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Executive Summary 
Battery energy storage systems (BESS) are a crucial enabler of a successful energy transition, 
providing the reliability and flexibility needed to bring gigawatts of renewable energy onto the 
grid. The International Energy Agency (IEA) notes that achieving decarbonization targets 
outlined by COP28 hinges on battery deployment increasing six-fold by 2030.i 

However, as more storage comes online, competition in merchant markets, historically a primary 
source of BESS revenue, has eroded project returns. Developers have responded by shifting 
towards less risky revenues structures such as tolling agreements, in which an offtaker pays a 
fixed $/MW fee for the right to dispatch the battery’s full energy capacity.ii Yet as these market 
dynamics mature, tolling rates themselves face downward pressure, making it imperative that 
developers are able to extract maximum value from each project.iii One underexplored pathway 
to doing so is through employing more accurate, project-specific degradation assumptions. 
Today, the industry relies on generic, OEM-provided degradation curves that are deliberately 
conservation. The result? Overstated long-run capacity loss, leading to inflated project capital 
expenditures and ultimately compressed return profiles that are already under pressure. 

This study investigates how the industry’s default use of “generic” degradation assumptions can 
lead to suboptimal internal rates of return (IRR), potentially stalling viable projects. Utilizing 
Storlytics’ proprietary software, we modeled several unique scenarios based in the Electric 
Reliability Council of Texas (ERCOT), varying the degradation assumptions between generic 
and project-specific cases. Our findings demonstrate a materially positive difference in IRR 
when employing project-specific degradation profiles, which incorporate location and 
operational assumptions, rather than generic industry benchmarks. These results suggest that 
employing site and use-case-specific degradation modeling when reviewing BESS economics is 
crucial for resolving capital inefficiencies and furthering deployment at scale. 

Introduction & BESS Market Context 
The Global Battery Storage Market 
Storage was the fastest growing energy technology in the global power sector in 2023, adding 
approximately 42 GWs of capacity. That number is nearly double the previous year, and accounts 
for growth across utility scale storage, behind-the-meter batteries, and mini-grids. iv Notably, the 
energy sector now accounts for over 90% of annual demand for lithium-ion batteries, the 
dominant chemistry on the market today. That is up from 50% in 2016. v Falling lithium prices 
paired with significant performance improvements have made batteries an increasingly attractive 
play for many developers and project investors. Unsurprisingly, the favorable market dynamic 
has ushered in more competition, further pushing down prices. Bloomberg New Energy Finance 
found that the global average price of a turnkey storage system fell 31% year-over-year to $117 
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per kilowatt-hour in 2025.vi The price declines are impacting levelized costs as well, with 
projects falling under the $100 per megawatt-hour threshold in six global markets, including the 
United States. This is a highly important milestone for BESS as it could mark an acceleration of 
battery-support renewables deployment as well as a transition to storage-led grid balancing and 
away from fossil-fuel peaking capacity.vii 

Deployment in US Markets 
ERCOT and CAISO lead the US in battery storage deployments. Supportive public policy, 
interconnection processes, and market designs have been key drivers of scale in these markets. 
As of early 2026, ERCOT boasts close to 40 GWs of capacity either operating, under 
construction, or pending approval, while CAISO has approximately 25 GWs.viii These numbers 
stand in stark contrast to the middle and eastern parts of the country where growth has lagged 
significantly as seen in Figure 1 below. The reasons for the lag are not a lack of developer 
interest, but rather regulatory and market design limitations that impede deployment at levels 
seen in the West. ix 

 
Figure 1: Current and proposed battery storage capacity across major US energy markets x 

Battery Energy Storage Services 
Battery storage has been described by many as the “Swiss army knife” of the electric grid—and 
for good reason. Batteries provide a host of essential services that support grid reliability through 
stabilization or “ancillary services,” resilience, and resource adequacy. Grid resilience is the 
ability of the grid to withstand or rapidly recover from disruptions, and resource adequacy refers 
to the grid’s ability to always meet peak demand even in the face of unexpected events. Ancillary 
services have historically been provided by fossil fuel generators alone, but as these resources 
retire and batteries become more economical, storage has begun to penetrate the market for these 
services. In ERCOT, increased competition from batteries has resulted in lower system costs 
compared to when just fossil resources were the primary providers.xi Figure 2 below provides a 
visual representation of the reliability services batteries provide to the transmission grid.   
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Figure 2: Transmission-level reliability services provided by batteries xii 

In addition to its reliability attributes, BESS is a critical enabler of intermittent renewable 
resources such as solar and wind. When paired with batteries, renewables can serve as a firm, 
dispatchable resource that provides low-cost, carbon-free power to the grid. Since grid operators 
typically dispatch the lowest cost resources first, batteries can make electricity more affordable 
overall.xiii Furthermore, in regions with high photovoltaic solar penetration, storage can help 
mitigate the infamous “duck curve” problem. The rapid fluctuation in solar output, climbing in 
the morning and tapering off in the evening, forces thermal generators to aggressively ramp up 
and down to meet demand. Battery storage can soothe the operational strain by absorbing surplus 
solar energy during midday when demand is lowest and discharging it during morning and 
evening peak load events, effectively smoothing the net load profile.xiv  

Deployment Challenges 
Despite numerous grid-enhancing benefits, BESS still faces several deployment challenges. 
These include, but are not limited to, revenue uncertainty, market design problems, 
interconnection bottlenecks, sitting and permitting challenges, and supply chain risks. 

 

 



6 
 

Revenue Uncertainty 

A market analysis by S&P Global found that from 2022 to 2024, merchant battery revenues 
declined in most major markets. The exceptions were markets such as Texas in 2023 and Japan 
in 2024 where changes in market structures provided strong revenue opportunities (see Figure 3). 
Merchant batteries have historically derived much of their revenue from participating in the 
ancillary service markets, but these markets have become saturated in recent years, eroding this 
primary revenue stream. Additionally, arbitrage opportunities are being reduced due to 
compression in wholesale electricity price spreads due to growing storage capacity and falling 
gas-peaker costs.xv 

 
Figure 3: 2-hour battery annual revenues by markets xvi 

Market Design Not BESS-Ready 

With the exceptions of ERCOT and CAISO, electricity markets in the US generally fail to 
compensate BESS resources for their full range of services. This explains the large deployment 
gap between the West and the rest of the country. The lag can be explained by related structural 
issues across energy, capacity, and ancillary services markets. In wholesale energy markets, price 
signals are fundamentally misaligned with the economics of BESS. Day-ahead and real-time 
dispatch models typically schedule resources on an hourly basis, and grid operators restrict 
generators’ ability to adjust offers within that window. This is particularly problematic for BESS 
assets because, unlike a gas turbine whose marginal cost is just the cost of fuel, a battery’s 
marginal cost is its opportunity cost. This is the value of energy that it forgoes by discharging 
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now versus in the future, a potentially higher-priced period. Being able to accurately assess the 
tradeoff between current and future income is the main profit lever for any storage asset. Unless 
market operators run multi-period optimizations that look ahead across dispatch intervals, the 
systems will not be able to accurately price the tradeoffs of dispatching now versus storing 
energy to dispatch later. xvii In order to unleash the levels of deployment seen in the West, price 
signals will need to be fixed. 

The issue of accurately reflecting opportunity costs shows up in ancillary service markets as 
well. Since these markets were originally designed around thermal generators, which have 
negligible marginal costs, several RTOs do not allow non-zero offers for certain services such as 
real-time operating reserve and ramp capabilities.xviii As noted above, opportunity costs dictate 
the marginal cost of storage. Deciding whether to provide an ancillary service now directly 
impacts an asset’s ability to provide other energy, capacity, or ancillary services in the future. As 
such, current market design does not accurately reflect storage’s dynamic costs. 

In capacity markets, opaque and frequently revised capacity accreditation rules deter long-term 
investment. In recent years, for instance, PJM, MISO, and SPP have all revised their 
methodologies for evaluating capacity resources. This creates material revenue uncertainty for 
BESS developers, raises the cost of capital, and ultimately chills investment.xix 

Interconnection Bottlenecks 

Average interconnection queue wait-times have ballooned from two years in 2008 to five years 
in 2024 according to a study out of Berkeley Lawrence National Laboratory. As of 2024, over 
1,000 GWs of BESS projects were stuck in queues across US markets.xx In addition to queue 
length, interconnection study methods pose unique challenges for relatively newer and still 
evolving technologies like BESS. Current study methods do not accurately reflect BESS’s 
unique set of capabilities and economic incentives. As such, imprecise study assumptions may 
overestimate the impact of BESS on the grid, triggering unnecessary upgrade costs that are 
ultimately passed on to customers.xxi This puts an undue burden on BESS and further inhibits 
deployment. Additionally, battery technologies are likely to improve a lot over a five-year period. 
However, if a storage developer wishes to incorporate such improvements in a project, they 
would have to request a “material modification” from the RTO or ISO. This may put their 
position in the queue in jeopardy. While FERC Order No. 845 did require each RTO/ISO to 
define a list of technological advancements that queue participants may implements without 
risking their position in line, a study from GridLab notes that the requirements have been “poorly 
and unevenly” applied.xxii 

Siting and Permitting 

Local siting ordinances, which determine the rules for where new infrastructure can and cannot 
be developed, have become an even bigger obstacle to renewable energy development in recent 
years. A study by Columbia Law School’s Sabin Center found that by the end of 2024, over 459 
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counties and municipalities across 44 states had adopted “severe restrictions on sitting 
renewables.” This represents a 16% increase over the prior year, underscoring the growing 
importance of the issue, which can severely limit land availability and increase development 
costs.xxiii Some local governments have gone as far as to pass moratoriums on clean energy 
development. These moratoria typically take one of two approaches: target a specific technology 
such as battery storage, which Newfane, New York, did recently, or include all clean energy 
technologies like Van Zandt County, Texas, did early this year.xxiv In the event developers are 
able to get a project sited, permitting processes in the US can notoriously take years to complete 
before construction can begin. The reasons for this are typically a combination of bureaucratic 
inefficacies, high application volumes, and complex regulatory requirements.xxv 

Battery storage projects can face an even more burdensome path due to the novelty of the 
technology. According to a 2023 survey from Pacific Northwest National Laboratory, most states 
and localities lack BESS-specific zoning, siting authority, or fire codes. One of the biggest 
concerns posed by local permitting authorities relates to safety and fire risk from lithium-ion 
batteries.

xxvii

xxvi In fact, a fire incidence rate of ~2.9% at BESS facilities, combined with high profile 
incidents, is in part fueling local opposition towards storage and stricter permitting 
requirements.   

Supply Chain 

China controls approximately 85% of global battery cell production capacity and is a leader in 
critical minerals processing.xxviii Battery input prices have swung dramatically in recent years, 
making project budgeting highly unreliable, and highlighting the need for supply chain 
diversification. China’s dominance in the BESS market poses issues for US developers, who are 
constrained by restrictions on sourcing project components from countries the US Government 
deems a “Foreign Entity of Concern” (FEOC).1 Given that China supplies most of the world’s 
battery cells, US projects now face new procurement risks, rising costs, ultimately, and 
compressed returns.xxix 

Electricity Market Deep Dive: The ERCOT Landscape 
To model scenarios that may mitigate financial risk for deployment of BESS, we selected the US 
electricity market ERCOT (Electric Reliability Council of Texas) located in the state of Texas. 

 
1 To be eligible to receive clean energy tax credits, battery storage projects must comply with restrictions on the 
amount of materials sourced from foreign entities of concern such as China and Russia. For large BESS projects, 
FEOC requires ~60% of the value of the materials to be sourced from non-prohibited countries. That percentage is 
set to increase by 5%-10% per year over the next four years. 
 
Source: Courtney Rozen, "Foreign Entity Rules Are Throwing a Wrench in Energy Storage Financing," CFO Brew, 
March 4, 2026, https://www.cfobrew.com/stories /2026/03/04/ foreign-entity-rules-are-throwing-a-wrench-in-
energy-storage-financing. 

https://www.cfobrew.com/stories%20/2026/03/04/%20foreign-entity-rules-are-throwing-a-wrench-in-energy-storage-financing
https://www.cfobrew.com/stories%20/2026/03/04/%20foreign-entity-rules-are-throwing-a-wrench-in-energy-storage-financing
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For this project, ERCOT presents a compelling setting its significance for BESS projects, trailing 
only CAISO as second-largest market for BESS capacity with 9 GW currently installed: 

 
Figure 4: Power capacity and duration of large-scale battery storage by region (2023) xxx 

Beyond the sizable operational fleet, a large amount of additional BESS capacity is forecasted to 
come online: 

 
Figure 5: ERCOT planned capacity additions (GW), 2026 – 2030. Adapted from ERCOT’s Report on the Capacity, Demand and 

Reserves in the ERCOT Region (CDR)xxxi 

While many factors contribute to this trend around the rapid deployment of BESS in ERCOT, a 
few features of the market itself are worth noting explicitly. First, ERCOT has historically 
operated as “energy-only” with no capacity market. This construct, relying more directly on 
scarcity price signals to incentivize new capacity additions and maintain reserve margins, is 
distinct from other restructured electricity markets in the US. “Energy-only,” however, is a slight 
misnomer – in reality, there are two distinct markets for energy and ancillary services (e.g., 
frequency regulation, spinning reserve, non-spinning reserve, replacement reserve, voltage 
support / reactive power, black start capability). Second, by design, ERCOT operates on its own 
interconnection (separate from Western and Eastern Interconnections), resulting in a tradeoff 
between ability to share power with neighboring states and limited oversight from the Federal 
Energy Regulatory Commission (FERC). Its “connect and manage” approach has led to shorter 
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interconnection queue times but presents more risk for developers and asset owners in terms of 
offtake certainty. Third, Texas, while not one-to-one with ERCOT, has relatively low “permitting 
friction” compared to other states given there is no statewide siting authority, counties have 
limited power to block projects due to zoning and land-use restrictions, and large swaths of 
privately-held land.xxxii 

This list is by no means exhaustive, but it outlines some major drivers of relatively high 
penetration of variable energy resources (VERs) such as solar and wind, which together 
comprise ~78 GW, or ~46%, of ERCOT’s installed generation capacity in 2025xxxiii. 

 
Figure 6: ERCOT installed capacity (GW), 2025. Adapted from ERCOT’s Report on the Capacity, Demand and Reserves in the 

ERCOT Region (CDR)xxxiv 

As outlined earlier in this paper, VERs such as wind and solar are critical for global 
decarbonization goals, and, indeed, BESS is critical alongside these clean, affordable, and 
reliable technologies because it provides “firming capability,” i.e., stores energy for dispatch as 
needed. Beyond firming capability, BESS can provide many other benefits to the electricity 
system, as described earlier. Because of its versatility as a grid asset, BESS resources enjoy a 
number of revenue opportunities. These revenue opportunities fall into two distinct categories: 
“energy” and “ancillary services.” Per Figure 7, arbitrage is a BESS application within the 
energy revenue bucket while the other listed applications (Frequency Regulation, etc.) are within 
the ancillary services revenue bucket. 
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Figure 7: Primary applications served by large-scale battery storage (2023)xxxv 

In ERCOT, many BESS systems are operating in an “merchant energy-arbitrage” application. In 
simple terms, this means that the battery would charge (i.e., consume power) during periods of 
relatively low (or even negative) power pricing and discharge (i.e., dispatch power) during 
periods of relatively high power pricing – note that in organized wholesale electricity markets 
such as ERCOT, power pricing varies by both location on the grid and time of day (“Locational 
Marginal Prices” or “LMPs”). The kind of volatile pricing required to create this arbitrage 
opportunity that BESS can monetize effectively is driven in part by transmission congestion, 
which is in turn exacerbated by the large penetration of VERs in ERCOT. For example, solar 
generation is typically near its maximum around 12PM each day, which is out of sync with the 
historical electricity demand profile, which typically peaks in the morning and evening. Given 
this misalignment between supply and demand, abundant solar production drives low marginal 
pricing – BESS in ERCOT can charge (buy power) during this low pricing and discharge (sell 
power) during the evening peak when energy prices are high and stored, dispatchable energy is 
of high value. 

Indeed, a savvy BESS developer will site a project near a volatile node within an electricity 
system, i.e., a node with a wide variation in LMPs. That said, BESS at a volatile node 
functioning in an energy arbitrage application will necessarily dampen the volatility present all 
else being equal. Wherever arbitrage opportunities are present, they invite competition. Multiple 
BESS projects may be developed in proximity such that the arbitrage opportunity dissolves 
below an attractive threshold or disappears completely. The way in which a BESS asset’s 
revenue opportunity can change over time is somewhat unique within the energy domain – 
merchant energy arbitrage is in contrast, for example, to a power purchase agreement (PPA) for a 
solar asset that may last for 15 or more years and provides guaranteed offtake at a negotiated 
price. As we will unpack later via scenarios, some BESS projects may choose to or be required to 
re-think their revenue models given conditions that can change after only a portion of their useful 
life, which has implications for battery operation, degradation, performance, and economic 
viability. 
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In contrast to a merchant energy arbitrage use case, some BESS systems operate under “tolling 
agreements.” A tolling agreement is one in which “…battery owners step back from active 
market participation, instead receiving guaranteed fixed payments while the whole risk is 
covered by the service provider (or optimizer) who is offering the tolling agreement” and “… 
utilities, energy traders, and large power consumers… look to make a profit by optimizing the 
battery’s operations to achieve earnings above the agreed-upon flat rate.”xxxvi

xxxvii

 A recent 
comparable tolling agreement in ERCOT from Austin Energy has indicated pricing at $12 per 
kW-month.   

 
Figure 8: Comparison of BESS revenues structures xxxviii 

Fundamentally, a tolling agreement has PPA-like features with respect to revenue certainty and 
removal of market risk for a developer or asset owner – it’s similar to a long-term rental contract 
with predictable, guaranteed revenue streams. In exchange for taking on market risk, the service 
provider (operator) of the battery has more upside opportunity, keeping all revenue above the 
agreed-upon toll price. A “floor” agreement is yet another type of common revenue construct. It 
exists as a hybrid between merchant and tolling, involving a “a guaranteed minimum payment 
(floor) plus a share of merchant profits above a certain threshold.”xxxix 

While neither “merchant” nor “tolling agreement” appear in Figure 8 as applications for BESS, 
these can be thought of as commercial constructs that set the terms by which BESS is applied 
and monetized. In ERCOT, both constructs are prevalent, representing different development 
strategies, risk profiles, and market evolution stages. As alluded to earlier, some asset owners in 
ERCOT may seek to change their commercial construct from merchant to tolling over time, or 
hedge exposure by arranging some capacity of their systems under each construct. 

On December 5th, 2025, ERCOT went live with “Real-Time Co-Optimization Plus Batteries 
(RTC+B)” which it describes as a “key market design change to provide operational and 
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reliability benefits to the ERCOT System.” The biggest change to the market in 15 years, RTC+B 
“… integrates ancillary services into the real-time market rather than the day-ahead market, 
allowing ERCOT to simultaneously optimize them with energy.”xl Additionally, “…the new 
functionality will include improvements to modeling and consideration of batteries and the state 
of charge they have available for providing energy and Ancillary Services.”xli ERCOT’s website 
contains a wealth of information and training on RTC+B for readers who wish to learn more. 

As of the writing and publication of this paper in April of 2026, RTC+B has been live for only a 
few months since its launch in December of 2025. Thus, minimal data is available to draw any 
broad or definitive conclusions, particularly given the important impact of seasonality on 
electricity systems. In absence of robust data, it remains unclear how the impacts of RTC+B will 
unfold from the perspective of BESS development, operations, and profitability. As with any 
market change, so too will the opportunity set change. This project leverages market data from 
before the RTC+B go-live to analyze challenges that will remain applicable in ERCOT and other 
electricity markets.  

The Technical Problem: Generic vs. Specific Degradation 
Agnostic of market, all batteries degrade as they are operated over their lifespan, which can be 
~20 years for utility-scale BESS. To operate in a manner that is predictable and valuable to the 
electricity system, battery systems must maintain a pre-determined threshold capacity, e.g., 100 
MWh for their entire project lifecycle. There are two primary strategies for maintaining a target 
threshold capacity – “overbuild” and “augmentation.” In an overbuild strategy, a BESS project 
is, as its name implies, oversized at its inception such that it will degrade down to just above its 
threshold capacity by the end of its project lifecycle. For example, a BESS project may need to 
be oversized at 300 MWh in year one to degrade to just above 100 MWh in year 20. In an 
augmentation strategy, the initial oversizing is less pronounced and is offset by periodic 
augmentations of the system with additional capacity. For example, in this case, a BESS project 
may need to be oversized at only 275 MWh and augmented with 140 MWh over its lifecycle. 
There are tradeoffs between the two strategies – overbuild can be simpler from a technology and 
operations perspective while augmentation may be more financially attractive due to delaying 
project costs, particularly if lithium prices (a key driver of battery costs) decrease between 
augmentation phases. 
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Figure 9: BESS development lifecycle strategies for target energy capacity requirements 

Per the Storlytics website, “lithium battery degradation modeling is extremely complex as it is 
highly non-linear and depends on a slew of parameters like C-rate, energy throughput, calendar 
life, cell temperature, depth of discharge, cycle average, and center SoC (these are all just terms 
that describe how battery system is dispatched).”xlii Battery original equipment manufacturers 
(OEMs) provide degradation estimate curves that are based on “generic” assumptions and, 
accordingly, overly conservative. More specifically, while by no means exhaustive, these 
assumptions are generic with respect to two significant sets of variables – “Point of 
Interconnection (POI) profile” and “location / temperature.” POI profile refers to how the battery 
is operated – e.g., how many times it is cycled per day. Location and temperature refer to the 
ambient temperature environment in which the battery is operated – e.g., extreme cold or 
extreme heat. Shifting these variables from generic to “project-specific” can have a significant 
impact on how BESS degradation. See Figure 10 below for an overview of Storlytics’ technical 
differentiators including and beyond POI profile and temperature. 

In turn, more accurate degradation curves enable more accurate BESS sizing, which can have 
meaningful implications in terms of system costs and, ultimately, project profitability. For 
example, a project-specific BESS simulation would analyze the pattern and frequency of battery 
cycling based on use-case and site-specific temperature profiles to deduce that a project needs 
~6% less energy capacity versus a generic degradation curve. While that percentage may seem 
small, it likely translates to millions of dollars in cost savings. 



15 
 

 
Figure 10: Storlytics’ technical differentiators relative to other available platforms. Image courtesy of Storlytics LLC. 

Methodology 
Scenarios and Assumptions 
To test our hypothesis, we developed seven unique scenarios to compare the impact of using 
generic vs. project-specific degradation assumptions on project IRRs. All scenarios are based in 
the ERCOT market and assume the following: 

(i) Target power capacity of 100 MW 
(ii) Duration of 4 hours 
(iii) Project life of 20 years 
(iv) A high-capacity Lithium Iron Phosphate battery cell with 280 Amp-hours of capacity 

(LFP 280 Ah) 

The scenarios are grouped into two revenue structures: Tolling-only and a combination of 
merchant and tolling. Each of these revenue-structure groups is tested with generic degradation 
assumptions (cases 1, 3, and 5) and project-specific degradation assumptions (cases 2, 4, and 7). 
One case was also tested with a hybrid of generic and project-specific assumptions (case 6). 
Additionally, we varied the lifecycle capacity strategy between overbuild (cases 1, 2, 5, 6, and 7) 
and augmentation (cases 3 and 4). Figure 11 below outlines each scenario: 
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Figure 11: Scenarios and key assumptions 

Approach to analysis 
We started our analysis by running each of the scenarios described above in the Storlytics 
platform. The software allows users to adjust a host of operational inputs that the system utilizes 
to size an optimal battery configuration and model degradation over the project life. For our 
scenarios, we were able to select location-specific data for the ERCOT market when running a 
project-specific case and unspecific industry averages when running a generic case. We were also 
able to change how the battery was being used depending on the case. For instance, under a 
tolling agreement, the battery was cycled once per day, while under the merchant cases, the 
battery charged and discharged based on hourly market dynamics. The platform also includes a 
basic financial model that allows us to adjust revenue structures between merchant and tolling 
and change underlying revenue and costs parameters. The software outputs a summary report as 
a series of CSV files with raw data on battery degradation, time series market data, and project 
economics. 

After running the software, we started building an Excel-based financial model using the CSV 
outputs from the platform. The most critical input to the Excel model is the degradation curves. 
All cases are closely linked to the platform’s battery sizing and degradation outputs. Our model 
buildout included first replicating the Storlytics financial outputs to check our model’s integrity, 
and then overlaying more sophisticated parameters such as tax credits and leverage to boost 
economic outputs. Figure 12 outlines the general workflow we used to produce Excel-model 
results. 
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Figure 12: Storlytics and Excel-based model workflows 

Analysis & Results 
In designing the scenarios for this project, and for evaluating the results of its analysis, we started 
with a few hypotheses in mind: 

(i) BESS projects that are sized more appropriately based on detailed degradation 
modeling result in lower initial capital expenditure, which delivers more favorable 
project economics. 

(ii) BESS projects that employ an augmentation strategy deliver more favorable project 
economics than those that employ an overbuild strategy, all else being equal. This 
phenomenon is critically dependent on the decline of battery costs over the lifespan of 
the project, and assumes that there are minimal operational tradeoffs associated with 
augmentation phases (e.g., components that are compatible with the originally 
installed equipment are available in 5, 10, or 15 years after a project is constructed). 

(iii) BESS projects that can secure offtake agreements under a tolling construct (as 
opposed to a merchant construct) deliver lower risk project economics. Ultimately, 
these projects may or may not deliver more favorable project economics because 
merchant revenue values are dependent on a wide array of factors. However, 
anecdotally and empirically, we know that many highly lucrative merchant energy 
arbitrage opportunities in ERCOT have diminished due to competition – we sought to 
test this dynamic using relatively favorable (i.e., volatile) nodal pricing data 
compared to a long-term, fixed tolling price. 

(iv) For a project with fundamentally sound economics, financial leverage (commonly 
known as “debt”) can improve the returns that the project delivers to equity sponsors. 
This is a core tenet of corporate and project finance – while it is an incontrovertible 
fact, it is also extremely nuanced given the terms that lenders extend to borrowers 
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such as Debt Service Cover Ratio (DSCR), interest rate, and tenor, to name just a few 
of the variables that define these complex financial instruments. 

From the listing above, (i) is the core value proposition of Storlytics, (ii) is a relatively 
uncontroversial feature of discounting cashflows and the time value of money, (iii) is a feature of 
complicated electricity market dynamics and development strategy, and (iv) is a truism of 
finance and accounting that comes with many layers of sophistication regarding lender 
perspectives on risk and macroeconomic conditions such as the Treasury risk-free rate. 

With these hypotheses in mind, we sought to quantify. Turning attention toward (i), note Figure 
13 below. 

 
Figure 13: Comparison of tolling revenue scenarios 

As this figure notes, project-specific degradation modeling delivers 184-227 basis points2 in 
levered IRR uplift versus generic degradation modeling. Indeed, this result assigns a quantity to 
the value that Storlytics can deliver to a BESS project. 

A curious reader might ask, “How many basis points constitute a material threshold when 
comparing IRRs?” In short, the answer is that small differences matter a lot and that the 
materiality threshold depends on the investment type, investor, and broader investment context. 
Anchoring back on the numbers observed, 184-227 basis points in levered IRR uplift is 
meaningful – it’s enough to sway an investment decision for a BESS project. Of course, it cannot 
be assumed that this uplift can be realized without incremental cost, i.e., the cost of accessing 
and using the proprietary Storlytics software. That said, a savvy developer or investor manages a 

 
2 One basis point = 0.01% = 0.0001. Extending this, 100 basis point = 1.00%. This term is used to avoid confusion 
when talking about percentage changes – it avoids ambiguity between a percent meaning a change in percentage 
points or a relative change from a base number. For example, consider a change from 10% to 11%. Describing this 
as a “one percent increase” is not clear between one percentage point (10% to 11%) or a one percent relative 
increase (10% x 1.01 = 10.10%). The latter is 100 basis points whereas the former is 10 basis points, a 10x 
difference. 
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suite of tools in making prudent business decisions and should be able to effectively weigh the 
cost-benefit of an uplift of this magnitude. 

Moving to point (ii), note Figure 14 below. 

 
Figure 14: Lifecycle strategies and tolling scenarios 

Augmentation strategy delivers 740-879 basis points in levered IRR uplift versus overbuild 
strategy. This dramatic uplift of ~8% can be attributed to reducing upfront capital expenditures 
and significantly delaying further expenditures on pricey battery components, as explained 
elsewhere in this paper. Of course, the key dependency here is that battery costs continue to 
decline over the lifespan of the project, which we have modeled at 3% based on historical data. 
Additionally, as stated, but which bears repeating, we assume that there are no operational 
tradeoffs associated with augmentation phases (e.g., components that are compatible with the 
originally installed equipment are available in 5, 10, or 15 years after a project is constructed). 
This assumption creates risk – if a project cannot secure appropriate components due to, e.g., an 
original equipment manufacturer discontinuing production, this strategy may fall apart 
completely and be subject to penalties in the form of liquidated damages due to capacity 
shortfalls. Like the commentary regarding hypothesis (i), a savvy developer or investor should 
understand the tradeoffs associated with overbuild and augmentation strategies. 

Turning to hypothesis (iii), note Figure 15 below. 
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Figure 15: Comparison of overbuild scenarios 

A 20-year tolling revenue construct at $12/kW-month delivers 244-287 basis points in levered 
IRR uplift versus a 5-year merchant plus 15-year tolling revenue construct at $12/kW-month. As 
alluded to earlier, this result is dependent on the many features of ERCOT and, at the individual 
project level, on specifics of project siting. A volatile node within the ERCOT system is an ideal 
location for a battery to engage in merchant energy arbitrage – historically, for some projects, 
careful siting and provision of energy during specific times has resulted in massive profits. That 
said, competition erodes these opportunities over time. As mentioned, a recent comparable 
tolling offtake agreement from Austin Energy indicates tolling agreement pricing at $12/kW-
month. Based on nodal pricing data available from 2024 for merchant escalated at 2% per year 
and this $12/kW-month figure for tolling, tolling scenarios deliver more favorable returns. 

Forecasted energy prices are uncertain – as illustrated in Figure 8, merchant revenue constructs 
are generally “higher risk and higher reward.” If energy prices increase, it is entirely possible 
these projects deliver more favorable returns from fixed-price tolling constructs. Relatedly, the 
advent of ERCOT’s new RTC+B market mechanism combines energy and ancillary services 
revenue streams, creating an unclear path forward for merchant revenue scenarios.  

Fourth and finally, for hypothesis (iv), consider Figure 16 below. 
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Figure 16: Excel-based financial model results – levered vs. unlevered IRR uplifts 

In simple terms, financial leverage improves project returns to an equity sponsor. To understand 
this phenomenon, note Figure 17 and Figure 18 below. 

 
Figure 17: The effects of financial leverage 

Figure 17 above presents a stylized example to explain conceptually why debt can increase 
returns to equity. That said, it is important to underscore the level of nuance and complexity 
regarding the real-world terms that lenders extend to borrowers such as Debt Service Cover 
Ratio (DSCR), interest rate, and tenor. These terms greatly affect the degree to which leverage 
improves returns, and it is beyond the scope of this project to unpack these features. We 
conducted research to derive generally acceptable terms for the purpose of building out a model 
with a mechanism to accommodate debt, using a 1.30x DSCR, a 5.00% interest rate, and a 10 
year tenor.  
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Calculation of levered returns is new for the Storlytics environment – as of the writing of this 
paper, the Storlytics platform currently calculates “pre-tax unlevered” returns, which is 
represented in Figure 18 below. It may or may not be prudent for the platform to build out 
financial modeling capabilities in great depth, but back of the envelope, indicative levered 
returns could be a helpful feature alongside the significant value already created by the Storlytics 
platform. Our Excel-based model is a first step as Storlytics considers the many options ahead in 
this rapidly evolving ecosystem. 

 
Figure 18: Illustrative capital stack and investor expectations 

Full results of the analysis across all cases considered are displayed in Figure 19 below.  

 
Figure 19: Excel-based financial model results  – IRRs, NPVs, and comparison of uplifts 
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Conclusion 
Through scenario-based analysis, we have demonstrated that accurate, project-specific BESS 
degradation modeling delivers substantial and worthwhile uplifts to project economics. 
Improving the precision of degradation assumptions can act as a critical endogenous lever for 
improving project returns and offers a level of certainty that traditional exogenous levers such as 
market prices and tax incentives simply cannot match. Given recent margin compression in 
energy and ancillary services markets, technical accuracy and operational efficiency have 
become even more important factors in driving project value. 

This analysis is a starting point, and we hope these results spark conversations within the BESS 
community about the financial value of technical degradation accuracy. By shifting the industry 
away from generic curves and towards sophisticated platforms like Storlytics, developers can 
present more bankable project risk profiles to prospective investors. Ultimately, we believe the 
value created through precise degradation modeling will lead to a virtuous cycle: lower technical 
risk leads to more favorable financing terms, which in turn attracts the capital required to meet 
our global goals for a reliable, affordable, and clean energy transition. 

Appendix 
A. Project Scope 

 
Figure 20: Project scoping document 
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B. BESS Revenue Streams 

 
Figure 21: Explanation of BESS revenue streamsxliii 

C. Model Inputs 

 

 

Case Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9
Case selection Case Gen + Merch [Over] PS + Merch [Over] Gen + Toll  [Over] PS + Toll  [Over] Gen + Toll  [Aug] PS + Toll  [Aug] Gen + Mix [Over] Mix + Mix [Over] PS + Mix [Over]

General model timing
Construction period start date Date
Commercial operations date (COD) Date
Operations duration Yr(s)

Power & Operation
Contract Size MW 100.00                          100.00                          100.00                          100.00                          100.00                          100.00                          100.00                          100.00                  100.00                  
Overbuild Size - Deg Curve 1 (Generic) MW 90.42                            N/A 90.42                            N/A 41.59                            N/A 90.42                            90.42                     N/A
Overbuild Size - Deg Curve 2 (PS) MW N/A 78.21                            N/A 78.21                            N/A 34.27                            N/A 78.21                     78.21                     
Generic years Yr(s) 20.00                            -                                 20.00                            -                                 20.00                            -                                 20.00                            5.00                       -                         
PS years Yr(s) -                                 20.00                            -                                 20.00                            -                                 20.00                            -                                 15.00                     20.00                     
Total Size - Deg Curve 1 MW 190.42                          -                                 190.42                          -                                 141.59                          -                                 190.42                          190.42                  -                         
Total Size - Deg Curve 2 MW N/A 178.21                          N/A 178.21                          N/A 134.27                          N/A 178.21                  178.21                  
Duration Hr(s) 4 4 4 4 4 4 4 4 4

Revenue Structure
PPA Price - toll ing $/kW-month 0 0 12                                  12                                  12                                  12                                  12                                  12                          12                          
Escalator - merchant % 2.00%                            2.00%                            -                                 -                                 -                                 -                                 2.00%                            2.00%                    2.00%                    
Escalator - toll ing % -                                 -                                 -                                 -                                 -                                 -                                 -                                 -                         -                         
Merchant years Yr(s) 20.00                            20.00                            -                                 -                                 -                                 -                                 5.00                               5.00                       5.00                       
Toll ing years Yr(s) -                                 -                                 20.00                            20.00                            20.00                            20.00                            15.00                            15.00                     15.00                     

Equipment Cost
Battery Cost per unit installed capacity $/kWh-DC
Battery Cost Change Rate N/A N/A N/A N/A (3.00%)                          (3.00%)                          N/A N/A N/A
Power Conversion System per unit power $/kW-AC 118,800                        118,800                        118,800                        118,800                        118,800                        118,800                        118,800                        118,800                118,800                
Power Conversion System Cost Change Rate N/A N/A N/A N/A (3.00%)                          (3.00%)                          N/A N/A N/A
GSU Transformer $/kW 130,680                        130,680                        130,680                        130,680                        130,680                        130,680                        130,680                        130,680                130,680                
HV Breaker $
Total Equipment Cost $

Augmentation
Augmentation Phase Fixed Cost $ / Phase N/A N/A N/A N/A 20,000                          20,000                          N/A N/A N/A
Augmentation Phase Fixed Cost Change Rate % N/A N/A N/A N/A -                                 -                                 N/A N/A N/A
Augmentation Variable Cost $/kWh-DC N/A N/A N/A N/A 10                                  10                                  N/A N/A N/A
Augmentation Variable Cost Change Rate % N/A N/A N/A N/A 2.00%                            2.00%                            N/A N/A N/A
Augmentation Phase #1 Year Yr(s) N/A N/A N/A N/A 6                                    3                                    N/A N/A N/A
Augmentation Phase #2 Year Yr(s) N/A N/A N/A N/A 11                                  7                                    N/A N/A N/A
Augmentation Phase #3 Year Yr(s) N/A N/A N/A N/A 16                                  12                                  N/A N/A N/A
Installed Augmentation Energy Phase #1 kWh-DC N/A N/A N/A N/A 45,000                          34,829                          N/A N/A N/A
Installed Augmentation Energy Phase #2 kWh-DC N/A N/A N/A N/A 52,500                          39,060                          N/A N/A N/A
Installed Augmentation Energy Phase #3 kWh-DC N/A N/A N/A N/A 48,750                          67,379                          N/A N/A N/A
Installed Augmentation Power Phase #1 kW-DC N/A N/A N/A N/A 11,850                          7,920                            N/A N/A N/A
Installed Augmentation Power Phase #2 kW-DC N/A N/A N/A N/A 15,800                          7,920                            N/A N/A N/A
Installed Augmentation Power Phase #3 kW-DC N/A N/A N/A N/A 15,800                          11,880                          N/A N/A N/A

Operating Cost
SoH Warranty Yr(s) 3.00                       
SoH Guarantee $/kWh-DC 1.60                       3.00%                              
System Energy Loss $/kWh-AC 0.02                       -                                   
Aux Energy $/kWh-AC 0.10                       2.00%                              
Total simulation system energy loss (Incl Aux) - Merchant MWh -                         
Total simulation system energy loss (Incl Aux) - Toll ing MWh 15,852                  
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Debt
Term Loan Inputs
Tenor from COD Yr(s) 10 Yr(s)
P50 target DSCR Ratio 1.30x
Term loan all-in rate % p.a. 5.00%                    

Tax and depreciation
% of depreciable assets allocation to depreciation methods
5-year MACRS % of depr assets 100.00%               
5-year MACRS timing toggle Yr 1
10-year straight l ine timing toggle Yr 0
10-year straight l ine % of depr assets -                         

Corporate tax rate % 21.00%                  
Maximum % of Taxable income that NOLs can offset % 80.00%                  
Apply US specific tax credit (ITC ) and adjustments? 1=yes, 0=no Yes

Investment tax credit (ITC)
ITC applied? Switch Yes
ITC timing Toggle Yr 1
ITC (2026 construction start) % of depr basis 30.00%                  
ITC ineligible basis % -                         
Domestic Content Adder applied? Switch Yes
Domestic Content Adder % of depr basis 10.00%                  
Energy Community Adder applied? Switch No
Energy Community Adder % of depr basis 10.00%                  
Total construction cost $ 141,676,669        
ITC eligible construction cost $ 141,676,669        
Total ITC amount $ 56,670,667          
ITC taxable basis reduction % 50.00%                  
ITC taxable basis reduction $ 28,335,334          
Total construction cost after ITC 85,006,001          

Equity return thresholds (nominal)
Equity hurdle unlevered (pre-tax), sponsor % p.a. 5.00%                    
Equity hurdle unlevered (post-tax), sponsor % p.a. 7.00%                    
Equity hurdle levered (pre-tax), sponsor % p.a. 8.00%                    
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