncsota- f i nds-nct -meter inu-underva lues-roof top-so lar.
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1

2

5 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?

A.

•

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.15 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." Economic Analysis of
Demand-Side Programs and Projects, Cal. Pub. Util. Comm'n (Oct. 2001),
http://www.cpuc.ca.gov!WorkA1.eafDownloadAsset.aspx?id=774.l ("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 die costs and benefits of DG

exports.

16Id. 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-effectivenesslg Moreover,

the rules specifically address the inclusion of environmental impacts, improved

electric reliability, and improved system operations.19

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 diam 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).
19 rd. 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

A. 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 divs 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.

11

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 can*ent 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 asldng 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 leveiized 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. Colnm'n Dec. 9, 2015).
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1

2

3

4

system. This is generally considered to be twenty to thLirly 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

11

12

13

14

15

16

17

18

19

20

21

22

23

A. 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 die 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

16

17

18

19

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
21

22

Q- How have you organized your testimony regarding your recommended

approach to valuation of DG?

23

24

25

A. 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 Distrllbuted 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 easts 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 die 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 ?

A.3

4

5

6

7

8

9

10

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, M

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.

11

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 Energv 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

A. 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 sewed 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.,<2.ov/forecastsfaeo/.
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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 aNs 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.27 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 of46.
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Utile Peak Capaci Contribution
APS 119 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 pea

capacity. This fact is widely recognized by the utilities in their IRes, 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

A. 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 IRP at 300, 2013-2014 Resource Planning and Procurement, No. E~00000V-13-
0070 (Ariz. Corp. Comm'n Apr. 1, 2014), Barcode No. 0000152210, TEP IRP at 28,
UNSE IRP at 20.
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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.29 ELCC can

vary by technology. For example, single-axis tracking PV has a higher estimated

ELCC diam 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 undertaldng. 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~ofl-service methodology that would

allow for quantification of the transmission 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.

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-sewice methodology that would allow for

quantification of the distribution capacity deferral benefits associated with DGQ

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

A. 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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1

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

11

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") rules require utilities to procure certain

levels of renewable generation: l0% 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 1 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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1

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?

A.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 ('NOX"), 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 Worldng Group on Social Cost of Carbon, Technical Update of the Social
Cost of Carbonfor Regulatory Impact Analysis, U.S. Gov 't (May 2013),

33 Ex. BK-2 at 34 of 46.
34 See U.S. Envtl. Prot. Agency, Regulatory Impact Analysis for the Proposed Carbon
Pollution Guidelines for Existing Power Plants and Emission Standards for ModQ'ied and

Reconstructed Power Plants at Chapter 4: Estimated Climate Benefits and Human Health
Co-Benefits, U.S. Gov 't (June 2014),

https M vs v» v=1"uteh@u4e ox 'sites def auk fi1es'0mb/1nflor<: /s<:<, (:<d~8mal lulu 9013 pelf

http I/'www3 spa ov/ttnecas1»reg,zdata/'RIAs, I 13 dproposaJRIAiina.l0602 pd
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1

2

3

4

of energy planning decisions in Arizona." 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. 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. Bums 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.berkelevedu/oki. clrxzpaifsNes./deifault/f3les/.verv~old.-
sr terenev. abide lobs °006 pd .
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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 M 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
Li t t le  in His  December 22,  2015 Let ter

10

11

Q. Please address the specific questions raised by Commissioner Little in his

December 22, 2015 letter.

12 A. 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]ustomers who pay capital costs to install distributed generation, benefit not
only diemselves, 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 pealing power ding 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 east 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 SS100,000 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 Rulemaldng for the Renewable
Energy Standard and Tariff Rules, No. RE-00000C-05-0030 (Ariz. Corp. Comln'n, Nov.
14, 2006), Barcode No. 0000063561 .

Direct Testimony of Briana Kobor on behalf of Vote Solar 37



1

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 tracing 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 ma>dmize

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 incant 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

11

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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2

3

4

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. Vollanann'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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2

3

4

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

l l

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-tenn

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.,
htm1//rael.berkelevedu/old drupaUsitesidefault/files/verv-01
site/renewablesiobs.2006.pd£
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2

3

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 f1111 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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2

3

20. What, if any, easts 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 be Commissioner
Stump in His February 19, 2016 Letter

7

8

Q. Please address the specific questions raised by Commissioner Stump in his

February 19, 2016 letter.

9 A. Answers to each of Commissioner Stump's questions are provided below:

10

11

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

ratemaldng 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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1

2

3

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 raternaldng, 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-tenn cost-of-sewice-

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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1

2

s. 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.

16

17

18

19

20

21

22

23

24

25

8. In value-of-solar discussions, are we attributing a unique value to DG,

which other power sources 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-scale 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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1

2

3

4

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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1

2

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, dire 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:

to

21

22

23

24
25
26
27

28

29

The commission has determined Mat 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 iillfilled its core obi ective of providing a simple and
effective tool to jumpstart the adoption of distributed renewable energy.
As a corollary, Mis policy also moved the DER industry in Hawaii past the
early stages of development. Hawaii's electric utilities and die DER
industry are now adapting to technical challenges not yet experienced in

39 Decision and Order No. 33258 at 160, InstirutMg 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 syste1ns.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

Z0

21

Additional lessons can be learned from the recent developments in Nevada. In

2014, the Public Utilities Commission ofNevada ("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 PowerSector,
Governor of the State of Haw. (June 8, 2015),
http:f'!governor.hawaiLgov/newsroom/press-release-governor-ige-signs-bill-setting 100-
percent-renew ab!e-energv-goa1-in-power-sector/.
42 E3 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).
44 Sean Whaley,Utility regulators reject call to delay new rooftop-solar rates, Las Vegas
Review-Journal (Jan. 13, 2016, 10:52 AM),
httpzi/www.reviewiournal.com/business/energy/utility-reguiators-reiect-ca11~d.e1ay-new-
rooftop-solar-rates.
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2

3

4

5

6

7

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 Califomia.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.

A. 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

O

adders,

If DG consumed onsite is evaluated in addition to DG exports: use the

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

o

Societal Cost Test;

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 fro<,a cpuc 8 cm .¥'ubEé~,1ed¥)><,4 Pzlinizslmed (390@ "\al 58'k"'85.l $82844 >6 pcif
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O

O

1

2

3

4

5

6

7

8

9

10

11

O

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 iiull 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 aNs 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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Briana Kobor
Program Director-DG Regulatory Policy, Vote Solar
360 22"d Street, Suite 730
Oakland, CA 94612
briana@votesolar.org

PROFESSIONAL EMPLOYMENT
Program Director - DG Regulatory Policy, Vote Solar
August 2015-present
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As distributed solar generation ("i8$G"l system prices coritiriue to fell and this energy
resource becomes more ac -_ possible thanks Io financing options and regulatory
programs, regulators. utilities and other stakeholders ore increasingly interested it
investigating DSG benefits and costs. UrrderstandaOly, regulators seek to understand
whether policies. such as net energy metering 1'°NEM"l. out in place to encourage
adoption of DSG are appropriate and cost-effective. This paper first offers lessons
learned from the 16 regional and utility-specific DSG studies summarized in o recent
review by the Rocky Mountain Institute ("RMl"),'- arid then proposes a standardized
valuation methodology for public unity commissions to consider implementing in future
sfuaies.
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areT e conclusions stand out
based on their potential to
impact voluoiions:

\
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DSG primarily offsets
combined-cycle natural gas
facilities, which should be
reflected in avoided energy
costs.8

4`
3

As RMl's melt-study shows. recent DSG studies
have varied widely due to differences iii srucv
c:ssun'rp1iorrs. key pcxromelers. Grid
methodologies. A stork example came lo Iichr Ir
early 2GlI5 in Arizona, where two DS" benelir
and cost studies were released in -:orrseculive
order :Dy ihu't Slope's largest utility and then
the solar irrduslry. The u1ilily~funded study
showed u rel solar value of less ah-:rn your car is
per kilowoll-hour {"kwh"), while the irroarsrry-
lurrded study loured oz value iii excess al 2]
per kph. A slondurd rnelhodology would be
helpful as Ieqislczlors, regulcrlors no The public
dliemrwl lo determine whether lo 'zurioil or
exported DSG policies.

;'&*3l"il%
* DSG instdlldlions are

predicable and should be
included in utility forecdsls of
cdpdrlly needs so DSG
should be credited with d
czdpdcily value upon
lnlerconnecllon

8

8
*
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Valuations vary by utility. but the authors
contend thGl valuation methodologies should
not. The authors suggest standardized
approaches for the vanlous benefits Grid costs.
and explain how lo calculate them regardless of
the structure of the program or rote in which Rh==
voluaton is used. Whether considering net NEM
value of solar tariffs, fixed-rate feed-in tariffs or
incentive programs, parties will always wont t~
determine the value provided by DSG. The
authors seek to fill that need, without endorsing
any particular DSG policy in this paper.
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The societal benefits of DSG
policies, such cs job growth,
health benefits and
environmental benefits,
should be included in
vcludtions, as these were
typically among the reasons
for policy enactment in the
first pl-ace.
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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 20i 3, 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 a 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 made
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 rites for non-solor customers
seems to hive risen to the Top of utility priorities with the puPlicdtion of on industry trade
group report in January 201 3 polling NEM "the Idrgest near-term threat to the utility
model."'* 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 hive speculated that unchecked NEM growth will Redd to o "utility death spiral."
One will Street roting agency questioned the value of utility stocks in light of the
continued success of NEM programs, claiming that it was "cl scheme sirnildr to net
metering that led to the destabilization of the power markets in Spain in lite 2008."5

available of ;..tJ,wx-'w.-!.L€QQ§Q.»Q.va£wQ:.9.9.n.T§m.1

2 NEM allows utility customers with renewable energy generators to offset part 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 (seewwwtreeingthearid.ora for details on stale NEM policies).
3 Larry Sherwood, us. Solar Market Trends2012 (Interstate Renewable Energy Council), at p. 5 (3i6,000
photovoltaic installations connected to the grid at year-end 20) 2, with 95,000 in 201 2 alone), July 20i3,

Forecasts for 2013 installations surpass 2012. See, et., U.$. Solormorket InsightRepo#QI 2073, Greentech
Media, Executive Summory, at p. 14, June 2013, available at
lv'.'p://www.;;reeniechmedic.com/research/ussmi.
4 Peter Kind, Disruptive Challenges: Financial lmplicafions and Strategic Responses to a Changing Retail
Electric Business (Edison Electric lnstilute), at p. 4, Jan. 201 3.
5 Solar Panels Cast Shadow onU.$.Utility Rafe Design (FiichRolings), JUly i 7, 2013, avaliable al
i~°r:>:f'/www.fitcnratings.com/gws/en/fitchwire/fifchwirecrticle/Solar-°ur~els-Cosi?or id=
was wrong on its facts. The Spanish model used a feed-in tariff ("FIT") based on solar energy costs and set
at over US $0.60/kWh, leading to a massive build-ouf in o single year when solar prices dipped below the FIT
rates. See Spain's Solar Market Crash Offers a Cautionary Tale About Feed-inTariffs,n.y. Times, Aug. i8,
2009 available at ** Jo / iv w nsiim1 .
c»ffers-o-cou1io.-'~or?-6830S.hlm!8p.9g.gw.9r1i9g=.9.!.1 (for up to 44 eurocent incentives, and Using 0.71 1 overage
euro To U.S. dollar exchange rate in 2008, per IRS tables).
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Numerous trade and industry publicdtioris hive joined the chorus, with little indication
mundt the rhetoric will abate daytime 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 SoldrTdriff ("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 ds they would be if the customer did not hive DSG, and the
utility credits the residential solar customer for the value of dll of the energy produced
by the customer's solar drrdy.7 Though intended to offer o new opprodch to address
the vdluotion 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 any solar policy-nEm,
VOST or otherwise.

Austin Energy's VOST rote, cs initially cdlculoted, was about three cents higher thon
retail rotes, giving customers on even greater return than the NEM policy that the VOST
replaced. However, ds with NEM, discussions about "value of solar" rotes hove now
turned to how To calculate the benefits of customer-generoted energy. Claiming The
use of their own VOST approach, City Public Service, the municipal utility serving Son
Antonio, Texas (just 80 mites from Austin) used on undisclosed, dnnuolized value
opprodch to conclude that the value of customer-sited energy tram solar arrays was
roughly half of the retail rote. A competing study for San Antonio, sponsored by Solar
Son Antonio and using publicly dvoiloble data, showed twice that volue.8 As with NEM,
the VOST approach is still subject to significant variation in valuation methodologies.

in early 201 3, competing studies looking at DSG values for Arizona Public Service ("APS")
kepi The debone over vdludlion raging. APS funded o study Idol concluded DSG value
was only 3.56 cents per kilowdll-hour ("KWh"), based on ire present voice of o kph
from DSG in The year 2025. Subseduenlly, APS filed on dpplicorion To either change the
role schedule dvoildble Io NEM customers or switch To o Feed-In Tariff ("FiT"), with both
approaches relying on vdluorion in the range of 4 To 5.5 cents per kph. Al The some
lime, o solar industry-sponsored study found d 21 lo 24 cent range for the value of each
kph of DSG, for exceeding costs, which ii found lo be in The range of in lo in cents per
kaw The lock of o consistent study opprodch drives the disparity in results.

M332// list,or /chmgje-enpr .4sQlQr- csne:gQ.wg;cie_3ggl4-_s-uj@ies-accordin -to-u-s-utilifies/,

hip://www. reeniechmedic:.gzom/oNicles/readj§QLg[_s;net-me?erir>.g.-under-aitcclg.

www.custinenergy.<:om/About%2DUs/Rates/pdfs/Residentic:I/ResidenticISolc1r.pdf (last accessed

.sokzrsonantomo.arg/wp-content/uploads/2013/04/volueof-solcr-

e See David Roberts, Solar panels could destroy U.S. utilities, according to U.S. utilities, Grist, April 2013,
avaliable at i
Herman Trobish, Solar's Net Meten'ngUnder Attack, GreenTech Medic, Moy 2012, available a l

7 See Austin Energy's Residential Solar Toriff, available at

September 9, 2013) .
s See n. Jones and B. Norris, The Value of DistributedSolar Electric Generation lo San Antonio, March 2013
("San Antonio Study"), available al www ' 1
at-San-Antonio-03-13-2013. df.
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 hot : edocketazcc. av . The May2013 APS study
prepared by SAIC is available at . rf SS d _Q___f. The May
2013 solar industry-sponsored study prepared by Crossborder Energy is available at
ht p1//www.solarfuturearizona.com/TheBenefitsor1dCostsofSo3arDistributedGerieratioriforAPS.pdt.

__21 £ _ 4
he : www.solarfuturearizonc1.com 2013SolarvaluesTudv. d
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Figure I dispioys the 359% difference t§elweera #he Austin Energy and Sara An14>r1io City
Public Service DSG vciucltions, alongside the EX difference in values found in the *two
APS studies.

.Figure 1: Dispzxrcie BSG Vczluaiistas En Texas Studies {can*ts/kWh).
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The fig;me above shows fhsot Aushlo El'me@ngv's latest valoaiiora of 12.8 czerats per kph is
150% greater the 5.3 cent woluoiion by City Putaikc Service in San Antonio, lust 88 miles
away. Even more dramatic is the difference in DSG values for APS. with 3.56 cents by
the utility oonsulhnni enc! Q range of 21 .5 to 23.7 cents by We solar indusify consuncml.

Overview of a proposed sfanduralized clmaroach, this .paper explains how lo calouloie
the benefits and costs of DSG, regardless of the structure of The program or rate in
which this valuation is used. Whelha considering NEM. 3/OSI, FiTs or incentive programs,
parties will always wont To understand DSG woiue. Indeed, accuracy in resource and
energy valuation is the cowwefsfone of sound utility rolemaldng and a critical element of
economic efficiency. Fortunately, al least 16 studies oft individual utilities or regions have
been perfumed over The post several veers, providing a Oockarop for The types ai
benefits and costs lo consider. While the variation in Me purposes, ossumpiiorrls and
approaches in traese studies hes been wide, the body of published work is suflicienl Io
draw some conclusions about best practices via a memo-analysis.

Rocky Mourutuin institute. l"'RMi'"), o Colorado-based f1»ot-for-pnrcfii resecsmh
organization. looked at These 16 studies and summarized the tcrsge of valuations for
each bereefN and cost cczjtegorv in A Review of Solar PV Benefxf andCos? StucHes ("RM1
20%3 Sludy"), providing o very useful tool tom' regulators determining whemer c new
study hos considered ell of 14ne neievcmi benefits and costs. As vvetl, on IREC-1ed rep»or1 in
everiy2012 summarized These key benefits and costs cod provided o genefolized, high-

6
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level approach tor their inclusion in any study ("Solar ABCs l2e;>€:f'f"}.**f Together, We
Sdor ABCs Report and the RM! 2083 Study proved G cietaiied summmtaon Qr eftorls 'ro
date to assess the net benefits and costs of DSG.

>

This paper discusses various studies, bu? does Mei ciiempt Io replicoie Rel's thorough
mete-analysis. Rotrxer. this paper proposes how eocta benefit should be ccxlculmed cod
why, To assist state utility commissions are oiieer regukntozs Qs they consider DSG
vcziuotion studies and *The fate of NEM, VOST. or et I v ` ` '_ e offer
o set of recommended best predicts regukxfors cur; use To ensure that 0 DSG benefit
and cost study cccurcteiy measures the net impact et DSG."

This paper synthesizes the prevalent and preferred methods of quantifying the
categories of benefits and costs of DSG. Orme point of agreement is that DSG-related
energy benetrts are wet! accepted Gnd ore typically employed in costeffectiveness
testing, as well Qs in avoided cost catcuiations. Additional benefits and costs, related to
capacity, transmission and distribution {"I&{>") costs, #true losses, anoillory services. fuel
price impacts, market price impacts, environmental compliance costs, and
administrative expenses ore less uniformly treated in regulation and in the literature, and
are addressed were in an effort to establish more commonality in approach. the
quantification of societal benefits (beyond utility compliance costs) is also addressed.
while typically not quarrrified in costeftectiverress tests, these ber\elits-especially as
related to evaluation of the risk ossociatea .. ' - resources-also merit more
uniform treatment

Orgcnizoiiomally. iris paper covers the types of sludEes undertaken in relation To DSG
vaiuotion cod overarching issues in QSG vaiuoféon studies, followed by the benefits and
costs considered in various doWdies, The rcxticmczie f<;~f them, cod The authors*
recommendoiioras on Now Io Qgaprooch them.

muumnuww-mluuur *=v " m w H H m ¢* an-allnllw':nu-niulvamwllw* =w»wwls»nlllll»»°~*wlulllw»°°=wv»nIlIlIIllF

'A 4
s
g

x .

" w e :  . , , = I x "
; ; ;  » . / 4 4  , ,

", '¢
a / " ~ '<  . Sf

J , , . ~ , -Va
V  = Vs if) ; : 8  { * ; \  3 3 :3 W ,/ a

A .».
' M 4

? ' '~ mf xi ,
ér

av /~
8 so" I"lx, / r *  t . ff :i8'f3 4 44 < »~,,¢ .,

, / l , x f ;

x.3;,. i
8:14 5

4 4¢...s ,¢~~ * v.) ,X
, go r

~<w<»»< , , ~n»»-n»-¢w~u-»-< »v/~ .»»~
-»»»|»-<~ -.»»»»»»»»¢~|v~--¢-nn:-»¢~»»~|»|»~ - , : , ,,.M ~,~ , ,

,  , , , ...~.m»»»»<<- f

83, P389 Benefit and .. s~ v~4 * ,£982 8
8
9

A history of DSG benefit and cos# studies.There have been an increasing number of
studies conducted and published over the past IO-I5 years addressing the value at
DSG and other distributed energy resources. the first comprehensive effort to

". J. Keyed and J. Wiedmc
Sol:zr America Be:-ova of C

4 ;  _ \  W . 5 ( ¢ ; ~ : - ' j * I . , * , _{ ! !  ~ . . ' . 8*  n~1' . -  . . * _iq' ) I " ~ . . p : "  ) ! l § - f ! - ~ ' . .  t " ' .  = t. ;11 i i i* f . 1 .

" In addi1ic»r1, ire lnter5ta1e Renewable Er1e'{3. L.';*JtI"il. Inc. 1 .iR8-;:..1 is prc»3c1iv<¢l~,f working Mira state L=1Hl1v
commissions to izsk 1he-se quesiéons beware si\Jdi-ees are 5eNak.era, wise. the expeciati-:>r= Thai having
clarifies the assumptions, con1missio'wars will be m-:ne cmiiaens in the results.

n. A Ger\era5zed Approach ec- Assessing Me Rare Impacts of Ne? Energy Me:-2'-ng
.odes and stundcrasj, _lnnuary 2632 ("$dcrABCs Repo>rl"),avclieabie Q*
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chordcterize the value of distributed energy resources was Smell is Pro fitdble: The
Hidden Economic Benefits of/woking Electrical Resources the Right Size, published by
RMI in 2002. Drawing from hundreds of sources, pilot project reports, and studies, Small Is
Profitable set the stage for more specific technology-bosed studies, including the NEM
cost-benefif studies and solar voiluofion studies that followed. Studies specific to DSG
systems hove appeared with increasing frequency since the Vote Solar Initiative
published Ed Smeloff's Quantifying the Benefits of Solar Power for Cdiifornio in 2005 and
Cleon Power Research ("CPR") published its eyoluofion of The Value of Solar fo Austin
Energy and the City of Austin in 2006.

The reasons behind the appearance of these studies ere several. DSG represents en
increasingly affordable, interconnected form of distributed generation, creating the
potential for significant penetration of small-scale 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 o 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 a given Utility or group of utilities. NEM has proven to be one of the major
drivers of distributed generation in the United States: 43 states and the District of
Columbia feature some form of NEM.l2 The success of NEM as a policy to drive
distributed generation market growth has caused several states to examine the impact
that the policy has on other non-participating ratepayers. Efforts are currently underway
in California, Arizona, Hawaii, Colorado, Nevada, 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 generofion, particularly rooftop solar photovoltaic ("PV")
generation. Other states may follow soon, even those with relatively few DSG
installations; for example, the Louisiana Public Service Commission indicated that it
would launch a cost-benefit analysis for net-metered systems.

Another major use for DSG value ondlysis is in resource planning and other regulololv
proceedings. In December 2012, Lawrence Berkeley Ndtionol Lobordtory ("LBNL")
published o review of how several Utilities occouni for solar resources in An Evdluolion of
Solar Vol u ofion Methods Used in Utility Planning and Procurement Processes.'3 At this
writing, lniegroled Resource Plan ("liP"), avoided cost, or renewable pion dockets ore,
or soon will be, underway al several ulililies'4 where The value of DSG is directly al issue.
in oddilion, The stole of Minnesolo hos recently adopted legislolion tool esldblishes o

12 See Database of State Incentives for Renewables and Energy Efficiency ("DSlRE"): Summary Maps - Net
Metering Policies, available al vv'ww.dsireusa.or¢:; (last accessed Aug. i8. 20i3).
13 Andrew Mills 8 Ryan Wiser, An Evaluation of Solar Valuation Methods Used in Utility Planning and
Procurement Processes (Lawrence Berkeley National Laboratory), LBNL»5933E, December 2012 ("LBNL Utility
Solar Study 201 2"), available at http; » ,

in See, et., Georgia Public Service Commission Docket No. 36989 (Georgia Power Rate Case); North
Carolina Utilities Commission Docket No. E-i00, Sub i36 (Biennial Avoided Cost); Colorado Public Utilities
Commission Docket No. i 3A-0836E (Public Service Company Compliance Plan).

//emp.Ib!.gov/nublications/evasuction-solclr-voluotion~methods~used-
u9litv-picrerwinq-and-procuremerv-rbrocesses.
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Value of Solar rate for ose.15 The authors anticipate that odditionoi 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 cod fewer still provide sufficient detail to guide development of d
common methodology. CPR's Austin Energy study, updated in 20i2, established on
dpproclch that his been applied in other regions, including o recent study on the vdiue
of DSG in Pennsylvonicl and New Jersey." The California Public Utilities Commission
("CPUC") and APS commissioned comprehensive studies in 2009; both commissioned
revised studies in 2013.17 In January 20i3, Vermont's Public Service Deportment18
completed o cost-benefit oncrlysis of NEM policy.

wrlrle not ldentlcol in structure, these works typify the recent reports cod lllustrote some
com mondlltles in opproocning the vdluotlon of distributed energy. NEw-specific studies
include the 2009 California Energy and Enylronmentol Economics ("E3") Study,
Crossborder Energy's 2013 updated look at trot ET study," Crossborder Energy's 2013
analysis of DSG cost-effectiveness in Arizono,20 and the Public Service Deportment's
own analysis for Vermont.

As noted earlier, this paper complements REC's recent publication, A Generalized
Approach to Assessing The Rafe Impacts of Net Energy Metering.2' That paper reviews
the DSG valuation studies that had been published to date and provides general
approaches to calculating the widely recognized categories of benefits and costs that
are 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
are determined across 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 16 studies in
a meta-analysis that examines methodologies and assumptions in great detail. Figure 2
is from that study, and characterizes the differences and similarities in the studies. As

15 Minn. Slat. § 21 6B.164, sued. 10 (2013): Chapter 85--H.F. No, 729, Article 9, Distributed Generation, Section
10.
la Richard Perez, Thomas Hoff, and Benjamin Norris, The Value of Distributed Solar Electric: Generation To
New Jersey and Pennsylvania, 2012 ("CPR 2012 MSEIA Study"), available at

r.. 9_ijtrx . commL; p_cLwernet\~Q_rk_,.g9_m sites/defggljjiigi/m§§§A~Fin<_8;§er1e§ gf-Solor e @_32012- 1

ht# ./ www.soiczrfujurecrizonc.com/SoicrDEStud . if,
lltt 1/ ww\§QL;i41_r§_g_r;zonc.co__m 20l3$okJr\_{g

hftp://vvww.cpuc.cc.gov/PUC/enerQv/Solar/nem cos? effectiveness evc1Iuotion.htm.

www.leq.st<::te vt.us/reports/2013Ex€ernc1l§el3orts/285580.Ddf.

h?*p://www.seic.org/reseorcéw-resources/evcxlucntin -benefits-cos?s-net-ene_.r -m<-3_q@Qg_¢_c<:Iifog;1jg.

____..__ _QI§QLQ.@..LLl2841§9iQ_Q@Qr.QL1;'Q_AE§.Q§9&m@ ...QMsme : !Www.sgjc_:;_;f..;;ture__grizonQ.com/TheBer1e2 Q

77 APS studies:Distributed Renewable Energy Operating Impacts and Valuation Study, RW Beck, Jan. 2009,
available at ` .. ' 2073 Updated Solar PV Value Report,
SAIC, May 20i3, available at . ` 7°
CPUC studies conducted by Energy and Environment Economics ("ET"):

is Evaluation of Net Metering in Vermont Conducted Pursuant lo Act 725 of 2072, January in, 2013
("Vermont Study"). available a l .
19 Thomas Beach and Patrick McGuire,Evaluating the Benefits and Costs of Net Energy Metering in
California (Vote Solar Initiative), 20i3 ("Crossborder 201 3 California Study"), available at

20 Thomas Beach and Patrick McGuire, The Benefits and Costs of Solar Distributed Generation for Arizona
Public Service (Vote Solar Initiative), at p.i2, 20i 3 ("Crossborder 20i 3 Arizona Study"), available at

See SoiarABCs Report,supra,
22 See RMI 2013 Study, supra, footnote i.
2) fooTr1oTe 10.
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well as considering benefits and costs the RMI 2013 Study points out that the uxorious
studies differ significantly in the omounf of DSG penetration considered, which con
drastically impact yolues. Another imoortont differentiator is whether the studies ore
based on high-level, often secondary, review of benefits and costs, or whether they rely
on more granular and detailed modeling of impocts.23

Figure 2: Rocky Mountain Institute Summofy of DSG Benefits and Costs
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The RMI 2013 Study figure is reprinted here to make three imporfdnt points. First and
foremost, the cdlculoted benefits often exceed residential retail rotes, shown in the
figure with diamonds, implying that NEM would not entail o subsidy flowing from non-
solor to solar customers. Second, commercial customers olmos always hove
unbundled rotes and NEM hos minimal impact on their demand charges because they
still hove demand ofter the sun sets. That means that DSG benefits compared to
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 thon retail rote payments (CPR NJ/PA), and the rest
include costs as o deduction within the benefits calculation. As on oyerorching point,

23 Id. of  p. 21.
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the RMI 2013 Study figure confirms that there is no single standard DSG voluotiorw
methodology today.

Types of Studies. Distributed solar valuation requires quantitative analysis of o wide
range of data in on organized way. Fortunately, there are abundant existing
approaches that can contribute to estimation of DSG value. This section briefly
introduces the two major types of studies that underlie DSG valuation. The first category
of studies is input and production cost models. These have general application in the
utility industry in the comparison of resource alternatives. The second category, DSG-
specific studies, includes three sub-types, 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 cod industry experts rely on o wide range of models and ondlyticdl fools
for ccllculdting costs dssocicted with generofion and systems. Power flow, dispatch,
cod planning models dll provide input To the finoncicll models used to evaluate DSG
cost effectiveness and value. While detoiied treatment of the Utility models providing
input to the DSG models is beyond the scope of this paper, they impact the DSG
models and need lo be understood. Often, these utility models ore deemed
proprietary, crediting "block box" solutions regarding what generation is needed and
when. Among the most critical decisions mode dl this juncture is whether The
generation that will be offset by DSG is o relatively efficient ncturol gos combined-cycle
combustion turbine ("CCGT")or d less efficient single cycle "pecker" pldnf running on
ncturol gds, or some combination of the two.

As most of the gos-fired energy delivered by utilities comes from CCGTs, and peckers
will still be needed To handle changes in load, models should reflect that DSG is
primarily offsetting CCGTs. However, the APS 20i3 study is on example in which the
input model results ore confounding, and there is no way to review the block box
solution. oddly, APS found that boselood cool would be displaced for port of the year.
We believe that such on example deserves more careful study; it is o nearly universal
truth that cool plants ore run as much as possible. While many cool plants hove been
shut down in the post decode, those that remain ore fypicolly only curtailed for
mdintenonce. Regulators should consider whether input assumptions such as cool or
nuclear displocemenf ore redsonoble, porticuldrly if the results ore based on
proprietary, opaque modeling.

Cdpocity needs in planning models ore fypicdlly forecasted several years in the fu fure
and, because of the legacy of the central std fion utility pldnf porddigm, in large
increments of cdpocity. These so-colled "lumpy" capacity investments generally
overshoot capacity requirements in order to ensure resource adequacy in the face of
multi-yedr development lead times. As d result, the opportunity for DSG to provide
useful cdpdcify is generally seen as too tittle and too early. For example, o fypicol utility
resource plan might state that capacity is ddequote until the year 20i8, it which time
the company forecdsfs o need for on oidditionol 200 megowdtts ("MW") of generdfion
capacity. in such d situdfion, troditiondl resource planning and avoided cost estimates
assign no copdcity value fo DSG installed on customer roofs before 2018, and none in

1 1
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20i8 unless the systems provide The eduivdlenl to 200 MW of cdpdciry. This ignores The
benefit of DSG's moduloriiy-The utility does not need 200 MW in 20i8, of that point ii
only starts to need more 'rhdn it dlreody Nos dydiloble. DSG con provide for lindi
capacity Through incremeniol insidlldiions sidrting in 20i8. Likewise, if The u'rili'ry hos
projects under development prior Io 201 8, it could hive deferred or avoided some of
thdi need if ii had dccurdiely predicted and blued DSG insiolldtions.

Today, many input and production cost planning models include The opportunity to
adjust assumptions sPout customer adoption of DSG (and energy efficiency), which
assume that those resources Dre going Io ploy d role in the utility's near Term capacity
requirements. With these adjustments, the in-service requirement date cdr possibly be
deferred, generating both energy and cdpocity savings dttriPutdPle to the distributed
resources. Accordingly, models that do not address DSG installations ore inddeduote
did could lead to costly overbuilding did, givenpldnning and construction lead times
dssocioted 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 piper, these studies start with work conducted by one
or more experts and organize the information and data in d form that addresses
questions at interest. in some cases, the authors report the results and the source
conditions for the data. In others, study authors attempt to adjust the results for different
local conditions. The RMl 2013 Sfudy on solar PV reports the results of in different studies
spinning some eight years. These studies provide useful introductions to the emerging
discipline and demonstrate the ways in which differences in assumptions,
methodologies, and underlying ditto con impact outcomes. in addition, when
adjusting for outlier conditions, the studies con demonstrate where there exists relatively
strong coherence in dpprooch and results.

Cost-Benefit Analysis studies. Cost-benefit studies focus on using avoided cost
methodologies did cost-benefit test approaches to review large-scdle DSG initiatives
and programs. They seek to answer the question of whether total costs or total benefits
ore greater over d 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 dpprooch were
conducted by ET, reviewing the Cdlifornid Solar Initiative and NEM programs, and those
by Cross border Energy, reviewing the ET reports. Most of the studies reviewed by the
RMI 2013 Study Dre of this sort. There ore several cost-benefit analysis varietals, ds
described in the California Sfdndord Procfice Manual and summarized in the box
below.

Value of Solar studies. Smeloff and CPR pioneered the "value of solar" genre of study.
As the meme implies, this study approach focuses on using avoided cost and findnciol
ondlysis methods in discerning the future investment value of distributed solar to the
utility, ratepayers, and society. Generollly, these evdluotions ignore utility lost revenues,
instead focusing on vdluotion that con be used in designing and setting incentive
levels, program limits, and other features of utility DSG programs. The studies stop short

12
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of rate or tariff design features, and as c result, do not typically address lost revenue
issues. Perhaps best known is The Austin Energy Value of Solar study conducted by CPR
in 2006 and updated in 201 2.24

Wifh reference to the California Standard Practice Manual study descriptions
summarized in the prior Pox, the type of test that the authors suggest in this paper is a
blend of the Ratepayer Impact Measure ("RlM") and Societal Cost Test ("SCT")
approaches. The RIM test addresses the impact on non-participating ratepayers in
terms of how benefits and costs impact the utility and are passed along to those
ratepayers. That necessarily does not account for the participating ratepayers' outlay
for DSG systems, nor should ii. The SCT approach looks at whether it is a good idea for
society as a whole to pursue a policy, and includes participating ratepayers'
investment in DSG systems. The authors contend that the participants' investment is
outside of the scope of the appropriate investigation. The goal should be to determine
whether non-participants have a net benefit from the installation of DSG systems. As the
job creation, health and environmental benefits accrue to non-participants just as
much as they accrue to participants, there is no apparent reason why societal benefits
should not be included. in its consideration of benefits, this approach aligns with the
VOST methodology which aims to include all benefits that can reasonably be
quantified and assigned to utility operations.

Utilities often object, stating that valuing societal benefits conflates customers with
citizens, and note that utility rates must be based on costs directly impacting 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, a major reason for
establishing NEM, VOST or other DSG programs is primarily related fo 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.

Use <1 blermd of the Ratepayer Impact Measure ("RIM") and SocieT<:1l
COST Test ("SCT") CosT-Benefit Tes'rs

.821 :
§9"9=§3§"?"l § @ 9 i § 8

24 Autrior K. Rabogo, while at Austin Energy, helped eslablisN the nations' first VOST. See K. RObago, The
Value of Solar Rafe: Designing on Improved Residential SolarTariff, Solar industry, al p. 20, Feb. 2013,
available of httpz!/soiorindustrymcgzl.com/digiicieditions/Mainphp?MoqlD=3&Mogno=5'p.
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The California Standard ProcficeManual is used for economic crncnysis of
demand-side management {"DSM") programs fn Colifomfo. The cos?-benefit
tests in the Sfcmdcxrd ProcficeManual have alsobeen Lased to evclucfe DSG
value, most rloicbiy in California, where me tests have been applied to 0
review of the cost effectiveness of the CafifomioSolarlnitioiive. The various
testsdiffer fn the perspective from which cos? effecfiveraess is assessed.

E
E

O

•

ParficipaniCost Test ("PCT"). Measures benefits 0:18 ~Q{>sis Io program
poiiciporns.
Rafepayef ImpactMeasure ("R!M") Test. !».4e<zsL1res Qfwclnges %re electric

E
$.
ii2
i~

Z
x

0 Program Administrator Cast Test ("PAC.IT'7.

• Tore! Resources Cos? Test ("TRC ").
i

=

• Socieiaf Cps! Test ("$CT
%

8

service rates due to changes in utility revenues and costs resulting from
the assessed program.

Measures the benefits cod
costs to the program administrator. without consideration of the effect
on actual revenues. This test differs from the RIM test in that st considers
only the revenue requirement, ignoring changes in revenue collection,
typically called "lost revenues

Measures the total Ne? economic
effects of the program, including both participants' and program
odministra*ior's benefits and costs, without regard to who incurs the
costs or receives the benefits. For o utility-specific program. the test
con be thought of as measuring the oveoii economic welfare over
the entire utility service territory.

CT"). The SCT is similar to the TRC, but broadens
the universe of affected indrvidfuals to society as a whole, rather than
lust those in the program administrator territory. the sci is also a
vehicle for consideration of rain-monetized exiernaiities. such as
induced economic development effects, which are not considered in
the TRC l f
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2%Q Key S1Tucfutcl Issues fo»f DSG Benefit and Cast

Studies

>> 8

. The evczluction of the CCJST-
ettectiveness of c given DSG policy, particularly NEM. is G complex undertokinq with
many raotenticl moving ports. Before delving into the specific benefits and costs. it is
imzvortunt Io recognize that the ultimate outcome of the oncztysis is highly dependent
on the base firicriciol and from~e=w-:ark ossumrations that do irita the effort. Much of *he
work involves tcweccistirig--estimating the future benefits one costs. periormcmce. and
cumulative impacts associated with iricreosinc Denetrdtion of distributed Qenerotiori

Underlying study assumptionsand major study components
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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 TrdnspdrenT as possible abouT These
ossLJmpTions when reporTing The results of the analysis. At The ouTseT of o sTudy, ll is
imporTanT lo define These sTrucTurcll parameters. Below we presenT key quesTions Tor
reQuldTors To explore aT The onseT of o sTudy:

Q'l_° 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 may
prefer the use of o lower discount rote, closer to the rote of infidtion. The difference is
important. High discount rites improve the evaluation of resources with continuously
escalating or high end-of-life costs. For instance, on 8% discount rote may favor d
ndturol gds generator because much of the cost (the fuel, operation and
maintenance) to run the generator is incurred over the life of the generator, while the
cost of DSG is almost entirely it the front end. A low discount rote improves the
volition of resources with high initial costs did low or zero end-of-life costs. The some
analysis based on o 3% infldfion rote may favor DSG resources, ds there ore no fuel
costs over time and the operations and maintenance ("O&M") costs Dre low because
there ore fewer or no moving ports. while the utility's discount rote is appropriate when
considering utility procurement because those funds could be invested elsewhere it
competitive rotes, the Utility is not procuring the DSG resources in the case of NEM, VOST
or Fit orrdngements. ii is worth questioning whether the future benefits of DSG resources
should be heavily discounted, based on the utility's cost of copitdl, when the customer
(or o third party owning o system at the customer's site) is miking the investment. As
utility vdluotion techniques improve, is ii redsonoble to discount future benefits and
costs by the inflation rote rather thon the utility's cost of copitdl.

We recommend using o lower discount rote for DSG Thom o Typical
utility discourii rote Io occourii for differences in DSG economics.
8*i:§ m = 89§m§:

Q2: WHAT IS BEING CONSIDERED _ ALL GENERATION OR EXPORTS ONLY?

Under NEM, utiliiy cusTomers con Take advanTage of Q federal low25 allowing for on-siTe
generaTion lo offseT consumpTion, wiTh The opporTuniTy lo sell excess generaTion to the
uTiliTy al The uTiliTy's avoided cosT. Because The cusTomer has a righT To avoid any and all
consumpTion from The uTiliTy, sTudies of NEM cosT-effecTiveness will oTTer look only al The
uTiliTy cosT associaTed wiTh exporTs to The grid. The assumpTion under NEM is effie<:Tively
ThaT aT or below The ToTal consumpTion level, The value of offseT consumpTion is The
reTail rate. This valuaTion is supporTed by The con<:epT behind cosT-of-service raTe
regulaTion-ThaT The reTail raTe is The occumulaTior» of <:osTs To generaTe and deliver
energy for The cusTomer.2f> NoTe ThaT To The exTenT ThaT NEM benefiTs ore <:alculdTed To

25 See Public Utility Regulatory Policies Act ("PURPA"), in U.S.C. etseq.
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. Thor is, the customer with DSG may well be generating
electricity of greater value thon that being provided by the utility.
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outweigh costs, consideration of oil generation amplifies the calculated net benefit.
However, if NEM costs outweigh benefits, the opposite is true.

-.3: f:;m=>
. *i.:¢ \ 4 ¢ gj33jr3§»~8'*3 ;1§ §§ , q ; g3 We recommend assessing only DSG exporTs to the grid.

Q3: OVER WHAT TIMEFRAME WILL THE STUDY EXAMINE THE BENEFITS AND COSTS OF DSG?

urinary planners routinely consider the lifecycle benefits end costs of trodifionol utility
generators, typically over o period in excess of 30 years. Solar arrays hove no moving
ports and ore generally expected To lost for al least 30 years, with much less
maintenance thon fossil-fired generofion. Solar module worrdnfies ore typically for 25
years, and many of The earliest modules from the i 960s and i 970s ore still operofionol,
indicating that modules in production today should lost for it least 30 years. This useful
life assumption creates some dodo challenges, as utilities often pion over shorter time
horizons (i0-20 years) in terms of estimofing load growth and the resources necessary to
meet that load. As described below, methods con 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 ditto that con accurately be estimated, just as
planners do for fossil-fired generators thief ore expected to lost for decodes.

We suggest that the most appropriate timeframe fer evaluating DSG
and related policy is TO years, as that matches the currently anticipated life span of the
technology.

9$ §38 93§;Z

Q4: WHAT DOES UTILITY LOAD LOOK LIKE IN THE FUTURE?
Key to determining the value of DSG is G 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 pion around customer-owned Qenerotion. Other DSG role or
program options involving sole of oil output to the utility do not reduce Utility Goods, as
customer facilities contribute to the available capacity of Utility resources as small
controcteol generators.

8664:»§ @§f§o§§w*z: Given that NEM resources ore interconnected behind customer
meters, and result in lower Utility loads, we recommend that the assigned capacity
value of the distributed systems reflect the fact that the utility con pion for lower loads
thorn it otherwise would move.

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 the grid. Most studies assume current, low penetration rates. Several of
the studies consider higher penetration levels, as well, typically out to i 5% or 20% of
peak load, with some outlier studies looking at 30% and 40% penetration levels. in a
high-penetration scenario, the utility may face higher integration expenses that might
undermine the specific infrastructure benefits of distributed generation. Studies that
address the issue often find that marginal capacity benefits decline with high
penetration.

16
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On the other hand, some studies such as those by APS, conclude that capacity benefits
are dependent on having enough DSG to offset the next natural gas generator, and
therefore that there are no capacity benefits in low-penetration scenarios. Market
penetration estimates should also be reasonable in light of current supply chain
capacity and local market conditions. Generally, the most important penetration level
fo consider for policy purposes is the next increment. If a utility currently has 0.1% of its
needs met by DSG and a study shows that growth to 5% is cost-effective, but growth to
40% is not, then it would be economically efficient fo allow the program to grow to 5%
and then be reevaluated.

8 e e8<§§4<: We recommend the establishment of on expected level of DSG
penetration, and The development of low and high sensitivities to consider the full
range of future impacts.

QS: WHAT MODELS ARE USED To PROVIDEANALYTICAL INPUTS?
Analysts have used a wide variety of tools to calculate the benefits and 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 are 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 have published
a number of studies creates some commonality among those studies, but over time,
even the CPR approaches have evolved as tools have been improved.

We suggest that transparent input models accessible to all
stakeholders are the proper foundation for confidence and utility of DSG studies. If
necessary/, non-disclosure agreements can be used to overcome data sharing
sensitivities.

8 800?

Q7: WHAT GEOGRAPHIC BOUNDARIES ARE ASSUMED IN THE ANALYSIS?
Value of solar analysis is neovily influenced by local resource and market conditions.
Most published studies ore geogropnicolly scoped at The stole, service territory, or
interconnected region level. Given its leadership in solar deployment, California also
leads as ire subject of studies and as o dojo source. Some studies resoling To economic
development and environmental impocls use o nolionol and regional scope.

?4 433@ §°?§ §"8@3l

values that characterize the broader geographical area selected for the study. In some
cases, quantification according to similar geographical suP-regions may be
appropriate.

Q8: WHAT SYSTEM BOUNDARIES ARE ASSUMED?_

The moiority of studies consider benefits and costs in the generation, transmission, and
distribution portions of the system. Of the studies that consider environmental impacts,

27 Richcrrd Perez is Q Research Professor at the University at Alborly-SUnY.
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most only look ct avoided utility environrnentol compliance costs at the generation
level.

. 4 8" 4998@ §8 84§89 We recommend considering impacts associated with adjacent
utility systems, especially at nigher (above i 0%) penetration levels of DSG. 28

QS: FROM WHOSE PERSPECTIVE ARE BENEFITS AND COSTS MEASURED?
Nearly all 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 California Standard Practice Manual tests for Demand Side Management,
discussed earlier.

9@§z;'s*§*:t@;*if8?8@fz We suggest that r<:1Te impacTs cod societal benefits and cosTs should
be assessed .

Q10: ARE BENEFITS AND COSTS ESTIMATED on AN ANNUALIZED OR LEVELIZED BASIS?
When Q DSG system is instilled, it is like commissioning d 30-yedr power plant that will, if
properly mointdined, produce energy and other benefits during that entire period.
Several studies look it snapshots of benefits did costs in d given year, which fails To
answer the basic question of whether DSG is cost-effective over its lifetime. Levefizdtion
involves coiculdting The stream of benefits and costs over on extended period and
discounting to d single present value. Such Ievelized estimates Dre routinely used by
utilities in evaluating alternative and competing resource options. As such, levelizdtion
of the entire stream of benefits and costs is appropriate.

We recommend use of oz levelized approach To estimating benefits
end costs over the entire DSG life of 30 years.

2 1988§§@;

Q11: WHAT DATA AND DATA SOURCES ARE USED?
As The number of solar vdiuotion studies hos increased, so hos The frequency with which
newer studies cite data provided in prior studies. There ore Mo reasons behind this
Trend, cost and dvdildbiiiiy of dots, which we discuss in deidii below.

As with any modeling exercise, models ore only as good ds the did fed into Them. The
dbiliiy to precisely calculate the benefits of DSG often rests on the dvdilobiliiy did
grdnuldNiy of Utility operdiiondl and cost did. More gronuldr did yields more reliable
analysis dboui the impdcis of DSG deployment did operation.

Calculating many of the benefit and cost categories requires that analysts address
utility-specific or regional conditions Thai can van/ 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 Thai consideration of inter-sysiem soles of capacity or renewable energy credits
could miiigale reductions in incremental solar value that could accompany high penetration rates. See A.
Mills la R. Wiser, An Evaiuaiion of SolarVafuaiionMethods Used in Uliliiy Planning and Procurement
Processes (Lawrence Berkeley National Laboratory), LBNL-5933E, at p. 23, December 2012, available al
http://emp.lbi.qovlpublicciions/evclucxtion-solor-vcsluotion-meihods-used-uTili?y-plcnnina-or\d-
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, oolditionol data, such as energy market prices, is often publicly ovoiloPle,
or con be released by the utility without proprietary concerns. In some limited coses,
the utility may Nove proprietor competitive, or other concerns with plcint- or controct-
specific information. And in some coses, the form and format of Utility data may require
adjustments.

These problems ore not insurmountable. Utility general rote cases and regulotow filings
with the Federal Energy Regulatory Commission ("FERC") ore good sources for data
relevant to utility peak demand and for The components of cost of service, including
transmission costs, line loss factors, oa.m costs, and costs of specific distribution
upgrades or investments, among other cost categories. Additionally, the federal Energy
Information Administration ("ElA") and various state agencies compile utility cost dots
that con be used ds o reference to determine heat rotes, the costs of O&M dssocioted
with various plants, and the overall capitol cost of new construction of generating
cclpocity.29

Require thclt utilities provide The following data sets, both current
information and projected data for 30 yedrs30:

i) The five or ten-yedr forward price of natural gos, the most likely fuel for mdrginol
generation, along with longer-term projections in line with the life of the DSG.

2) Hourly load shapes, broken down by customer class to analyze the intro-cldss
and inter-cldss impacts of NEM policy.

3) Hourly production profiles for NEM generators. The use of time-correldted solar
dots is important 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-fdcing systems may hive greater overall output, west
or southwest facing systems may produce more overall value with fewer kph
because of peak production occulTing liter in the day thon d south-focing
system.

4) Line losses Posed on hourly load data, so thief mdrginol avoided line losses due
to DSG con be calculated.

5) Both the initial capital cost did the fixed did variable O8.M costs for the utility's
marginal generation unit.

6) Distribution planning costs that identify the capital and O&M cost (fixed and
variable) of constructing and operdfing distribution upgrades fhdt ore necessary
to meet load growth.

7) Hourly load dots for individual distribution circuits, pdrficuldrly those with current
or expected higher than dveroge penetrations of DSG, in order to capture the
potential for avoiding or deferring circuit upgrades.

54i = § 9§"§9

29 See Updated Capitol Cost Estimates for Electricity Generation Plants (EIA), November 2012, civoiloble GT
.eidgov/oéo v .Qdt (providing estimate of capitol cost,

fixed O&M, and voricible O&M for generation plants with various technical characteristics).
30 Note: Where o utility or jurisdiction does not reguidrly collect some portion of this data, there may be
methods to estimate o reasonable voice to assign to DSG.

E" . / /www ___,..___U.beck lof1f¢<>$+siQ< u_Q;1oted 10nL@8§.a_
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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 a list of "services," encompassing flows of benefits and costs to and
from solar PV. That list is replicated here in an effort to coordinate with that study.3i The
RMl services categories are depicted in the graphic below.

Figure 3: Rocky Mountain Institute Summary of DSG Benefits
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While reblicdting the RMI services categories, we hive subdivided them in recognition
that the divide between utility avoided costs and other societal benefits is not clear
from the list above. For instance, utilities con avoid certain environmental compliance
costs, which ore direct utility avoided costs, while other environmental benefits inure to
society more generally. As another exorable, reliability or resiliency is only o utility
avoided cost to the extent that the utility was going to toke some other measures to
achieve the levels enabled by DSG. If DSG enables higher reliability thon would hive
otherwise been achieved, that is undoubtedly d benefit, though it is most notably
realized by utility customers when o storm event does not cause o major service
interruption, which may occur once in o decode. As o further example, market price

31 See RMI 201 3 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 societal benefits separately, separate subsections are
provided below, with The final Three RMI environmental and social benefit categories
covered after utility avoided costs. We note where some categories listed under utility
avoided costs have societal benefits as well, and we separately create an environment
category under utility avoided costs to capture utility avoided environmental
compliance costs.

Calculating Utility Avoided Costs

I. Avoided energy benefits

To determine the value of avoided Qenerotion costs, the first step is to identify the
morginoil generation displaced. In most instances, the next marginal generotorwill be d
natural gos-fired simple-cycle combustion turbine ("CT") or o more efficient CCGT.
Avoiding the operation of trot mdrginoil generating facility to produce the next
increment of electricity means that the solar generator allows the utility to ovoid both
vdrioble O&M activities (i.e., nose activities and expenses that vary with the volume of
output of one CT or CCGT plant) and the fuel that would be consumed to produce that
next unit at the time thou the customer-generotor allows the utility to ovoid trot
operation.

To cdlculote the avoided generation cost over the life of the DSG system-ossumed
throughout this paper to be 30 years-the colculdtion must estimate the market price of
energy throughout that time span. Given the limitations on the dvoilobility of dots,
including the future price of o historically volatile commodity like natural gos, many
studies hive used interpoldfion and exfrdpoldtion to estimate gds prices in the 30 year
horizon by talking the readily dtfdindble current market price for noturdl gos did
referencing it ogdinst the most forward nd furdl gds price available.

Ad difionolly, the cdlculdfion of avoided generation costs over time must account for
degradation in the marginal generation plant did adjust expected heat rites (i.e., the
measure of efficiency by which d unit creoles electricity by burning fuel for heat to
power d turbine). Over time, the marginal generdfion plant will become less efficient
did require incrementally more fuel fo reach the some 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 con produce results that ore illogical, ds hos been seen in Arizona
(bdselodd cool generdfion displaced by DSG) and Colorado (high cost of frequent unit
startups reducing energy benefits).

A sfondord approach to determining the value of avoided gerierotion over fie life of Q
DSG sysTem is to develop: (1) on hourly rorke price shape for each month and (2) o
forecast of annual overage rorke prices into the futLJre.32 One way to forecosi the
annual rorke prices, wit iv less reliorice on forward market prices, is 'ro project the
rolled-in costs of the marginal gerwerotion unit, occouniirig for voriobie O&M and

32 ET Study, Appendix A ct pp. I0-1 1
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Independent System Operator ("iS£>-NE"} wholesale market would provide the margins!
generaiiarr price far energy displaced by solar generation. 'to accourri for the high
carrelaiion of solar PV with system peck, and therefore the offset or higher value
Qeneraiion. We Deparrrnerri created Cr hypothetical avoided cost for 20N using real
output data that was maicnea wrtzfi aciuai hourly market Gaia from tire iS-NE
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cm energy price forecast, based on the forward market energy prices for the first five
years and for the forward natural gas arises for years five Io tar* Prices far years after
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As CPR observes, there are inherent shor tcomings in  re ly ing on fu ture market pr ices  for
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r e l ies  on  fo rward  p ro jec t ions  in  the  na tura l  gas  marker .

82 CPR 2012 M$E*,A Study GO pp, 28.29.
34 Vermaraf Study at p. 86.
35 id.
3é CPR 2012 MSEiA Siuciy at pp, 2R.29_
8" Id. c l p.  29.
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2. Colculcfing system losses

DSG sited QT 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 a DSG customer does not consume all output as it is being produced, the
excess is exported to the grid and consumed by neighboring customers on the same
circuit, with minimal losses in comparison to electricity generated by and delivered from
a utility's centralized Put distant plant. Without DSG and its local load reduction impact,
utilities are forced to generate additional electricity to compensate for line losses,
decreasing the economic efficiency of each unit of electricity that is delivered.

Including avoided line losses as Q benefit is relotiyely strdightforword did should be
non-controversidl. For instance, FERC's regulations implementing PURPA recognize that
distributed generation con account for oyoided line losses. This benefit exists for oil
types of DG technologies and, to some extent, in dll locations. Typically, dveroge line
losses ore in the range at 7%, and higher during heavier load periods, which con
correlate with high irrddionce periods for many utilities." Additions losses termed "lost
did unaccounted for energy" ore also likely associated with T&D functions and, with
further research, may also be avoided by DSG.40

Average line loss is often used as the primary approach to adjusting energy and
capacity-related benefits. However, because line losses are not uniform across the year
or day, the use of average losses ignores significant value because it fails to quantify
ire "True reduction in losses on a marginal basis."4' Considering losses on a marginal
basis is more accurate and should be standard practice as it reflects The likely
correlation of solar pp lo heavy loading periods where congestion and transformer
thermal conditions tend to exacerbate losses. In its Austin Energy study, CPR evaluated
marginal T&D losses at times of seasonable peak demand using load flow analysis. CPR
decided fo average the marginal energy losses on the distribution system, for purposes
of the study, and added marginal transmission losses in order to report hourly marginal
loss savings due to solar generation. According to one APS study, the degree of line
losses may decrease as penetration increases.'*2

As with the effect of reducing mdrkef prices by reducing load ct times of peck
demand, and therefore reducing marginal wholesale prices (see below), DSG-induced
reduction of losses at times of peak load Nos o spillover effect. The ability of customers
to serve on-site load without use of the distribution system reduces transformer

38 See FERC Order No. 69, 45 Fed. Reg. i 22i4 at i 2227.1"1f the load served by the [QF] is closer to the {QF]
than it is to the utility, it is possible that there may be net savings resulting from reduced line losses. In such
cases, the rates should be adjusted upwards.").
39 For example, the ET study assumes on overage loss factor of i.073, which indicates that 7.3% more
energy is supplied to the grid than is ultimately delivered and metered by the end-use customers. in
contrast, Vermont's study noted that the Deportment's energy efficiency screening tool concluded that
typical marginal line losses ore about 9%. Vermont Study at p.i 7.
40 See, et., A. Lovins et al.,Small is Profitable: The Hidden Economic Benefits of Making Electrical Resources
the Right Size, Rocky Mountoin lhstitute, at p. 212, August 2002: U.S. Energy information Administration's
Annual Energy Review, available at ht tp;
41 CPR 20i2 MSEIA Study at p. 27.
42 Distributed Renewable Energy Operating Impacts and Valuation Study, R. w. Beck for Arizona Public
Service, Jon. 2009, at p. 4-7 and Table 4-3. (Finding that o "law of diminishing returns" applies to solar
distributed energy installations.) Available at: http:/,/vvwwsoiartuturearizona.com/Soiar,¢T3EStudy.l:>df.

//www.eic.gov/totc1lenerc!v/doicx/cunruuol/dicqram5.cfm.
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overheating, o major driver of transformer wear and tear, Ana in tum allows customers
to receive power from utility generators at lower marginal loss rates. Without on- or
near-peak DSG, all customers would face higher marginal loss rates with the
contribution to thermal transformer conditions caused by all customers seeking grid
delivered power for all 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 to DSG, and the marginal improvement in line losses to
deliver power for the rest of utility's customers' needs, the dppropriote 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 copacily value cs well, as o peck demand reduction
of 100 MW means in tum Thai o generation capacity of more than 100 MW is avoided.
This asloecl of avoided line losses should be included with generation and T8.D capacity
benefits, discussed below. "

Calculating aenerafion capacity

Determining the capacity benefits of intermittent, renewable generation is o 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.'*'* 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 fo meet load. "The ELCC of a generating unit in
a utility grid is defined as the load increase (MW) that the system can carly while

3.

43 See Andrew Mills and Ryan Wiser, Implications of Wide-Area Geographic Diversity for Short-Term
Variability of Solar Power (Lawrence Berkeley National Laboratory), LBNL-3884E, September 2010.
'*'* FERC Order No. 69, 45 Fed. Reg. i22i4 al i 2227 ("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
deferral or avoidance of a capacity addition. Moreover, while on individual [QF] may not provide the
equivalent at firm power to the electric utility, the diversity of these facilities may collectively comprise the
equivalent of capacity.").
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mointoiming true designated reliability criteria (e.g., corwstont loss of Good probobiIity)."'*5
In This way, ELCC provides Q reliable statistical metrlod to project True copociry value of
irltermittenT resources.

On the other hand, the ELCC method con be data intensive and complex To some
stakeholders. Simpler methods moyalso yield reasonable results. For example, on
alternate method, based on the utility"s load duration curve, looks at the solar capacity
available for the highest load hours, usually the top 50 hours.

Implemented in 0 rote, CI copociiy credit for DSG denominated in kph represents the
best opproczch. This ensures Tncii DSG only receives ccpociiy credit for ociucl
genercxiion.

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 odds capacity in
large, or "lumpy," blocks of capacity additions. For example, if o utility hos ample
capacity to meet its reserve margin and its next capacity addition will be a 500 MW
CCGT, o 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 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.

One solution around 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 lo the 2009 ET Net Metering Cost-effectiveness study for
California. In the ET study, d mix of short-run and long-run avoided capacity costs ore
applied lo renewable generators based on the fact that additional capacity would not
be required until d certain year, called the "Resource Balance Year" in the ET study.
Cross border's update recognizes the incremental value of small capacity additions for
the years leading up to the Resource Balance Year and uses d long-run capacity 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 installations 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 are two
basic approaches taken to determine capacity credit: (i) determine the market value

45 CPR 201 2 MSEIA Study at pp, 32-33.
46 18 C.F.R. 292.304(e)(2)(vii) (providing that avoided cost may value "the smiler increments and shorter
Redd times dvciiidble with additions of capacity from qualifying facilities").
47 Crossborder 2012 California Study, Appendix B.i .
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of avoided capacity; or (2) estimate the marginal costs at operating the marginal
generator, typically a CCGT.48 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 at the capital and O&M costs of the marginal generator."

The resulting value is often termed o cdloocity credit-cr credit for the Utility capacity
avoided by DSG. It is important to recognize that this credit is different from the
"copdcity value" of DSG. Cdpocity value is d term for the percentage of energy
delivered ds d fraction of what would be delivered if the DSG Unit was dlwoys working
it its rated capacity, that is, as if the sun were directly overhead with no clouds and the
temperature was o constant 72 degrees at dll times. Capacity value is typically in the
range of i 5-25% in the United States, depending on location. Because DSG generates
electricity during ddylighf hours, often with high coincidence with peak demand
periods, Ir edens o capacity credit based on the higher value of its generation during
the hours in which it operdtes-o higher amount than simple cdpocity value.
Alternatively, for d utility with on early evening peak or d winter peak, the capacity
credit may be based on d lower percentage of its rated capacity than the cdpocity
value.

Once the ELCC is determined for DSG resources for Q given utility, the calculation of
generation capacity is straightforward. The capacity credit for a DSG system is "the
capital cost ($/MW) of the displaced unit times the effective capacity provided by
PV."50 Inherent in the ELcc calculation are the line losses associated with capacity, as
discussed earlier.

4. Calculating Transmission and distribution cooczcify

Distributed solar generation, by its nature, is usually located in close proximity to load on
the distribution system, which may help reduce congestion and wear and tear on T&D
resources. These benefits con reduce, defer, or avoid operating expenses and capital
investments. Tactical 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 load periods. Utilities undertake system resource
planning (i.e., planning for upgrades or additions to T8<D capacity) 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 romping rites associated with peak load on o given circuit) will von/
according to o number of factors. These factors include customer mix, weather
conditions, system age and condition, and others. As d simple example, o circuit that
carries predominantly single-fdmily residential load is likely to rise relatively smoothly to o
peak in early evening, when solar PV output is woning. A circuit primarily serving

48 CPR 2012 MSEIA Study at p, 32.
49 ld. at pp. 32-33.
50Id.
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commercial customers in <1 downtown selling will typically peck in the early oflernoon.
All other things being equcll, DSG systems on circuits primarily serving commercial
customers ore more likely lo ovoid distribution ccipocily costs.

It is also important to consider system-wide T&D impacts. Transmission lines, and to cm
extent, substations, serve enough of Q cross-section of the customer base to peck at
approximately the same Time as the utility as o whole. DSG coincidence with system
peak means that DSG, even located on residential circuits, Contributes to reduced
demand at the substation level and above. Based 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 an 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, all DSG may demonstrate significant T&D
value in allowing the utility to defer upgrades or avoid capital investments.

Estimating T8.D CapacityValue. 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
ulfimotely seeks to include the upgrade or capital project in rate base. To make use of
any cost data, however, it 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 fo match the expected useful generating life of DSG.

With The data in hand, T&D capacity savings potential con be determined in o two-step
process.5' As described by CPR, "The first step is to perform dm economic screening of
dll areas to determine The expansion pion costs and Good growth rites for each
pinning Oreo. The second step is to perform d technical load-mdtching ondlysis for the
most promising Iocotions."

For solar PV profiles, output con be estimated at particular places using irradiance data
and ydrious methods of estimating the output profile.52 By looking at the load profile for
o year, it is possible to isolate peak days at the circuit or substation level and calculate
o capacity credit by measuring the net load with solar by production. By reducing
absolute peak load, DSG systems may allow o utility to ovoid overloading transformers,
substations or other distribution system components and, thereby, to defer expensive
copitof upgrades.

To determine deferral value, it is necessary to monetize the length of time that DSG
allows a utility to defer a capital upgrade. Deferring an upgrade allows a utility to avoid
the carrying cost or the cost of ownership of an asset and defers substantial
expenditures that may Pe, at least to some extent, debt financed. Generally, the

51 Id. at p. 33 (citing T. E. Hoff, ldenrifying Disiribufed Generofion and Demand Side Management
lnvesfmeni Opportunities, Energy JoUrnal: 17(4), 1996).
52 M. Ralph, A. Ellis, D. Borneo, G. Corey, and S. Boldwin,Transmission and Distribution De fermeni Using PV
and Energy Storage, published in Prwoiovoltoic Spe<:iolis1s Conference (PVSC), 201 1 37th IEEE, June 201 1 ,
available at http:/'!eneray.sandia.aov,*wD/wp-corwtenf/aaiiery/uploads/TrarmsandDistDefermer:?.odf.
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avoided capital is multiplied by the utility's weighted overage cost of capital or
authorized rote of return to determine the value of deferring that investment.53
However, as noted earlier, d lower discount rote could be used. For instance, the
avoidance of o million dollar transmission upgrade five years from now-for d utility with
o 7% discount rote-is drguobly 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 an estimated inflation rote of 3%,
the value would be $862,000.

System-wide Marginal Transmission and Distribution Costs. When conducting a
statewide or utility-wide analysis, it may be difficult to hone in on specific locations fo
determine the ability of DSG systems to enable deferment or avoidance of system
upgrade activity. In some cases, distribution deferral value manifests in changes in
distribution load projection profiles and should be calculated as the difference in what
would have happened without the DSG. ET's approach fo valuing avoided T&D fakes a
broader look at the ability to avoid costs and estimates T8<D avoided costs in a similar
manner to other demand-side programs, such as energy efficiency. ET's avoided cost
methodology develops "allocators" to assign capacity value to specific hours in the
year and then allocates estimates of marginal T&D costs to hours. ET acknowledges
that it lacks sufficient data to base its allocators on local loads and that, ideally, "T8.D
allocators would be based upon local loads, and T8<D costs would be allocated to the
hours with the highest loads."54

ET determined 'Mot temperature data, which is oydiloble in Q more gronuldr form for
specific locations in the many climate zones of Cdlifornio's major utilities, would be o
suitable proxy method for dllocoting T&D costs. After determining these allocators and
designing them to specific hours, ET determined the mdrginol distribution costs by
climate zone, using d load-weighfed overage. Since morgindl transmission costs ore
specific to each utility, those ore added to the marginal distribution costs to arrive it
the overall marginal T&D for o specific climate zone. This opprodch locks the potential
for capturing high-vdlue, location-specific deferral potential, but it does approximate
some value without requiring extensive project planning cost did load data for specific
feeders, circuits, and substations. ET's methodology may be suitable in circumstances
where there is limited local load data to develop whit ET described as on "ideal"
methodology, but it does come with drawbacks. For example, ollocdting costs to
certain hours by femperofure mole 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 roles That T&D value may vary widely from one feeder To another and that "it
would be advisable lo ... systematically identify The highest value areas."55

Where information on specific upgrade projects is known, and there is sufficiently
detailed local load data, o more detailed analysis of deferral pofentiol should yield for
more accurate results mundt better reflect the T&D value of DSG. For example, CPR was

53 Id.

5'* ET Study, Appendix A at p. 16.
55 CPR 2012 MSEIA Study ct p, 20.
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dblle to toke o more grdnuior and drew-specific look ct T88D deferral values of DSG in its
Austin Energy study, where it hod specific distribution system costs for discrete sections
of the city's distribution systern.56

In Vermont, the Public Service Deportment took o reliability-focused approach. Noting
that T8 D upgrades ore driven by reliability concerns, the Deportment determined that
the "critical value is how much generation the grid con rely on seeing it peak times."
To capture this benefit, the Deportment ccllculoted o "reliability" peak coincidence
value by colculdting the dveroge generator performance of illustrative generators for
June, July and August ofternoons.57 The resulting number reflects the percentage of o
system's nomeplcite capacity that is assumed to be available coincident with peak, as
if it is "always running or perfectly dispotchoble."58 Accordingly, the generation system
receives the some treatment as firm copclcity in terms of value for providing T&D
upgrade deferrals dt 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 pioneers often
require absolute assurance that they could meet Good in the event that o pdrticulor
distributed Qenerotion unit went down. Another oppdrent weakness of this approach is
the inability to target or identify Iocotion-specific values in the dynamic, granular nature
of the distribution system.

T8.D CapacityValue Summary. Distributed solar systems provide energy at or near the
point of energy consumption. When they ore 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 T8.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 can be used with reasonable confidence.

5. Calc ulafing grid support (ancillary) services

Grid support services, disk referred to as oncilidry services in many studies, include VAR
support, and voltage ride-through. Existing studies often include estimates of oncilidry
services benefits ds well ds costs ossocidted with DSG, ds reported in the RMI 2013 Study.
Costs, otso coiled grid integration costs, ore discussed below.

Currently, DSG systems Utilize inverters to change direct current to alternating current
with output at a 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 has become o concern, as a voltage dip with the loss of a
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 Deportment looked at ten two-axis tracking motor PV systems, four fixed solar
pp systems, and two small wind generators).
58 ld. at p. 19.
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much more functional or "smart"; indeed Germany is in The process of changing out
hundreds of thousands of inverters to dcnieve added functionality.

BecaUse U.S. electrical codes generally preclude inverters that provide ancillary
services, many valuation studies have concluded ihdt no ancillary service value should
be calculated. While that approach hod some merit in The post, when more versatile
inverters where generally unovdiloPle and regulatory change seemed for off, The
present circumstances wdrront d rleor-term recognition of ancillary services value. With
proof of the virility of odvdnced inverters, it is highly likely that ddvonced inverters will

be stdndord in the next few years, and dncillory services will be provided by DSG.

A group of Western utilities and transmission planners recently issued Q joint letter on the
issue of advanced inverters, calling for the deployment as soon as feasible to avoid the
sort of cascading problem described above, which could lead to system-wide
bldckouts.59 With the utilities themselves calling for advanced inverter deployment, did
costs expected to be only Si 50 more thon current inverters, there will Pe good reason
to collect the dots did develop the techniques to duontify dncillory services benefits
of DSG. Modeling these dncilloiy services is important to inform policy decisions such as
whether to require such technology ds d condition of interconnection, and under what
circumstances.

6. Cclculoiing financial services: fuel price hedges

DSG provides Q fuel cost price hedge benefit by reducing reliance on fuel sources their
ore susceptible to shortages cod market price volatility. in dddifion DSG provides d
hedge against uncertainty regarding future regulation of greenhouse gos and other
emissions, which ollso impolct fuel prices. DSG customer exports help hedge against
these price increases by reducing the volatility risk dssocioted with base fuel prices-
effectively blending price stability into the total utility portfolio.

The ideal method to capture the risk premium of natural gas uncertainty is to consider
The difference between an investment with "substantial fuel price uncertainty" and one
where the uncertainty or risk has been removed, such as through a hypothetical 30-
year fixed price gas contract. As CPR explains, a utility could quantitatively set aside the
entire fuel cost obligation up front, investing the dollars into a risk free instrument while
entering into natural gas futures contracts for future gas needs.6l Performing this
calculation for each year that DSG operates isolates the risk premium and provides the
value of the price hedge of avoiding purchases involving that risk premium.

Interestingly, utilities often used to hedge against fuel price volatility, but do less such
hedging how. That leads 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 yolotility is tolling 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
dgoinst it.

59 See L. Vestal,ufiIityBrass Coll for Smart-Inverter Requirement on Solar installations, Ccilitorriici Energy
Markets No. 1244, it p. 10, August ii, 2013.
60 Cieori Power Research now uses the term "FueI Price Guarantee" in order to distinguish this benefit from
trdditioncll utility fuel price hedging actions.
et CPR 2012 MSEIA Study it p. 31 .

30
Ex. BK-2 30 of 46

lIIII\l l |



7. Cclculofing finoncicl services:morkef price response

Another portfolio benefit of DSG is measured in reductions to market prices for energy
and capacity. By reducing demand during peak hours, when the price of electricity is
at its highest, DSG reduces the reroll load on utility systems and reduces the amount
of energy and cdpocity purchased on the market. In this way, DSG reduces the cost of
wholesale energy and capacity to oil rotepoyers.62 This benefit is not captured by ET's
methodology: it is reflected in CPR's most recent Pennsylvania and New Jersey study,
where it is illustrated and explained in much greater detoil.63

The premise of this benefit is that tool expenditures on energy and copocify ore less
with DSG generation thon without. The total expenditure, as CPR explains, is the current
price of power times the current load at any given point in time. Because the amount
of load affects the price of power, o reduced load condition, such as occurs ds o result
at DSG generation, reduces the market price of dll other power purchases it those
times.<'>'* While this change in market price is incrementally small, it represented
potentially significant system-wide benefit. This means thief dll customers, including non-
soldr customers, enjoy the benefit of lower prices during these reduced load conditions.
As CPR notes, however, the reduction in price cannot be directly measured, ds it is
based on o hypothetical of whit the price would hove been without the load
reduction, and must be modeled. The total value of market price reductions is the total
cost savings colculdted by summing the savings over oil time periods during which DSG
operdtes.°5 A similar analysis for capacity market prices con be conducted ds well.

8. Cclculcfing security services: reliobilify and resiliency

Porticuldrly with the extended blackouts from Hurricane Sdndy in 2012, d value is being
attributed to added reliability and resiliency due to DSG, it both the grid and oNe
individual customer levels. For grid benefits, This value in particular is difficult to dudntify,
ii depends on the assumed risk of extended blackouts, the assumed cost to strengthen
the grid to hyoid that risk, and the assumed ability 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 particularly hard to
determine what DSG con do in this regard.

The dncillory services benefit discussed eclrlier is closely related to this benefit when
considering the pofenfidl for the grid ds d whole to continue operation. Even it the
level of o circuit outage, the ancillary services benefit is capturing the value of
providing VAR support did voltage ride-through. Arguably, the ancillary services
benefit cdpfures this level of grid support.

On the other hand, CPR noted in its first Austin Energy study that relioPility and resiliency
ore very rec! DSG benefits at the individual customer level. The hospital with troditiondl
Pickup generation powers up during en outage, and con be supported during o
prolonged outage by the addition of DSG. Instead of relying entirely on The traditional
generation did o suPstontiol fuel supply, it con get by with less fuel. Likewise the

62 ld_ at 15.
63 ld. at pp. 33-43.
64 CPR 2012 MSEIA Study ct p. 34.
65 rd. cut p. 36.
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residential customer with a medical condition requiring certainty can rely on DSG plus
battery storage rather than o generator.

To the extent that utilities have an obligation to provided heightened reliability to
vulnerable customers, DSG con be counted ds avoiding those utility costs. On o larger
scale, to the extent that customers enjoy greater reliability than the utility would
otherwise provide, that is a benefit to participating customers that can be included.

9. Cclculofing environmental 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 ltron, the CSI general market program and the Self-Generation
Incentive Program ("SGlP") 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 SGIP provided over 52,000 pounds of PMioand 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 Qeogrdphicolly Tied to o small drew with
no established compliance market, the markets for NOx, SOx, and CON ore more readily
identified and quantified with publicly ovoildble 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 welter.

Likewise, Utilities in sTaTes wiTh Renewcible PorTfolio STdndords ("RPS") avoid RPS
compliance cosTs due to DSG. For example, if o uTiliTy must comply with o 20% RPS and
hos o billion meQc1woTT hours ("MWh") of cinnudl load, it hos TO secure 200 million MWh
of renewable QenerdTion. If insTead, i00 million MWh is generaTed by DSG faciliTies, The
uTiliTy's ctnnudl load is reduced by ThdT dmounl and iTs RPS compliance obligaTion is
reduced by 20 million Mwh. The uTiliTy's cosT of procuring Those 20 million MWh should
be considered, lo The exTenT ThdT the procuremenT is greaTer Than The uTiliTy's avoided
noTurdl gds energy and cdbdciTy cosTs already aTTribuTed lo Those 20 million Mwh.

Quantification of societal benefits is particularly difficult and controversial. Regarding
environmental benefits, avoided Utility compliance costs capture what society has
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 i00 million MWh of
gas-fired generation, the utility avoids paying for one required clean up the emissions

, h1*r _._;1Lwww.Q_Q¢.col. Qv/ R/rdonlyfes/E2EI89A8-5494-45A
5F48D36A9CA7/0/CSI 2(l10 lmpcci Evil RevisedFincl.pdf.

66 California Solar Initiative 2010 Impact Evaiualion (California Public Utilities Commission), prepared by
Iron, al p. ES-2, 201 l available al l~ E-ACF?
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ThC1T never occurred. However, had The uTiliTy generaTed those 100 million Mwh, millions
of pounds of pollutanTs would hove goTTen ousT The required emissions controls, and not
emiTTing oil of Those polluTanTs is o siQniTicdnT benefiT to The socieTy.

While most utility avoided costs benefit the utility's rotepdyers directly, societal benefits
tend to be spread beyond the utility's customers. Job creation cdr be expected to
center in the utility's service territory, but will also lead to jobs in adjoining service
territories. Emissions benefits Dre even more dispersed. The benefits ore regional or
global, with Utility generation often for removed from Utility customers. This is the
troditiondl "tragedy of the commons67" problem, but on o global scale. As with the
problem of colonial formers not halving an incentive to core for the commons on which
their cows grazed, utilities use the environment but hive no incentive to care for it
beyond whiff is legally required. By recognizing the value of not emitting pollutants in o
DSG valuation study, ondlysts 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 thereOlity that society is mode up of utility customers.

Again, we use the benefits categories outlined in the RMI 201 3 Study, of which the lost
three address societal benefits did Dre listed here.

B. Carbon. The RMI 20i3 Study breaks out carbon cs o 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 201 3 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 oPsence of o cdrPon market or cdrPon restrictions, the benefits of not
emitting cdrPon ore considered to be real by many people. While some have touted
the benefits of couPon for plant life, the widespread view appears to be that emitting
more cdrPon nos d negative impact. One way to approach this is to consider what
customers Dre willing to pay for reduced emissions of both cdrPon and other matter. For
instance, Austin Energy uses the premium value for their GreenChoice® green power
product in the dPsence 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
forgets. The argument for this dpprooch is that if society hos determined that o 20% RPS
is dppropriofe, and renewable energy costs on exfrd $1 0 per MWH to procure, then it
would presumably value ddditionol avoided emissions (both carbon and other matter)
it the some rote. However, RPS systems ore compliance systems that integrate price
impact controls, credit trading schemes, did other features that impact compliance
cerfificofe prices without direct relationship to the value of associated emissions
reductions. Caution should be used in applying d regulofoiy system designed to
minimize the cost of compliance with on effort to occurdtely value benefits net of costs.

67 G. Hardin, "The Tragedy of the Commons," Science 13 December 1968: 1243-1248. Available QT:
http1//www.sciencemog.org/content/1 62/3859/1 243.fuII8'sid=f031 fb58-2f56-4c25-ocOe-d802771 c92ef
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Where o state hos o RPS mandate for its utilities, DSG provides d dull 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
renewdbie did fossil-fuel generation being produced to meet customer |ood.68 The first
benefit was discussed above, under avoided utility compliance costs. The second
benefit accounts for the fact thou energy exports from DSG ore 100% renewable
generdfion and arguably should be valued at 100% of the RPS voice for purposes of o
cost-benefit study."

Another way to look ct This is to soy that dll exports from o DSG system should receive
the value of o market-priced renewdPle energy certificate, even where such o
generator cannot easily create o trdddPle certificdte.70 This is justified because DSG
exports help meet other customers' load on the utility's grid with iOn% reriewdble
energy and displace grid delivered electricity, which is only partially renewable. If o
state hos on RPS of 33% renewdbles, as does Colifornid, then DSG exports give rise to it
least d 67% improvement in the renewable component of electricity.7'

C. Airborne Emissions Other than Carbon and Health Benefits. Exceeding utility
compliance with Dir regulations con be token into occounf in o mdnrler akin to that
described for vdluotion of avoided carbon emissions. The public heolfh impacts of fossil
fuel generation hive been well documented, though not well reflected in electricity
pricing. In porticuldr, Dir bollufion con increase the severity of asthma dftdcks and other
resbirotolv illnesses in vulnerable bopuldfions living in close proximity to fossil fuel-fired
plants. lmpocts on crops and forest loins hive also been documented.

DSG reduces fossil fuel generation, especially from less efficient pecker plants and
potentially from thermal plants that emit higher levels of pollution during startup
operations. We ore not swore of Q dominant methodology, but note that public health
literofure will continue to grow in The drew of recognizing and dudnfifying The public
health impacts of electric generation, including health impacts related to climate
change. Valuing emissions of carbon and other matter Posed 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 ds o proxy.

D. Avoided Wafer Pollution and Conservation Benefits. The Utility industry uses cod
consumes o suPstontiol portion of the notion's freshwater supplies for thermoelectric
generotion.72 The benefit of not using the water for fossil-fuel generation should Pe

as A Third benefit associated with reducing overall market costs for renewable energy certificates may also
manifest with increased DSG penetration.
69 Crossborder 20i 3 California Study at pp.i8-21 .
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 Cross border 20i3 California Study at b, 18.
72 How f t Works: Wafer for Energy (Union of Concerned Scientists), July 2013, available at
r~iio:i/'www.ucsusc:.orglcleon energy/our-er1erg_v-choices/ener -and-woier-use we Er
overview.hTmL
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based on the value of the water To society, that is, the value of conserving waler 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 o 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 an 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 adeauotely captured by the contract price
for water or in the retail price that one would pay for an alternate use. We are not
aware of a dominant methodology for measuring the conservation value of water, but
this value should be considered as utilities consume a tremendous amount of water
each year and will be increasingly competing for finite water resources. Avoiding the
increased risk associated with maintaining secure, reliable, and affordable supplies of
water is o benefit that DSG, with its 30-year expected operating life, delivers to all
customers of the utility system.

10. Ccilculoiing social services: economic develoomenf

lnstolldtion and construction associated with onsite generation focilifies is inherently
loco! in nature, Qs contractors or installers must be within reasonably close geographic
proximity to economically install o system and be present for building inspections.
Accordingly, the solar industry creates loco! 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 soles tax, and pay payroll taxes. Locally
spent dollars displace those frequently sent out of state for fuel and other supplies.

Toking o conservative approach, CPR's Pennsylvania and New Jersey study focused
solely on tax enhancement voile, which derives from the jobs created by the pp
industry in those sfotes. CPR used represent five job creofion numbers from previous
studies in Ontario and Germany that quantify the number of jobs created by instilling o
unit of solar PV. CPR used assumptions that construction of solar pp involves d higher
concentration of locally traceable jobs thon construction of d centralized CCGT plant
and determined the net local benefit of o solar project on the economy.

There remains o legitimate regulatory policy question of whether economic
development benefits should be considered in calculating the value of DSG for use in
setting electricity rotes, or avoided cost ccllculofions, even though there is al long history
of economic development factors influencing commercial rotes and line-extension
fees. in any event, the economic development and tax base benefits of DSG
deployment and operation should be consider when evoluofing the societal cost-
effectiveness of the technology and policies to support it.
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w e l L  cus t om ers  w ho  need  m ore  rehab  se rv i ce  gN ar r  ave rage  can  be  se rved  w i t h  a
combinat ion of  DSG,  storage and genercs i ion that  i s  less expensive than the
o t herw i se  necessary  s t andby  genera t o r . 4

We 8
E
E

The u i i i i t y ' s  avo i ded  env i ronment a l  compl i ance  cos t s  shou ld  be  eva lua t ed . DSG
leads Io  l ess u t i l i t y  genaai i on.  and i ver  emiss ions o f  nom.  SOx and par t i cukxtes.
lowering the u¥i1ie~s costs to capture # hose pol iuicnts.

Societa l  benef i t s  should be assesseded.  DSG pol icies were implemeswied on Hwe basis
of  env i ronmenta l ,  hea l th  and economic bernef l i s ,  and shou ld  not  be i gnored c>r  no!
quorxt i fsed.
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Distributed solar generation comes with o variety of costs. These include the costs for
the purchase and installation of the DSG equipment, the costs associated with
interconnecting DSG to the electric grid, the costs of incentives, the cost associated
with administration 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 causation and cost allocation are critical in dealing with DSG costs as
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 o
DSG voiuotion study it dll. For example, the cost of d DSG system net of incentives and
compensation that the individual solar customer uitimdtely bears-the net investment
cost, does not impact other customers. Whether o customer pays $100,000 or $20,000
for o five kilowatt ("kW") DSG system, the avoided utility costs and the societal benefits
ore unchanged.

In general, solar valuolion studies address costs in varying degrees according to the
aim of the individual study. A convenient way Io cnaraclerize solar costs is according lo
reno bears lem. Costs relevant To determining value or cost effectiveness can
generally be grouped into Three categories:

i . Customer Costs-Customer costs are 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 Rdtepoyer Costs-Utility and ratepayer costs ore costs incurred by the
utility cod rdtepoyers due to The operation of DSG systems in the utility grid. These
include integration did ancillary services costs, billing and metering costs,
administration costs, did rebate and incentive expenses. In NEM vdluotion
studies, utility lost revenues ore potentially d significant utility cost, under the
assumption that there ore no other mechanisms to adjust for these losses.73

3. Decline in Value for Incremental Solor Additions at High Market Penetration-A
number of studies also identify modeled impacts associated with significant
penetration of solar on the utility system. Most studies characterize low
penetration as less than 5% of peak demand or total energy met by solar
generation, and characterize high penetration as i0%-15% or more. These

73 Lost revenues arise when market penefrotion of consumption-reducing measures like energy efficiency
and distributed generation hove soles impacts that exceed those forecasted in the lost rote-setting
procedure, and only lost until the next rote-setting, when o true-up con occur. Between rote cases, trackers
or other mechanisms to mitigate impacts of regulatory log con dlsobe instilled. Vdluoflon studies
themselves do not dictate whether lost revenues occur or ore recovered. This is o function of tariff design. In
some jurisdictions, for example, stand-by charges ore used to adjust for revenue losses under NEM. In
others, Buy All-Sell All arrangements or Net Billing models ore used.
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impacts con be accounted for as 0 cost or as on cudjusfment to value credi'r for
solar energy when long-term impacts ore considered.

When evaluating the cost-effectiveness of NEM, most utilities hive access to cost-of-
service data that con measure energy-reldted impdets. 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 rdtepdyers the ability to use electricity not
consumed instantaneously (i.e., exported energy) against future purchases of electricity
in the form of d kph or monetdiy bill credit. The value that customers derive from these
bill credits is solely assignable to NEM ds d policy, ds 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, did not
behind the meter consumption, ds d cost to non-pdrticipdting ratepayers. ii is also
appropriate to note that NEM export costs Dre 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 cdr then
be netted against the value of avoided produced or purchased energy.

1 . Recommendations for colculofing customer costs

Most value of solar studies focus on utility, ratepayer, and society costs, but not private
costs. Therefore, these studies do not address customer investments or expenses in DSG.
On the other hind, these costs ore port of the fatal cost effectiveness of solar and hove
been addressed in brooder societal perspective studies or in evoludting cost
effectiveness for o soidr incentive program. NEM and VOST programs ore not intended
to Pe incentive programs, but rather to fdiriy compensate customers for DSG.

When customer costs ore included for o broader societal test, c major challenge in
evaluating forward-looking solar customer costs associated with Q long-term policy
relates to accurately predicting the market prices for solar systems and installation cs
well as maintenance costs.

Regarding customer O&M costs, NREL hos estimated costs between 0.05 and 0.15 cents
per l<wh.74 ET estimates customer O&M costs at $20 per kW with an escalator of .02% per
year, factors inverter replacement at $25 per kw, once every 10 years, and estimates
insurance expenses at $20 per kw, escalating at .02% per year.75 Together, these O&M
costs are fractions of a cent when converted to kph, in line with the NREL estimate.

As noted, customer costs ore rarely relevant to DSG policy voluotlon studies. The
releyont question when eyoluoting DSG programs is what the net effect is on other
Utility customers.

2. Recommendations for cclcukufing utility cos'rs

htm://www.r\reLqov/Qnuiysis/pdfs/42303.pdf.
74 Pholovollaics Value Analysis (National Renewable Energy Laboratory), February 2008, available al

hftp://www.c|ouc.<:c1.qov/nR/rdonIyres/8A822C08-A56C-4674-A5D2-
099E48B41 I 60/0/LDpVPoier1tic||ReportMcrch2G12.pdf.

75 Technical Poienfial for Local Distributed Pholovolfaics in California: Preliminary Assessment (Energy a.
Environmental Economics, ln<:.), March 20i2 ("ET Technical Poienlial Study 201 2"), available at
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The most significant utility cost for NEM program valuation purposes is avoided revenue.
A customer who used to pay $1000 per year to her utility and then installed o NEM
system and cut her Pills to only $200 per year is seen as costing the Utility $800 of lost
revenue. Again, to the extent that the customer could install the same system under
PURPA and reduce her bill to $300 per year, the net cost of the NEM program would
only be $i00, representing the extra savings that she realized due to the NEM program.
For a VOST program, the intent is to determine the value of the benefits and credit that
amount to customers for all generation. in effect, the cost of the program is
automatically 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 ore direct costs when the Utility
provides the funding from ratepayers, but ore indirect when considering toxpoyer-
funded incentives. While incentive costs ore real, they ore primarily justified on morket-
stimulotion POses, and scheduled to expire in o rotter of years. Given that
independent rationale for incentives, incentive costs ore generally not included in DSG
valuations. As the installed cost of DSG hos declined, the need for incentives and
remotes hos diminished, with the California market reaching the end of its smote
incentive program almost entirely, and federal incentives slated to end in 201 6.

Integration costs are the third most important utility cost for NEM programs, and the
leading factor for value of solar studies addressing Utility costs. lntegrofion 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 sig nifico ntly with the assumed solar penetrofion rote
used in The study. lntegrdfion costs ore variously labeled as "integration costs," "grid
support expenses," or "benefits overhead." Estimates of these costs range from 0.i to i
cent per kph in studies hof attempt to account for increased voridbility in the overall
generation mix and resulting increases in dneillory services costs starting from very low
solar penefrdfion rites. Solar integrofion costs for d i5% morkef penetration level were
estimated it 2.2 to 2.3 cents per kph by Perez and Hoff, based on an analysis that
focuses on the need did cost of storage to complement solar intermittency in order to
provide firm cdpocity.76 Navigant and Sandia performed on assessment of high
penetration of utility scale solar in 20i i and esfimoted integration costs dssocioted with
increasing production to occounf for solar variability at between 0.31 cents for low
penetration and 0.82 cents for higher penetration of roughly one gigowotf of installed
solor.77

In states like Colifomio, wlfmere utilities are prohibited from charging solar customers for
interconnection costs or upgrades, interconnection costs may be o subsiontiol source
of costs directly assignable to o DSG program. Where this is the case, it is necessary to
move roi, disaggregated data trot tracks ire exoci interconnection costs of DSG. In

77

I'\?€:>://www.nczvigormt.com/irxsighés/library/eneréltv/201 1/Iarqe-scale-ov-inteqrcztion-s'rudv/.

76 CPR 201 2 MSEIA Study at p, 47.
Large Scale PV In fegrofion Study (Novigonf), July 2011, available at
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The ET study, for example, utilities did not have sufficient detail on interconnection costs
in 2009 to provide d clear or trdnsporent picture on the extent of those costs, or whether
the costs incurred were redsonolole and not blended in with other upgrades that would
hove occurred without the solar generator's interconnection. interconnection costs
should, in theory, be clearly identifiable through utility-provided ditto. In analyzing the
value of distributed solar, these costs should also Pa amortized ogdinst the useful life of
the measures.

In states where customers ore responsible for interconnection costs and upgroOes,
however, This would not be o cost ossignoPle 'ro DSG policy. As with other customer
costs, this is not o cost borne by the utility and should not be factored into on
eyoluotion of the impact of o DSG policy on other customers.

Experience and more sophisticated modeling will be required to understand the shape
and ultimate level of the integration cost curve. While integration costs ore likely low dl
low market penetration levels, they ore also likely to 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
ossocidted with larger scale DSG deployment.

The billing and administration costs associated with DSG encompass the one-time setup
expenses of processing and verifying applications 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 manually adjust solar customer bills, with
associated incremental costs. Depending on the utility's accounting practices and
billing capabilities, solar-specific billings cost should be relatively easily segregated and
allocated. in states with automated processes, the ongoing incremental costs of
administering solar customer accounts should be, as was determined in the Vermont
study, nearly zero.78

In some coses, utilities will incur costs directly associated with DSG that ore not fairly
dssignoPle to DSG policy. For example, in Texas, renewable energy generators under
one MW are classed as "microgenerotors," suPjecl lo regislrdtion and reporting
requirements under the sidle's renewable energy portfolio sldndord low.79 To ire extent
tool the utility oils as o program mdnoger and oggregolor of renewable energy
cerlificotes designed by solar generolors, lnese costs ore not fairly assigned to NEM or
other solar promotional program unless also offset by the yolane of the assigned
certificates.

3. Recommendations for cclculoting decline in value for incremental solar
additions at high market permefrotiorw

The incremental positive value of additional solar deployment within a particular utility
service territory is anticipated to decline as solar penetration levels increase. There ore
two major drivers of these impacts, which are not technically costs, PUt actually

7a Vermont STudy of p. 15.
79 See 16 Tex. Admin. Code 15, cvcilcble of
M89:i/www.puc:iexos.qov/oqencv/ruiesnlows/subrules/electric*25.I73/25.173.l:>df.
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decrement adjustments that impact value of solar in the context of expanding markets
and higher solar penetration.

These impacts address the value of additional deployments and not post installations,
cod 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 mundt solar energy is generated at periods of l'1igl'1 utility cost, it provides
great virtue. As the penetration rdteof solar increases, peck market prices ore likely
suppressed, reducing the value of incremental solar energy. ET estimated the reduced
energy value dl 15% over ten years in d study for Cdlifornid.8'

Much work is needed in measuring and modeling the impact of high penetrations of
DSG to address exactly how much DSG creates Nigh penetration impacts, did inserting
this clarity in vdluotion did cost effectiveness studies. Most states receive less than 0.5%
of peak energy from distributed solar generation, while most studies looking it high
penetration model levels it i0-i 5%. As noted earlier, the most relevant costs to consider
ore those that will occur at more modest penetrations. For example, if cdpocity benefits
decline significantly it higher penetrations, that does not justify finding low capacity
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 Utiiity Solclr Study 201 2, supra, footnote 13.
81 See ET Technical Potential Study 2012, supra, footnote 74.
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in is lag? revenue or utility casts the basis art the study?

T

For NEM studies, lost
revenue is the standard (what the DSG customer would have otherwise paid
the umiiyl. For other studies Grid even some NEM studies, the cost To serve
the DSG customer is addressed instead, which should lead to on inquiry in
particular regarding al location of capacity costs.

ET Assumptions about cdministraiive ca»s¥s must reflect an indusiwywide move
towards automation

1

. with higher penetrciion, costs per DSG customer tend
lo decline, so cdministroiive costs should assume automation of processes. 5

'l

8 lniercanneciion casts should not be included.
E

re the DSG customer pays for
the interconnection, this should not be included as d cost to the utility. As
well. the uti l i ty 's interconnection costs should be compared to notional
overages to determine whether they ore [eosonc be.i

;
4

2
»
Q

8 ln¥egro¥ion costs should not be based an vnreulistic future peneiraiian levels.
I
8

E
i

i
Lr

Studies tend to find minimal grid upgrade requirements at DSG penetrations
below d few percent. Looking ahead to what the gr id might need to
accommodate 50%  penetration unnecessar i ly  odds coils that are not
actually being incurred.

2
I
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'QL C o n c l u s i o n

Voiuotions vclry by utility. trot voluctiorr methodologies should not. in this report IRFC
and Rooogo Consulting LCC suggests o standardized opproursh for »:olculoting DSG
benefits and costs that we hope proves helpful to re-Qulotors as they embark on
-_commissioning or reviewing volucfon studies. Please see the mini-guide or the _end at
this report for c quick reference guide Io the recommendations in this report.
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V o l u o t i o n s  v o i d  b y  u t i l i t y ,  b u t  v a l u a t i o n  m e t h o d o l o g i e s  s h o u l d  n o t .  I R E C  a n d  R O b o g o

E n e r g y  L L C  s u g g e s t  o  s t a n d a r d i z e d  a p p r o a c h  f o r  c a l c u l a t i n g  D S G  b e n e f i t s  a n d  c o s t s  i n

t h e  w h i t e  p a p e r  " A  R E G U L A T O R ' S  G U I D E B O O K :  C o l c u l o t i n g  t h e  B e n e f i t s  a n d  C o s t s  o f

D i s t r i b u t e d  S o l o r  G e n e r o t i o n . "  W e  h o p e  t h a t  t h i s  p a p e r  p r o v e s  h e l p f u l  t o  r e g u l a t o r s  a s

t h e y  e m b a r k  o n  c o m m i s s i o n i n g  o r  r e v i e w i n g  v a l u a t i o n  s t u d i e s .  B e l o w  i s  o  h i g h - l e v e l

s u m m a r y  o f  t h e  r e c o m m e n d a t i o n s  i n  t h e  w h i t e  p a p e r .  P l e o s e  s e e  t h e  f u l l  r e p o r t  f o r

m o r e  d e t a i l  p e r  s e c t i o n .

4%. 348 *il1'3.§E584'¥l39§'~33§,~ '39 34814 A? '?"3'%§ $ 4 9  G I '  £ 8

Q I :  W H A T  D I S C O U N T  R A T E  w I L L  B E  U S E D ?

We recommend using o lower discount rote for DSG thon o typical
utility discount rote to account for differences in DSG economics.
9 & 5 9 - " 6 ' '  . 4  L 3 f ' . - 1 7 5 2

Q S :  W H A T  I S  B E I N G  C O N S I D E R E D  _  A L L  G E N E R A T I O N  O R  E X P O R T S  O N L Y ?

W e  r e c o m m e n d  a s s e s s i n g  o n l y  D S G  e x p o r t s  t o  t a l e  g r i d .-  4
'<=.**.Q .1 '. '=lr".1'»...J 'e

C Q 3 :  O V E R  W H A T  T I M E F R A M E  W I L L  T H E  S T U D Y  E X A M I N E  T H E  B E N E F I T S  A N D  C O S T S  O F  D S G ?

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
available or data that can accurately be estimated, just as planners do for fossil-fired
generators that are expected to last for decades.
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Q 4 1  W H A T  D O E S  U T I L I T Y  L O A D  L O O K  L I K E  I N  T H E  F U T U R 8

G i v e n  t h a t  N E M  r e s o u r c e s  o r e  i n t e r c o n n e c t e d  b e h i n d  c u s t o m e r

m e t e r s ,  a n d  r e s u l t  i n  l o w e r  u t i l i t y  l o a d s ,  t h e  u t i l i t y  c o n  p i o n  f o r  l o w e r  G o o d s  t h o n  o f

o t h e r w i s e  w o u l d  h o v e .  i n  c o n t r a s t ,  o t h e r  D S G  r o t e  o r  p r o g r a m  o p t i o n s  i n v o l v i n g  s o l e  o f

o i l  o u t p u t  t o  t h e  U t i l i t y  d o  n o t  r e d u c e  U t i l i t y  l o a d s ,  b u t  r a t h e r  t h e  c u s t o m e r  f a c i l i t i e s
c o n t r i b u t e  t o  t h e  a v a i l a b l e  c a p a c i t y  o f  u t i l i t y  r e s o u r c e s .

,~ Iww
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Q 5 1  W H A T  L E V E L  O F  M A R K E T  P E N E T R A T I O N  F O R  D S G  I S  A S S U M E D  I N  T H E  F U T U R E ?

. e : : r T h e  m o s t  i m p o r t a n t  p e n e t r a t i o n  l e v e l  t o  c o n s i d e r  f o r  p o l i c y  p u r p o s e s

i s  T h e  n e x t  i n c r e m e n t :  w h a t  i s  l i k e l y  t o  h a p p e n  i n  T h e  n e x t  t h r e e  t o  f i v e  y e a r s .  I f  o  u t i l i t y

c u r r e n t l y  h o s  0 . i %  o f  i t s  n e e d s  m e t  b y  D S G ,  c o n s i d e r a t i o n  o f  w h e t h e r  g r o w t h  t o  1 %  o r

e v e n  5 %  i s  c o s t - e f f e c t i v e  i s  r e l e v a n t ,  b u t  c o n s i d e r a t i o n  o f  w h e t h e r  h i g h e r  p e n e t r a t i o n s

o r e  c o s t - e f f e c t i v e  c o n  b e  c o n s i d e r e d  a t  o  f u t u r e  d o t e .
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OF: WHAT MODELS ARE USED TO PROVIDE ANALYTICAL INPUTS?
Transparent  input  models that  al l  s takeholders can access wi l l

establ i sh o foundat ion for  greater  conf idence in the resul ts of  the DSG studies.  When
needed,  t he  use o f  non-d i sc l osure  agreements  can be used t o  overcome data  shar i ng
sensitivities.

. we " *8.. , ,
» » J 3,

Q7: WHAT GEOGRAPHIC BOUNDARIES ARE ASSUMED IN THE ANALYSIS?
I t  i s impor tant  To accoUhl  for  the range in loco!  values that

character i ze the broader  geographical  area selected for  The s tudy.  In  some cases,
auant i f i ca l i on  accord i ng  t o  s i m i l a r  geograph i ca l  sub- reg i ons  may be appropr i a te .

! r"
s ,x /§ ,,», ,Q (  ' f .  >  .

QB: WHAT SYSTEM BOUNDARIES ARE ASSUMED?
j"~ . '

adjacent u
It may also be appropriate to consider impacts associated witty

utility systems, especially at higher (above i 0'78) penetration levels of DSG. 82

QS: FROM WHOSE PERSPECTIVE ARE BENEFITS AND COSTS MEASURED3

We recommend that ratepayer and societal berlef iTs and costs
should be assessed.

'*'1:'>*l£f'=Q=:z?§~2=**:

Q10: ARE BENEFITS AND COSTS ESTIMATED ON AN ANNUALIZED OR LEVELIZED BASIS?

~f»;tQwt1 We recommend use o f  o  l eve l i zed dpprooch t o  es t i moi i ng  benef i t s
and costs over The ful l  assumed DSG l i fe of  30 years.  Level izdt ion involves cdlculdr ing
the s l reom of  Penef i l s  and costs  over  on extended per iod and d i scount i ng to  d s ing le
present  value.  Such level ized esl imdtes ore rout inely used by ut i l i t ies in evdluot ing
o l l e rnd l i ve  and compet i ng  r esource  op t i ons .

rv 5

8 4 885 $83 ¥§§%§ 8§: 3%8 3

The f ive or  ten-yeor forward pr ice of  ncl turof  Qos,  the most  l ikely fuel  for  marginal
Qenercl t ion,  oi l ing wi th longer- term project ions in l ine wi th the l i fe of  the DSG

IZ!  Hour ly load shapes,  broken down by customer  c lass To analyze the int ro-c loss and
inter-closs impacts of  NEM pol icy

M Hour l y  product ion prof i l es  for  NEM generators ,  i nc luding south- foc ing and west -
foc ing ar rays

M Line losses based on hour ly loci  c l  data,  so that  marginal  avoided l ine losses due to
D S G  con  be  ca l cu l a t ed

M Both the in i t i c l l  capi to l  cost  and the f i xed and yor ioble O&M costs for  the ut i l i t y 's
marg i na l  genera t i on  un i t

M

82 Mills and Wiser point out Thor consider lion of inlet-syslem soles of capacity or renewable energy credits
could miligole reductions in incremenldl soior value that could accompany Nigh peneiroiion roles. See A.
Mills & R. Wiser, An Evolution of Soior Voluolion Methods Used in uriliry Planning and Procurement
Processes (Lawrence Berkeley Notional Loborolory), LBNL-5933E, dl p. 23, December 2012 (nl Processes
energy credits could available at hip://eml:>.|bl.gov/Dubliczaiions/evaIuafion-solar-vaIuaiiowmethods-
used-uHlity-pEarunina-and-procuremern-processes.

44
Ex. BK-2 44 of 46

Ill



I I I

ill Distribution planning costs that identify the capital cod O&M cost (fixed and
variable) of constructing and operating distribution upgrades that are necessary to
meet load growth

M Hourly toad data for individual distribution circuits, particularly those with current or
expected higher than average penetrations of DSG, in order to capture the
potential for avoiding or deferring circuit upgrades

Note: where O utility or jurisdiction does not regularly collect some portion of this data, there may
be methods to estimate o reosorioble value to assign to DSG.

2 8 3 § 8¢§ 3 §i°=8a~"ll°S* 4 8é8§3é3¥?§» 2§;8?@*é§EI§"3

1. The following benefits should be assessed:

1.  Energy

4.

6. Fincnciol: Fuel Price Hedge

7. Financial: Merkel Price Response

8. Security: Reliability and Resiliency

Envirorimeril: Corborl& Other
Factors

2.

3.

2; System Losses

3. Generation Capacity

Transmission and Distribution 9.
Capacity

5. Grid Support Services i0. Social: Economic Development

Energy benefits should be based on the utility not running a CT or a CCGT. t s
highly Unlikely that DSG will offset coal or nuclear generation. Some combination
of intermediate and peaking 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, which in turn lowers losses for utility service to 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.

4.

5.

Generation capacity benefits should be evaluated tram day one. DSG shout 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.

T8.D capacity benefits should be assessed. If the utility has any transmission plans,
then DSG is helping to defer a major expense and should be included. On
distribution circuits, watch for a focus on circuits serving residential customers,
which tend to peak in the early evening when solar energy is minimal. Circuits
serving commercial customers tend 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.

6. Ancillary services should be evaluoled. Irwverlers thou Cori provide grid support
ore being moss-produced, and utility CEOs in the United Siotes ore polling for
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7.

Their use; ancillary services will almosT cerTainly be dvdildPle in the near future.
Modeling the benefiTs and cosTs of dncilldiv services con also inform policy
decisions like Those relaTed lo inTerconnecTion Technology requiremenTs.

A fuel price hedge value should be included. in The pasT, uTiliTies regularly boughT
noTurdl gds futures conTracTs or secured long-Term conTracTs to ovoid price
volaTiliTy. The foci ThdT This is rarely done'now and ThdT The cusTomer is bearing
The price volaTiliTy risk does noT diminish The facT ThdT adding solar generaTion
reduces The reliance on fuels did provides o hedging benefiT.

8. A market price response should be included. DSG reduces the utility's demand
for energy and ccipocity from the morketpioce, and reducing demand lowers
market prices. Trot means that the utility con purcncise these services for less,
saving money.

9. Grid reliability and resiliency benefits should be assessed. Blackouts 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 o combination of DSG, storage and generation that is less
expensive than the otherwise necessary standby generator.

10. The vilify's avoided environmental compliance and residual environmental costs
should be evaluated. DSG leads To less utility generdlion, and lower emissions of
NOx, SOX and pdrliculoles, lowering The utilities costs lo capture or control lose
pollulonts.

11. Societal benefits should be assessed. DSG policies were implemented on the
basis of environmental, neoltn and economic benefits, which should not be
ignored and should be quantified.

E 4 RECOMMENEATEGNS FOR AssE55ln(;. €0$3$

1. Determine whether lost revenue or utility costs are the basis of the study. For NEM
studies, lost revenue is the srondord (what the DSG customer would hove
otherwise paid the utiliTy). For other sTudies and even some NEM studies, the cost
to serve the DSG c:usTomer is addressed instead, which should Ipod to dm inquiry
in particular regarding allocation of cdpociry costs.

2. Assumptions about administrative costs should reflect an industw-wide move
towards automation. With higher penetration, costs per DSG customer tend to
decline, so administrative costs should assume automation of processes.

3. 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 welt, the
utility's interconnection costs should be compared to national dveroges to
determine whether they ore reasonable.

4. Integration costs should not be based on unrealistic future penetration levels.
Studies tend to find minimal grid upgrade requirements at DSG penetrations
below o 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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