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Executive Summary

Distributed solar energy has recently become the subject of heated policy debate in Virginia

and many other states. Proponents note that it provides a variety of environmental, public

health, and economidevelopment benefits for society. They also argue that it can help

electric utilities save money on conventional generation fuels, avoid new generation capacity
investments, and reduce the strain on existing transmission and distribution infrastructure.

However many electric utilities, including those in Virginia, argue that distributed solar energy

creates costs for utilities that will then be passed on to ratepayers. For example, a dramatic

increase in distributed solar energy could theoretically ©ds dzi A f AGASaQ NB ISy dzS
GKFG GkKSe Olyy2iG LI e 2FF SEAalGAy3a Ay@dSaidvySyida
I aaSaé¢ oditesasocontehdiiit expanded solar deployment may not reduce the

need for additional conventionalegieration capacity, and that it could cause technical

problems for the transmission and distribution grids.

This report seeks to provide a better understanding of the costs and benefits of solar energy in
Virginia, including its impacts to utilities, ratepers, and society at largét does not produce a
single figure for the net value of distributed solar generation (DSG). Instead, it discusses the
variables that should be included when evaluating the costs and benefits of DSG, and
recommends three alteative methods by which subsequent studies could calculate those

costs and benefits. It also discusses how the costs and benefits of DSG could be influenced by
future market, technology, or policy changes, but it does not offer any policy

recommendations Rather, its purpose is to provide an impartial analysis of the value of solar in
order to better inform the policy debate around solar energy issues.

Background and Process

The solar energy debate has inspired a number of studies from all acrossuhgy that

evaluate the costs and benefits of DSG to utilities, ratepayers, and society as a whole. The
authors of these value of solar (VOS) studies have included a variety of state agencies, private
consulting firms, noprofit organizations, and acadhic institutions. Some were prepared for

a specific client, such as an electric utility, state agency, or the solar energy industry, while
others are aimed at a broader audience.

This report differs from most prior VOS studies in that it is the teddn extensive

collaborative research process involving a range of stakeholders with multiple perspectives on
the issue. While some other studies have focused primarily on the benefits of solar, and others
primarily on the costs, this report attempte examine both in equal measure. Where possible

it represents a consensus among all participants. On subjects where participating stakeholders
could not agree, it seeks to describe all competing perspectives clearly and accurately.

This processbegahA 1 K | af SGGSNIJ adGdzReé NBljdzSadé FNRY (K
the Virginia Department of Environmental Quality (DEQ) and Department of Mines, Minerals

and Energy (DMME) to convene a stakeholder group to study the costs and benefits of

distributed solar generation and net metering. The agencies formedraelber Distributed
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SolarGeneration and Net Metering Stakeholder Group (S8@)nduct the studyincludingan
11-person steering committee Both the SSG and steering committee included representatives
of multiple relevant interest groups electric utilities, the solar industry, local governments,
environmental advocacy groups, and academic institutippkis one citizen member.

The SS@nd steering committee met five times each from Apieptember, 2014. The
stakeholders discussed the costs and benefits of solar energy in Virginia, recommended data
sources, identified points of consensus and debate, and provided feedback on prierafraft
this report. Representatives from each of the interest groups were present for the first eight
meetings and providethput throughout the process until early September. All utility
representatives formally withew from the SSG on Septembeg54 jug prior to the final

steering committee meetingTherepresentative from the Virginia Farm Bureau also
subsequently withdrew. However, theiithdrawal hadlittle substantiveimpact on the final
work product,as this reporincorporatesall input receive from all SSG members up until that
time, and no further input waacceptedirom any SSGnembersafter the utilities withdrew.

More detail on the process by which this report was developed is available in Section 1.1.

Existing Data on Distributed Solardfgy in Virginia

According to State Corporation Commission (SCC) data, Virginia had 11.55 megawattsf(MW)
net-metered DSG capacity as of the end of June 2014. The generation from those customer

owned netmetered solar panels accounts for an estima@d1% of total statewide electricity

demand. Additionally, Dominich A NBAY Al t 26 SNJ 06 KSNBI FhasS NJ NB F S NI
recently installed several large sofanotovoltaic P\) systems as part of its Solar Partnership

Program, which is expected to d@bout 13 MW utilityowned DSG over the next couple of

years. By comparison, Marylancurrenty has186 MW of installed PV capacignd North

Carolina ha$92 MW.

Existing estimates of solar energy potential in Virginia vary greatig. 2007 an@010 versions

of the Virginia Energy Plan both estimated thigential to be between 11,00{13,000 MW of
installed capacity A2012report by the National Renewable Energy Laborai®iRE)

estimated that Virginia could develop as much as 1.9 millioavgatt hours of solar, which is
roughly 17 times the total annual electricity consumption in the state. However, solar energy
industry representatives on the SSG estimate that, based on current growth trends, installed
net-metered solar would only reachliitle over 30 MW by the year 2020 and approximately 60
MW by 2030 (see sections 2.2 and 2.5 for additional deaidi citations).

I LILI- £ F OKA Ly t ABCHINtkgraedyReBoyfee Qlan (IRP) for 2014 assumes just
under 10 MW of distributed solargqwer by the year 2028, along with 180 MW of new utility
a0FtS &az2fl NJ Sy SNBE®IABP ddeshdt indude explich estimatgsXop fytupe

! Theinstalled capacity o4 solar omther electricity generatingystemrepresensthe total electrical power thait
can generate in a given momeat peak performancePower is measured in watts, kilowatts (1,000 watts) or
megawatts (one million watts). Themergythat a system generates is a function of its power production over
time (Power x Time = Energygnd is measured in wattours, kilowat-hours (kwWh), or megawattours (MWh).
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net-metered DSG, but providesriousscenarios fofuture utility-owned and other non
specifiedsolarcapacity (see section 2.4Roth thesolar industry and utility estimates are far
below the cap currently set by state lawhichlimits netmetered solar capacity to 1% of peak
demand within each utility service area. Thaport estimates the statewid cap to be around
244 MW in 2015 and projects it to increase to 278 MW by the year 2030.

The SCC prepared reports on the impacts ofmetered solar energy to utilities in 2011 and
2012 (see detailed discussion in Section 1.2). The @ikt found tha, at existing levels, net
metered DSG costs utilities just over $.03/kWh of solar energy produced. However, it
concluded that these costs pose an immaterial bill impact for other utility customers. The study
also considered the possibility of netetered DSG reaching the aforementioned statewide cap,
which would require a roughly 5@ld increase over 2011 levels. In this scenamsts for
residential customers would rise by a small but notable amount of just under 0.5%, which
would increase the avege residential electric bill by $6.73 per year. The 2@pdrt analyzed
three individual netmetered solar installations and estimated the net costs to utilities to be
around $.0%%.08/kWh for small residential systems and $.02/kWh for large residential
systems. Howeveit did not calculate the impact of these system costs on other ratepayers.

Variables in the Value of Solar Analysis

Most existing VOS reports examine a similar array of variables that impact the costs and
benefits of solar energy. TI®SG drew from those existing studies but created its own
modified approach to cover all relevant costs and benefits to utilities, ratepayers, and the
general population in Virginia. The cost and benefit variables covered in this study can be
divided intothree general categoried) Energy, Capacity, and Grid Support Sery@es
Financial Risk and Reliability Raskg 3) Environmental and Economic Development

Energy, Capacity, and Grid Support Services

This category includes five variables directly related to utility and grid operations. It begins with
avoided energy (Section 4.1), which refers simply to the fuel costs that utilities save when DSG
replaces electricity generation at existing power plantshis is the most straigtidorward of all

VOS variables and represents the greatest financial benefit to utilities, at least in the short term.

Generation capacity (Section 4.2) is one of the more controversial variables. Solar energy
proponents argu¢hat DSG can help utilities avoid the cost of future power plants that would
otherwise need to be built to meet rising electricity demand. Utilities contend that due to the
intermittent nature of solar energy, DSG cannot displace future generation cymadts even

at high levels. Furthermore, they express concern that lost revenue from DSG production could
lead to stranded asset costs for existing generation capacity. However, it seems that the most
significant potential benefits and costs associatath this variable would only be possible at

DSG market penetration levels far higher than those currently found in Virginia.

The transmission (Section 4.3) and distribution (Section 4.4) variables are highly technical.
Utilities could potentially saveoney if locally produced DSG reduces the need for future
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investments in transmission infrastructuréHoweverthese savings arenly possible if market
penetration increases far beyond current levet@osts and benefits related &lectricity
distribution are more realistic in the shetéerm. The distribution impactiependdargely on
where DSG systems are located with respect to existing power Idadally, grid supporand
ancillary services (Section 4.5) refers to a number of ways in which D&Ghammretically help
to improve grid operations. However, these benefits would be relatively minor in the big
picture and again would only be possible in very high DSG penetration scenarios.

Improved energy storage technologies could dramatically imptbgesalue of solar with
respect to grid operations. The ability to store electricity from DSG, and release it to the grid
when needed, would be particularly valuable for the generation capacity variable.

Also, individual utilities could experience finaldenefits if DSG increases within their service
area to the point that it reduces their share of peak demand within the PJM Interconnection
region. This is because utilities pay PJM for generation capacity, transmission, distribution, and
grid supportservices, at a rate that is proportional to their share of the PJM peak demand.
These cost savings could be realized by individual utilities even if there are r@itong

systemwide benefits related to these variables.

Financial Risk and ReliabilitysRi

The first two variables in this category describe how DSG could theoretically reduce the
volatility (section 4.6) and overall market (section 4.7) of natural gas prices. The SSG agrees
that such benefits are unlikely, even in high DSG penetration sosnaue to the number of

other factors affecting the natural gas market. The third variable describes how DSG could help
improve grid reliability (Section 4.8), but any potential benefit would only be possible at high
rates of DSG market penetration dodwith improved electricity storage technology.

Environmental and Economic Development

This category includes five variables representing the additional societal costs and benefits of
DSG, beyond those directly related to utility operations. It alsdurap the direct benefits of

DSG in helping utilities comply with state and federal environmental regulations related to air
pollution, water pollution, and potentially, carbon dioxide ¢C@missions.

Solar energy provides several types of environmemtdl jpublic health benefits for society at
large. The most obvious of these come from avoiding the direct air pollution (section 4.10) and
CQ (section 4.9) impacts of fossil fuels that would have otherwise been consumed. Solar
energy also provides ongoimgdirect environmental benefits related to fuel extraction (i.e.,
reducing environmental damages from coal mining, natural gas drilling, etc.) and the
byproducts of conventional generation (e.g., fly ash). These benefits are discussed in the
sections orwater (4.11) and land (4.12) impacts. Extending the analysis further, one could
consider the ondime environmental benefits that would occur if DSG helps avoid the need to
construct new conventional power plants. However, in this case one must alsoeotise

one-time impacts of manufacturing, transporting, and installing the solar panels themselves.
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Currently a number of provisions in the Code of Virginia call for the evaluation of environmental
impacts in the formulation and implementation of stagaergy policy. However, the Virginia

General Assembly has also declined on several occasions to further incorporate environmental
YR LWzt AO KSIfOGK AYLIOla Ayd2 GKS adldisSqQa Sy
recent bills on page®c3). For this reason, several utility representatives on the SSG argued

that environmental and public health benefits should not be calculated in the VOS. However

the utility representatives did participate in SSG discussiomsag$ thatthose benefitscould

be addressed if included in the VOS analysis.

¢KS {{D F3INBSR (KI{d dziAftAGASEQ O02aida FT2N O02YLJ
already incorporated into the market price of energy. Therefore, the benefit that DSG provides

for meeting hose existing regulations is addressed via the avoided energy cost variable. In the

longer term, however, DSG could help utilities meet more stringent future environmental

regulations This would benefit utilities bgvoiding costs not currently anticifead ontheir

balance sheets. Additional societal benefits, including those related to public health, can be
estimated using existing approaches developed byutfe. Environmental Protection Agency

(EPAand other sources.

The economic developmeirhpact of DS@ one of the more controversial and difficdiOS
variablesto quantify. Most prior VOS reports find that DSG can create local job opportunities
for solar installers, leading to other spaff economic activity. Additional job creationudd

emerge in the technical innovation, research, and manufacturing of solar modules and related
support equipment in the electrical industry. However, these benefits would be compromised
and perhaps even negated if the growth of DSG led to job lossEsmwentional electricity
generation. On this note, the SSG assumes that new solar energy jobs would not displace jobs
at traditional plants unless DSG reaches a very high level of market penetration.

Solar energy proponents suggest that DSG could addéional indirect economic

development benefits, by attrattg businesses to the state based on improved environmental
conditions, observed sustainability efforts, and an enhanced quality of life. A strong clean
energy economy could also help corporatsy the military, and other institutions meet their

own sustainability, cost management and energy reliability goals. However, if increased DSG
leads to overall electricity rate increases, negative economicdaipieffects could result.

Methodologies ér Calculating the Value of Solar in Virginia

The SSG developed three different approaches that future VOS studies in Virginia may adopt.
Each approach would examine some combination of the 13 VOS variables described above,
which together represent allfdhe known or potential costs and benefits of DSG to utilities,
ratepayers, and society. All three approaches would analyze the levelized costs and benefits
over a 3@year period, reflecting the anticipated lifespan of a solar energy generation facility.
These methodologies are described in detail in Sections3331

The narrow approach focuses on the shiatm, direct impacts of DSGt addresses the seven
core VOS variables for which those impacts can be measured: avoided energy; generation
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capacity transmission; distribution; carbon emissions; other air pollutants; and water. The
intermediate approach also focuses on direct impacts only, but examines them over both the
short-term and longterm. It includes the same variables as the narrow appniqaas

economic development, fuel price volatility, and reliability risk. The broad approach addresses
both direct and indirect impacts over both short and Idegns. It includes the same variables

as the intermediate approagciplus three others for with costs and benefits would likely only
occur at high penetration levels (market price response, land impacts, and ancillary services).

The SSG believes that all VOS studies should be based on clear, justifiable assumptions about
the level of DSG penetiian anticipated within the study period. This is important because
certain variables have measurable costs and benefits even at low penetration levels, while
others are only likely to have cost/benefit impacts under a fpghetration scenario.

Howeverthe assumed level of penetration does not necessarily correlate with a given
methodology (i.e., the narrow methodology does not necessarily assume low levels of DSG
penetration, nor does the broad methodology necessarily assume high penetration).

Obsenations and Conclusions

The SSG recognizes that the shartd longterm value of solar will be dependent on a wide
range of conditions and perspectives. For example, one of the most important variables in the
value of DSG is the amount of solar energyacity itself. At lower penetration levels, up to at
fSFaAad GKS wm:> Ol inetdihglaw, DS® I$as litld to doSngpact oyf Qvérall utility
operations. At higher penetration levels, DSG could have more fundamental impacts,
particularly with respect to generation capacity, transmission, and distribution.

The costs and benefits of a given DSG system, particularly its impacts on the distribution grid,
are greatly influenced by its locatiomarket conditions will also have a major influence, as
reaching such high penetration levels would likely require continued reductions in the cost of
DSG relative to conventional electricity pricésaiture technological improvements, particularly

in electricity storage, demand management, and migril techrology, could also affect the
VOS.Time is also an important facttm consider, asen at extremely high growth rates DSG

is notlikelyto createfundamental impact onutility operations until many years in the future.

Changing political or regulatogpnditions could also greatly affect VOS calculations,
particularly he EPQ @roposed C@emission limits for new and existing powgants At the
state level, the adoption policies to require or promote DSE3 has been done in Maryland,
North Carola, and elsewhere could increase DSG deployment to the point that the longer
term costs and benefits (generation capacity, etc.) must be considered.

With greater time, resources, and data access, future studies could produce actual values for
the net VOS under each methodology. This would provide greater clarity for policymakers and
stakeholders whavish to understand the costs and benefits of solar enei@ther, more

targeted studies could also be beneficial. Of particular benefit would be technical studies of key
VOS variables where DSG poses potential costs and benefits that are poorly undiesstio

as generation capacity, distribution infrastructure, and economic development.
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1. Introduction

In recent years, solar energy has become a topic of heated policy debate in the United States

(U.S.), particularly at the state level. The vast mgjai states, including Virginia, have

adopted some form of net metering legislation allowing the owners of distributed solar

photovoltaic (PV) electricity systems to sell excess electricity generated by their systems back to
their local electric utilitiestypicallyat the retail electric rate Under this arrangemensystem

26ySNAR LI e 2yfe& F2NJ 0KS aySdé¢ | Ya2doRl O2F S6$ i
excess generation for times when their system does not produce excess.ptleer states

haveadopted variousdditionalpolicies to require or promote expanded deployment of solar

energy systems, such as i) tax incentives for system purchasers, ii) grants, iii) mandatory

renewable portfolio standardéRPSj)equiring utilities to meet a percentage of their electricity

load fromrenewableenergyd 4 2 YS G A YSa -Hdedick NB ljGdd NNBAST | A Y| f €
specifically) or iv) feedin tariffs requiring utilities to purchase solar energy from producers at

an abovemarket rate? Addtionally, new business models such as solar leases, power purchase
FaANBSYSydGas FtyR aO02YYdzyAdGeéd 2NJ aakKlFINBRe az2fl N
for the deployment of distributed solar PV systems in many states.

Sola energy supporters argue that policies such as these are necessary to help level the playing
field between solar PV and conventional forms of electricity generafidrey point to the
environmental, public health, and economic developmbahefits that ®lar energy provides,

as it reduces air pollution from conventional power plants and creates job opportunities within
the solar energy industryThey also argue that it provides value for utilities by reducing the

need for conventional generation fuelsy@ding the costs of new generation capacity, and
reducing the strain on existing transmission and distribution infrastructure.

More recently, however, some electric utilities and other interests have raised concerns that
net metered solar energy systenplace a financial burden on other utility customers, as both
owners and norowners require the same amount of generation, transmission, and distribution
infrastructure to meet their needs (i.e., at night and at other times when solar PV systems do
not operate at maximum efficiency), but PV system owners contribute less to support that
infrastructure over the course of a yeafhe lost revenue that solar PV would create for

utilities leads to concerns that they will not be able to pay for existing germeratfrastructure,
ONBIiUAY3 GaGNIYRSR aasSaé O2adahis@rgumanthak Se g A f
recently ledseveral states to consid@olicies requiring owners of nehetered systems to pay
Y2y i Kt 8o & aQiK tyN&pSitdlitées pa for that infrastructure. Utilities also argue that
expanded solar deployment may not reduce the need for additional conventional generation
capacity, and that it could cause technical problems for the transmission and distribution grids.

The Virginia @te Corporation Commission (SCC) prepared reporte@mmpacts of

distributed solar energy to utilities 2011 and 2012 These reportare discussed at length in

{ SOGA2Y mMOdH 0St2060 I & Imalelnéntdtiod b the Rrgidisfectic K S { / / Q
PGAET AGE wS 3 dz He Q0L Bngimetetng studWBuhdtadabexisiing levels of

2 Database of State Incentives for Renewakded Efficiency (DSIRE), 20tth://www.dsireusa.org/.
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Y NJ S LIS guSdmiidgénaraorsimpdse a very small net cost on Virginia's utilities in

total, and such codB & dzf lirimateriakavesage Wnnual bill impact on neret metering

customersPé¢ KS addzRe faz2 F2dzyR GKFG dzy RSNJ | & Fdzf £ ¢
netYSGSNAY3I OF LI OAdGe& NBFOKSR m: 2F LISIF]1 RSYIYR
times the total netYy S SNBE R O LJ i@ &vedge Anyiualesidentialectriabill

would increase by a relatively small (less than-ba# of one percent) but notable Y 2 dA/ (i ® ¢

In 2011, the Virginia General Assembly adopted House Bill (HB) 1983, which er#itikxita
pursue staneby charges while raising the cap on individual residential net metered PV systems
from 10 kilowatts (kW) to 20 kW. Later that yethre SC@pproveda request by Dominion

Virginia Powe(hereafterreferred to asdiDominiorg) for a$4.19/kW monthlystandby charge

for owners of netmetered systems larger than 10 Ki\Appalachian Power Company (APCo),
0KS &aidl H&dgest electBouligbBnhindDominion, is currently seeking SCC approval for
a similar staneby charge®

In sbsequent yearssolar energy advocates have sought to repéal standby charge
legislaton’ CANBR G X GKS@& | NBdz2S GKFG *+ANBAYAlI Qa NBaARS
incorporates fixed distribution services into the palowatt-hour kWh) rate, thus causing all
customers to pay for distribution in an amount proportional to their electricity consumption.
Hence it is unfair to singl®ut the owners of solar energy systems whanfact any customer
who consumes electricity at a beleaverage rate places the same distribution burden on
utilities. Second, they argue that the stahygl charges create a substantial financial obstacle for
individual customers with large residential PV systems, but do not raise sufficient revenue for
utilities to justify the expense of administering the program. Fin#ilgy argue that staneby
chargesdo not account for the benefits that distributed solar energy systems provide for
utilities® More generally, solar energy advocatsoargue that state polies should reflect

the broader environmental and societal benefits that solar energy provides.

Currently a number of provisions in the Code of Virginia call for the evaluation of environmental
and fuel diversity risk in the formulation and implementatiof state energy policy. For

example, the Code defines an integrated resource plan (IRP) as "a document developed by an
electric utility that provides a forecast of its load obligations and a plan to meet those
obligations by supply side and demand sidsources over the ensuing 15 years to promote

3 State Corporaon Commission, 2012Status report: Implementation of the Virginia Electric Utitggulation
Act http://www.scc.virginia.gov/comm/reports/2012_veur.pdf.

4 Ibid.

5 Shapiro, The Virginian A f 21X b2@SYOSNI HnZ HAMMI G52YAYyAzy (G2 OKI NB
http://hamptonroads.com/2011/11/dominiorchargefee-heavyuserssolarpower.

6 State Corporation Commission, 2014. Case Summary for Case Numb&0RkB026.

7 See: SB 1025, 2013; and SB 582, 2012.

8 Stanton, 2012Electric utility standbyates:Updates for bday andtomorrow.
www.michigan.gov/documents/energy/NRRI_Electric_Standby Rates_41988t 7.

9 REN 21, 201Renewables 2014: Global status report
www.ren21.net/Portals/0/documents/Resources/GSR/2014/GSR2014 full%20report_low%20res.pdf
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The Code also requires the state to prepare an Energy Plan that, among other things, includes

Ly Gl yI f éveraiti for®l€ctrigitgzferfieration, recognizing the importance of flexibility

AY YSSUAYy3 FTdzi 2€B yOK IROA G SY FEGREONSj dzA NBEa (KS
to the effect of the facility and associated facilities on the environment atabésh such
O2YyRAGAZ2YA A YIFIe 06S RSaANIO6ES 2N ySOoSaal NB
reviewing a petition for a certificate to construct and operate a generating facility. The same
aSOoUA2y 2F (KS |/ 2Rl reme@abdtene?gy prajedtX adielindhe puklic G d
interesté2l LI AY UG GKFG A& FOlyRBEET SRISR AY 52YAYA2Y(

However, theVirginiaGeneral Assembly has also declined on several occasions to further
AYO2NLI2 NI S SY@ANRYYSy(lfs LldzotAO KSIfOGKZI | yR
regulations. For example, proposed bills failed to pag011 (SB 794) and 2012 (HB 488}

would have required utilities to consider public health impacts, environmental impacts, and

other externalities in their IRP#\ similarfailedbill in 2014 (HB 363) would have required the

{/ /7 G2 O2yaARSNJI Lzt A0 KSI fibKexpke3shdgodeinadbyay R G Sy
LISNYAG 2NJ SELINBaate O2yaARSNBR o6& | “WeNXYAGGIAY
considering applications for the approval of new electric generating facilities. The General

Assembly has also considered bills remgithe SCC to consider fuel price stability in approving

new generation projects: HB 789 (2012); 13 (2013); and HB 808 (2014)

Nationwide, hese recent policy debates about solar energy have inspired a number of studies
evaluating the costs and benefits that distributed solar generation (DSG) can provide to utilities,
ratepayers, and society as a wholBhese studies recognize that while ieasing DSG brings

various economic, environmental, and social benefits, it also presents financial and technical
OKIffSyasSa N®ifue itBd opérational {abd®@&nerghip characteristics

O2YLI NBR (2 02y @Syl A 25Pridrval@disdladvos) $tusliBs hald & 2 dzND S
been completed by a variety of organizations including state agencies, private consulting firms,
non-profit organizations, and academic institutions. The scope and intent of these prior studies

vary greatly, but the mostomprehensive of them all focus on a similar array of solar

cost/benefit variables that can be divided into the following general categories: (1) energy,

10VACode § 5697. https://legl.state.va.us/cgbin/legp504.exe?000+cod+E8D7.
11VACode $7-201.B https://legl.state.va.us/cgbin/legp504.exe?000+cod+801
2VA Code § 5680.D .https://legl.state.va.us/cgbin/legp504.exe?000+cod+5EB0.

13 Dominion Virginia Power, 201Bominbn North Carolina Power's and Dominion Virginia Powepsrt of ts
integrated resource plam. 96.

Y+ ANBAYAlI DSYSNrf !'aaSvyote [S3araftl A aip/lisyigirdaduicgi A 2y { & &
bin/legp604.exe?141+ful+HB363

15Rocky Mountain Institute, 2012\ review of solar pv benefit & cost studies.
www.rmi.org/cms/Download.aspx?id=10793&file=eLab_DERBenefitCostDeck_2nd_Edition&title=A+Review+of+
Solar+PV+Benefit+and+Cost+Studies pdf.
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capacity, and grid support impacts; (2) financial risk eahidbility risk impacts; and (3)
environmental and economic impacts.

Thisstudy seeks tadentify a consensus among affected stakeholders on the appropriate
methodologies for evaluatinthe net costs and benefitsf distributed solar energin Virginia.

It does not examine the costs and betefxperienced by the individual owners of distributed
solar energy system, but rather the bigg@cture impacts to ratepayers and society.

For the purposes of this study, distributed sakdefinedas any gridntegrated system that
meets each of théollowing criteria:

1 Thesystemis conmected to the distribution gridnot directly to the transmission grid
1 The systenoutput is no greater than 69 kilovolts (kV).

f The installed capacity does not excdbe limits established in th& { | ( Snetering” S {
legislation (i.e., up to 20 kW for a system on a residential building or 500 kW for a
system on a commercial buildingYhe only exception here would Bder systems
LI NODAOALN GAY3I AY 52YAYA2Y QaiaanjagirumNizetoffllNII y S NB&
MW), or any similar program to be adopted by other utilities

Any PV system set up behind the retail mdfiez., between the customer and the distribution
system)would meet the definition of distributed generation and should be eveddas a

demandside resource. A P3ystem connectetehind the wholesale meter.é., between the

distribution and transmission systesay alsde considered distributed it otherwise meets

the criteria above, but should be evaluated as a suspdgresource. Bothmooftop and

groundmounted solar PV systems can meet these criteria (see examhggures 1, 2 ang).

However, offgrid solar PV systems are not part of this study, as many of the benefits and costs
associated with DSG are relateditcK S a2 aiGSyYaQ AYLI Ota 2y GUKS 3INA

It is important to note that this study does not produce a single figure for the net value of solar
energy in the state. Instead, it examines the various costs and benefits associated with solar
energy and recommends theemethods (narrow, intermediate, and broad) for calculating the

net value of DSG. Also, it is important to note that while the Solar Stakeholder Group (SSG) did
consider the current policy context in conducting its research, no policy recommendations are
included in this study.

16Beach & McGuire, Crossborder Emerfor Arizona Public Service, 20TBe benefits and costs of solar

distributed generation for Arizon@ublic 8rvice. www.seia.org/sites/default/files/resources/ARistributed
Generation.pdf.

Analyzing the Costs and BenefitDidtributedSolarGenerationin Virginia p.4



Figure 1Rooftop Residential Solar PV Syst@&2%KW) inHenrico County

Source: Richmond Region Energy Alliance

The remainder of Section One describes the process by which the study was initiated and
undertaken, discusses thmntext for evaluating solar energy in Virginia, and examines prior
studies of the value of distributed solar energy, including those from other states. Section Two
then presents baseline projections for future energy use and peak power demand in the stat
and discusses several projectiondutiire DSG market penetration. These projections and
scenarios set the context for the remainder of the study. Section Three presents three
recommended methodologies representing narrow, intermediate, and broad approaches to
determining the net value dDSG to ratepayers and society in Virginia. Finally, Section Four
describes 13 key cost/benefit variables and discusses how they would be evaluated under each
recommended methodology.

1.1. Study Background and Process

This report has been preparedintg® y &S G2 | af SGGSNI addzReé NBIj dzS:
Virginia Senate, on behalf of the Senate Committee on Rules, pursuant to rule 20(0) of the

Rules of the Senate of Virgir{gee Appendix A)The letter, dated March 13, 2014, asked the

Virginia Depament of Environmental Quality (DEQ) and Department of Mines, Minerals and

Energy (DMME) to convene a stakeholder group to prepare a written report addressing the

subject matter of Senate Resolution (SR) 47, a resolution that had been proposed, and then
withdrawn, by Senator John Edwards during the 2014 Session of the Virginia General Assembly.

The intent of SR 47, and thus of the letter study request to DEQ and DMME, was for the

ISy OASa (2 aO02y@SyS | aidl { SK2f RSriated sbudzL) (2 &
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the costs and benefits of interconnected distributed solar generation, recommend a method for
evaluating such data, and consider other issues ¥git¢ RSSY | LILINBLINA | G Sdé

gl a adALdzZ FGSR GKFG dKA& adlF(1SK2f RSNJ INRdzL) aKkK
utilities, the solar industry, local governments, environmental advocacy groups, and academic

Ay aidAldzi A 2 pechared byyfépresemtativa= oRDEQ and DMIE.

Figure 2Rooftop Commercial Solar PV _Systé&@é KW) in Chantilly

SourceProspect Solar

17 Schaar, Clertf the Senate, March 13, 2014etter to Comad Spangler, Director, DMME.
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Figure 3GroundMounted Commercial Solar PV Systeid KW) inGoochland County

Source: Richmond Region Eneidliance

At the time of this letter study request, DEQ and DMME were already working with a Small
Solar Working Group (SSW&)nprised of approximately 35 representatives from the solar
industry, utilities, conservation groups, local government, state agsnand academiaThe
SSWG was establishgdthe summer of 2013t the request of stakeholdersThe goal of the
groupwas to meetinformally and collaboratively to seek common ground in encouraging solar
development in Virginiaconsistentwith the @mmonwealth's energy policy.

Ly NBalLkRyaS G2 GKS tSGGSNI aGddzRé NBIljdzSald FTNRY
F3A3SyOASas¢do LRalSR | y2G0A0S Ay GKS wS3dz I G2 NB
in participating in the study taotify DMME by April 30, 2014A large number of weljualified
individuals responded to the public notidacluding many who had previously been part of the
SSWG. Bm those responses the agencies formed and€mber (plus alternates) Distributed
Generation andNet Metering Solar Stakeholder Group (SSG), including representatives of

electric utilities, the solar industry, local governments, environmental advocacy groups, and
academic institutions, plus one citizen member.

From within the SSG, the agencies seld@ smallerl1-person steering committeeglso

composed of a balanced representation from the various stakeholder groups, to leatuthe

The purpose of the steering committee was to prepare issues and draft study elements for the
full SSG to consédl and comment on, thus streamlining the logistics of preparing the study and
making it easier for all SSG members to participate in a meaningful fashioragdees

chargal the steering committee to perform the following functions:

1 Compiling, analyzing@nd summarizing existingOSstudies

1 Framing key issues
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1 Gathering and analyzing relevant data

1 Preparing drafts of data analysis and written content for @Seport

The steering committee met five times between May and September, 2014. The f@ls8SG
met five times from April to Augustio initiate the study, discuss and agree on the study
approach and format, identify points of consensus and debate, and praymg as the study
was evolving.The SSG organizédelfinto three subgroups, eaclof which was led by-3
steering committee members and included representatives from eatheofain interest
groups(utilities, solar energy industry, etc.). The sgoupsconductedresearch anddentified
possible cost/benefit analysis approacheséach of the three maivOScategories:

Group 1. Energy, Capacity, and Grid Support Services
Group 2. Financial Risk aReliabilityRisk

Group 3. Environmental and Economic Development

Members of the steering committee also formed two-ladc teams to help the study authors
develop baseline projections for statewide energy consumption and peak dethesuph
2030 The steering committealsoidentified several existing projections forehpotential
future market penetration of DSG

The study authors used the information provided by these SSG groupEddmat teams to
develop adraft report. The steering committee reviewed this draft at its August meeting, and
provided written commentsluring the week of August 115. The study authors then
incorporated these comments into a draft repdatistributed to the SSG on Augu€.1

Representatives from each of the interest groups were present for the first eight meetings and
providedinput throughout the process until early Septembeill utility representatives

formally withdrew from the SSG on Septembeb4just prior to the final steering committee
meetingon September 5 The representative from the Virginia Farm Bureau also subseguentl
withdrew. However, their withdrawal hddtle substantiveimpact on the final work product,

as this report incorporates all input received from all SSG members up until that time, and no
further input was accepted from any SSG members after the esilitiithdrew.

TheSSGhen met on October 3o formally approve the report and send it to NREL, which had
agreed to review and provide comments as part of a technical assistance agreement with
DMME. A final SSG meeting was help on October 23 to disowsthé NREL review would be
incorporated into the final report. However, NREL was not able to complete its review prior to
the October 31 deadline for finishing the VOS study, and thus no comments from NREL are
included in this report.
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1.2. Contextfor Evaluating Solar Costs and Benéefits in Virginia

At the end of June 2014, Virginia had 11.55 megawatts (¥§¥het-metered DSG capacity

At an estimated rate of 102 homes per M¥er a formula used by the Solar Energy Industries
Association (SEIA) this wouldpower 1,178 average homes in Virginidditionally Dominion
has recently installed two large utiliywned PV installations through its new (implemented in
2011) Solar Partnership Prograpa 500 kWsystemat Canon Environmentdlechnologiesn
GloucestelCountyanda 125 kW systerat Old Dominion University and is under contract to
complete a736 kWsystemat the PrologisConcorde Executive Center in Sterling by the end
2014 as well as a 70 kW system at Virginia Union Universiigether, these systemsowld
provide enough power for anothed® homesat the SEIA estimated rateDominion is also
planninganother Solar Partnership Program project on land owned by Philip Morris USA in
Chesterfield CountyAt 2.2 MW, itwould bethe largest grouneébasedPV system in the state
and would provide enough power f@24 homes at the SEIA rate, 530 homesat the higher
rate of 250 homes/MW assumed by Dominin

ThS adlk dSQa Ayadl t is&Ressitian thdssMWirthsighBoring MdrdlaguA § &

(as of December, 2018)and 592 MW in North Carolirfd Thecity of Washington, D.Chy

itself has a comparable amount of solar capacity, with 16.5 MW installed as of the end of

201324 The discrepancy in the extent of solar PV inat@n can be largely explained by the

policy regimes in those other jurisdictions. North Carolina, Maryland, and D.C. all h&a¥e RPS

that requires utilities to provide a percentage of their power from renewable sources, and the

one in D.C. includes a sped A O 2WiENIFR2 NI a2t NJ SySNEHE ¢ al NEf
tax credit of$0.0085/kWhfor electricity produced from solar and other renewable energy

resources, while North Carolina offers residents and businesses a 35% tax credit on solar energy
investments. Finally, the District of Columbia, until the end of 2013, offered a rebate of
Pnodpnkegl Gl 2F AyaidlrffSR DG ONSH @QiaNERPAY RANBO

18 State Corporation Commission (SCC), 20tb4 metering installations]une 302014.
B/ LI OAGeé NBFSNE (2 (KS Y helcdnityptaduding gystantAfmedaigag S NJ 2 dzi L
of solar PV capacity Mirginia produces an estimated average of 1,314 megahaiitrs of electricity per year.

20The102 homes / MW average is derived by dividingaaerage PV system performance estimétg68 kwh /
12 5/0 Ay ! o6& GKS aidl dSox134aBMh/ydary. SeelSolar Rnerdgdrlisttids R O 2 v
Associationhttp://www.seia.org/policy/solartechnology/photovoltaiesolarelectric/whatsmegawatt

21Bacque, Richmond Tim&sA & LJF G OK X { S LIo&ionS/Mdinia Power instailidy solad energy
demonstration project at Virginia Union Universihg
http://www.timesdispatch.com/business/energy/dominiewvirginiapower-installingsolarenergy
demonstrationproject-at-virginia/article_478bfe5#4d77-5bcb-8fb1-84c3916€0299.html

22 Maryland Energy Admistration (MEA), 201ttp://energy.maryland.gov/solar.html
23 Solar Energy Industries Association (SEIA), 2tpd//www.seia.org/state-solarpolicy/north-carolina

24 Sherwood )ntergate Renewable Energy Council, 20W4S. solar market trends 2013.
http://www.irecusa.org/wp-content/uploads/2014/07/FinaSolarReport7-3-14-W-2-8.pdf.

25 Database of State Incentives for Renewables & Efficiency (DSIRE), 2014.
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However Virginiahas the potential for significant increases in installed DSG, given its relatively
strong and stable economys well asubstantial solar resourcé8.For example, a 2012 report
from the U.S Environmental Protection Agen@EPA Green Power PartnerghiProgram

found the potential for up to 35 MW of solar on just 49 municipal government facilitiggnwi

the Metropolitan Washington Council of Governments territoryirginia?’ The 2007 and
2010versions of theVirginia Energy Plan both estimated thatsQ solar energypotential tobe
between11,00013,000 MW28 Additionally, an NREL report from 2012 estimated that Virginia
has the technical potential to develop approximately 1.9 million gigawatt hours of solar, which
is roughly 17 times the total aml electricity consumption in the stafé.

Additionally, several local policies and programs have successfully expanded DSG deployment

and demonstratedstronglatent marketdemandfor solar energy among Virginia residents and
odzaAySaasSaod 2C2NRAEBI YN &I a0 daNBEé OF YLI A3y AY H
over 300 kW of newolar, more thartripling the total that had been installed in the town over

the previous ten years. Simil&olarizé campaigns have recently been initiated in Richmond,
Charlottesville, Roanoke, amthrrisonburg among other locales A metropolitan DC areaco-

op programalsohas begun toncrease solar purchasing Morthern Virginia.

The question of evaluating theosts and benefits of solar is not entirely new in Virginia, as the

SCC completed two such analyses in 2011 and 2012. The 2011 study was a response to a net
metering information request from the Virginia General Assembly House Commerce and Labor
Special @b-Committee on Energy, which asked the SCC to address the potential subsidy of net
energymetering (NEM) customers by ndfEM ratepayers. The SCC staff evaluated system

wide costs and benefits under different scenarios (long and sieom, high and lowenergy

LINA OS aSyaAridAagaideuv IyR O2yOf dzZRSR GKIFG aAy | ff
negligible average annual bill impact for albr® a + A NH A Yy A3} Spétifidally, e &t8l NBE o £
net cost of existing NEM in Virginia (4.5 MW as of Judd P@as estimated to be $235,000.

This worked out to $31.76 per MWh of electricity generated, or just over three cents per kWh.

As a result, the study concludéitat a G KS | LILINREA YL GS | gSNIF 3-8 | yydz
NEM Virginia residential customérd NP dz3Kf & I KANI SSy OSy G aodé

B+ ANBAYAF QA | @SN IS az2ftr NI AyaztlrdAaz2ys | YSIFadaNBE 2F aztl
whichiso @ FI NJ 4§KS g2NIXI RQa a2t N SySNHe SIFRSNI gAGK 23SN) o
International Energy Agency, 20BV/PSeport: A snapshot of global pv 1962012 (T122). http://iea-
pvps.org/fileadmin/dam/public/report/statistics/PVPS_repoft A_Snapshot_of Global_PV19922012 -

_FINAL_4.pdp. 5.

2T Espinoza, Optony, Inc., 2014. Personal communicationCi#aA Energydllaborative Procurement Initiative

28 Schlissel, Loiter, & Sommer, 20Changing course: A clean energy investment plan for Dominion Virginia Power.
http:// www.wiseenergyforvirginia.org/wjgontent/uploads/2013/08/ChangingourseFullReport.pdf.

2% opez Roberts, Heimiller, Blair, & Porro, National Renewable Energy Laboratory,(l2&l2enewable energy
technical potentials: A Gisased analysisttp:// www.nrel.gov/docs/fy120sti/51946.pdf.

30 State Corporation Commission (SCC), 2011. Response to net energy metering information request from the
Virginia General Assembly House Commerce and Labor Speciab8uhittee on Energy. p. 27.

3 1pid., p. 36.
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The2011SC& (idzReé | f a2 Iyl fel SR (4KS 02adGa IyR 06SyS¥T/
scenario in which total nemetered PV capacity reaches the limit currently allowed under state

fl oo ¢ KS ail {@&idits h&tatal dagaditg NNEVHacibtiaslinleach utility
ASNIAOS I NBI G2 ™ 2Iadforédasi fordhé prévibus periIn 20R12 dz&d G SR
this rule would have limited total statewide NEM capacity to just over 234 Mgtefating

current (AQ power, or an estimated 304.5 MW of installdatect current DQ capacity? (note,

most measures of installed PV capacity réfe2 (1 KS & & a (i STMeSCCwundtNat G Ay 34 0
this level of PV capacity would result in annual costs of $30.0Mp¢n, with an average nen

NEM annual bill increase of $6.73, equal to less tha&foof the average annual customer Il

The 2012SCGtudy was a response to a net metering information request from the Virginia
General Assembly Senate Committee on Cone@eand Labor, which asked the SCC to
supplement the information from the previous study and address specific issues related to
stand-by charges$? This study analyzed three individual NEM customer case studies (small and
large customer examples in the Daman zone, and a small customer exampléha APCo

zone). The costs and benefits were estimated ovetyady period, from 208¢2012. This

approach estimated the net costs to utilities in 2012 to be arofimelto eight cents/kWh for

the small residentl case studies ansvo cents/kWh for the large residential case study.

Unlike the 2011 study, the 2012 SCC report did not calculate the impact of these NEM system
costs on other ratepayers.

Both SCC studies examined many of the core utility and ragzgpecific DSG cost/benefit
variables typically included in VOS studies: lost utility revenue, avoided energy costs, avoided
generation capacity costs, avoided transmission and distribution system costs (in 2011 study
only). They did not address severatiditionalvariablesfound in some other VOS studjesich

as grid support serviceBnancialrisk, reliability risk, environmentaimpacts,and economic
development. They also included utiiyS LJ2 NIi SR Sa A Yl G4Sa -2ldtedd Ay ONBY
NEM progNd Y ¢ O 2addiledsdn iyiddtidther VOS studies, which represented the

expenses incurred by utilities for the initial interconnection of NEM systems and ongoing
customer service and customer billing. These customer costs represented 12.5% of tistal cos
in the 2011 study base analy¥iand up to 24.6% in the 2012 case studies. In the 2012 study,
the same customer costs were applied to each year of theyfaar cost/benefit analyse¥.

The SCC studies quantified the costs and benefits of solar einettyy present, and in the case
of the 2012 study, the recent past. They did not consider longer term costs and benefits, or
potential changes such as increasing fuel prices that would affect the VD& They also

21pid., p. 26.
B 1pid., p. 37.

34 State Corpration Commission (SCC), 2012. Response to net energy metering information request from the
Virginia General Assembly Senate Committee on Commerce and Labor.

3 pid., p.20, 24, 28.
%SCC, 2011, p. 49, 51.
37SCC, 2012, p. 24.
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reflected the reality that utilitiesn Virginia are under no obligation to produce a certain

amount of energy from renewablgources or reduce their emissions of carbon dioxide)G0
other climatechangeinducing greenhouse gas (GHG) emissions, as is the case in some other
states that hae produced VOS studies.

| 26 SOSNE (KS LRtAOe O2yGSEG A& y2G FAESR:I | yR
benefitsshould consider potential future policy changes thatuld alter the context in which

the VOShas been evaluated. For examplenegvable energy advocates have proposed bills in
recentVirginia General Assemtsgssions thatwoul® K y3S GKS adF G4S5SQa @2f dz
mandatory one® Also,the aforementioned billswould have required public healidnd

environmental impactgo be further addressed in utility IRRSB 794, 2011;84489 2019 or

for SCC review of new generation facility applications to consider those impacts (HB 363, 2014)

as well as fuel price stabilifiB 7892012; HB 1943013; HB 808014). If similar bills were

to pass in the future, or if the state were to adopt financial incentives for solar PV such as those
found in North Carolina, Maryland, or D.C., then the deployment of DSG systems could increase
substantially. Thereforea comprehasive value of solar analysis should include costs and

benefits that could potentially accrue in a higtfsGpenetration scenario, even if they are not

present under the current low rates of DSG.

Perhaps more likely, however, is the potential implementawdéthe EPR groposedCQ

emission limits for new and existing power plaoteder sections 111(b) and 111(d) of the Clean

Air Act (CAAD l'a LI NI 2F (GKSa$S LINRLJ2 & SResthlitisheSa > (G KS
goalfor Virginiato reduce C@emisgsons by38% bythe year2030. This percentage is based off

GKS adl (S gemisshisiaieliwhighihe EPA calculated 802 Ibs per MW for all

electricity generatior?® The EPA developed emissions reduction goals for each state based on
analysi 2F (GUKS A0 LNBE@OLRABY Gdzy RSWIhSI OK 2F F2 dzNJ ¢
assumptiong  O2Ff LI Fyd STFAOASyOex yIlddzaNIFf 3I+& RAA
and demaneside energy efficiency. By combining the emissions reductions potentiahwi

these four building blocks the EPA establish¢arget emissions rate of 810 lbs/MWior

37.8% below current leveldJnder the third building blockhe EPA assumed that Virginia could

achieve a 1%renewable energy target by 203Based on RPS targets of other states within

the PIMOCterritory.

38 See: HB 1946, 201Btitp://legl.state.va.us/cgbin/legp504.exe?ses=131&typ=bil&val=hb1946d HJ 76, 2014,
http://legl.state.va.us/cgbin/legp504.exe?141+sum+HJ76

39 This emissions rate is based on total anrD@ emissions 065 billion poundslividedo & G KS &adnhualSQa G20
electriaty generationof approximately42.24 millionMWh. SeeEPA Technical Support Document (TSD) for CAA
{SOGA2Y MMMORO 9YA&&aA2Y DIARSEAYS&E F2NJ9EA&AGAYI t 268N
Docket ID No. ERAW-OAR20130602 (June 2014http://www?2.epa.gov/sites/production/files/2014
06/documents/20140602tsdjoalcomputation.pdf

40pJM isa regional transmission organization that oversees the activity of wholesale electricity in portions or the
entirety of 13 states as wll as Washington D.C.
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1.3. Other Value of Solar Studies

This report follows on the heels of a number of previous studies that have evaluated the costs
and benefits of solar energy in a variety of different cotdeand locations. Most VOS studies
are produced by state government agencies, technical consulting firms working on behalf of
those agencies, or by thiftanks and other nowprofit organizationsas shown in Table T'he
VOS issue has also been addresseacademic research These prior VOS studies reflect a
variety of perspectives, methodologies, and assumptiddsme have focused specifically on
the cost and benefits experienced by utilities at a given point in fiftwehile others have
evaluated ébroader range of cost/benefit categories to estimate cost/benefit impacts on
ratepayef? and/or the broader community within a given service aféathers have

expanded the approach by evaluating the VOS based on4edy projection®® or for an

entire gate or other large geographic regidh.

Despite the wide variation in approaches, most previous VOS studies recognize that local
context matters significantly. It is widely agreed that utiBpecific or statespecific energy
generation mixes, investnm plans, and market structures all play a key role in determining the
net value of solaf/484950

41 see:Duke, Williams, & Payne, 2005. Accelerating residential pv expansion: Demand analysis for competitive
electricity marketsEnergy Policy83, 19121929.

42 see:Energy and Environmental Economics (E3), for the California Public Utilities Commissiofie2baal
potential for local distributed photovoltaics in California, preliminary assessmvent.cpuc.ca.gov.

43 See: Hoff, Perez, Braun, Kuhn, & Norris, CR@mamer Research, for Austin Energy, 2006 value of distributed
photovoltaics to Austin energy and the city of Austimiw.cleanpower.com/wp
content/uploads/034_PV_ValueReportAustinEnergy.pdf.

44See: Perez, Norris, & Hoff, Clean Power Research, forith@fiéntic Solar Energy Industries Association &
Pennsylvania Solar Energy Industries Association, d0iE2value of distributed solar electric generation to New
Jersey and Pennsylvanmseia.net/site/wpcontent/uploads/2012/05/MSEI&inalBenefitsof-Solar-Report
2012-11-01.pdf.

45 See: Jones & Norris, Solar San Antonio and Clean Power Researcih20daue of distributed solar electric
generation to San Antonigvww.solarsanantonio.org/wjgontent/uploads/2013/04/Valueof-Solarat-San
Antonio-03-13-2013.pdf.

46 See: Perez & Hoff, Clean Power Research, for the Solar Alliance and the New York Energy Industry Association,
2008.Energy and capacity valuation of photovoltaic power generation in New York.
www.asrc.cestm.albany.edu/perez/publications/UtiligdkShavingandCapacityCredit/PapersonPVLoadMatchin
gandEconomicEvaluation/EnergyCapacityValuafi8mpdf.

47 Navigant Consulting Inc., prepared for NV Energy, 2Diributed generation study.
www.navigant.com/~/media/WWW)/Site/Insights/Energy/NVE_DG_ Stiahergy.ashx.

48 \ermont Public Service Department, 20E3aluation of net metering in Vermont conducted pursuant to act 125
of 2012 http://www.leg.state.vt.us/reports/2013ExternalReports/285580.pdf.

49 SAIC, for Arizona Public Servi2@]3 2013 updated solar pv value report.
www.azsolarcenter.org/images/docs/reports/SolarValueSu8ME2013-05. pdf.

S0WWeiss, Chang, & Aydin, The Brattle Group, prepared for the Solar Energy Industries Association and the Energy
Foundation, 2012The potentiaimpact of solar pv on electricity markets in Texas.
www.seia.org/sites/default/files/brattlegrouptexasstudyB-12-12061908182&hpapp01.pdf.
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Table 1. Summary of Prior VOS Studies

Year Name Author Client(s) Client Type
2005 Quantifying the benefits of solar power foi Smeloff, E. TheVote Solar Initiative Solar
California Organization
2005 Accelerating residentigdv expansion: Duke, R., Not applicable (NA) NA
demand analysis for competitive electricity Williams, R., &
markets Payne, A.
2006 The value of distributed photovoltaics to | Clean Power Austin Energy Utility
Austinenergy and the city of Austin Research
2008 Energy and capacity valuation of Clean Power Solar Allianc& New York Solar
photovoltaic power generation in New Yol Research Solar Energy Industries | Organizations
Association$EIA
2008 Impacts of distributed generation on Synapse Energy | Massachusetts State Agency
wholesale electric prices and air emission| Economics Technology Collaborative
in Massachusetts
2008 Photovoltaics value analysis Navigant National Renewable Federal
Consulting Inc. | Energy Laboratory Laboratory
2009 Distributed renewable energy operating | R.W. Beck Arizona Public Service Utility
impacts and valuation study
2010 Distributed generation study Navigant NV Energy Utility
Consulting Inc.
2010 Introduction to the net energy metering Energy ad California Public Utilities | State Agency
cost effectiveness evaluation Environmental | Commission
Economics (E3)
2011 California solar initiative costffectiveness | Energy ad California Public Utilities | State Agency|
evaluation Environmental | Commission
Economics (E3)
2011 Solar power generation in the US: Too Clean Power NA NA
expensive, or a bargain? Research, Univ
at Albany,
George Wash
ington Univ
2012 |5SaA3dyAy3a ! dzadGAy Sy Clean Power Austin Energy Utility
a distributed pv value calculator Research
2012 The potential impact of solar pv on The Brattle SEIA& Energy Foundatior Solar
electricity markets in Texas Group Organizatios
2012 | The value of distributed solatectric Clean Power aART! GEFyaa Solar
generation to New Jersey and Pennsylvar Research Pennsylvania SEIA Organizations
2012 Technical potential for local distributed Energy ad California Public Utilities | State Agency
photovoltaics in California, preliminary Environmental Commission
assessment Economics (E3)
2012 Changes in the economic value of variabl{ Lawrence NA NA
generation at high penetration levels: A | Berkeley
pilot case study of California National
Laboratory
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Year Name Author Client(s) Client Type
2013 The benefits andosts of solar distributed | Crossborder Arizona Public Service Utility
generation for Arizona public service Energy
2013 2013 updated solar pv value report SAIC Arizona Public Service Utility
2013 Evaluating the benefits and costs of net | Crossborder The Vote Solar Initiative Solar
energy meteringn California Energy Organization
2013 The benefits and costs of solar generatior] Crossborder North Carolina Solar
for electric ratepayers in North Carolina | Energy Sustainable Energy Organization
Association
2013 Benefits and costs of solar distributed Crossborder The Vote Solar Initiative Solar
generation for the public service company| Energy Organization
of Colorado
2013 Evaluation of net metering in Vermont PublicService Public Service State Agency
conducted pursuant to act 125 of 2012 Department(VT) | Department(VT)
2013 The value of distributed solar electric Clean Power City of San Antonio Municipality
generation to San Antonio Research & Sola
San Antonio
2013* | Aregulator's guideboolCalculating the Interstate NA NA
benefits and costs of distributed solar Renewable
generation Energy Council
2013** | A review of solar pv benefit & cost studies Rocky Mountain | NA NA
Institute
2014 Nevada net energy metering impacts Energy ad NevadaPublic Utilities State Agency
evaluation Environmental Commission
Economics (E3)
2014 Financial impacts of neheteredpv on Lawrence NA NA
utilities and ratepayers: A scopintudy of | Berkeley
two prototypical U.Sutilities National
Laboratory
2014 Methodsfor analyzing the bnefits and National NA NA
costs of distributed photovoltaic generatio] Renewable
to the U.S. kectricutility system Energy
Laboratory
*Proposes atandardized approacfor evaluating thecosts and benefits of DSG
**Meta -analysisreport that reviews previous VOS studiesl summarizes their results
Two of the moreprominentNJ S & 2 dzNXO S & VI INEB2 0AYaSED A G dzRA Sa LINR RdzOS

Mountain Institute (RMP! and the Interstate Renewable Energy Council (IRH®}h of which
draw onthe aforementioned state and utilitgpecific studies to provide a comprehensive,
national perspective ohow the costs and benefits of solar energgn be assessedlhese
comparativeanalyseselp to demonstrate the myriad of differences among \8iflies, such

51 Rocky Mountain Institute, 2013.

52Keyes& Rabago2013. !

NBE 3dz | G2 NRa

JdzA RS06221Y

[+ & OdA I GAy 3

generation.http://www.irecusa.org/wp-content/uploads/2013/10/IREC_Rabago_Regulatétsdebookto-
Assessing@enefitsand-Costsof-DSG.pdf.
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as the solar penetration levels assumed, the types of variables included, and the data sources
and assumptions used to calculate the VOS associated with those variAblether valuable
resource is a highly technical analysis of the costs anéfiie of DSG released by NREL just at
the time that this study was completed.

Most prior VOSstudies have attempted to quantify a dollar amount for the value of DSG, but

many only calculated the benefits, ignoring codtS he range of net benefits idéfied by

these studies varies significantly, from as small agl333centS8®to as large as &0 cents (per

KWh)%6 Alternatively a new study by thg.S .Department of Energ OB Lawrence Berkeley

National Laboratory (LBNixjodels both costs and bentdifor various DSG penetration
scenariosontwda N2 G 2 G @ LIAOF f dziAf AdGASad LGa aol as Ol a
of solar PV penetration to 2.5% of total retail sales would increase average customer rates by
0.19%€0.2%. A more aggressi¥6% penetration scenario would raise rates by ,3%%>’

1.4. Objectives of the Virginia SSG Study

TKS {{ DQ&a LINJ asdefided & the&dsignal le#eBSsiudy requegtre to study the

costs and benefits of distributed solar generation and metering€ and in so doingto

GSEFYAYS RFEGE NBtSOlIyld (G2 RSISNYAyAyYy3d GKS 024
solar generation, recommend a method for evaluating such data, and consider other issues as it
may deem appropriat® £ ¢ 2 ebhjectives, the SIGKEIGhidentify andevaluate the

costs and benefits of DSG in the Virginia context and recommend methodologies for calculating
GKS ySi @I tdzS 2F 5{D (2 G§KS &ilGiverQre conplé&Ol NR O
nature of the solar energy valuation, involving a wide array of variables and assumptions, the

SSG chose not to attempt to quantify a single new VOS that balances all of the costs and

benefits of DSG. Instead, this report discusses the potential costs andtbexssibciated with

13 primary VOS variableand recommends three methodologies for quantifying the net VOS

under a narrow, intermediate, or broad perspective.

Thegoal of thisreportisto represent wherever possiblea consensus of all stakeholders
represented by the SSG. On issues where consensus could not be reached, the report

53 Denholm,Margolis, PalmintieBarows, Ibanez& Bird, National Renewable Energy Laboratory, 20M&thods
for analyzing the bnefits andcosts of dstributedphotovoltaic generation to the U.Seetricutility system
http://nrelpubs.nrel.gov/Webtop/ws/nich/www/public/Record;jsessionid=C1EOAECA9AD9B2A60C5C8AB4B0OBB
5524?rpp=25&upp=0&mM=1&W=NATIVE%28%27AUTHOR+ph+words+%27%27denholm+p%27%27%27%29&orde
r=native%28%27pubyear%2FDescend%27%29

54Rocky Mountain Institute, 2013.
55 See: Vermont Public Service Department, 2013.

56 See: Perez, Zweibel, & Hoff, Clean Power Research, R0lbt.power generation in the US: Too expensive, or a
bargain?www.cleanpower.com/wpcontent/uploads/SolasPowerGenerationin-U.S:too-expensiveor-a-
bargain.pdf.

57 Satchwell, Mills, & Barbose, Lawrence Berkeley National Laboratory, E@iahcial impacts of nehetered pv
on uilities andratepayers: Acopingstudy of two prototypical U.Stilities.
http://emp.lbl.gov/sites/all/files/LBNL%20PV%20Business%20Models%20Report_no%20report%20number%20(S
ept%2025%20revision).pdf.
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summarizes the various stakeholder positions and the rationales behind them. Where

F LILJXE AOF6f ST GKS NBLRNI aSS&SNy <0 a OCHS WHARBFEE §KIILD2
beneficial and cost effective for utilities, ratepayers, and other affected stakeholdées study

embraces anediumterm perspective on evaluating the costs and benefits of DSG in Virginia,
consistent withthe 12 S NJ G A YS K 2 NAsIIRPyHowedeitBeFSS@eyommizndg f A (G & Q
that future VOS calculations evaluate the levelized costs and benefits oveyeaBlime

frame, consistent with the presumed lifespan of a solar energy generation facility.

This study drawfrom existing knowledge ahbuilds upon prior VOS analyses where applicable.
However, many of the prior studies focused on states with mandatory,{d€xegulated

electric utility markets(e.g., New York, Vermont, Texas), and/or robust existing solar energy
markets (e.g., California, New Jersey), none of wapgiyto Virginia. The SSG hé#serefore,
made an effort to describe VOS methodologies that are appropriate to the Virginia tontex
where the solar energy market is far underdeveloped compared to similar neighboring states,
state policy does not require any level of solar development, and utibjesateunder the
traditional regulated monopoly model. This does not imply, howethet the potential
deployment of solar energy is inherently limited for, as previously noted, the state does have a
relatively strong and stable economy, substantial solar resources, and evidence of public
support for solar energy.

2. Baseline Elecirity Model andEstimates ofFuture DSG Penetration

TheSSG recommends that future VOS studies take into account how different penetration

levels of DSG would affect tests and benefitto utilities, ratepayers, and society at large

One approach woulbe to develop a baseline model fluture electricity consumption and

LIS f2FR RSYI YR dzy RS NJ,lkhenidévelp nyitila scenbrias faiza dzI £ ¢
future DSG penetration levels that would be different from that baseline model. The SSG
recommends using 1&year projections for both the baseline model and scenarios, consistent

with the time frame used in the utility IRP planning process.

To get an accurate sense of the impacts from each scenario one would have to model hourly
electricity demangdthe mix of conventional generation sources that utilities would use to meet
that demand, and the hourly generation profile from installed PV capacity in order to
determine the extent to which different types of generation sources would be displaced by
DS5. A simpler approach would be to simply calcutheelevel of installed PV capacity that
would be required to meet certain levels of statewide electricity demand with, D&§2d on
assumptions about the average electricity production of DSG systenmdNpef capacity. This
simpler analysis would also help to infodiscussion of how different penetration levels might
impact utility operations and otherwise influence the costs and benefits of solar energy.

Detailed modeling such as described abovautside the scope of thisurrentstudy. However,
the SSG felt that it would add value to the discussion to prepare a simple baseline model of
electricity consumption and peak demand in Virginia, and then present a number of different
perspectives fromsting reports and studies on the potential future penetration of DSG
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Extrapolation of recent DSG capacity growth rates
A modeled growth rate that would reach the statede netmetering cap by 2030
Existing utility projections for future solar electgeneration in their service areas

Existing NREL projections for future solar PV capacity in Virginia

= =4 =4 A -2

An estimate of the solar energy production needed to meet the carbon reduction
32Ff & dzy RSN 1 KS ERRIEYIenddsBeEly20BR MMMO RO

2.1. Baeline Model of Electricity Consumption and Peak Demand in Virginia

The following steps were used to develop the baseline model:

1 Calculated total electricity sales in the state in 2012, the latest year that such data was
available from thelJ.S. Energinformation AdministrationE1A.58 The EIA data was
dzaSR G2 akK2g G2l f-opahdimBricipa WilRies, whekeGs thieli I G SQa
numbers for Dominion and APCo were taken from their IRPs for 2024Based on this
approachthe breakdown of total statewide electricity consumption by utility in 2014 is
as followsDominion, @%; APCO, 16%; -Qps, 12%; all other utilities%b

1 Projected total energy consumption forwatidrough year 2030 The Dominion and
AP® projections wee based on thd 5-year projected growth rates from theilRPs
(1.42% and 0.45% respectivelylhese growth rates are for the Virginia portion of those
dzi At AGASEAQ 3AMINA r@iSof 0.5%Bvasiused fifid ddaps and other
utilities, simikr to the APCo rate as shown above

1 Estimated total winter and summer peak demathdough the year 2030. The Dominion
and APCo IRPs show peak demand projections for the entire service areas, so estimates
of Virginiaspecific peak demand were made basedlos Virginia share of total
electricity sales for each utility (95% for Dominion and 51% for APCo in 2013). The peak
demand growth rates from the IRPs were used to project demand for subsequent years
up to 2030. Peak demand estimates for theops andother utilities were based on
their shares of total statewide electricity consumption (i.e., theops and other utilities
were assumed to have 12% and 5% of winter and summer peak demand respectively).

This methodology produced an estimated totatstwide electricity consumption of

118,823,000 MWh in 2015, rising to 139,156,000 MWh by the year 2030. In this analysis,
52YAYA2YyQa aKINB 2F (201t St SOGNROAGE alf Sa
Hnons ¢AGK GKS sardpKityNeicoding)psillisiradedrn(Figdred: NS

8 Energy Information Administration (EIA), 20Electric sales, revenue, and average price, table 10: 2012 utility
bundled retaikalesc Total http://www.eia.gov/electricity/sales_revenue_price/

5% Dominion Virginia Power, 2014.

80 Appalachian Power, 2014pdated integrated resource planning report to the Commonwealth of Virginia State
Corporation Commission
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Figure4. ProjectedVirginiaElectricity Consumption, 20£3030
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Summer peak demand is estimatedzat, 379MW (AC power}statewide for the year 2015,

versus21,227MW of peak winter demand in the same year. Both totals are estimated to rise

about 14%n the next 15 yeardo 27,785MW and24,142MW respectivelysee Figure 5)

Figureb. ProjectedVirginiaWinter and Summer Peak Electricity Demadd152030
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Saurces: Dominion, 2014ntegrated Resource PlaAppalachian Power, 201htegrated Resource Plan.
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The shares of peak demand by utility are similar to those for overall electricity consumption.
The exceptions are that Dominion, as a sumipeaking utilitywith high air conditioning loads,
has 71% of summer peak demand \&¥6of winter peak demand. APCo, on the other hand, is
a winter-peaking utility with high space heating loads. It accounts 76 bf the statewide

winter peak demand compared to 13%safmmer peak demand.

2.2. Current Installed DSG Capacity and Recent Growth Rates

The SCC maintains data, updated monthly, on the total capacity ehatdredsolarPV within

SFOK 2F (0KS adliasSQa dziatAade I NBlFao ¢CKAE G20t
June, 2014, nearly a #0ld increase from the 2.17 MW total in June, 2010. This works out to

an average annual growth rafdAGR) of nearly 40%héke values are shown in Figure 6

Figureb. Virginialnstalled NefMetered Solar PV Capacity (MW), 2Q2014
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Virginia, Photovoltaio { 2f I N F YR 2 Ay RXZ¢ WdzyS onX Hnamno®

¢CKS {// Q& Hnmm =h{ Iyl f&aRpestraafRraewfd2505% 2y Ay
kWh of electricity generation for every kW of installed DC solar energy capacity, for a capacity
factor of 14.3%62 More recentlyK 2 6§ SOSNE 52 YAYA2Yy Q& Hwnamn Lwt | &:
of 21%, which translates to a rate of 1,83&hper KW of installed nameplate capacity.

Applying thesecapacity factosto the current installed capacity as of June 2014 produces

estimates 0f14478 MWh(SCC rate) or 21,246 MWh (Dominion ratkglectricity generated

from solarin 2014 In either casethis translates to just aroun@.01% (one hundredth of a

percent) of the estimated total statewide electricity demand.

61 National Renewabl&nergy Laboratory, 2018.w9 [ Q& LIJ & .Inhtipillpgvwatsniel@atzt | G 2 NJ
52SCC, 2011, a7.
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If this 40% growthate were to continue through the year 2015 and beyond, the state would
have 2,448 MW (DC) of natetered solar energy capacity by June, 2030. This would produce
around ;5 million MWh of electricity, depending on the capacity factor assumption, or about
2.2¢3.2% of the 139 million MWh of statewide electricity demand estimated for year 2030.

However, solar energy representatives on the SSG contend that this percentage growth rate

greatly overstates the potential for future DSG deployment within Vir@idia OdzNNX y G NI 3 dz
structure. They point out that from 20Q2014 thetotal newnet-metered solar PVhstallations

averaged abou2.16 MW/yr per the SCC data, and do not reflect consistent annual increases as

would be implied by an AAGkased projection Instead, they anticipate a small bump in

installations (up to 4.5 MW/yr) until the expiration of the 30% federal investment tax credit for

solar PV, which is scheduled to drop to 18feér the end of 2016. After the tax credit incentive

is reduced, andbarring any additional federal or statevel policy icentives, they believe that

the market would be able to support no more than about 2.75 MW/yr of new &RG@city’3

Table 2 shows that under these assumptions, installeenmetered solar PV woulehcrease to
about 26 MW by 2018. Continuing the 2.75 MW/yr assumption into future years, this total
would increase to 31.55 MW in 2020, 45.30 MW in 2025, and 59.95 MW in 208ais
scenarigthe total installed NEM capacity would remain far below the of 1% of summer
peak demand, set by state law, which would currently be arourtiN@w based on the
calculations shown in Figure 5 abovEheseotals are far below the projectionsased on the
AAGRapproach as described above, demonstrating the widwesof potential outcomes for
solar energy in the state.

Table2. Projected Statewide Installed NEM Capacit¢atrentAnnual Growth

Year 2010| 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

Actual increase in DSG capaci

from previous yeatMW) 140 | 242 | 245 | 1.83 | 2.68 -- -- -- --

Anticipated future increase in
DSG capacity per ye@\Ww)

Resulting total installed DSG
capacity (MW)

- - - -- - 450 | 450 | 275 | 2.75

217 | 459 | 7.04 | 8.87 | 11.55| 16.05| 20.55| 23.30| 26.05

Source: Virginia State CorporaticBommission (SCC), 20Hillis, 2014.

2.3. ModeledGrowth Rate to Meet Statewide Net Metering Cap

¢KS aidldSQa ySi YSiSNApidere8 PV capaciyadl%fofSadmart | G A 2 y
peak demand within each utility service araBased on the peattemand projections shown
in Figure 5, installed nehetered capacity would exceed the state cap in the year 2024 if it

53 Hillis, Prospect Solar, 2014. Personal communication ome¢éred pv projections for Virginia.

64 Freeing the Grid, 201Rest practices in state net negtng policies and interconnection procedures
freeingthegrid.org/wpcontent/uploads/2013/11/FTG_2013.pdf
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increases at the current graw rate as described in Figure But would remain far below the cp
if it increases at affixed rate of2 MW/yr as shown in Tabled?
for calculating the netnetering cap is subject to change, the SSG felt it would be worthwhile to
examine scenarios for meeting the current cap at different points in thgeks study period.
Table3 demonstrates the growth rates that would be necessary to reach thematering cap
by the years 2020, 2025, or 2030, starting from the current 11.55 MW in 2014.

Table3. Alternative NetMetered PV Growth Rates to Achieve Négetering Cap

2 KAE S

idKS

Installed P\MCapacity by YeaiMW)

, Avg. Annual
Scenario Growth Rate 2015 2020 2025 2030
- i 0
Netmetering cap (1% NA 244 250 264 278
summer peak demand)
PV growth scenario to eet o
net-metering cap by 2020 66.9% 19 250
PV growth scenario to eet o
net-metering capby 205 32.9% 15 64 264
PV growth scenario to eet 22 0% 14 38 103 278
net-metering cap by 280

adlradsQa

The first scenario shown in Tal83evould require the installation of approximately 238 MW of
net-metered solar capacity over the next six years, to meet the estimated cap (under current
legislation) of 250 MW by the year 2020. This would require an AAGR of 66.9%, nearly twice

the growth iate of netmetered installed capacity over the years 2Q2014. The second

scenario shows a slightly lower AAGR than the 20014 rate, to reach the projected net
metering cap by the year 2025. The final scenario would meet the projected 278 MW cap in
the year 2030, requiring a lower growth rate (22%) than experienced fromc¢201%.

2.4. Utility Projections for Solar PV Growth

Another perspective on future solar PV growth in Virginia can be drawn from an examination of
f | NIm&SDominidn IRE QsoNA O dzil A €
includes descriptions of its two recently approved solar energy demonstration programs:

the most recent IRPs fromthed I 4 SQa

062

1 Solar Partnership Prograrm this program the company would enter into agreements,
similar to a power purchase agreement (PPA), to install yBtdMW (DC) of ompany
owned solaiinstallations orrooftops and other space leased from customers in the
service area. This programaikeady underway and the company expects to complete

these installations by the end of 20$5.

55 Dominion Virginia Power, 2014. p. 116.
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1 Solar Purchase Progratn this program thecompany would purchase up ®MW (DC)
of energy output from customeownedDSG installationsAs an alternative ttNEM
Dominion wouldourchase all of the energy output from participating customer
generators, at a fixed price of $0.15/kWh, which includes the purchaéallof
environmental attributes and associatf@newable energy credits (RECSH

52 YAY A2 Yy Rdbes not explicitly account for any custorm@vned DSG, aside from that

included in the Solar Purchase Program demonstration prajestribed above¢ KS L wt Q& oI
plan includes the 13 MW of utiltgwned solar from the Solar Partnership Program déscti

above,about 3.5 MW of which is either already completed or scheduled for completion in 2014

(see discussion of these projects in Section 1.3). The base plan includes an adziGoal

of ésolar NUG power purchase agreemeintstallatiors, but thesewould all be located in the

b2NIK /FNREAYl LRNOIAZY 2F (KS dziAftAGeQa aSNDA

The IRP also describgsd NA 2 dza | £ S Ny/répiedest flausibielfustde paths K A OK &
considering the major drivers of future uncertaid¢ Regarding this unceriaty, the IRP

a a1l G S the Companly balieves the low or zeemission components combined with

reducing reliance on a single fuel for future expansion addressed in the Fuel Diversity Plan will

likely be needed, by both the Company and its custog® T his Fuel Diversitylan includes

o ¢ a 2 solar¥agear utility-ownedPV systems installeat existing generation falities, and
FY20KSNJ pun a2 2F &l RRHolveve, fid plan dogstndt dpecRyF HIS f 2 LIV S
additional solar would be utty- or customerowned or if it would be located in Virginia or

North Caroling®

ThelRP also describesRenewablePlanandan EPAGHG f |y > (G KS fisdésigiietd 2 T 4 K
as one possible path that the Company could take to comply with the progeB&dGHG

regulations on carbon emission standards for electric generatingdsth of these plans

include the aforementioned 39 MW of solar tagjus 1,300 MW of "generic solaggain

without specifying if this additional solar would be utiity customerowned or if it would be

located in Virginia or North Carolirfa.

APCo has not made any investments thus far in uiivyed solar PV, but its 2014 IRP does

assume 18 MWeryearz T Yy Sg-a @tz SEAG2T | NJ SYSNHe& e®l LI OA (@&
beginning in the year 2019. The IRP projection ends with 180 MW of-gtiifg solar energy

by the year 2028! vyt A { S 5 2 Y khé ARCY IRR doesfinclydia explicit figures for
RAAGONAROGdzESR &2t NJ LJ2 g SN AYy MW in201SaniNdreaSingNBE R LIt |

8 Ibid., p. 72.

57 pid., p. AFBS.
68 |pid., p. 88.

89 1bid., p. xii
pid., p. 5.
11bid., p. 96, 97.
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slowly to 9.9 MW by the year 2028.The APCo IRP also includes projections for the total

electricity produced by solar power, estimated at just over 39,000 MWh from distributed solar

and 678,389 MWh from utilitgcale solar byhte year 20282 These projections are

summarized in Table 4dowever, it is important to note that none of those estimates are

ONRB1SY R2gy o6& aidldiSs IyR !'t/ 2Q4&4 ASNIAOS I NBI
demand, between Virginia and West Vimigi.

Table4. Solar Energy Projections from Appalachian Power (VA & WV)

Year 2010| 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

Actual increase in DSG capaci

from previous yeatMW) 1.40| 242 | 245 | 1.83 | 2.68 -- -- -- --

Anticipated future increase in
DSCGapacity per yeafMW)

Resulting total installed DSG
capacity (MW)

- - - - - 450 | 450 | 2.75 | 2.75

2.17| 459 | 7.04 | 8.87 | 11.55| 16.05| 20.55| 23.30| 26.05

Source: Appalachian Power, 201dtegrated Resource Plan.

2.5.U.S. Department of Energy Sunshagion Study

TheDOE2 &unShot Vision Study evaluates the potential for PV and concentrating solar power

0/ {tuv GSOKyz2ft23ASa G2 alidirafe | adzoadlydAlt LI
decades.It includes statespecific solar PV and CSP projections for the years 2030 and 2050.

The projected solar PV installed capacity for Virginia is 8,700 MW by“208021,200 MW by

2050/°> No projections are assumed for CSP capacity in Virginia.

ThisassesYSY G Aa FftAIYSR 6AGK GKS {dzy{K20d LYyAGALF
approximately 75% between the years of 2010 and 202€cording to the study, such price

reductions wouldsolar energy cosD2 YLISGAGA PSS gAGK 20KSNy®y SNAH& 3
rapid, largea OF £ S | R2LJGA2Y 2F a2t NJ St 80a NA QA NBaHzOM\E1

a2t FN YSSUAYT mm: 2F | o{ SfSBmwN\erhelstedy)fSS o)
recognizes that these price drops and resulting increasesfinsbld Ayadal €t A2y d g A
O2YO0AYlFGA2Y 2F S@2fdziA2y|l NE |yrﬁasmmmd®e&1murdu)\2y|mé
I RRNBaaAay3a SOKy2ft23A0Ft OKIFIy3aSa NBtFGSR G2 a

YR SELI yRSR YI (i $adghificantzssciai of sbl& manufacyimnd Tr%
impacts of other norcost factors, such as potential GHG regulations, are not considered.

2 Appalachian Power, 2014, p. 9.

7 1bid., Schedule 11

74U.S. Department of Energy, 20BunShot visiortsdy. www.energy.gov/sites/prod/files/2014/01/f7/47927 .pdf.
S 1bid.

7 |bid., p. 20.
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3. Recommended Methodologies for Evaluating the Value of Solar Energy in Virginia

The SS@resents three dierent approacheshat future VOS studies in Virginiaayadopt,
depending orthe time-frame that it is intended to covemland range of direct and indirect

impacts to be addressedeach approach would examine some combination of the 13 core VOS
variables, which together represent all of the known or potential costs and benefits of DSG to
utilities, ratepayers, and society. The individual variables are described in greater detail in
Section 4 of this study.

The narrow approach focuses on the shtatm, direct impacts of DS@nd addresses the

seven core VOS variables for which those direct stesrh impacts can be measured (avoided
energy, generation capacity, transmission, digitibn, carbon emissions, other air pollutants,

and water) The intermediate approach also focuses on direct impacts only, but examines them
over both the shorterm and longterm and includes the additional variables of economic
development, fuel price Matility, and reliability risk The broad approach addresses both direct
and indirect impacts over both short and long termasd includes three additional variables for
which costs and benefits would likely only occur at high penetration leydlshree

approaches would analyze the levelized costs and benefits ovelyaé@(eriod, reflecting the
anticipated lifespan of a solar energy generation facility.

AllVOS studies should be based on clear, justifiable assumptions abdevéief DSG

penetration anticipated within the study periodThis is important because certain variables

have measurable costs and benefits even at low penetration levels, while otheoslgrikely

to have cost/benefit impacts under a higienetration scenario. However, the assumed level of
penetration does not necessarily correlate with any of the methodologies described below (i.e.,
the narrow methodology does not necessarily assume low levels of DSG penetration, nor does
the broad methodology neasarily assume high penetration).

The threemethodologes aredescribed in more detadn the following pagesTable5
summarizes how eackariable is addressed und#re various methodologies

3.1. Narrow Methodoloqgy for VOS Evaluation in Virginia

Thenarrow methodology concentrates on the VOS variables that have direct, measurable
impacts on utility operations and ratepayers in the shigim. This method quantifies the

costs and benefits of DSG related to avoided energy, generation capacity, traiesmand
distribution (see detailed discussions of each variable in section 4). All of these variables were
evaluated in the prior VOS studies completed by the Virginia SCC, and/or other recent SCC
dockets. The narrow methodology also accounts for th&t of compliance with existing or
currently proposed environmental regulations, as those are assumed to be built into the market
price of energy that is factored in the avoided cost variable.
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Table5. Summanpf Recommended Virginia Value of Solar Metblogies

VOS Variable Category Narrow Intermediate Broad

| G2 ARSR SySNBe& Er(frrigy/ KK K K K K

DSY SN} GA2y OF L Er;rigy/ KK K K K K

CNI YAYAZAAZY Ergrrigy/ KK K K K K

5AA0NROdzIA2Y Er;rigy/ K K K K K K

/I ND2y SYAaanrg Envio/ KK KK K K K
Econ

hi KSR &aeryaa Ve KK KK K K K
Econ

2 | GAYWLI O & Enviro / KK KK K K K
Econ

902y2YA0 RS@st| EMVIO/ KK KK K
Econ

CdzSt LINAROS g2f Risk K K K K

wSt AINGRRAGE Risk K K K

al NJ SG LINROS N Risk K K K

< = sy Enviro/

[ F MRLI OG & Econ K K K

L yOATEFNE asnyg ENeroy/ K K
Grid

b23SY F aAy3atS K AYyRAOIFGSa GKIFIG GKS LRAOGSYydAlrt AYLI Oda

indicates that the direct impacts of the variable are quantified; and atkpleK A Y RA OF 1S&a GKI {4 02GK

indirect effects of a variable are quantified.
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3.2. Intermediate Methodology for VOS Evaluation in Virginia

The intermediate methodologipcuses on direatost/benefit impacts of DSG to ratepayers and
society butexamines them over both the shednd longterm. This approach would employ a
slightly more inclusive perspective than the narrow methodology, anticipating how potential
changing market, policy, and technology conditions could impact the costs andtsesfdiiSG
when levelized over a given time period. It would also be a bit more comprehensive, as it
begins to address risk concerns and environmental and economic benefits that are not
addressed or by the narrow methodology.

The intermediate methodolgy addresses measurable utitgpecific impacts imuchthe same

manner as the narrow methodology, biatilds onthe analysis in several key way&rst,

analysis of avoided energy costs is based on levelizg@&Oprice projections. Analyses of

capadty, transmission, and distribution impacts are based ory&&r demand and cost
LINE2SOGA2yas O2yaAraidsSyd 6AGK (GKS dziAtAGASaQ L

The intermediatecategoryalso begins to addressk-related variablesspecifically the

potential benefits to utilitiedrom the mitigation of fuel price volatility and improved grid

NBt A I 0 ArdlidbilitgNAoaATdE Boemhviranmental variables, the intermediate

methodology would expand on thearrow approach bytakinginto account risk associated with
potential ¥ dzii dzZNBS NXB I dzf F G A2y a ( KiestbaldndéShe€d Unded dzZNNB y i £ &
economic development, this methodology would quantify the value of job creation and related
direct economic benefits associated with DSG deployment.

3.3. Broad Methodology fovOS Evaluation in Virginia

The broad methodology reflects a more comprehensive approach for evaluating the full range

of longterm costs and benefits of DSG to utilities, ratepayers, and society at large. This

approach would include thdirect utilityimpacts of DSG@voided energy, generation capacity,
transmission, and distributionh the same manner as the intermediate methodojpgut

g2dZA R Ff a2 S@Fftdad S 5{ DQa seddcadsSmpackor tlitie3.NA R & dzLJLJ

In the category ofisk-related variables, it would expand ohe intermediate methodology by

quantifying in dollarterm& { DQa A YL} OG0 2y FdzSf LINAROS. 1@2f€ I GAf
would also addresshe potentialindirect benefits experienced hyatural gas consuers(i.e.,

those who consume gas for space heating, water heating, or commercial/industrial purposes)

In the environmental categoriethe broad methodologyvould add additional analysis of the
indirectsocial benefits of DS&emming fromreduced carbn, criteria air pollutants, and water

quality impacts. It also would consider the impacts of DSG on land prices and tax revenue, as

well asindirecteconomic developmentosts andenefits that could result fronmcreased
deployment of DSGThese are S6 S A YSa NBEFTSSWNERBE 206 ASHNVRFE ObS
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4. Recommended Approaches and Data Sources for Value of Solar Variables

tKA&a aSOiA2y LINBaSyida GKS {{DQa NBO2YYSYRSR
of DSG associated with each of 13 VOS varialilesse variables were identified primarily by
reviewing previous VOS reportbut the SSG diverged from existingdies where necessary to

refine the list of variables and ensure that they adequately cover all relevant costs and benefits
associated with DSGE he methods of analyzing each variable were also drawn initially from the
body of prior research on this issusut the SSG again refined the approach where necessary to
accurately assess costs and benefits in the Virginia context. The approaches and data sources
outlined in this section are intended to captuaé direct and indirectosts and benefits of DSG

to utilities, ratepayers, and the general population.

As noted above, the variables can generally be divided into three categories:

1 Enerqy, Capacity, and Grid Support Serviaesided energy, generation capacity,
transmission, distribution, and grid suppd ancillary services

1 Einancial Risk ari@eliabilityRisk fuel price volatility, market price response, and
reliability risk

1 Environmental and Economic Developmerdrbon emissiongther air pollutants,
water, land, and economic development

The descptions below follow a similar format, beginning with an explanation of the basic
principle of how DSG presents costs and/or benefits related to the respective varizduté.
sectionthen describe how the variable has been approached in other VOS studidsdentify
sources of data and information that can be used to estimate the costs and benefits of DSG for
that variable in Virginia. This is followed by a discussion of how each variable would be
influenced by different penetration levels, time periodsd potential technological or market
changes.Finally, each descriptiadentifieshow the variable would be addressed under the
{{DQ&d NBO2YYSYRSR yINNRg> AYidSNMSdkbBdct®E3. | y R

4.1. Avoided Energy

Avoided energy is the most routine and straighitward variable included in VOS studies. The
purpose of this variable is to quantify the avoided aofstitility generating or purchasing of
electricity that is instead supplied lYSG systems. The valueawbided energy idirectedby

the variable costs of the margingéneration beinglisplaced. This marginal value would be

very smalkt times of low denandwhen power is primarily provided yaseload unitswhich

are large, centralized generation faids (typically nuclear or codired) that run all of the time
and are difficult to turn on and off. However, most DSG output occurs in the middle of the
day,”” meaning that the power displaced would come frointermediateé plantsused to meet
regularlyoccurring demand increases (generally in the afternoons and early evenings) beyond

"Reno, Broderick, & Grijalva, 20Bmnart inverter capabilitiefr mitigating overvoltage on distribution sysms
with high penetrations of p\nttp://energy.sandia.gov/wp/wpcontent/gallery/uploads/2013_PVSltVar.pdf.

Analyzing the Costs and BenefitDidtributedSolarGenerationin Virginia p.28



that which can be provided by baseload facilitfeBheseintermediateplants are more easily

dispatchable (i.e., abletturn on and off), and are often naturghs fired’® At times of

SEGNBYSte KAIK LI6SNI RSYFYR 60So3ods K234 adzyYSN
plants, which can include plants powered by a variety of fuels, many of which are particularly

high polluting®® In short,DSG displaces the last udispatched which is often a natural gas

generation facilitybut could be aoal, oil,or nuclearplant.

In addition to the avoided cost of the fuel, several VOS reports also include variable operation/
maintenance costs or projected carbon costs witihiis value categor§: Another
O2y&ARSNI A2y Ay (GKAA NBIFIfY Aa (GKS adzZli SYSyi
wAae fz2aid Ay RSEAOGSNE RdzS (2 AYKSNByld RySFFTAO
This is typically accounted fasing a multiplier that converts the amount of electricity from

DSG into a slightly higher total (e.g:8% more)®3 This higher amount represents the

centralized generation that would have been necessary to meet the demand displaced by DSG,
accounting fo line losses.

Beyond these line losses, other key factors of the avoided energy variable are heétaates

fuel price forecasts, which are included in every VOS study conducted thusdanal gas

prices are most often calculated based on U.Snkdrket price projections or New York
Mercantile Exchange (NYMEX) futures prick$ew VOS reports calculate avoided energy value
within a sample yeaS while others have calculated this as a levelized cost over a twenty
thirty-year period®

The recormended SSG approach is to create a weighted average avoided energy price using
hourly PIMLocationaMarginal Price (LMP) data, weighted by the NREL PV Watts hourly solar
generation profiles Each hourly LMP data point over a twelve month period should be
multiplied by the corresponding PV Watts projected output for that hour. All 8,760 results
(products of price times output for each hour) should be summed up and divided by the total
PV Watts projected output for all 8,760 hours. The resulting weigatedage price for the

latest twelve months should then be projected out into the future using the escalation factor

"8 R.W.Beck, for Arizona Public Service, 20DBtributed renewable energy operating impactslammluation study.
http://www.solarfuturearizona.com/SolarDEStudy.pdf.

9 Ibid.

80 Contreras, Frantzis, Blazewicz, Pinault, & Sawyer, Navigant Consulting, for the National Renewable Energy
Laboratory 2008.Photovoltaics value analysisttp://www.eere.energy.gov/solar/pdfs/42303.pdf.

81 See:Beach & McGuire, Crossborder Energy, for Arizona Public Service, 2013.
82 Rocky Mountain Institute, 2013. p. 25.

83 See: Smeloff2005.Quantifying the benefits of solar power for California
http://ww w.energycollection.us/Energolar/Quantifyingl he Benefits.pdf.

84The heat rate is the amount of energy used by a power plant or an electrical generator to generate 1 kwWh of
electricity.

85 See:R.W.Beck, for Arizona Public Service, 2009.
86 See:Beach &icGuire, Crossborder Energy, for Arizona Public Service, 2013.
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implied by OrAPeak futures prices for the relevant PJM zones. Natural gas futures prices should
be used to project future prices escalatitor years in which PIJM @Peak futures prices are
not available.

The SSG also endorses the inclusion efj@ing transmission and distribution losses as a

multiplier to adjust the avoided energy totallhePJM energy pricing structure includes a

simplemetric representing the line losses from transmission, but not those from distribution.

The analysis of T&D loss&®ould take into account both summer and winter peak loads,
NEO23ayAT Ay3a GKIFIG GKS adGrdisSQa 6 2irdnhublBeaks(  dzi A f
in the summer and winter respectivelyinally, the SSG recognizes thdtvances irstorage

technolog could affect the type and price of avoided energy in future years.

Theavoided energy category cost is a core element of any VOS ¢miopyéndthe SSG
recommends thatt be evaluaed in the narrow, intermediate and broad VOS methodologies.
The narrow methodology would be based on current avoided energy prices, but factoring in an
inflation factor when calculating 3gear levelized cost The intermediate and broad

approaches would utilize levelized-g@ar price projections, again accounting for future price
inflation when calculating 3§ear levelized costdf high levels of DSG penetration are

assumed then these price projectiornsosild take into account the potential marketice

response associated with reduced fuel demand (see section 4.7).

4.2. Generation Capacity

The generation capacity category attempts to quantify tie¢ value that a utilitywould

potentiallyreceive by pogioning investments in new generation infrastructwag a result of

expanded DSG deploymemhinus any losses from stranded assdtsthe short term,

expanded deployment of DSfan save atility money on the generation capacity portion of its

PJM bills Utilities pay PJM a fee for their share of systande capacity, based dheir

respectiveshares of systemwide peak demandand thus a utility that reduces its share of peak

demand can save mones the PJM system reaches its peak demand irstinemer, then

GKSaS OFtOdAZ FdA2ya NS oFaSR 2y (KS ,dziAftAGASa
winter-peaking utility such aBPCaould still experience these savings by reducing its summer

peak demand.

In the longer term, expanded DSG deploymeould present cost savings by reducitige need

to investment in new generation assets, particularly if DSG could be paired with energy storage
technology. However, such a scenario could also create straraeskt costs for utilities. If

increased DS@ere to materially reducéhe output from existing generation, thewners of
thosegenerators wuld receive less revenue. In Virginidilities buy the output from their

own plants in a vertically integrated monoppbnd f a power plant is no longer enomically

GALo6tS GKS {// YIreée lftt2g¢g GKS dziaAfAde (G2 NBO2Q
onto ratepayes. Either outcomeg the benefit of offsetting future capacity investments or the

cost of stranded capacity assejss only realistic iDSG reaches a level of market penetration

FIN) KAIKSNI GKFy GKIFG FfEft26SR o0& GKS adrasqQa O
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Utilities alsohave concerns abowghorterterm generationrelated costs associated with DSG.

Due to its intermittent nature, DSG without stage capability must be paired with baak

GRAALI GOKFof S¢ IASYSNIGA2Y GKFG GKS dziAf AGASaE
an adequate reserve margin (i.e., an amount of generation capacity available above the

maximum amount of demand antgated). The need to maintain a dispatchable reserve
marginmaylimit the extent to which DS@Goulddisplace current or future generation

capacity?’ Additionally,if expanded DSG causes intermediate natural gas units to start and

stop more than they would otherwise have to, then costs related tordtkiced efficiency and
increased wear and team those units should be considereHlowever,a study for PJM found

th$4S G QesBTANIAEEA&GAY I LIRoSNI LXFyda (G2 oS avltt
affect the overall economic impact of the renewable generatioelative to the value garnered

from fuel displacement®

The generation capaciwyalue for DSGsusually calculated based on the percentage of total
solaroutput that is coincidentwith peak demand. This figure is often represented as the
Effective Load Carrying Capacity (ELCC), and must be calculated for each utility servie area.
an illustraton, a study for PJM determingte ELC@r residential DSG to be at £B%using

the most current technologies at optimal sit&sIn several other VOS studjdhis value

category has also included the avoided fixed operations and maintenance (Ckd)or

natural gas pipeline reserve fees linked with reduced capacity n¥eds.

The SSG recommendalculating themarginalgenerationcapacitybenefits of DSG usirigJM2 a

Reliability Pricing Model, which establishes capacity pbesed on a thregrear market

outlook®* TheNREL generation profiteol could be usedo determine the amount of energy

generatedby DSGluring PINR fiive coincident peaks (CPyhemonthly avoided costs auld

then be calculated as theutput for each of the five coincident peaks multiplied by the zonal

capacity costmeasured in $/k\WWmonth, and then averaged.e., divided by five). The value

per MWh can then be calculated by addihg monthlyavoided costs over a year and then

dividing them bythe full NREL projected annual outpur G I ¥ NR Y dzi Adlsébé A Sa Q L v
used to evaluate the value of capacityinally, because some Virginia utilities such as APCo are
winter-peaking, VOS evaluation should look at the actual higbdstLJ- OA G & 2y GKS dzi A
system not only summer peaks

As with the avoided energy category, the SSG recommewasiatinggeneration capacity
impactsthroughout the narrow, intermediate and broad methodologiéghe narrow
methodology wouldbe based orturrent capacityprices,but factoring in an inflation factor

87 pacific Northwest National Laboratqrg014.Duke Energy photovoltaic integration study: Carolinas service
areas www.pnnl.gov/main/publications/external/technical_reports/PN{2B226.pdf

88 See:General Electric International, In2014.PJM renewable integratiortugly.
http://pjm.com/~/media/committees-groups/taskforces/irtf/[postings/prisexecutivesummary.ashx.

8 hid.
9 see: Perez, Norris, & Hoff, Clean Power Research, 2012.
91 See: PIM, 201&eliability pricing modehttp://www.pjm.com/markets-and-operations/rpm.aspx
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when calculating 3@ear levelized costs.h& intermediate and broad approaches would utilize
15yearcostprojection€ ol &SR 2y GKS dziAftAGASaQ Lwtax |3t ;
when calculating 3@ear levelized costs

4.3. Transmission

The transmission variable describes the avoided cost of building and maintaining new

transmission infrastructure. These avoided costs are possible because DSG is produced at the

site of electrc loads and does not have to be routed through the entire grid system &rom

central location.! &  / NRPaad02NRSNJ 9y SNH& NBLIR2NI AYyRAOI{
capacity costs, but only to the extent that solar is producing during the peak demaiudiper

that drive loadNB f | G SR (NI yavYREaaAizy Ay@SaildySyidaoe

The potential transmissicrelated costs and benefits of D&& very locatiorspecific. For

example, these benefits would be greater for DSG located in a transmssnstrained area

than for D& in an area with undeutilized transmission capacityn the latter case there

would be essentially no transmission value, as this value is dependent on the need for future

0N yavyAriaairzy O2adGa GKIG O2dzZ R 0S prdustiolif. - OSR (K
That being said, it is possible that future investments of transmission capital could be deferred

in a high DSG penetration scenario. The infrastructure most likely to be deferred would be that

NEf I G§SR (2 &AydS NS Ragesi, Bighestiokdge/frangmissidniireythat y 2 i
carry energy over the longest distances.

As with the generation capacity variable described above, DSG deployment could help a utility

save money on the transmission capacity portion of its PIM bill BtheD NB RdzOSR (0 KS dz
share of systerwide summespeak demand.These cost savings could be realized even if there

are no biggespicture system benefits related to transmission.

DSG is not likely to produce transmissretated costs, as solar energstallations of 5 MW or
below are not going to be sited on the transmission systé@rger systemssited on the
transmission system, are outside the scope of this study. Such sysiemis be subject to
interconnection studies and the system owners Wbhbave to share the costs of any necessary
transmission upgrades.

Some VOS reports merely calculate a value for this category for certain segments of a utility
area, estimating that levels of solar penetration in other areas would not be large enough to
reduce the necessary transmissicglated capacity® These other reports generally recognize
that transmission infrastructure projects are characteristically location specific, and system age
and use varies greatlylherefore, the local needs and sizédransmission infrastructure are
reflected in the discrepancies among VOS reports, as are the differing rates of demand growth.

92Beach & McGuire, Crossborder Energy, for the North Carolina Sustainable Energy Association (SEAg 2013.
benefits and costs of solar generation for electdtepayers in North Carolina.
energync.org/assets/files/BenefitsandCostsofSolarGenerationforRatepayersinNorthCarolipa fdf.

98 gee:R.W.Beck, for Arizona Public Service, 2009.
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The SSG endorses determining transmission costs using peak energy demand values and the

PJM transmission ratat the one coincident peak used by PJM to allocate the transmission
costs +t ANBAYAIl dziAfAGASAQ F2NBOFaGSR GNFXyavYAaanz2,
to determine longterm marginal transmission cost3hough it is not clear if transmissi

infrastructure could be deferred even at high DSG penetration levels, the SSG maintains that

this category is a core component of any VOS calculation, and thus recommends including it

across all methodologiesThe narrow methodology would be based amrent transmission

prices, whereas the intermediate and broad approaches would ufilizgear transmission cost
LINE2SOGA2ya FTNRY (KS dziAfAGASAQ Lwta

4.4. Distribution

Much like transmission, DSG can help avoid the cost of building and maintaining new
distribution infrastructure.When electricity produced by DSG systems is consumesitesthis
reduces the strain on the distribution gritHowever,DSG can create opdianal issuegor

utilities when they return power back to the distribution grifhe SSG contends that

distribution should be evaluated separately from transmission because of the different peaking
times of distribution circuits, the circumstantial aratationspecific nature of DSG, and the

fact that utility IRPs often only project three to five years in the future, making longer term
projections problematié?

PreviousVOS studies have utilized a variety of techniques to assess distrilvastsmand

benefits, and have identified at least a moderamountof avoided capacityelated

distribution costsas a result oDSG deploymentThe impacts of DSG on the distribution

system are very locatiegspecific, and depend largely on the characteristics ofitlévidual

circuit feeder on which a DSG system is locatddw DSG capacity located in a concentrated
area of growing loads can allow a utility to avoid capital investments in distribution equipment
such as substations and lin®s.

The distribution benefit of DSAslargelydependent on PV generation occurring around the

time of local distribution peaks. Prior studies have noted that the distribution benefit is greater
when DSG is located on circuits that primarily serve commercial loads, which higve da
demand peaks in the afternoon, closer to the time of peak PV ofpttowever, i the circuit

in question is winteipeakingthen DSGuwill have very little impact, as DSG output would not
coincide with the peak strain on that circuitikewise, if demand on that circuit is not growing,
and capacity upgrades are not anticipated, then DSG would not dafefuture capital costs

Most netmetered DSG systems are sized so that, on balance, more of their energy is consumed
on site than réurned to the grid. However, at times when residential loads are low, such as in
the spring and fall when neither heating nor cooling is required, a greater portion of DSG
produced electricity is returned to the gridn many cases, excess generation \gdoe

94 Beach & McGuire, Crossborder Energy, for the North Carolina SEAp2813.
% Perez, Norris, & Hoff, Clean Power Research, 2012.
% Keyes & Rabago, Interstate Renewable Energy Council, 2013.
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consumed at neighboring locations on a given circuit, prior to reaching the nearestatidn,
involving less distribution impact. Howeyarconcentration of DSG on a given distribution

circuit could, in theory, require a utility to invest in nesystem upgrades to accommodate the
variability of DSG generation. Distribution impact concerns are greater when DSG is located on
long circuits with low power demand, such as in rural areas.

Utilities can also avoid shetérm distribution costs by siply disallowing interconnection in
areas where DSG system would require grid upgradesth€r can pass those costs on to the
DSG system owner, as utilities can require the developer of a new resource to pay for any
needed system upgrades before allowthg system to be interconnected to the grid.

DSG deploymentam alsohelp a utility save money on thdistribution portion of its PIM bill if
GKS 5{D NBRdzOSR i K Swidézmuhmeipdak detnand. éstld@st gadingsi @ a 4 SY
could be realized @an if no biggespicture distribution system benefitare realized

The SSG recommends that future VOS studies obtain utility data on planned distribution system
upgrades, to evaluate the potential to defer those investments with increased DSG penetration.
To the extent possible, utilities should also provide data on the current excess generation from
installed DS@oth customer and utilityowned), which can be used to determine the impact of
power flowing back on the grid from PV systeriitfiough the potetial impacts on distribution

from higher penetration levels are not clear, and they could result in a net cost or net benefit,
the SSG believes that there will be no effect at low penetration levels.

The SSG once again considers the distribution categdyg a key feature of any VOS

calculation and it should be addressed in each methodologlge narrow methodology would

be based on currerdistribution prices, whereas the intermediate and broad approaches would

utilize 15yeardistribution cost projeck 2y 4 FTNRBY GKS dziAf AGASEAQ Lwt &«

4.5. Grid Supporind Ancillary Services

Thisvariable encompasses an assortmenpofential ancillary benefitd¢o the electric gridas a
result of increased DSG deployment. While prior VOS reports generally agreectbasad

DSG deployment could help to support grid operations, the elements included in this variable
vary greatly.Generally speaking, these ancillary grid support services include the following:
reactive supply and voltage control; regulation and frequeresponse; energy and generator
imbalance; synchronized and supplemental operating reserves; and scheduling, forecasting,
and system control and dispatch.

Ancillary benefits potentially include avoided service costs to a utility provider, as well as

reliability standards requirements. For instance, load reductions as a result of DSG could
NERdzOS | dziAfAGe@Qad NBIdzZANBYSy(ia Thebegedtoff Ay | yR
such avoided serviceeeds isaddressed by a number of prior VOS studilbsugh several

others citecosts associated with { Dn@eiifor additional grid support services. In Virginia,

utilities could save money on PJM bills from reducing peak demand, even if there are no real
operational savings. This is due to the fact thidities pay PJM a fee for their share of system
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wide capacity. DSG may also provide benefit via voltage regulation and support, particularly
considering the recent advancements in inverter technologies. However, any grid support
benefit would likely rguire high solar penetration and/or energy storage, which, in turn, has its
own costs.

Previous VOS studies have come to differing conclusibast the extent to which DSG either

decreases or increases the need for grid support services, but agreenthaverall impacis

likely marginalt NS @A 2dzd &d0GdzZRASE a3ISYSNItfte F20dza 2y Y
necessary operating reserves, and less precision or rules of thumb are applied to the remainder

of [ancillary services], such as voltage regglafi®® Ehe value associated with grid support

services also varies based upon electricity market structures, the timing and penetration of DSG

in reference to system peaks, and the existing generation mix within an area.

The SSG recommends basing this grid support services value on the PJM bill average for the last
three to five years.The PJIMill for the utilities includes charges for these costs. These costs
can be summed up and normalized per MWh

Grid support servees represent a relatively minor element of the VOS calculation, with little to

no effect at low DSG penetration leveBven at higher penetration levels, benefits could be
negligible. Some of the potential ancillary benefits would require improved itersrand/or

storage technologyAs such, the SSG recommends only addressing grid support services as part
of the broad VOS methodology.

4.6. Fuel Price Volatility

Fuel price volatility refers tdhe value a utility provider receives loptainingDSG at &éixed

price, rather than relying on relatively volatile natural gas priddsst existing VOS reports
NBLINSASYG GKAA GFENARIOofES Fa | omtedifetencelideiwées KSR3
natural gas market price projections and NYMEX natyaalfutures prices for the same time

period. Instead of calculating this value separately, some VOS studies simply use the higher

NYMEX futures prices in their initial avoided energy valuation, disregarding the lower market

price projections.

Prior VOStudies haveypically quantified this category by computing the cost of a risk
mitigation investment that could provide price surety for future fuel purch&8eSor instance,

a utility provider could set aside the whole fuel cost obligation up front, investing the dollars
into a risk free instrument while entering into natural gas futures contracts for future gas
needs. Performing this calculation for each year that DSG opeisttates the risk premium

and provides thevalue of the price hedge of avoiding purchases involving that risk preffium.
One method of calculating the fuel price volatility benefit would be based on the value of a call
option for natural gas. One can cpuote the volume of natural gas needed to produce a MWh

97 Rocky Mountain Institute, 2013. 33.
%8 Jones & Norris, Solar San Antonio and Clean Power Research, 2013.
%9 Perez, Norris, &loff, Clean Power Research, 2012.
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of electricity, based on an average heat rate, and then determine the value that quantity
through a call option on natural gas.

The SSG agrees that natural gas is the primary fuel that would be caatside the fuel price
volatility variable. But rather than simply considering financial mechanisms to hedge against
rising fuel pricesshe SSGecommend looking in a broader sense at the various actions that
utilities take to reduce the risk associatedth natural gas price volatilitylncreasechatural gas
demandresulting fromthed t | Q& LOQRdgi#afiofsBnd itschanging priceelative to
coalcould also increaste potential fornatural gas pricepikes. Furthermore,if DSGid help
stabilize natural gas priceby reducing demandonsumers who use natural gas for home
heating and other purposesould also benefit

The SSG agrees that DSG will have little to no effect on fuel price volatility at low penetration
levels, but maye relevant at higher penetration level§heSSG recommendBscussing
potential directimpacts as part of the intermediate methodology and calculabioth direct

and indirect impact& the broad methodology

4.7. Market Price Response

The market prie response category evaluates the ability of DSG penetration to affect the

market price of traditional fuels used for power generation, potentially demand for fossil fuels,
thereby reducing fuel for a utility providend reducing revenues and profitsrfresource

extraction firms In turn, ratepayers may experience lower electricity pricBsevious VOS

studies have quantified market price response via an investigation of the supply curve and the
subsequent reduction in demanduch analyses firsiddressd NS OlG al Ay 3az ol aSt
value of energy proviclR | 0 0 KS YI NJ $UThdyhil¥o @astor Bndliredt B2nefBsNID ¢
NBadzZ GAy3 FNBY NBRdAdzZOSR YINJ]SG RSYIFIYRX gKAOK O
L322 6 SNJ T NP Y 0f HEREC métdnslysidrgues that thesgrice reductions cannot

be measured directly, as they are based on a counterfactual of what the price would have been
without load reductions.Therefore theynust be modeled, with the total value of market price
redudions calculated as the sum of savings over tiffte.

However, natural gas prices arapacted by a wide variety of supply and demand factors

beyond the electricity market, including direct consumption for heating, vehicles, or industrial
purposes, exportgyipeline constraints, and a host of other factors beyond the scope of this

study. The SSG agrees that due to the complexity of the natural gas miafke®s & Y I NJ S  LINJ
NEB & LJ2 y abS6s likeyBeYligible even in very high penetration scenarios.

TheSSGecommends incorporatinfuture natural gas price assumptioméen calculatinghe
avoided energy cost variahleather than calculatingnarket price responsas a separate

100pid., p. 33 34.
101 |pid., p. 34.
102K eyes & Rabago, Interstate Renewable Energy Council, 2013.
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benefit. Additionaindirectsocietal benefitdrom the market price responseuch as reduced
prices forother natural gagonsumers, should be considered in the broad methodology only.

4.8.ReliabilityRisk

ThereliabilityNA &1 @F NA I 6f S NBFESO0Ga 5{DQa LRGSYOIAlIff i
outages and congestion algrihe transmission and distribution network, increasing the

diversity of the generation portfolio, and providing baai power sources available during

outages through the combination of PV, control technologies, inverters and stétagéis

variable fasbeen calculated as the value of avoided outages based on the total cost of power

outages to the U.S. each year and the ability of DSG to decrease the incidence of such outages.

A common theme among previous VOS studies thafinancial impact of outages is not

necessarily paid by ratepayers, but by society at largdost economic activity, associated tax
impacts, insurance premiums, et@ften, thevalue of DSG in increasing povesailability

during outages can only be riezged if DSG is coupled with storage and equipped with the

OF LI oAf AlGE G2 a&A &peifoyrRsolatddibrdSdorihecedyBEny a powes I NA R
outage, features which come at additional capital costs. Some VOS studies employ the ancillary
services benefit variable as a proxy for grigliability, as the variables are closely relatéd.

The SSG believes that thediabilityo SY STAG 2F 5{ D Aa f20FGA2y aLISC
DSG offers the best potential for a measurafgkability value. Otherwise, in conventional

distributed solar situations, gridonnected solar arrays are inoperable when the grid is down,

due to a safety feature that automatically disconnects the system to protect electrical workers
repairing lines.

Additiond reliability value may be possible with the advent of increased storage and improved
inverter technology that would allow DSG to play a greater role as auyaskurce of power in
the event of a power outagddowever, this would bring additional costskie borne by either

the system owner or the utility.

The SSG recommends discussing potergiability risk impacts as part of the intermediate
methodology and calculating them in the broad methodology, recognizing that potential
benefits will only ste to occur at higher DSG penetration levels. The SSG also notes that the
grid reliability benefits of DSG could be improved with advances in technology (inverters,
controls, storage, etcf®

103Rocky Mountain Institute, 2013
104 Keyes & Rabago, Interstate Renewable Energy Council, 2013.

1055ee: Clean Energy State ! £ t Al yOSS Hnamn o G/ 9{! 1yy2dzy0Sa Lyy20I (Ac¢
+ S NJY 2hyfpd/dvw.icontact-archive.com/WI8NLti6_rrTLiIBSZkzXGBANc_qFdT?w=4
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4.9. Carbon Emissions

Carbon emissions are one of the most ahddiscussed variables in VOS studRReducing

OFNb2y SYAaaAizya KlFa GKS RANBOGU o6SySTFAG 27F 2
they are subject to GHG carbon taxes or GHG emissions standards. While neither is currently
thecase inWAHA YA I = ( KS CQ@regul@idnswoildRifl dRadt&iRepresent a

compliance mandate with associated costs for utilities operating in Virgihafinal rulesare

expected to bassued in June 201%ollowed by a period of time in which states wd develop

and implement plansAdditionally,reducingcarbon emissionwould have societabenefitsby
mitigatingthe impacts of climate change on human health, the environment, and the economy.

The EPA has estimated the cost of compliance with these new regulations by comparing the
modeled system costs with and without the proposed regulations. The EPA model looks at
capital costs for both new and retrofitted power plants, fixed and variableapmns costs, fuel
costs, fuel transportation and storage costs, and the costs of energy efficiency implementation.
The EPA analysis found thihese rules would actually save money Yarginiautilities in the

first couple of yearslargely due to thelisplacement of new power plants that would otherwise

be built. In subsequent yeansowever, the cost of energy efficiency implementation to meet

the CQ regulationswould increase, leading to net costs of $22 million in 2020, $472 million in
2025, and $.1 billion in 203G%

Prior to the release of the proposed ERAvexral VOS studies tguantified the avoided cost of

carbon regulations Most calculateit & | Fdzy Ol A2y 2F GUGKS SYAaarzy
marginal resource and the price of &n& a A2 yndebthis approacithe value of the carbon

emissions benefit would be the produat the cost per ton of pollutant and the emissions rate

of that pollutant in tons per MWh producedOther studies have derived a value for this

category basedn the benefits received due to the avoided environmental damage caused by

carbon emission&?® Alternatively, some VOS studies have incorporated carbon value into the

avoided energy category? Finally, some studies do not include a carlvalue whatsoever.

On average, the studies that evaluate carbon reductions find that they can increase the fvalue o

DSG by over two centeé/Vh 110

The SSG recognizes that DSG cprdgide direct financial benefits to utilities through avoided
compliance costs associated with the potential new ERAregulations, as well as broader
societal benefits from the mitigation of climate change impacts and reduction of fossil fuel
dependene. The SSG recommentizat upon implementation of 111(d) the assessment of
carbon benefits should usgarbon auction prices from the Regional Greenhouse Gas Initiative

106 Environmental Protection Agency, 20T3ean Power Plan compliance costs model
http://ww w2.epa.gov/sites/production/files/201-06/20140602tsdghg-abatementmeasuresscenariol.xIsx

107Rocky Mountain Institute, 2019. 17.

108 see:Navigant Consulting Inc., for NV Energy, 2010.

1095ee:Beach &cGuire, Crossborder Energy, for Arizona Public Service, 2013.
1O9Rocky Mountain Institute, 2013.
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(RGGI) in the northea&t.S. This price isurrently around $8%$5 per ton of C@''! Future
calculations for the actual cost of compliance should be based on whatever final compliance
strategy is adopted in Virginialhe SSG also recommends valuing the broader societal benefits

dzaAy3a GKS 9t! Qa {20Alt / 2eatlfi$3¥dnof/CRND 2y SAGAYL

The SSG recommends calculating carbon emissiaech of the three VOS methodologies.

The narrowest method should address the costs of compliance with EPA regulations, assuming
they are enacted. However, once the regulationstA@oughly established, those compliance
costs are likely to be built into the market price of energy, and will be naturally incorporated as
part of the avoided energy cost variable. In the intermediate methodology, solar valuation
could be measured byegional carbon trading market rates=inally, broader social and health
benefits should be counted in the broad methodology.

4.10.0ther Air Pollutants

Increasing DSG resources may also have an impathen air pollutants beyond carbon
emissions. Chf among these are th@ ONJR G S NR | éreglldtedunidé? the Gidue tg G a
their impact on the environment and human heaglihcludingsulfur dioxide(SQ), nitrogen
oxides NQy), andparticulate matter Fossil fuel consumption is the primary sount¢hese
criteria air pollutants, as well as other toxic air pollutants (e.g., mercury) also regulated by the
EPA Air pollutionhas traditionally been most problematiic Northern Virginiabut air quality

is improving there and the EPA recently redeatgd the region as in attainment of federal
National Ambient Air Quality Standard (NAA®@S particulate matter PM2.5)'3The region is
now only in norattainment for the 8hour ozone NAAQS* Several other regions in Virgia

are required to maintain aB-hour Ozone Maintenance Pldrased on past noattainmentfor
that pollutant. TheselO-yearmaintenance periodare all scheduled to end 20150r 2016115

DSG can provide benefits by offsetting energy that would otherwise be produced byfdiessil
power plants that produce these air pollutants. This benefit is particularly valuable on days of
high electricity demand, when DSG could offset peaking power plants that are often among the
most highly polluting generation facilitie§.he EPA has produced peeviewed analyses on

111 potomacEconomics. Prepared for: RGGlI, Inc., on behalf of the RGGI Parntizipttes, 2014Market monitor
report for auction 24www.rggi.org/docs/Auctions/24/Auction_24 Market_Monitor_Report.pdf.

12 Environmental Protection Agency, 201Bact sheet: Social cost of carbon
http://www.epa.gov/climatechange/Downloads/EPAactivities/dect-sheet.pdf.

113 Federal Registe2014.Volume 79, Number 193Approval and Promulgation of Air Quality Implementation
Plans; District of Columbia, Maryland, and Virgihi#p://www.gpo.gov/fdsys/pkg/FR201410-06/html|/2014-
23624.htm.

114 Environmental Protection Agency, 2014. Green book: Currenatt@inment counties for all criteria pollutants.
http://www.epa.gov/oagps001/greenbk/ancl.html.

115Virginia Department of Environmental Quaji014. Ozone and PM2.5 Regional Planning Activities
http://www.deq.virginia.gov/Programs/Air/AirQualityPlanstOneandPM25RegionalPlanningActivities.aspx
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CAA costs and benef® y R GKS 9t! Qa lylfeara 2F GKS LINE L
includes estimates of the value of reduced criteria pollutibh.

TheRMIlreport discusses two potential methods of estimating the value of criteria pollutant
NBRdAzOUA2y ad hyS | LILINRFOK g2dzZ R 6S o0l aSR 2y a
SYAadaaAz2ya FNR&wvhikdhedhbidwadid esyindate the costs of mediexipenses

FYR 20KSNJ RIYII3Sa YR FaaSaa az20ASi®Qa gAfftAy
However few preceding VOS studies have actuadliculated the cost of criteria air pollutants

on a per kWh basis, and the ones that have typically estimstienppact via @ombined

environmental valugprimarily reflectngthe avoided health care costs and property damages

from reduced levels of air pollutiol¥®12* For example, a study by Crossborder Energy for

Arizona Public Service estimated the value to 88865/MWh or less than four orkundredths

of a cent per kKWH?? Other estimates have ranged as widely as $0.20/MWh to $14/MS¥/h.

One of the most important benefits of DSG is that its output is often highest during times of
peak electricity demand, sometimesferred to as High Electricity Demand Days (HEDDS).
Some of the highest levels of air pollution on the East Coast occur at these fiiverefore,

DS(has the potential to offset not only the average emissions rate over the course of the year,
but alsothe higher emission rates associated with oil and-fy&sl units that operate during
HEDDs Consequentlythe use of average emission rates maylerestimate the value of solar

to reduce air pollution

The SSG recognizes that air pollution cansenumerousrespiratory ailments, particularly for
vulnerable populations (such as children and the elderly)thode living in the vicinity of fossil
fuelfired plants!?* Forests and agricultural yields may be impacted as Wehile large
particulate mater (PMio) was most often analyzed in VOS reports, the SSG recommends
includingsmall particulate matter (Pb%), whichhas greater impact on human health concerns
including asthma and other lung disease amdow addressed by CAA rules.

The SSG recommesidising EPA@id data as the source of information on the extent of
criteria air pollutants from Virginia utilities. aional studies can be used to estimate the costs
and benefitfrom reducing those pollutantsThe air pollution benefit of DSG woulten be

116 See: Evironmental Protection Agency, 201The benefits and costs of the clean air act from 1990 to 2020
www.epa.gov/air/sect812/feb11/fullreport_rev_a.pdf.

117 See: Federal Register, 20@arbon pollutioremission guidelines for existing stationary sources: Electric utility
generating unitshttps://federalregister.gov/a/201413726.

118 Rocky Mountain Institute, 2013. p. 40.

119 hid., p. 40.

120geePerez, Norris, & Hoff, Clean Power Resea2i2.

121 seeHdff, Perez, Braun, Kuhn, & Norris, Clean Power Research, 2006.
122Beach &McGuire, Crossborder Energy, for Arizona Public Service, 2013.

123 see:Contreras, Frantzis, Blazewicz, Pinault, & Sawyer, Navigant Consulting, for the INReiogaable Energy
Laboratay, 2008

124Keyes & Rabago, Interstate Renewable Energy Council, 2013.
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calculated as the cost per ton per pollutant times the emissions rate of that pollutant in tons
per MWh produced.

The SSG recommends calculatimg costs and benefits of DSG framiteria air pollution

reductionas part of each of the three VOS tihedologies. The narrowest method should

address the costs of compliance with existing CAA requirements, which should already be
incorporated into the market price of energy and can be addressed via the avoided energy cost
variable. As with the carbon assions variable, the intermediate methodology should consider
the potential costs of complying with more stringent future regulations. Finally, additional
socetal benefits should be counted in the broad methodology.

4.11. Water

Nuclear, coafired, and some natural gas power plants all use vast amounts of water.
Therefore, the decreased use of water for electric generation can be a potential environmental
benefit of DSGThe displacement of fosdileled power by DSG would alsdng additional

indirect environmental benefits by reducing tisater qualityimpacts of coal and natural gas
extraction.

It should be noted that newer power stations often use less water due to different technology

or site constraint$2® For example, th Virginia City Hybrid Energy Center uses-tamh the

water of a traditional coal plani2® Additionally, some traditional generation stations (for

example North Anna) are built on manmade lakes constructed to cool the power‘plavttjch

reduce impacts2 Yy I G dzNI £ 41 GSNJ 62RASA odzi INKihaly @ Ay Ol
new EPA regulations related to Section 316(b) of the Clean Water Alikeljlllead to more

use of closed cycle cooling and markedly less water usdge.

Previous VOSports have discussed the water usage benefgualitativeterms, focusing on

the value of water to other sectors such as for agricultural, municipal, and recreational

F LILIX AOFGA2yad ¢KS SEGSYyld 2F GKAA 0Sy§FAlG OFy
gl GSN) O2yadzYLIWiA2y LI GGSNya aaz20AFriSR gAGK RA
GYSEFadzZNER o0& GKS LINAOS LI RMovweeNdnly thei@dddbdrdér O2 Y LI

25 sauer, Klop, & Agrawal, 20XDver heating: Financial risks on water constraints on power generation in Asia
http://pdf.wri.org/over_heating_asia.pdf.

126 preston, McCalla, &cudlarick, 201Dominion 585 MW Virginia city hybrid energy center: Project summary
and update http://74.52.3.10/mirrors/www.cbi.com/VirtualPower
Grid/pdfs/power_plants_pdfs/coal/technical_papers/VCHEC%20Project%20Update%20Final.pdf.

27 Energy Informatin Administration, 2010Virginia nuclear profile
http://www.eia.gov/nuclear/state/2008/virginia/va.html

128Burns & McDonnell, 201&ection 316(b) regulatory update
http://www.burnsmcd.com/Resource_/PressRelease/3224/FileUpload/Newsl&i&bUpdateJure2014.pdf.

129 Rocky Mountain Institute, 2013. p. 17.

Analyzing the Costs and BenefitDidtributedSolarGenerationin Virginia p.41



Energy report for AzonaPublic Serviceexplicitly quantified thebenefit of water reduction
estimatingthis value to be approximatelyl8084/MWh130

The SSG agrees that DSG deployment can provide benefits by reducing the use of scarce water
resources, and that there is a cost to society from any water impairment such as pollution or
temperature changeThis could be measured by determining water use ldwWh and

multiplyingby theaverage price inixginiafor commercial water servicesvith future prices
adjusted for inflation. The SSG recommends evaluating compliance costs stemming from new
Clean Water Act Rules (Section 316(b)) affecting thermaepp¥ants. As with carbon

emissions, detailed estimates of those compliance costs can be made once a specific
compliance strategy is implemented in Virginia. This EPA compliance should be included in all
methods, and once the rules are fully implementedir cost can be assumed to be included in
market energy prices. The broad methodology should also seek to evaluate more
comprehensive health and societal benefits from B8Iated water savings.

4.12. Land

The land variable in VOS studies has three primary components, the most obvious of which is
based on the land footprint required for different forms of energy generaéiod the ability of

that land to theoretically be used for other purposeSolar energ thus can have a land benefit

if conventional generation sources are replaced with rouwfunted DSG system€onversely,
largergroundbasedsolararrayscanhave negative land impactgiven that they take require
much more land per MW of power generaii as compared to a conventional powddowever

as noted abovesome traditional generation statiormich as théNorth Annausemanmade

lakesfor cooing,31g KA OK 3ANBIF Gf & Ay ONBI abile iedu@ng fiegaivet A (& Qa
impacts to natural water bodiesGround-based arrays maglsoprovide alandbenefit if they

are located on a brownfield or other location with limited development potenti&ith a

number ofsuchbrownfield sites located in Vimgia, this could be an opportunity to add value to
otherwise unusable landRegarding individual zoning, historic preservation, and related local
decisions, the SSG assumes that best practices would be utilized to minimize these impacts
from solar sitingand placement.

The e&osystem benefits fromsuchreduced land footprint can also be considerethis may

include a slight environmental value associated with land that would have otherwise been used
for conventional generation plants. More significantwever, would be the indirect

ecosystem benefits associated with reduced coal and natural gas extraction asuelssil
generation is displaced by DSG

The addition of DSG can also impact property values, as could, theoretically, the removal of
conventionalenergy infrastructure due to high levels of DSG penetratigstimates of solar
P\WQa A Y lthe @dale alie of oprivate property are beginning to emerge in research
literature, and national realtors plan to add solar energy systems as a feature on their

139Beach & McGuire, Crossborder Energy, for Arizona Public Service, 2013.
BlEnergy Information Administration, 201¥%irginia nuclear profile
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residential multiple listing service (MLS). Thisoplar leads tancreased resale valugthe
difference in picecould be measured as a potential benefidowever, there are examples of
solar leases reducing home resale valtre.

Some VOS studies discuss a benefit of increased local tax revenue associated with the
presumed property value increasek Virginiahowever, jurisdictions are no longer allowed to
tax solar equipment33

However, none of these potential landlated costs or benefits are typically addressed in VOS
studies. While sme reports do mention potential land costs and/or benefits associatiial w
DSG deployment, non¢hus far,have explicitly calculated those impacthe SSG proposes to
excludepotential land impacts within its narrow and intermediate methodologiessigsificant
prospective benefits are only likely in a high solar penetracenaricand sources of data to
measure impact are only just emergingherefore, the possible lanlated costs and benefits
affiliated with DSG will be discussed as part of the broad methodology only.

4.13. Economic Development

Economic developmeninpacts from DSG deployment represent one of the key variable
categories in the most comprehensive of VOS studi4sst prior VOS reports find that DSG
deployment can creatcaljob opportunities for solar installers, leading to other spiif
economic activity. Additional job creation could emerge intdahnical innovation, research
andmanufacturing of solar modules and relatsdpportequipmentin the electrical industry
The economic development variable can be measured in a variety of ways, including the
number of jobs developed or displaced, tax revenues, and/or unemployment rates RMI
report states that most VOS studies have used a multiplier to estimate job ispadtan
average salary or tax revenue metric to estimate the value of the jobs créétédbwever,
there is significant variability in the range of job multipliers utilized by prior VOS studies.
Another important caveat is that jobs may be created in ardidferent than where jobs are
lost as a result of DS@hat is, some geographic regions could endure more costs than benefits
as a result of any job market alterations.

A counterpoint sometimes offered by utilitiestigat solar installation jobs may dewer paying
and havenferior benefitspackageshan jobs at traditional power stations. Howevére SSG
assumeghat newjob opportunities associated with the solar energy industiyuld not
displace jobs at traditional plantsless DSG reacka vely high level of market penetration.

Relatively few studies have actually quantified the economic development benefits into a value
per kWh included as part of the VOS calculati@me approach, demonstrated in a Clean

BLht A2yt tdzoftAO wkRA2 O0btw0OX WdzZ & MpX HAMMDD a[ SI &
http://www.npr.org/2014/07/15/330769382/leaseesolarpanelscancasta-shadowovera-homesvalue

133Virginia General Assembly Legislative Informafiod 4 4 SYZ wnamn @ G{SylrasS .Aft b2o

https://lis.virginia.gov/cgibin/legp604.exe?141+sum+SB418
134 Rocky Mountain Institute, 2013.
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Power Research study on the VOSlew Jersey and Pennsylvania, is to estimate the enhanced

tax revenues connected with net job creation for DSG in contrast to conventional power

generation.¢ KN2 dzaK GKAa f23A03X 5{ D LINE gthighSraates 20l f S
than conventionafeneration. Thesgobs, in turn, translate to tax revenue benefits to all

iF ELI'®SNE ®¢

To ensure that economic development measures are included, and to mitigate some of the

former concerns surrounding this variable category, the SSG recommends the usdoiitBeg Q a
JED{Jobs andeconomic Development Impact) model, which can be used tmattithe

potential economic impactspecific to DS@ the context of Virginia. The JEDI model is a

Microsoft Excel based, us&iendly tool that can estimate jobs and earnings impacts of local or

state level projects across three main categories: pitajevelopment / labor impacts; local
revenue / supply chain impacts; and induced impaétsb w9 [ Q&4 W95L G22f Aa |y
to measure economic impacts of DSG since it can also be used by other stakeholders in

different regulatory and DSG penetraticontexts.

Another suggestion is to evaluate the potential for DSG to attract businesses and jobs based on
improved environmental conditions, observed sustainability efforts, and an enhanced quality of
life, as firms sometimes consider these factors wheniding whether to locateffices and
manufacturing facilitiegn certain states. Additionally, states with a strong clean energy
economy can help corporationgranches of the militaryand other institutiongo meet their

own sustainability, cost managent and energy reliability goals. Energy reliability can also be
an importantfactor that employers use in location decisions, particularly for facilities like labs,
data centers and the military.

However, if increased DSG deployment were to resulverall electricity rate increases,

negative economic spiaff effects could resultFor instance, atudy by theNew York State

Energy Research and Development Authgiity SERDA)odeled the potential job impacts

from the construction of 5,000 MW of PRrbugh the year 2025. The study estimated that

while 2,300PV installation jobs would be createinetloss of 750 jobs per year would océar

I aol &S OI atshatmdsuimss instal&tign-cosds 8f $2-$6.50 per watty the year

2025 These job losseswouldBedzS (2 AYONBlFaSR St SOGNROAGE NI
AyO2YS GKIFI{G ¢2dz R KIS &dzLlIL2 NI SR S¥mbez2eYSyda A
NYSERDA report also predicge#i3 billiondecrease in the gross state prodGSP) between

2013 and 2049 in this base case motlt KS a (i dzRe& Qa & KA Jddthefedarale & OSy
investment tax credit for solar PV wouwdpire after 201@nd that installation costs would

average $2.964.30 per watt by 2025, and estimatedet job loss 02,500 jobger yearand a

$9 billionreduction inG$. However,K S af 26 O2 & (i assunsd Sn/ektdndichaf ¢ KA OK

135perez, Norris, & Hoff, Clean Power Research, 2012. p. 9.

136 National Renewable Energy Laboratory, 2043out JEDinodels
http://www.nrel.gov/analysis/jedi/about_jedi.html

B7New York State Energy Research and Development Auth?@ifyl New York solar study
www.nyserda.ny.gowmedia/Files/Publications/Energinalysis/NYSolarStudyReport.pdf p. 5.

138 | bid.
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the federal tax credit through 202&nd installation costs of $1.482.00 per wattpredicteda
net job increase of 70@psper year and &3 billionincreasein G$. In considering these
findings, itis worth noting that £t t 2 ¥ bost §ce8narmsvefedpeculative, and that New
York and Virginidiffer greatly in terms opolicy and regulatory contexts, geography,
demographics, etc.

The SSG recommends evaluating potential economic development impacts using the NREL JEDI
tool in the intermediate and broad methodologies, and evaluating firm location decisions and
other potential economic effects in the broad methodology.

5. Summary and Conclusions

The SSG recognizes that the shartd longterm value of solar will be dependent on a wide

range of conditions and perspectives. For example, one of the most importanblesria the

value of DSG is the amount of solar energy capacity itself. At lower penetration levels, up to at
fSFaAad GKS wm:> Ol inetdihNglaw, DS® $as litld to doSngpact oyf Qvérall utility
operations. At this level it primarily dis@leS & St SOGNAOAG& IASYSNIrdAzy 7T
plants, which supplement baseload generation during daily peak demand periods and are

primarily naturaigas fueled.

At low penetrationlevelss { D OFy a42YSGAYSa KStLI G23a3RAaLIX I OS
power plants, which only turn on at times of extremely high power demand (e.g., hot summer
afternoons or cold winter mornings). The displacement of peaking plants is particularly
advantageous, as they are often among the most highly polluting soufedsatricity.

However, peak DSG generation does not always match up with peak demand. Solar PV systems
often produce the most powerinthe mid F 0 SNy 22y > ¢gKAf S O2yadzySNEQ
the late afternoon to early evening (in summer) or early mog (in winter).

At higher penetration levels, DSG could have more fundamental impacts on utility operations,
bringing into play potential benefits from avoided generation capacity needs or costs from
stranded generation capacity assets. Higher DSGtpimn could also result in costs or
benefits related to the transmission and distribution networks. very high levels, and with
improved electricity storage technology, DSG could potentially reduce the need for baseload
electricity generation (i.e.rém coaffired and nuclear power plants that run constantly).

Another important factor is that the costs and benefits of a given DSG system, particularly its

impacts on the distribution grid, are greatly influenced by its location. On that note, the
VAINBAYAl DSYySNIf !daSvyofeéeQa uwunmm fSIAAafLFGAZ2Y &
601 . wmMcycO Nl dhaiSRionipidraims shall be prioritized in areas identified

by the utility as areas where localized solar generation would prdwetefits to the utility's

distribution system, including constrained or highN2 ¢ (i K 3Hn\iBér &otos DSG has

BOViAAY Al DSYSNrt ! daSvyote [SIAatlriABS LYyF2N¥VFGA2Y {@&0dS
http://lis.virginia.gov/cgibin/legp604.exe?111+ful+HB1686
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greater distribution benefits imreas with high power demand, particularly in commercial areas
where the peak demand better matches the times when DSG output is at its highest.

Time is also an important factor in DSG valuation, as even at extremely high growth rates DSG
would likely not fundamentally impact utility operations until many years in the future. Market
conditions will also have a major influence, as reaching su¢hgsgetration levels would likely
require continued reductions in the cost of DSG relative to conventional electricity prices.

The extent to which broader societal impacts are included will greatly influence the results of
any VOS analysis. As an altdive to conventional fossfuel generation, DSG offers clear
environmental and public health benefits. The most notable of these are the direct air

pollution and C@reductions from avoided fossil fuel consumption, as well as the ongoing
indirect benefis of reduced fossil fuel extractioleconomic development is another important
area of broad societal impact, but the economic costs and benefits of DSG are less understood.

Changing political or regulatory conditions could also greatly affect VOSatimiosl A prime
example comes fromhe EPR j@roposed C@emission limits fonew and existing power plants.
The future of these proposed regulations, and their impact on utilities, is one of the major
unknown factors in VOS analysht the state levelthe adoption policies to require or promote
DS(; as has been done in Maryland, North Carolina, and elsewher@uld improve the
economic viability of DSG systems. This would presumably lead to greater DSG deployment,
potentially altering its costs anokenefits if market penetration becomes high enough.

Finally, future technological improvements could affect the relative costs of DSG and change
how it interacts with the conventional electricity grith particular, mproved, lowefcost
storageenergy storagdechnologycould helpDSG achievisigherpenetration levels that would
fundamentally alter utility operations. Other factors that could influence the VOS are demand
management practices and the impact of mignad technology.Utilities couldpotentially use
time-of-day rate structures and othetemandmanagement techniques to alter load structures,
allowing forDSQroduction to more effectivelyeduce peak demand. Advances in migral
technologiescould help DSG improve gridliability by providingredundancy and load leveling.

With greater time, resources, and data access, future studies could produce actual values for
the net VOS under each methodology. This would provide greater clarity for policymakers and
stakeholders who wish tonderstand the costs and benefits of solar energy. Other more

targeted studies could also be beneficial. Of particular benefit would be technical studies of key
VOS variables where DSG poses potential costs and benefits that are poorly understood, such
asgeneration capacity, distribution infrastructure, and economic development.
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Appendix 1. Original Letter Study Request from Clerk of the Senate

IRGINIA

COMMONWEALTH OF V

RED MAR 1 20
gk N

SUSAN CLARKE SCHAAR
I

)

i

l

March 13,201
Conead T. Spangles, 111, Direclo
Department of Mines, Miberl Al Energy
| 100 Bank Steeet, 8" Floor
Richmond, VA 2321%
Dear Mr. Spanglet
inform vou that, pursuant to Rule 20 (o) of the Rules of the Sennte of b
Senate Commitiee vo Rules ho eered the subject mattes contan SR o the Dy
Mines. Minesals and Energy Depariment of the Envircament Juality for study. 111s req
nppIe e committee char and bill patron receive O Wrilien rej | : this of
NOVeMmper =V
With kind regards, | am
Sincerely vouesy
Vd } -~
— ( & /. ‘/'/
Ve o " / s
(A A
Susan Clarke Schaar

Rules and Patron of SR 47

SCS:dhl
Sen, John S. Edwards, Chair, Senate Commitiee on i

e
David K. Payloe, Director, Department of Env ronmental Quality

Chery! Juckson, Division of Legisiative Services

wda Edwards, Division of Legislative Services
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