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1 INTRODUCTION

SolarPlus for Electric Gops (SPECs)agprojectof Cliburn and AssociatekLCwith the North
Carolina Clean Energy Technology Center (NC@Ed &)funded by theSolar Energy

Innovation Networkl ed by the National Renewable Energy Laboratory (NREL) and supported
by the U.S. DOE Solar Energy Technologies Office, the Innovation Network was created to
supportprojectteams across the United States that are pursuing novel applications of solar and
other distributed energy resources by providing critical technical expertise and facilitated
stakeholder engagementhis approach helps &nsure all perspectives are heard, key barriers
are identified, and the resulting solutions are robust and readyédptication.The 2022 update
(Version 4 of this manual) was-tunded by the North Carolina Clean Energy Technology
Center, with support from an American Recovery Plan grant. This update includes small
refinements for applications in the public power sectas well as addition of a new use case
and a directpurchase option, which has become attractive to many-teorable utilities since
passage of the Inflation Reduction ABRRA)of 2022.

SPECs aims to increase the pace and impact of-frietite-meter (H'M), solafplus-storage
procurements forelectriccooperativeutilities (co-ops) Electriadistribution co-ops are a
primary target audience, bubcalpublic power utilities, wholesalpower suppliers and other
entities sponsoringpr co-sponsoring solaplus-storageprojects are also likely beneficiaries.
Working in partnership with numerous -@ps andindustrystakeholders, SPECs identified a
combination of factors, including utility staff limitations, the fastangingand specialized
nature of the stoage industry, and the needs of utilithecisionmakingboards, whickcould be
addres®din part by a streamlined earstage decisiofsupport tool.

The SPECEarlyStage Decision (ESDddel is a Excelbased spreadsheet modekhich
providesinformation about the economic and strategic value of a proposatiery-storage
projector solarplusstorage (solaplus) project The assumed battery chemistry is lithition
(LHon), though the model is for the most part agnostic to specific technologlesnodel can

be used tcexplore combinations o$toragerelated projectvalue streams in order to define a
project, while educatingitility decisionrmakers about project benefits and costs. A sensitivity
FylFfeara FdzyOlAz2y &LISE R gnabSaprusasiingtiodsddgsit 2 F a
for top-priority metrics andsupports the inclusion of hartb-monetize values, such as the value
of storage to defer system upgradéshe project can be sited strategically on the local grid
Model outputs include the utility data, assumptigrad usecase scenarios that are
recommended content for the requests for proposéRFPs

The modemay also providé Yy AYAGAI € aal y Al esuppotiSogiither 2 NJ wCt
discussiongnd more refined modeling KS 9 {5 A a-3Na (RSIE &RARSHWYSI (2 :
users are cautionetb be mindful of its limitationgyut the model has been reviewed by users,

who recommend it as a way to drive fastbetter informed project planning.


https://www.nrel.gov/solar/solar-energy-innovation-network.html
https://www.nrel.gov/solar/solar-energy-innovation-network.html

The modefocuses on the exploration dikely battery energy storage system value streams. In
particular, the model helps charaatee savings and costs frdoctaldemand charge reduction,
wholesale coincident peak reductioanergy arbitrage, ancillary serviceales distribution
upgradedeferral, and increased resiliendys noted above, theriginalmodel(2021)assume
procurement using a solar power purchase agreen{®RARndan energystorage service
agreement (ESAbut 2022ESD updatalsoincludes a directpurchase optionFurther, the ESD
model is designed around a process that readily incorporates data and some value outputs
frombw9[ Qa {2adSyYy ! Rwidhisadddssibk RiBd/saminrelaav, SAM is a
free softwaremodel that facilitates technical and economic decisimaking for people in the
renewable energy industryfhe ESD model process flow, showfigure 1 includes scenario
definition, data collection and running SAktditionaldata entry, andhe analysis ofesults.

Results &
Comparison

Scenario Data

Definition Collection Data Entry

- Prepare typical year (8760 - Review initial results
hours) load data

l—{ - Prepare wholesale rates, - Transfer SAM output data
- Define value-streams assumptions - Enter Economic terms - Employ gap analysis to reach
- Identify location and - Validate project pricing data - Enter Cost parameters optimal realistic results
N A Select Js for testi - Enter Charging details

design assumptions - Select use case/s for testing _ Select Value Stack - Rerun Model as necessary to
- Set sl prjec size sopare scorars.r

and battery capacity / valabiity target pricing

duration for test

scenario/s

- |dentify uses for the
solar-plus project - Examine sensitivity analysis

to identify key parameters

e \
SAM

L— - Runone or more SAM

analysis for the solar

generation & focal demand
reduction, if relevant

(& J

Figurel: SPECs Earftage Decision Model Process Flow.
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Excelbased models are not ideal for running computationally intensive calculations. In order to
keep the ExcebasedESDmodel useffriendly, it dovetails with specific functions of a more
complex and detadld model. SAM is a robust technical and finari@anulation toofrom NREL
that allows users to model locatiespecific solar photovoltaic (P$ystem performancend
aspects okolarplusstorage system performance; howeyérdoes not currently allow for the
exploration of multiple value streams fmsolarplusstorage systems, nor is it customized for
local utilityuse.The ESD model taps SAdsimulate annual hourly values for a solar PV system
andto simulate the hourlycharging and discharging of the battery to redloeal systenpeak
demand. This hourly time series data will then be imported into the ESD model to explore the
costs and benefits of addi@gra & G F O1 A y 3 ¢ 0 sforRhR dolarpl@sgtdrdge sgsten.dzS
Details for downloading free SAM software, setting appropriate paramed@c importing the
simulation outputs in the ESD model are detailedmAppendixof this manual, Section 6.3,
Using SAM to Prepare the E®BDdel. Figure 2, below, ialsoincludedin that Appendix.


https://sam.nrel.gov/

Parameters and Defaults to Run SAM and the ESD Node

SAM Parameters

Default Value

Battery Size (KWHAC)

*%

Battery Power (k\AAC)

*%

Min Battery State of Charge

0.15

Max Battery State of Charge

0.95

PV Array Size (KADC)

*%

PVDegradationRate

0.5 %lyear

System Load Data (hourly datgpical year)

ESD Model Parameters

Default Value

PV PPA Price ($/kWh)

*%

Battery ESA price ($/kwh)

*%

Contract Price Escalator 0
PV System Unit Cost ($/W DC) o
Battery Energy Unit Cost ($/kWh AC) wok
IRADirect-Payment ¢r ITC)ncentive 30%
Utility Tax Rate (for MACRS) 35%

Loan Term

Battery Calendaslife DegradationRate

1.0 %lyear

Battery End of Life 80%
BatteryTurnovers toReach90% ofCapacity 1300
Wholesale Energy Cost 1 ($/kWh)

Wholesale Energy Cos{®kWh) 0 $/kwWh
ElectricityCost Escalation rate/year 0

Utility LocalDemandCharge($/kW)




Utility DemandEscalation(rate/year) 0

Utility GoincidentPeakDemand Garge($/kW)

FregRegulationCapacityPayment 0.011 $/kWhr
FregRegulationNominal Price Decline 5 %lyr
FreqRegulation hrs/dayAvailable 24 hrs
Inflation Rate 0.025 /yr
Utility Nominal DiscountRate 0.07 lyr

REC Price 0.002 $/kWh

InfrastructureDeferral Capital Cost ($)*

InfrastructureDeferral Years®

Microgrid Gontroller/ Additional InfrastructureUnit Cost* 300,000 $/MW

Anticipated Outag®uration (hrs)*

Peak of Lost Load (kW)*

AvelostLload (kW)*

Figure2: Parameters and Defaults to RUBAM andhe ESD ModelData marked with an asterisk (*) represent optional
parameters and are not required for basic use of the modehta marked with two asterisks (**) represeritey system
design parameters that may be estimated and then refined through further modelingd@sussed in this manual and its
references All defaults may be adjusted.

3 DETERMINING INITIBATTERYV SIZES

Setting initial batteryand PV system sizes is prerequisite to ugtmgy ESD modeUsersmay

have various constraints, guiding them to PV aizé battery capacity. For example, theyay

already have a P8ystemand wish to add battery storager they may beconstrained by
policy,physical space, financing, or technical limits related to the point of interconnection. Such
considerations can inform the project desiglany usersare unsure of where to begirand
specification of an unusual battery size or system match may constrain vendor responses to the
RFPBackground information on battery operations and degradationctuded in the

Appendix.Test rundor different technicalconfigurations using thESDmodelmay further

inform the user, so they can create increasingly viable solutions.

For many utilities, local peadhaving is a top value stream that can drive theage
acquisition. Here, the duration of a typical peak, which is related to customer load
characteristics and existing loadanagement efforts, may impact project battery
requirements. The broader the peak, the more battery enddyyration)will be requred to
reduce the peak by a given amount as showRigure Jelow.



0.5 MW Peak
~ reduction with
2MWh energy

2 MW Peak
reduction with
2MWh energy

Figure3: lllustrative Example of Peak ShavingOpportunities that can be achieved with a-RIW battery at 1- to 4-hour
durations (providing 2 MW of energy) fa different load shapes.

Depending on scale, the addition of local solar generatiaghout battery energy storage
would typicallyreduce a miedday peak and narrow its duration on the load curvet
effectivelyshift the peakto the evening without creatingdesiredlocal demand savings.

Because the impact of a given battery storage capacity on-pkaking depends upon the
nature of the peaks, the project modeler mighie SAM to run a series of different battery and
solarsizes and observe the output variable

4 G5SYlI YR LIEILBYsHGRLOVEE
Data tables in Figure 4If several runs are being made
with the samebattery energy capacityand
mand peak with system (%] . . . . oy
— increasing the capacity shows little additional
i
Jan 61,270.09 |mpaCt On the demand peak, then One COU|d
o ascertain that the peak is relatively wide and
Demand peak charge with system ($) = . .
D Demand peak charge withoutsysem (8) S| sossos2 additional battery energy capacity woulte
emand peak with system B 250 . . .
"> B cemand Bt o ) 22 required to improve peakdemand reduction.
— e Nc_)te that battery energy capacity is the
e primary cost driver for a battery system, so
Se | 53,01835 aiming for the lowest effetive capaity is
Dec 61,053.67 .
advised.

Figure4: DataTable Outputs from SAM

In practical terms, system planners may first ask whetberer costload management
strategies and technologies have begptimized before they increase the scaleatostly
battery systemFor example, an adjustment tolsr orientation or use of singlaxis tracking
(SAT)mayfacilitate more modest and costffective use of battery storage. In addition,
customer load management @, automated equipment cycling or variable price sigmabsy
helpreduce or even shape the system pe&kiclstrategies can lead toptimizedresultsand
significant savingion battery storage capacitgAM has a useful capability, referred to as
parameric runs, which allows the user to quickly makenpa&hanges tehosenvariablessu
as battery power and duratigrandto quickly test impacts on a chosentput, e.g.,peak
reduction This capability is useful in determining a good range of choicdsaftery energy
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capacity, when peakhaving is a targeted value streahtere is a videposted on YouTube,
that demonstrateghe use of parametric runSee alsthe Appendix for background
information on battery system sizing and operations.

Figure5, below,was produced in Excel using parametric runs in SAM to output annual peak
demandreductioncost savings for-BW battery power with2-, 4-, 6-, and 8MWh capaity,

matched with 2, 4-, and6-MW PV system sizes. The annual peak demand reduction impacts for
the battery were calculated after subtracting out the PV peadtuction impacts. The resulting
financial benefiffor this scenariavas estimated assuming a 15 $/kW demand gleaand a 10

year battery life. This level olemand charge ig/picalin somesthough not altregions of the

U.S) The yaxis is $ saved per MWh of battery installed, so the higher the value the better. As
shownin the graph, the benefits rise steeply at first, from increasiatiery energy capacity

from 2 MWh to 4 MWh. The impact of further incremental increaspgeasto level off,

suggesting thathe peak has been significantly reduced and increasing bategogcity is now
having less peunit impact. Based on preliminary analysis for this scenario, the user might
select a base case with a@ 4MW PVsystem and a-2MW battery of 2hour duration (4
MWh).Note thati KS RA &LJ G§OKAy 3 Sigpatdhicapabiitiesiag bemOl a G A y 3
important factor in this decision

Demand Charge Reduction per MWh of Battery Capddging2-MW Battery Power

$350,000

$300,000

$250,000
$200,000

$150,000

$100,000

$50,000

S Saved / MWh of Battery Installed

$-
0 1 2 3 4 5 6 7 8 9
Battery Bank Energy Capacity (MWh)

——2 MW PV 4 MW PV 6 MW PV

Figure5: Example lllustrating the Economic Impact of Choosing an Optimal Ranggdtiery Capacity (MWh) in a solglus-
storage systermaimed to reducethe system peak, while using-IW PV and a 2MW storage battery.

In order to integrate theeconomic impactsf additional value streams, such as energy
arbitrage, one alternative to SAM parametrimswith peakshaving would be to use an
iterative approachmakingseveralruns in SAM with different PV and battestgsign
configurations andthen exploring eachiun in the SPECs ESD modl&kt is,one might simply
keep increasing the battery and PV parameters until the economic gains begin to plateau.


https://www.youtube.com/watch?v=hunpiLH0TFY&ab_channel=SystemAdvisorModel

4 SPECBXCEBASEESDMODEL

4.1 ESDGenerallnputs Tab
As summarized above, use of the NREL SAM tool is a praitedar running the ESD model.
Section 6.3, Running SAM and Importing Simulation Outputs in the Appendix of this manual
provides support for that first step. After importing data from SAM into 8V Inputstab of
the ESD Excel Workbook, the user camsozn theESD General Inputab and prepare to
model storage and solgrlus project scenarios. The Inputs tab is divided into five sections:

Value Stack Scenario

General Inputs

Results

Gap Analysis Tool

Sensitivity Analysis

Value Stack

=] Ty Movage ociian femves ] ] Lol Dot ] Frew e T v
= e e s e Ty A ity e Ty Ty T reian s - ey s

Scenario

General Inputs

Results

Gap Analysis
Tool

Link to Sensitivity Analysis

Figure6: Overview of the ESD Model Spreadsheet, Inputs Tab.



4.2 Value Streams and Us€aseParameters

Batteries can be dispatched in ways that allow them to capture revenue from different value

streams. However, there are opportunity costs for pursuing different value streams; for

example, if a battery has been discharged to reduce a load peak, it méensted for another
value stream until it has been charged again. Note that the ESD is not a complex optimization
model that can determine a battery dispatch schedule to optimize revenue across multiple

value streams. Instead, the user is presented witleniized combinations of four solglus

storage value streams, sometimes called value stacks, that are accessible to many distribution

utilities now or later, within the project lifetime. The four values streams are:

Reducing the monthly peak demand tre local distribution system (i.e., local demand).

Reducing coincident peak demand on the wholesale provider or the regional
0N yaYAiaarzy
wholesale power supplier.

Shifting energyrbm a time of low value to a time of higher value (i.e., energy arbitrage).

aeaidsSyo ¢KAaA

Aa
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This applies if the local utility has a wholesale tiofieise or seasonal rate.

Using the battery to address ancillary service value, currently limited in this model to

the valueof frequency regulation.

These value streams relate primarily to avoided costs at the wholesale or regemales

level. The user may wish to explore other value streams, such as the ability to shift solar
generation in order to increase solhosting capacity on the local distribution grid. Such value
streams may be highly desirable; however, they are addressed separately in the Gap Analysis

Section 5.1, which may be used after the ESD scenario analysis completed

Theuser is asked to choose one%likely scenariosas shown in Figure 7, that estimate
revenue from prioritizedombinations ofvalue streamskor scenario 1 through 8, each

scenario represents arjoritized list of three value streams. Prioritizatiogsults in the battery

first being dspatched to the top priority, theto the second priority, and finally the thirdror

Scenario 9, the model assumes that only one value, coincident peak (CP) demand reduction; it

is treated as the first and only priority.

Value Stack Priority

1

2

3

5

6

7

1st

Local Demand

Local Demand

Local Demand

Local Demand

CP Demand

CP Demand

CP Demand

CP Demand

CP Demand

2nd

Energy Arbitrage

Ancillary Services

CP Demand

CP Demand

Local Demand

Local Demand

Energy Arbitrage

Ancillary Services

NA

3rd

Ancillary Services

Energy Arbitrage

Energy Arbitrage

Ancillary Services

Energy Arbitrage

Ancillary Services

Ancillary Services

Energy Arbitrage

NA

Figure7: Tab 1 of the ESD Allows Selection Among Eight Combinations ePBgiatorage Value Streams.

In summary, the methodology for assessing multiple value streams is based on a fair

approximation of how batteries function in a solalus-storage, vale-stacked application. The
assumption that the battery system would be discharged for one purpose per day is generally

conservative and is realistic for the purpose of this model.

Note thatunder newlRAguidelines, incentives are available for geishrged batteries as well

as for chargingrom renewable energy project$senerallydesign for griechargingprovides
more flexibility and project valud&kenewable (i.e.,adar-only) charging may be modeledsan

O



additional reference point when designing a gcohnected project with resilience (islanding)
capabilities. Whetheritissol@&y f @ 2NJ ANAR FyR a2t N OKIF NASRX |
be estimatedafter the initial analysigjsing theGapAnalysis togldiscussed in Section 5.1

The ESD is relatively easy to use because it uses simplified operating assumptions. This model
assumes the project is operated first to maximize the primary value stream. For example, in
many cases, this would bedal peakdemand reduction. The battery requirements for this vary,
but assuming operation to maximize the primary value stream, the model would then apply
remaining energy in the battery and available days to fulfill requirements for the secondary
value sream. If energy and days remain to address a tertiary value stream, then the battery
would fill those requirements last. Subsequently, any remaining energy that is not used by the
battery would go to the grid, and for remaining days, the battery wouléefieunused. In

practice, if the battery is properly sized and the selection of value streams is relevant, the
battery is likely to be fully utilized. Definitions fealue-stream optionsinclude:

Demand Reduction
Local DemandDistribution utilities typcally hold wholesale supply contracts from an
electric generating and transmission cooperative (G&T) or another wholesale provider.
Many distribution utilities have a demand charge that is based upon local peak demand
each month, often ranging between 1820 $/kW-. Assuming a favorable wholesale
contract or policy, a battery system may be discharged in order to reduce the monthly
peak and the monthly demand charge. A battery would typically need to be discharged
across multiple days achieweonthly peak demand savings. For some utilities, the single
largest peak in a month is only marginally higher than the next highest peak, meaning
that multiple peaks on multiple days must be reduced in order to reduce the peak
demand bill. Forecasting expence, ceoptimization with load management, and
increasingly, machinkarning software, can be useful for successfully addressing the
peak day and time.
Coincident Peak (CP) Demarnithe coincident peak demand charge is based on the power (kW)
usage thais coincident with the demand peak of the energy supplier or applicable transmission
system. There are variations in CP rates and billing. If the coincident peak were forecasted
accuratelyand providedby the supplier, then the battergould readilyoffset CP demand,
ideally with only 12 dispatches per ye#r.practice, perfect dispatch seldom the cabat a
battery used for CP Demand reduction is typically capable of addressing one or more other
value streams, as wellote that theCoincident PeakCROnly)scenario offers anew option,
introduced in the 2022 update to the model. It assumes that no other value streams are
available to this utilityThis option is more accuratban simLJt @ a1 SNRPAYy 3 2dzié (0 KS
and tertiary value streams in a valatack It is useful for utilities that wish to test a ©mly
scenario before testing additional values that may not materialize in the near future, due to
policy constraints. Specific assumptions and methodologies to cust@iztispatclare
discussedsection 4.3.3, below, as well as in the Appendix Model Logic Section, 6.

1 Clamp, A. (2017). When It Comes to Battery Storage SysterspsGhould Focus on a Primary Application
(Tech Sumillance). National Rural Electric Cooperative Association.

10
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Benefits of a Streamlined Model for EaByage DecisioiMaking

As noted abovgthe ESDnodelis not intended to be aifiancegrade planning model. At the
outset of thisproject, the SPECs team confirmed that, while there are numerous proprietary
and industryprovided project planningnodels(some referenced on th&olar Value Project
website) many of them are not practicédr smalle local utilities This is especially true when
projects facesarlystaged 3 2 @¢¥ 2 R § ThisatheSPECs team designedES&Emodel

as aflexibleprojectscreening and educational tool. It provides a baseline for comparing
different storage use cas in an acceptably accurate and conservative manner. It screens out
use cases that are not economandit spotlightsuse cases that are economicrgarly so. It
also offers an adan gap analysisto assess how real but less commonly considered values
could help a nearly economic project design to meet its economic goals.

Specificallyby using theESDmodek) Gap Analysitool, the user can define the value gap
between initial economic results and the desired outcome (e.g., bex@hk or better results
The ESD model then supports developmenpraicticalstrategies to fill the value gap by
adjusting assumptions or calculatimglue from previously unconsidered value streams;h as
the value of gyrid-upgradedeferralor of resilience enhancements.

There ardimitationsto using a streamlined, spreadshdeised model like the ESD. Yt
model fulfills an important need for eartage planningA key objective of the ESD model is tp
helplocal utilityplanners andhon-technicaldecisionmakers tounderstand solaplus-storage
and storageonly opportunities, and to help themrganize data and performance objectives fq
subsequenRFP development, review, and negotiations.

-

Energy Arbitragelf the wholesale supplieoffers timeof use (TOU)or time of day rates, then

the local utilitywould charge the battery during periods of cheaper energy and dischiarge

during times of more expensive enerdglgus reducing the wholesale energy bill. In some

regions, wholesale T@rates may be imposed instead of demand charges. They also may
complement demand charge reduction, since demand peaks often degirg times when

high TOU rates are imposdd some cases, users may wish to tept@posedTQUrate, in

orderto assesshe risk of future rate changes upothe solarplusstorage acquisitionNote

thatthed SNY Sy SNH@& | NPAGNI IS¢ Aa az2vySaavysSa |faz
generation and dispatch locatly y 2 LISNJ G A2y GKI G Aéa 21 ahwit2S O £ f SR
value may be significanagdiscussed irsection 5.1, Gap Analysif this user's manualjhe

choice of Energy Arbitrage on the Inputs page of this model pertailygo wholesale cost

savings.

Ancillary ServicesThese comprise services that @apt reliable operation of the transmission

and distribution grid. Typical ancillary services include frequency regulation, reactive power and
voltage control, spinning and nespinning reserves, and blackstart capabilities. Assuming that
there is a funcbning regional Independent System Operator (ISO) or Regional Transmission

11
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Operator (RTO) market a balancing authority that is willing to offer ancillary services

compensationa localutility may monetiz ancillary services valdem a solafplus-storage

project.In some caseshe local utilitycouldwork through its wholesale power supplier or
FY20KSNI F33aNB3AFG2N G2 @1t dzS | yR YIANHES Ga QIKyS-aNGh 2
as they plan projects in regions where such markets are emer@lmgESD Ancillary Services

optionis currently designed to account only for the market value of frequency regulation.

An overview obattery-chargingoptionsis summarized belowl heselection ofbattery-
charging parameteris adecisionthat the userinitially needs to make before running SAM
however,it should be checked again as the user prepares to run thent&8BL Thisinput
should automatically set when data is imported from SAM to the ESD model.

Note that under new federalnflation Reduction AdiRA guidelines, incentives are available
for gridcharged batteries as well as for chargbgrenewables, i.e., solamly. Generally, grid
charged project design provides more flexibility ayvdaterproject value. 8lar-only charging
may be modeled as an additional reference ppegpeciallyvhen designing solarplus
battery project with resilience (islanding) capabilgi&ome users may wish to test a battery
only use case, but neither SAM nor the E&iDe expressly designed for that use case.

1 SolarOnly ChargingThe battery may be set to charge only from solar generation. Users
of the ESD model will find th#tthe battery is restricted to charge only from solar, this
gAff tAYAOG GKS oFGGSNERQA F@FAfFOATAGE T2NJ
priority value streams, since the battery will need to wait for solar availability to
recharge. Especially in lmtoons withlimited solar resourceghis could require waiting
at least until the following day before discharging the battery again. If the user chooses
to run SAM with parameters set to allow charging freatar and the gridthey are likely
to see greter revenue streams for the value stacks in the ESD mé&uejects built
usingthe new IRA incentive structures are no longer restridtethis option.

1 Solar or GridChargingProjects designed for grid charging arew eligible for federal
incentivesunder the IRAoffering flexibility that usually improves project economics.
Utilities are encouraged to research evolviRRAguidelines and state incentive
guidelines as well, prior thinalizingdesign decisiorfs

Financingoptions. Earlierversions of theeSDmodel focused on the power purchase agreement
(PPA) method of financing, because rtarable utilities could notisetax credits directlyBut

with implementation of the IRA in 2028lectric ceops, public power utilitiesand other nan-
profits will be @le toreceive direcfederalincentive paymentsThus,the ESD model now

offers two financing options.

1 PPAwith an accompanying batterfEnergy Storage Agreeme(ESA. By using a PPA
andESA, the utility minimizes its dpnt cost acesses accelerated depreciation
(MACR)enefits andlowersproject risk Technology ristor PV systems generally

2 Federal Tax Incentive Guidance Current to September 2022.
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no longer a conceryryet storage technology riskwayaffect some acquisitias (e.g.,if
longterm system maintenance and performance or dispatch capabilities are at issue).
The PPA/ESA approactten includes a service bundlEurther,optimal IRA benefits
hinge on meeting additional project requiremenssich as U.S. equipment sourcinmgla
workforce development measureshich may be easier to meetith a PPAESA
development partnerThe drawback is tha&PAESAtransactioncostsmay add 10 to

20% or more tdhe total project cost. Utilities choosing this option should carefully
review sich costs intheir RFP responses.

1 System purchase optiorNow that nonrtaxable utilities cameceivedirect paymentdor
incentives that were previously only available as tax credits, the purchase option is
increasingly desirabl@he model assumes a 30RAl project incentive, but this number
may be adjusted up or down, based on achieving specific criteria in the IRA guidance
cited below® The user is also advised the monitaher, potentially more current
sourcesFurther, wserdefined inputs, such as ¢hexpected interest ratanayaffectthe
economicf the purchase option

4.3 General Inpus

The sectiontitled General Inputsllows the users to adjust a range of parameters that impact
financial outputs for the modelled battery and PV systé€ulorcoding refers to
(to be modified by the user)
(updated automatically with input/import from SAM)
red (calculations no user interaction).

4.3.1 ValuesThat MustMatch SAM
The values that are used to define the PV system

PV system

capacity and battery system power rating and duratior™ sy si. g 2,000 | be
are automatically updated when new SAM data is gsf:;f::::m — — N
pasted into the SAM Inputs taBecause theESDmodel  eviirst year energy 2,686,681 [kWh
calculations are based upon the time series that egm s A9 Nemeplate LE67 [l AC
from SAM ¢€.g.,solar generation and battery charging [satteysystem Yes
and discharging quantities), these values should not k=385 s .
changed by the useunless the changes are made in _ Maxstate of charge 095
. .. Battery capacity (AC) 8000|kWh AC
SAM and the SAM simulatias subsequentlye-run. e oo
Effective Battery capacity (AC) 6400|kWh AC

Figure8: Valuesimported from SAM

4.3.2 Energy Systerricing Options

This2022 update of the ESD model allows the user to choose either a PPA/ESA option,
signifying procurement through energy and energy services contracts, or to choose a-roject
purchase model, including a purchase of both the solar PV system and the battery .system

3 See Solar Energy Industries Associatioiiation Reduction Act: Solar Energy and Energy Storage Provisions
Summary Accessed Sepinber 21, 2022. Additional resources for raxable utilities are forthcoming.

13


https://www.seia.org/sites/default/files/2022-09/Inflation%20Reduction%20Act%20Summary%20PDF%2008.24.22.pdf
https://www.seia.org/sites/default/files/2022-09/Inflation%20Reduction%20Act%20Summary%20PDF%2008.24.22.pdf

Both the PPA/ESA option and the Asset Purchase Option assume a project life of 25 years for
the financial analysis. The model assumes that the solar project life is readily 25 years or more,
whereas the battery system, if it is not progressively upgraaeli last 15 to 20 years, requiring

a replacement during the system life. Under the PPA/ESA option, the model assumes that the
ESA provider will progressively upgrade or replace the battery during tye&@3ife of the

contract. The ESD conservativasures that battery energy system costs are included for the
life of the project, excluding arsalvage value that would increase the value of the project.

Forthe PPA/ESAricingoption, neither the battery nor the PV systewould be purchased and
ownedby the utility; rather, their energy and energy servieesuld be acquired thragh aPPA
for the solarPV system, accompanied ayattery energyservices agreemerfESA)The user
must setthese pricesand other termsas inputs to the modelas shown in Figure $hemodel
assumes that the PV system is the primeogt, and the battery agreement price is set as an

G I R RNbiedbhat the most common sourcésr utility solar and battergt I R RS N&fert® I G I
utility projects thatare on the scale of 5 MW or above asell into power markets, rather than
primarily meeting distributiorscale needsTherefore, such cost data may need to be adjusted
for local utility useA full explanation of utility solar PPA pricing watlstorage ESA adder, along
with a range of currentmarketpricing data, is available from Berkeley tabfrom Pacific
Northwest National Lab (PNNL).

System Payment Option I PPA/ESA v
Energy System Contract Prices Yes
PV PPAprice 0.060($/kWh

Battery ESA price 0.040|$/kWh
Contract price escalator 0|/yr
PPA+ESAPrice 0.100|$/kWh

Figure9: Energy System Contract Pric&elected prices provided for ilktration only.

For the purpose of understanding PPA/ESA pricing, it is useful to sethéhstorageadder is
affected bythe ratio of battery capacity to PV capacitgther thansolelyas afunction of

battery energy capacityl his makes sense, sindetPPA price is paid for every unit of energy
produced by the PV system. If the battery system can only store a small percentage of the PV
energy, one would not expect that user to pay a large battery storage adder for the PV PPA
price (i.e., the batterys only being utilized for a fraction of the solar production). If, however,
the battery systentanstore a larger percemigeof the solar PV production, one would expect
the adder to increase, as the battery storage will likely be utilized with each unit of energy
produced by the PV systerigure 10 illustrates the impact tife capacity ratio on storage

adder pricing, as repted in a 2022 UtilityScale Solar market review from EBL

Note that when assessing local utility projetitat aredesigned fodemandcharge reduction,
the number of battery discharges per year, as well as the depth of discharge, have a major

4 For current reports on recent solar PPA pricing, s&es://femp.lbl.gov/utility-scalesolar
5PNNL Energy Cost and Performance Datalvetiigved September 2022.
6 Bolinger, M., Seel, J., Warner, C., & Robsor2@22). Utilityscale solar: 2022 Edition.
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impact kattery life and therefore on levelizecbst based ESA pricing. Such projects may have a
high battery to PV capacity ratio logsign butmay utilize that capacity for relatively few hours
per year, practically supporting a somewhat loveaist adder.

Figue 10: Levelized Storage Adder for Hybrid SeRlusStorage Projects is shown as a function of battery to PV capacity.
Note that batteries desigred for market applicationsare often fully utilized as designedSource: Bolinger edl, 2022

Pricing folPPA and ESA addersary considerably from region to region, amdy berelatively
volatile, due largely to suppighain uncertaintyUsers of the ESD modwahy consider initially
setting pricing levels from 30 to 45 $/MWh for thel@oPPAthe national average cost in 2021
was33 $/MWh), with battery adder of 15 to 30 $/MWh. Users may then work with the ESD
sensitivity analysis tool to establish an acceptable price range to test via an RFI or more
regionally specific cost research.

Utility projects underl MW may bepriced closer to leye-commercial scaleReferto sources
cited in the assepurchase section belovidsers thathave limitedaccess to markespecific
pricing dataand a primary interest ipeak reductiormayinitially testa PPA price in the range
of 0.045- 0.0% $/kWh for the PV with an ESAdderprice of 0035 - 0.045 $/kWh fortypical
systemgassuming 2to 4-hour durations. Users may set ESA pricomgthe higher enaf this
scalefor battery systems thatvill store a larger fraction of energy produced by the PVesyst

The impact of PPA or E8éntracttransactioncosts is alseelativelygreater on smaller

projects leadingsome utilities to prefer the assqturchase option (see below), so long as they
tap IRA incentive. Whatever path the utility choses for its acquisition, note that pricing is
currently volatile. ESD modeling can help utilities to optimize their projectsplbut current,
regionspecific pricing is best discovered through the procurement process itsiifmation
gleaned fronrunning different acquisition scenarios, as welbasearlystage Request for
Information (RFland informatltalkswith vendors ae all highly useful A graphic summarizing
the overall procurement process for utility solplus-storage is included in the Appendix.
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