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1 INTRODUCTION 
 
Solar-Plus for Electric Co-ops (SPECs) is a project of Cliburn and Associates, LLC, with the North 
Carolina Clean Energy Technology Center (NCCETC) and co-funded by the Solar Energy 
Innovation Network. Led by the National Renewable Energy Laboratory (NREL) and supported 
by the U.S. DOE Solar Energy Technologies Office, the Innovation Network was created to 
support project teams across the United States that are pursuing novel applications of solar and 
other distributed energy resources by providing critical technical expertise and facilitated 
stakeholder engagement. This approach helps to ensure all perspectives are heard, key barriers 
are identified, and the resulting solutions are robust and ready for replication. The 2022 update 
(Version 4 of this manual) was co-funded 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 sector, as well as addition of a new use case 
and a direct-purchase option, which has become attractive to many non-taxable utilities since 
passage of the Inflation Reduction Act (IRA) of 2022. 
 
SPECs aims to increase the pace and impact of front-of-the-meter (FTM), solar-plus-storage 
procurements for electric cooperative utilities (co-ops). Electric distribution co-ops are a 
primary target audience, but local public power utilities, wholesale power suppliers, and other 
entities sponsoring, or co-sponsoring solar-plus-storage projects are also likely beneficiaries. 
Working in partnership with numerous co-ops and industry stakeholders, SPECs identified a 
combination of factors, including utility staff limitations, the fast-changing and specialized 
nature of the storage industry, and the needs of utility decision-making boards, which could be 
addressed in part by a streamlined early-stage decision-support tool.  
 
The SPECs Early-Stage Decision (ESD) model is an Excel-based spreadsheet model, which 
provides information about the economic and strategic value of a proposed battery-storage 
project or solar-plus-storage (solar-plus) project. The assumed battery chemistry is lithium-ion 
(Li-Ion), though the model is for the most part agnostic to specific technologies. The model can 
be used to explore combinations of storage-related project value streams in order to define a 
project, while educating utility decision-makers about project benefits and costs. A sensitivity 
ŀƴŀƭȅǎƛǎ ŦǳƴŎǘƛƻƴ ǎǇŜŜŘǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ άǿƘŀǘ-ƛŦέ ǎŎenarios. A gap analysis function solves 
for top-priority metrics and supports the inclusion of hard-to-monetize values, such as the value 
of storage to defer system upgrades if the project can be sited strategically on the local grid. 
Model outputs include the utility data, assumptions, and use-case scenarios that are 
recommended content for the requests for proposals (RFPs). 
 
The model may also provide ŀƴ ƛƴƛǘƛŀƭ άǎŀƴƛǘȅ ŎƘŜŎƪέ ŦƻǊ wCt ǊŜǎǇƻƴǎŜǎ, supporting further 
discussions and more refined modeling. ¢ƘŜ 9{5 ƛǎ ƴƻǘ ŀ άŦƛƴŀƴŎŜ-ƎǊŀŘŜέ ƳƻŘŜƭƛƴƎ ǘƻƻƭΣ ŀƴŘ 
users are cautioned to be mindful of its limitations, but the model has been reviewed by users, 
who recommend it as a way to drive faster, better informed project planning. 
 

https://www.nrel.gov/solar/solar-energy-innovation-network.html
https://www.nrel.gov/solar/solar-energy-innovation-network.html
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The model focuses on the exploration of likely battery energy storage system value streams. In 
particular, the model helps characterize savings and costs from local demand charge reduction, 
wholesale coincident peak reduction, energy arbitrage, ancillary services sales, distribution 
upgrade deferral, and increased resiliency. As noted above, the original model (2021) assumes 
procurement using a solar power purchase agreement (PPA) and an energy storage service 
agreement (ESA), but 2022 ESD update also includes a direct-purchase option. Further, the ESD 
model is designed around a process that readily incorporates data and some value outputs 
from bw9[Ωǎ {ȅǎǘŜƳ !ŘǾƛǎƻǊ aƻŘŜƭ ό{!aύ, which is accessible at https://sam.nrel.gov/. SAM is a 
free software model that facilitates technical and economic decision-making for people in the 
renewable energy industry. The ESD model process flow, shown in Figure 1, includes scenario 
definition, data collection and running SAM, additional data entry, and the analysis of results. 
 

 
Figure 1: SPECs Early-Stage Decision Model Process Flow. 

2 bw9[Ω{ {¸{¢9a !5±L{hw ah59[ ό{!aύ 
Excel-based models are not ideal for running computationally intensive calculations. In order to 
keep the Excel-based ESD model user-friendly, it dovetails with specific functions of a more 
complex and detailed model. SAM is a robust technical and financial simulation tool from NREL 
that allows users to model location-specific solar photovoltaic (PV) system performance and 
aspects of solar-plus-storage system performance; however, it does not currently allow for the 
exploration of multiple value streams from solar-plus-storage systems, nor is it customized for 
local utility use. The ESD model taps SAM to simulate annual hourly values for a solar PV system 
and to simulate the hourly charging and discharging of the battery to reduce local system peak 
demand. This hourly time series data will then be imported into the ESD model to explore the 
costs and benefits of adding (or άǎǘŀŎƪƛƴƎέύ ŀŘŘƛǘƛƻƴŀƭ ǾŀƭǳŜs for the solar-plus-storage system. 
Details for downloading free SAM software, setting appropriate parameters, and importing the 
simulation outputs in the ESD model are detailed in an Appendix of this manual, Section 6.3, 
Using SAM to Prepare the ESD model. Figure 2, below, is also included in that Appendix.  
 
 

https://sam.nrel.gov/


4 
 

 
 

Parameters and Defaults to Run SAM and the ESD Model 
 

SAM Parameters Default Value 

Battery Size (kWh-AC) **  

Battery Power (kW-AC) **  

Min Battery State of Charge 0.15 

Max Battery State of Charge 0.95 

PV Array Size (kW-DC) **  

PV Degradation Rate  0.5 %/year 

System Load Data (hourly data, typical year)  

  

ESD Model Parameters Default Value 

PV PPA Price ($/kWh)  **  

Battery ESA price ($/kWh)  **  

Contract Price Escalator 0 

PV System Unit Cost ($/W DC) **  

Battery Energy Unit Cost ($/kWh AC) **  

IRA Direct-Payment (or ITC) Incentive 30% 

Utility Tax Rate (for MACRS) 35% 

Loan Term  

Battery Calendar-Life Degradation Rate 1.0 %/year 

Battery End of Life  80% 

Battery Turnovers to Reach 90% of Capacity 1300 

Wholesale Energy Cost 1 ($/kWh)  

Wholesale Energy Cost 2 ($/kWh) 0 $/kWh 

Electricity Cost Escalation rate/year  0 

Utility Local Demand Charge ($/kW)  
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Utility Demand Escalation (rate/year) 0 

Utility Coincident Peak Demand Charge ($/kW)  

Freq Regulation Capacity Payment 0.011 $/kW-hr 

Freq Regulation Nominal Price Decline 5 %/yr 

Freq Regulation hrs/day Available 24 hrs 

Inflation Rate 0.025 /yr 

Utility Nominal Discount Rate 0.07 /yr 

REC Price 0.002 $/kWh 

Infrastructure Deferral Capital Cost ($)*  

Infrastructure Deferral Years*   

Microgrid Controller/Additional Infrastructure Unit Cost*  300,000 $/MW 

 Anticipated Outage Duration (hrs)*  

Peak of Lost Load (kW)*  

Ave Lost Load (kW)*  

Figure 2: Parameters and Defaults to Run SAM and the ESD Model. Data marked with an asterisk (*) represent optional 
parameters and are not required for basic use of the model. Data marked with two asterisks (**) represent key system-
design parameters that may be estimated and then refined through further modeling, as discussed in this manual and its 
references. All defaults may be adjusted. 

3 DETERMINING INITIAL BATTERY/ PV SIZES 
 
Setting initial battery and PV system sizes is prerequisite to using the ESD model. Users may 
have various constraints, guiding them to PV size and battery capacity. For example, they may 
already have a PV system and wish to add battery storage, or they may be constrained by 
policy, physical space, financing, or technical limits related to the point of interconnection. Such 
considerations can inform the project design. Many users are unsure of where to begin, and 
specification of an unusual battery size or system match may constrain vendor responses to the 
RFP. Background information on battery operations and degradation is included in the 
Appendix. Test runs for different technical configurations using the ESD model may further 
inform the user, so they can create increasingly viable solutions. 
 
For many utilities, local peak-shaving is a top value stream that can drive the storage 
acquisition. Here, the duration of a typical peak, which is related to customer load 
characteristics and existing load-management efforts, may impact project battery 
requirements. The broader the peak, the more battery energy (duration) will be required to 
reduce the peak by a given amount as shown in Figure 3 below. 
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Figure 3: Illustrative Example of Peak Shaving Opportunities that can be achieved with a 2-MW battery at 1- to 4-hour 
durations (providing 2 MWh of energy) for different load shapes. 

 
Depending on scale, the addition of local solar generation without battery energy storage 
would typically reduce a mid-day peak and narrow its duration on the load curve, but 
effectively shift the peak to the evening, without creating desired local demand savings. 
 
Because the impact of a given battery storage capacity on peak-shaving depends upon the 
nature of the peaks, the project modeler might use SAM to run a series of different battery and 

solar sizes and observe the output variable 
ά5ŜƳŀƴŘ ǇŜŀƪ ǿƛǘƘ ǎȅǎǘŜƳ όƪ²ύΣέ ŀǎ ǎƘƻǿƴ 
in Figure 4. If several runs are being made 
with the same battery energy capacity, and 
increasing the capacity shows little additional 
impact on the demand peak, then one could 
ascertain that the peak is relatively wide and 
additional battery energy capacity would be 
required to improve peak demand reduction. 
Note that battery energy capacity is the 
primary cost driver for a battery system, so 
aiming for the lowest effective capacity is 
advised.  
 
 

In practical terms, system planners may first ask whether lower cost load management 
strategies and technologies have been optimized, before they increase the scale of a costly 
battery system. For example, an adjustment to solar orientation or use of single-axis tracking 
(SAT) may facilitate more modest and cost-effective use of battery storage. In addition, 
customer load management (e.g., automated equipment cycling or variable price signals) may 
help reduce or even shape the system peak. Such strategies can lead to optimized results and 
significant savings on battery storage capacity. SAM has a useful capability, referred to as 
parametric runs, which allows the user to quickly make many changes to chosen variables, such 
as battery power and duration, and to quickly test impacts on a chosen output, e.g., peak 
reduction. This capability is useful in determining a good range of choices for battery energy 

Figure 4: Data Table Outputs from SAM. 
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capacity, when peak-shaving is a targeted value stream. Here is a video posted on YouTube, 
that demonstrates the use of parametric runs. See also the Appendix for background 
information on battery system sizing and operations. 
 
Figure 5, below, was produced in Excel using parametric runs in SAM to output annual peak-
demand reduction cost savings for 2-MW battery power with 2-, 4-, 6-, and 8-MWh capacity, 
matched with 2-, 4-, and 6-MW PV system sizes. The annual peak demand reduction impacts for 
the battery were calculated after subtracting out the PV peak-reduction impacts. The resulting 
financial benefit for this scenario was estimated assuming a 15 $/kW demand charge and a 10-
year battery life. (This level of demand charge is typical in someςthough not allςregions of the 
U.S.) The y-axis is $ saved per MWh of battery installed, so the higher the value the better. As 
shown in the graph, the benefits rise steeply at first, from increasing battery energy capacity 
from 2 MWh to 4 MWh. The impact of further incremental increases appears to level off, 
suggesting that the peak has been significantly reduced and increasing battery capacity is now 
having less per-unit impact. Based on preliminary analysis for this scenario, the user might 
select a base case with a 2- or 4-MW PV system and a 2-MW battery of 2-hour duration (4 
MWh). Note that ǘƘŜ ŘƛǎǇŀǘŎƘƛƴƎ ŜƴǘƛǘȅΩǎ ŦƻǊŜŎŀǎǘƛƴƎ ŀƴŘ Řispatch capabilities may be an 
important factor in this decision.  
 

Demand Charge Reduction per MWh of Battery Capacity, Using 2-MW Battery Power 

 
Figure 5: Example Illustrating the Economic Impact of Choosing an Optimal Range for Battery Capacity (MWh) in a solar-plus-
storage system aimed to reduce the system peak, while using 2-MW PV and a 2-MW storage battery.   

In order to integrate the economic impacts of additional value streams, such as energy 
arbitrage, one alternative to SAM parametric runs with peak-shaving would be to use an 
iterative approach, making several runs in SAM with different PV and battery design 
configurations, and then exploring each run in the SPECs ESD model. That 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
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4 SPECs EXCEL-BASED ESD MODEL 
 

4.1 ESD General Inputs Tab 
As summarized above, use of the NREL SAM tool is a prerequisite for 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 the SAM Inputs tab of 
the ESD Excel Workbook, the user can focus on the ESD General Inputs tab and prepare to 
model storage and solar-plus project scenarios. The Inputs tab is divided into five sections:  

 Value Stack Scenario 
 General Inputs 
 Results 
 Gap Analysis Tool 
 Sensitivity Analysis 

 

Figure 6: Overview of the ESD Model Spreadsheet, Inputs Tab. 
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4.2 Value Streams and Use-Case Parameters 
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 may not be used 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 with prioritized combinations of four solar-plus-
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 on the local distribution system (i.e., local demand). 
 Reducing coincident peak demand on the wholesale provider or the regional 
ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳΦ ¢Ƙƛǎ ƛǎ ǘȅǇƛŎŀƭƭȅ ŀ ŎƘŀǊƎŜ ǇŀǎǎŜŘ ǘƘǊƻǳƎƘ ōȅ ǘƘŜ ƭƻŎŀƭ ǳǘƛƭƛǘȅΩǎ 
wholesale power supplier.  

 Shifting energy from a time of low value to a time of higher value (i.e., energy arbitrage). 
This applies if the local utility has a wholesale time-of-use or seasonal rate.   

 Using the battery to address ancillary service value, currently limited in this model to 
the value of frequency regulation.  

 
These value streams relate primarily to avoided costs at the wholesale or regional-services 
level. The user may wish to explore other value streams, such as the ability to shift solar 
generation in order to increase solar-hosting 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 
 
The user is asked to choose one of 9 likely scenarios, as shown in Figure 7, that estimate 
revenue from prioritized combinations of value streams. For scenario 1 through 8, each 
scenario represents a prioritized list of three value streams. Prioritization results in the battery 
first being dispatched to the top priority, then to the second priority, and finally the third. For 
Scenario 9, the model assumes that only one value, coincident peak (CP) demand reduction; it 
is treated as the first and only priority. 
 

 
 

Figure 7: Tab 1 of the ESD Allows Selection Among Eight Combinations of Solar-Plus-Storage Value Streams. 

 
In summary, the methodology for assessing multiple value streams is based on a fair 
approximation of how batteries function in a solar-plus-storage, value-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 that under new IRA guidelines, incentives are available for grid-charged batteries as well 
as for charging from renewable energy projects. Generally, design for grid-charging provides 
more flexibility and project value. Renewable (i.e., solar-only) charging may be modeled as an 
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additional reference point when designing a grid-connected project with resilience (islanding) 
capabilities. Whether it is solar-ƻƴƭȅ ƻǊ ƎǊƛŘ ŀƴŘ ǎƻƭŀǊ ŎƘŀǊƎŜŘΣ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜǎƛƭƛŜƴŎŜ ǾŀƭǳŜ Ƴŀȅ 
be estimated after the initial analysis, using the Gap Analysis tool, discussed 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 be local peak-demand 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 stream. 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 would be left unused. 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 for value-stream options include: 
 
Demand Reduction 

 Local Demand. Distribution utilities typically 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 10 and 20 $/kW1. 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 achieve monthly 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 experience, co-optimization with load management, and 
increasingly, machine-learning software, can be useful for successfully addressing the 
peak day and time. 

Coincident Peak (CP) Demand. The coincident peak demand charge is based on the power (kW) 
usage that is 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 
accurately and provided by the supplier, then the battery could readily offset CP demand, 
ideally with only 12 dispatches per year. In practice, perfect dispatch seldom the case, but a 
battery used for CP Demand reduction is typically capable of addressing one or more other 
value streams, as well. Note that the Coincident Peak (CP-Only) scenario offers a new option, 
introduced in the 2022 update to the model. It assumes that no other value streams are 
available to this utility. This option is more accurate than simǇƭȅ άȊŜǊƻƛƴƎ ƻǳǘέ ǘƘŜ ǎŜŎƻƴŘŀǊȅ 
and tertiary value streams in a value stack. It is useful for utilities that wish to test a CP-Only 
scenario before testing additional values that may not materialize in the near future, due to 
policy constraints. Specific assumptions and methodologies to customize CP dispatch are 
discussed Section 4.3.3, below, as well as in the Appendix Model Logic Section, 6. 

 
1 Clamp, A. (2017). When It Comes to Battery Storage Systems, Co-ops Should Focus on a Primary Application 

(Tech Surveillance). National Rural Electric Cooperative Association.  

https://www.cooperative.com/programs-services/bts/Documents/TechSurveillance/TS-Battery-Energy-Storage-Systems-Feb-2017.pdf
https://www.cooperative.com/programs-services/bts/Documents/TechSurveillance/TS-Battery-Energy-Storage-Systems-Feb-2017.pdf
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Benefits of a Streamlined Model for Early-Stage Decision-Making 
 
As noted above, the ESD model is not intended to be a finance-grade planning model. At the 
outset of this project, the SPECs team confirmed that, while there are numerous proprietary 
and industry-provided project planning models (some referenced on the Solar Value Project 
website), many of them are not practical for smaller local utilities. This is especially true when 
projects face early-stage άƎƻκƴƻ-Ǝƻέ ŘŜŎƛǎƛƻƴs. Thus, the SPECs team designed the ESD model 
as a flexible project screening and educational tool. It provides a baseline for comparing 
different storage use cases in an acceptably accurate and conservative manner. It screens out 
use cases that are not economic, and it spotlights use cases that are economic or nearly so. It 
also offers an add-on gap analysis to assess how real but less commonly considered values 
could help a nearly economic project design to meet its economic goals. 
 
Specifically, by using the ESD modelΩǎ Gap Analysis tool, the user can define the value gap 
between initial economic results and the desired outcome (e.g., break-even or better results). 
The ESD model then supports development of practical strategies to fill the value gap by 
adjusting assumptions or calculating value from previously unconsidered value streams, such as 
the value of a grid-upgrade deferral or of resilience enhancements.  
 
There are limitations to using a streamlined, spreadsheet-based model like the ESD. Yet this 
model fulfills an important need for early-stage planning. A key objective of the ESD model is to 
help local utility planners and non-technical decision-makers to understand solar-plus-storage 
and storage-only opportunities, and to help them organize data and performance objectives for 
subsequent RFP development, review, and negotiations.  

 
Energy Arbitrage. If the wholesale supplier offers time of use (TOU) or time of day rates, then 
the local utility would charge the battery during periods of cheaper energy and discharge it 
during times of more expensive energy, thus reducing the wholesale energy bill. In some 
regions, wholesale TOU rates may be imposed instead of demand charges. They also may 
complement demand charge reduction, since demand peaks often occur during times when 
high TOU rates are imposed. In some cases, users may wish to test a proposed TOU rate, in 
order to assess the risk of future rate changes upon the solar-plus-storage acquisition. Note 
that the ǘŜǊƳ άŜƴŜǊƎȅ ŀǊōƛǘǊŀƎŜέ ƛǎ ǎƻƳŜǘƛƳŜǎ ŀƭǎƻ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ǾŀƭǳŜ ƻŦ ƳŀƴŀƎƛƴƎ ǎƻƭŀǊ 
generation and dispatch locallyςŀƴ ƻǇŜǊŀǘƛƻƴ ǘƘŀǘ ƛǎ ŀƭǎƻ ŎŀƭƭŜŘ άǎƻƭŀǊ ǎƘƛŦǘƛƴƎ.έ ²ƘƛƭŜ that 
value may be significant (as discussed in Section 5.1, Gap Analysis, of this user's manual), the 
choice of Energy Arbitrage on the Inputs page of this model pertains only to wholesale cost 
savings. 
 
Ancillary Services. These comprise services that support reliable operation of the transmission 
and distribution grid. Typical ancillary services include frequency regulation, reactive power and 
voltage control, spinning and non-spinning reserves, and blackstart capabilities. Assuming that 
there is a functioning regional Independent System Operator (ISO) or Regional Transmission 

http://www.solarvalueproject.com/
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Operator (RTO) market or a balancing authority that is willing to offer ancillary services 
compensation, a local utility may monetize ancillary services value from a solar-plus-storage 
project. In some cases, the local utility could work through its wholesale power supplier or 
ŀƴƻǘƘŜǊ ŀƎƎǊŜƎŀǘƻǊ ǘƻ ǾŀƭǳŜ ŀƴŘ ƳŀǊƪŜǘ ǘƘŜǎŜ ǎŜǊǾƛŎŜǎΦ ¦ǎŜǊǎ ŀƭǎƻ Ƴŀȅ ǘŜǎǘ άǿƘŀǘ-ƛŦέ ǎŎŜƴŀǊƛƻǎΣ 
as they plan projects in regions where such markets are emerging. The ESD Ancillary Services 
option is currently designed to account only for the market value of frequency regulation. 
 
An overview of battery-charging options is summarized below. The selection of battery-
charging parameters is a decision that the user initially needs to make before running SAM; 
however, it should be checked again as the user prepares to run the ESD model. This input 
should automatically set when data is imported from SAM to the ESD model. 
 
Note that under new federal Inflation Reduction Act (IRA) guidelines, incentives are available 
for grid-charged batteries as well as for charging by renewables, i.e., solar-only. Generally, grid-
charged project design provides more flexibility and greater project value. Solar-only charging 
may be modeled as an additional reference point, especially when designing a solar-plus 
battery project with resilience (islanding) capabilities. Some users may wish to test a battery-
only use case, but neither SAM nor the ESD were expressly designed for that use case.  
 

¶ Solar-Only Charging. The battery may be set to charge only from solar generation. Users 
of the ESD model will find that if the battery is restricted to charge only from solar, this 
ǿƛƭƭ ƭƛƳƛǘ ǘƘŜ ōŀǘǘŜǊȅΩǎ ŀǾŀƛƭŀōƛƭƛǘȅ ŦƻǊ ŀƭƭ ǾŀƭǳŜ ǎǘǊŜŀƳǎΣ ŜǎǇŜŎƛŀƭƭȅ ǎŜŎƻƴŘ ŀƴŘ ǘƘƛǊŘ 
priority value streams, since the battery will need to wait for solar availability to 
recharge. Especially in locations with limited solar resources, this 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 from solar and the grid, they are likely 
to see greater revenue streams for the value stacks in the ESD model. Projects built 
using the new IRA incentive structures are no longer restricted to this option. 

¶ Solar or Grid Charging. Projects designed for grid charging are now eligible for federal 
incentives under the IRA, offering flexibility that usually improves project economics. 
Utilities are encouraged to research evolving IRA guidelines and state incentive 
guidelines as well, prior to finalizing design decisions2.  
 

Financing options. Earlier versions of the ESD model focused on the power purchase agreement 
(PPA) method of financing, because non-taxable utilities could not use tax credits directly. But 
with implementation of the IRA in 2023, electric co-ops, public power utilities, and other non-
profits will be able to receive direct federal incentive payments. Thus, the ESD model now 
offers two financing options. 
 

¶ PPA with an accompanying battery Energy Storage Agreement (ESA). By using a PPA 
and ESA, the utility minimizes its up-front cost, accesses accelerated depreciation 
(MACRS) benefits, and lowers project risk. Technology risk for PV systems is generally 

 
2 Federal Tax Incentive Guidance Current to September 2022. 

https://www.seia.org/sites/default/files/2022-09/Inflation%20Reduction%20Act%20Summary%20PDF%2008.24.22.pdf
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no longer a concern; yet storage technology risks may affect some acquisitions (e.g., if 
long-term system maintenance and performance or dispatch capabilities are at issue). 
The PPA/ESA approach often includes a service bundle. Further, optimal IRA benefits 
hinge on meeting additional project requirements, such as U.S. equipment sourcing and 
workforce development measures, which may be easier to meet with a PPA/ESA 
development partner. The drawback is that PPA/ESA transaction costs may add 10 to 
20% or more to the total project cost. Utilities choosing this option should carefully 
review such costs in their RFP responses.  

¶ System purchase option. Now that non-taxable utilities can receive direct payments for 
incentives that were previously only available as tax credits, the purchase option is 
increasingly desirable. The model assumes a 30% IRA project incentive, but this number 
may be adjusted up or down, based on achieving specific criteria in the IRA guidance 
cited below.3 The user is also advised the monitor other, potentially more current 
sources. Further, user-defined inputs, such as the expected interest rate, may affect the 
economics of the purchase option.  
 

4.3 General Inputs 
 
The section titled General Inputs allows the users to adjust a range of parameters that impact 
financial outputs for the modelled battery and PV system. Color-coding refers to: 

 green (to be modified by the user) 
 yellow (updated automatically with input/import from SAM) 
 red (calculations - no user interaction).  

4.3.1 Values That Must Match SAM 

The values that are used to define the PV system 
capacity and battery system power rating and duration 
are automatically updated when new SAM data is 
pasted into the SAM Inputs tab. Because the ESD model 
calculations are based upon the time series that comes 
from SAM (e.g., solar generation and battery charging 
and discharging quantities), these values should not be 
changed by the user, unless the changes are made in 
SAM and the SAM simulation is subsequently re-run.  
 

4.3.2 Energy System Pricing Options 

This 2022 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 project-
purchase model, including a purchase of both the solar PV system and the battery system. 

 
3 See Solar Energy Industries Association, Inflation Reduction Act: Solar Energy and Energy Storage Provisions 
Summary. Accessed September 21, 2022. Additional resources for non-taxable utilities are forthcoming. 

Figure 8: Values Imported from SAM. 

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
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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 upgraded, will 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 the 25-year life of the 
contract. The ESD conservatively assures that battery energy system costs are included for the 
life of the project, excluding any salvage value that would increase the value of the project. 
 
For the PPA/ESA pricing option, neither the battery nor the PV system would be purchased and 
owned by the utility; rather, their energy and energy services would be acquired through a PPA 
for the solar PV system, accompanied by a battery energy services agreement (ESA). The user 
must set these prices and other terms as inputs to the model, as shown in Figure 9. The model 
assumes that the PV system is the primary cost, and the battery agreement price is set as an 
άŀŘŘŜǊΦέ Note that the most common sources for utility solar and battery άŀŘŘŜǊέ Řŀǘŀ refer to 
utility projects that are on the scale of 5 MW or above and sell into power markets, rather than 
primarily meeting distribution-scale needs. Therefore, such cost data may need to be adjusted 
for local utility use. A full explanation of utility solar PPA pricing with a storage ESA adder, along 
with a range of current market pricing data, is available from Berkeley Lab4 or from Pacific 
Northwest National Lab (PNNL).5  
 

 
Figure 9: Energy System Contract Prices. Selected prices provided for illustration only. 

For the purpose of understanding PPA/ESA pricing, it is useful to see that the storage adder is 
affected by the ratio of battery capacity to PV capacity, rather than solely as a function of 
battery energy capacity. This makes sense, since the PPA 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 battery is only being utilized for a fraction of the solar production). If, however, 
the battery system can store a larger percentage of 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 system. Figure 10 illustrates the impact of the capacity ratio on storage-
adder pricing, as reported in a 2022 Utility-Scale Solar market review from LBL6. 
 
Note that when assessing local utility projects that are designed for demand-charge 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, see  https://emp.lbl.gov/utility-scale-solar  
5 PNNL Energy Cost and Performance Database, retrieved September 2022. 
6 Bolinger, M., Seel, J., Warner, C., & Robson, D. (2022). Utility-scale solar: 2022 Edition.  

https://emp.lbl.gov/utility-scale-solar
https://www.pnnl.gov/lcos-estimates
https://emp.lbl.gov/sites/default/files/utility_scale_solar_2022_edition_slides2.pdf
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impact battery life and therefore on levelized-cost based ESA pricing. Such projects may have a 
high battery to PV capacity ratio by design but may utilize that capacity for relatively few hours 
per year, practically supporting a somewhat lower-cost adder. 
 

 
Figure 10: Levelized Storage Adder for Hybrid Solar-Plus-Storage Projects is shown as a function of battery to PV capacity. 
Note that batteries designed for market applications are often fully utilized as designed. (Source: Bolinger et al, 2022) 

Pricing for PPAs and ESA adders vary considerably from region to region, and may be relatively 
volatile, due largely to supply-chain uncertainty. Users of the ESD model may consider initially 
setting pricing levels from 30 to 45 $/MWh for the solar PPA (the national average cost in 2021 
was 33 $/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 under 1 MW may be priced closer to large-commercial scale. Refer to sources 
cited in the asset-purchase section below. Users that have limited access to market-specific 
pricing data and a primary interest in peak reduction may initially test a PPA price in the range 
of 0.045 - 0.055 $/kWh for the PV, with an ESA adder price of 0.035 - 0.045 $/kWh for typical 
systems (assuming 2- to 4-hour durations). Users may set ESA pricing on the higher end of this 
scale for battery systems that will store a larger fraction of energy produced by the PV system. 
 
The impact of PPA or ESA contract transaction costs is also relatively greater on smaller 
projects, leading some utilities to prefer the asset-purchase option (see below), so long as they 
tap IRA incentives. Whatever path the utility choses for its acquisition, note that pricing is 
currently volatile. ESD modeling can help utilities to optimize their project plans, but current, 
region-specific pricing is best discovered through the procurement process itself. Information 
gleaned from running different acquisition scenarios, as well as an early-stage Request for 
Information (RFI) and informal talks with vendors are all highly useful. A graphic summarizing 
the overall procurement process for utility solar-plus-storage is included in the Appendix. 
 




































































