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Modeling Case Study:  

Comparing Lithium Ion and Flow Battery Economics 
The growing supply of intermittent renewable energies such as solar and wind power on the electric 
grid causes both momentary instabilities and a mismatch between hourly and daily supply and 
demand curves.   Battery Electric Storage Systems (BESS) can provide inertia to the grid to ‘smooth 
out’ both sub-second fluctuations (voltage and frequency control) as well as shifting energy supplies 
over time to meet demand (peak shifting).  Both of these functions result in an economic 
opportunity for the owner/provider of the BESS in the form of Ancillary Service Revenue and the 
arbitrage of energy between high and low priced periods of power.  Many types of batteries are 
becoming available for this task.  While Lithium-Ion chemistries have dominated the BESS landscape 
to date and seem to have achieved a temporary ‘market lock’, other types of batteries known as 
‘Flow Batteries’ are competing for adoption.  This study compares both of these types of batteries in 
a common use case to determine which exhibits better economics. 
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This study compares two battery systems - Lithium-Ion and Flow Batteries – in order to determine which offers the best 
economics.  The economic metric to be used for comparison is the Internal Rate of Return (25 year, unlevered) for the 
BESS system over time.  

The primary questions to be answered center around two of the basic differences of the BESS systems.  Flow Batteries 
will typically operate at a lower ‘Round Trip Efficiencies’ than a Li-Ion Battery (75% vs 90+%), while Li-Ion batteries will 
degrade faster than Flow Batteries, requiring them to undergo costly ‘Augmentation’ (the replacement of a significant 
portion of their storage cells) every few years.  Given all of the other operating conditions between the two types of 
systems, we wish to determine if there is a significant difference in economic returns between one over the other. 

A BESS system typically consists of an interconnection to the grid, transformers and switchgear to handle voltage and 
amperage requirements, the Batteries themselves, and a Battery Management System (BMS) which is sometimes 
referred to as an Energy Management System (EMS). The Battery itself can be viewed as being ‘dumb’ and simply 
charges and discharges electrons. It is the BMS that contains the brains of the system and oversees things like battery 
temperature and environmental controls, as well as charge and discharge rates based on pricing signals from the grid. 
A large number of strategies may be used in the BMS, such as Peak Shaving, Load Management, Standby Use, or Pricing 
Arbitrage, depending on the business use case for the BESS in that location. Some strategies may be used in 
combination.  Therefore, the BMS and the strategy employed greatly influence the economics of the system. 

The purpose of this study was to compare the types of batteries in an Arbitrage use case, to see which type of system 
would have the best economics when ‘buying low and selling high’. A project scenario was developed for the 
simulations which allowed an ‘apples-to-apples’ computer comparison. The process included the creation of a test set 
of 15-minute ‘Settlement Prices’ over the course of a year. This same set of data was used in all simulations. The 
system size was changed between simulation runs to see the effects of scaling, both in terms of Power (kW) and Energy 
(kWhrs). The same logic strategy was employed in all runs which simulated the actions of a BMS. The costs of the BESS 
were broken out on a $/kW basis where possible to allow system sizes to change as part of the study.  Some cost 
elements were fixed regardless of scale, reflecting the reality of site development. The resulting economics are 
presented from the point of view of a ‘Special Purpose’ company (“DevCo”) which owns and operates the BESS project 
and sells this electricity to the grid operator. 



The end result of the modeling effort is the production of a 25 year Proforma income statement using AED’s 
proprietary FOCUS© financial modeling software, which calculates all of the revenues and expenses of the BESS’ 
operations when charging and discharging.  It measures this operation in 15 minute intervals over each of 20 years, to 
produce the system’s unleveraged (unfinanced) Internal Rate of Return as an investment ranking.  

The Base Case for Modeling: 

The following describes the scenario and assumptions that were used to create the base case simulations: 

1. The project developer (“DevCo”) has leased land and has interconnected to the electric grid at some node “X”, 
which is defined only by the settlement pricing characteristics shown below. No specific geographic node has 
been assigned. A lease cost for the land has been assigned to the project, as has an annual PILOT (Payment in 
Lieu of Taxes) for real estate tax purposes.  

2. Two different types of Batteries have been considered, at prices quoted to AED from manufacturers as of 
January of 2024.  A Lithium Ion Phosphate (LFP) and an Iron Flow Battery are simulated.  Due to Non-
Disclosure Agreements the names of the manufacturers of the batteries have been redacted, and only the 
generic type of battery is referenced in the report. 

3. The size of each of the BESS has been allowed to vary for each comparison computer simulation. Sizes of 
between 4MWhrs to 16 MWhrs were analyzed.  

4. All of the simulations utilize the same BMS to control the rate and logic as to when the batteries will charge 
and discharge. The BMS logic is driven by ‘Settlement Prices’ which occur every 15 minutes of the year. The 
logic for the BMS can be regulated so that ‘Buys’ and ‘Sells’ occur at 3 specified price range ‘spreads’.   

5. A Settlement Price curve was developed for the simulations. The Settlement Prices are based on a daily cycle 
containing one peak period and one off-peak period.  The cycle simulates a sine wave over the 24 hour cycle, 
with prices rising and falling according to the time of day.  The mean (average) price of the Settlement Prices 
over the year is $.10 USD/kWhr for all simulations in this report. The Settlement Prices can be varied by 
changing the Amplitude of the Sine Wave which allows an examination of how the economics of the BESS will 
respond to different price ‘spreads’.  Each BESS was simulated at 3 different pricing spreads to see the effects 
of pricing on the economics:  

a. Buy at <$.04/kWhr/Sell>$.16/kWhr,  
b. Buy at <$.05/kWhr/Sell>$.15/kWhr, and  
c. Buy at <$.06/kWhr/Sell>$.14/kWhr. 

 
 

 

Figure 1 - The Settlement Price curve (blue) simulates node pricing cycling once a day.  Mean values ($.10/kWhr) as well as Buy 
(green) and Sell (red) prices can be specified. The yellow line shows the State of Charge of the BESS. The units of the X-axis are 15 
minute intervals, with 5 days shown. 
 

6. A portion of each battery may be ‘Set Aside’ for purposes of performing Ancillary Service Revenues (ASR). A 
value of $100,000 per MW-year is used for all BESS.  Of note is the fact that there appears to be some 
disagreement within the industry as to whether Flow Batteries can take advantage of ASR due to pump 



reaction speeds, etc.  The two manufacturers interviewed for the study claim that their products can react 
within 200ms and are currently performing ASR.  Therefore both BESS participate in ASR.  

7. Project costs were assigned on a $/kW or $/kWhr basis to allow for scaling of the BESS size.  Some cost 
elements, such as Permitting, were fixed regardless of size. The costs used are considered typical within the 
nascent storage industry, and a Bill of Materials (BOM) is included for reference in the Appendix.  

8. The costs of maintaining the different types of BESS were included in either an annual O&M cost or as part of 
an Augmentation program plus O&M in order to replenish the BESS through the 25 year life of the proforma. 
In this manner no complete replacement of the BESS was required. 

9. Where appropriate the Investment Tax Credit and a depreciation expense were taken against the project and 
added to the Proforma income statement for Devco. A combined tax bracket of 26% was assumed (State and 
Federal).   

10. The metric used to measure the results and compare system performance was the 25 year Internal Rate of 
Return of the project, on an unlevered basis.  

 

Assumptions: 

A number of other assumptions are used to simulate the projects as found in Table 1 below. 

Item Value 

Round Trip Efficiencies (Li-Ion / FB) 90%/76% 
ITC value 30% 
Cost of Site (Land Lease + PILOT) $20,000/$10,000, increased for FB due to larger footprint 
Augmentation for Li-Ion  15% every 3 years 
Devco Combined Tax Bracket 28% 
Augmentation of Flow Batteries Built into O&M per manufacturer’s warranty 
Insurance Costs See Appendix 
O&M costs See Appendix 
Cycling Both systems cycled approximately once/day 
  

Table 1 - Various assumptions used in the model. 

 

Methodology:  

FOCUS© financial modeling software for Microgrids 
(www.AssocEnergy.com/Focus) was used to model the 
BESS performance and business profitability.  FOCUS© 
was used to set up a microgrid topology for the BESS and 
all associated costs and revenues incurred in servicing 
one of the grid’s nodes, represented by the derived 
Settlement Pricing curve.   

FOCUS© then simulated the operation of the system 
using data from the Settlement data in 15 minute 
increments to analyze how the BESS charges, discharges 
and makes money according to the logic of the BMS. The 
business has been modeled from the point of view of 
DevCo, which owns the BESS as a business unit. The 
power and energy from the BESS is sold for both 
Arbitrage against the daily fluctuating curve, with a set 
aside reserve of 20% of the BESS which is used for ASR. 



The costs associated with the business unit include all costs of Capital, Financing, Operations, Labor and O&M 
placed upon the business unit as can be seen in the Appendix exhibits. Where possible known values were used in 
these calculations.  Otherwise industry averages were used. Costs were determined to be either fixed, per kW or a 
per kWhr basis, depending on the type of cost.  This allowed for the project sizes to be scaled.   

Once the Settlement Prices were loaded the characteristics of each BESS to be studied were input.  These 
characteristics appear in the Exhibits. The program was then used to simulate the operation of each BESS every 15 
minutes of the year, repeating the process until it scaled through 7 different size configurations.  This was done for 
each of the BESS at 3 different ‘buy/sell’ price points on the Settlement Pricing curve in order to study the effects 
of the price spread on the IRRs.    

FOCUS© then generated a 25 year proforma income statement and the 25 IRR for each of the 21 simulations.  

A few notations are made concerning the comparison of Li-Ion to Flow Batteries due to the differences in 
technology. 

1. In general today’s Flow Batteries are only about 15-25% as energy ‘dense’ as Li-Ion batteries. Although 
this is reflected in the CapEx price/unit power or energy, the Flow Batteries have a larger footprint and 
will consume more real estate. Therefore, the lease and the PILOT (real estate tax) costs of the Flow 
Battery simulation were increased. 

2. Lithium-Ion chemistry requires those batteries to be ‘Augmented’ every few years in order to replace 
overused or worn-down cells and keep the overall battery running at factory specifications for the 
warranty.  In contrast, Flow Batteries require an occasional replenishment of electrolytic fluid, which is 
much less expensive.  The FOCUS program accommodates for both of these differences in both the O&M 
and ‘Augmentation’ expense columns of the Proforma Income Statements. Manufacturers values for 
O&M and Augmentation were used in the simulation. 

3. The ‘Round Trip Efficiency’ of the BESS (kHrs Delivered/kWhrs Charged) is different between the two 
types of batteries, with flow batteries exhibiting a lower RTE.  This characteristic is included in the 
calculations performed by the FOCUS program.  

Results: 

The Li-Ion BESS: The LFP BESS was simulated in FOCUS first, according to the assumptions listed previously and 
shown in the Exhibits. As the project was scaled through 7 different sizes (from roughly 2MWhr to 16 MWhr) the 
IRR of each size was calculated.  Figure 2 below shows the result of those simulations at each of the Settlement 
Price pricing spreads. 

 

Figure 2 - The Internal Rates of Return of the Li-Ion BESS at different sizes and at 3 different pricing spreads. 



As can be seen, the larger the pricing spread between the Buy and Sell prices, the higher the rate of return on the 
investment will be at given sizes. This is as expected.   

In addition, a ‘sweet spot’ in system size develops for the BESS for each of the pricing spreads.  For any pricing 
spread there is an optimum (maximum) IRR that occurs.  System sizes to the left or right of this optimum show 
decreasing IRRs, as the system size and operating revenue is either too small to overcome fixed and minimum 
operating expenses, or the system is too large and wastes Power or Energy capacity for the number of arbitrage 
occurrences over the year.   

This analysis underscores the fact that a BESS system should be designed to the Settlement Pricing data for the 
intended grid node in order to achieve optimum economics.   

A Proforma income statement for this BESS system at the 12,000 kWhr size and for the mid-range pricing spread is 
shown in the Appendix.   

 

The Flow Battery BESS:  The Flow Battery BESS was then substituted for the Li-Ion BESS and the simulations were 
rerun.  Only a few modifications mentioned above were made (Augmentation, RTE, etc.), and all other variables 
were held constant. As the project was scaled through 7 different sizes (from roughly 2MWhr to 16 MWhr) the IRR 
of each size was calculated.  Figure 2 below shows the result of those simulations at each of the Settlement Price 
pricing spreads. 

 

Figure 3 - The flow Battery simulations at 3 different pricing spreads. Note that IRR is less affected by the size of the units. 

This type of BESS appears to achieve a slightly higher IRR across more sizes than the Lithium chemistry. And it 
appears to hold that return across a broader range of sizes, making the sizing of these units appear more 
‘forgiving’.  

Once again, we see that sizes below 3-4 MWhrs achieve inferior economics, while sizes above 16mWhrs start to 
drop off.  And again, these IRR values must be taken in context with the Settlement Prices from that node, and the 
strategy/logic of the BMS system. 

Side-by-side Comparison: A side-by-side comparison of the two BESS types at the middle pricing spread are shown 
below in Figure 4. The ‘bump’ in IRR at the 4,000 kWhr mark in the Flow Battery curve should be ignored, as it is 
the result of the data being smoothed between data points.  



 

 

Figure 4 - The Flow Battery BESS and the Li-Ion BESS across similar size ranges for the middle pricing spread (Buy<$.05, Sell> $.15) 

As can be seen the Flow Battery actually exceeds the IRR of the Lithium BESS for all sizes at this pricing spread. In 
actual business practice this should be examined at any anticipated node, and it should be kept in mind that this 
small difference may be mitigated simply by a better quotation on pricing, or future pricing trends (see 
conclusion). But in general, this exercise shows that the RTE and Augmentation result in similar economics 
between the two BESS system types. 

 

Reserve for Ancillary Services Revenue: 

As was noted, each simulation was done with 20% of the BESS size ‘reserved’ for bidding into Ancillary Services 
such as voltage and frequency support.  At the start of the exercise, it was thought that the Flow Batteries could 
not provide the rapid response needed to provide these services and that this revenue should be ignored in those 
simulations.  Interviews with two Flow Battery manufacturers during the work have revealed that the Flow 
Batteries can react within 200ms, which should allow participation in at least some support services.  Each 
manufacturer confirmed that they have product in the field that is successfully bidding AS revenues.  Therefore 
this set-aside was included for both types of BESS.   

For the Flow Battery, at the 12,000 Gross kWhr size and at the middle price spread of $.05/$.15, the 20% set aside 
for Ancillary Service Revenues produced 36.1% of the total energy revenues, or 24.4% of all ‘revenues’ including 
ITC and tax considerations.   

A Proforma was run for this simulation and appears in the Appendix.  As can be seen, the inclusion of the AS 
revenue increased the IRR from 9.4% without the ASR set aside to 11.5% with the ASR.  

For the Li-Ion BESS, at the 13,760 Gross kWhr size, and at the middle price spread of $.05/$.15, the 20% set aside 
for Ancillary Service Revenues produced 25.2% of the total energy revenues, or 23.4% of all ‘revenues’ including 
ITC and tax considerations.  

A Proforma was also run for this simulation and appears in the Appendix.  As can be seen, the inclusion of the AS 
revenue increased the IRR from 8.9% without the ASR set aside to 10.8% with the ASR.  



 

Conclusions: 

1. The Flow Battery appears to enjoy a slight increase in IRR across all size of projects studied, although the 
difference at many sizes is less than 1% IRR, and this is likely with the margin of 
error of this exercise.   

2. The lower Round Trip Efficiency of the flow battery and the increased 
Augmentation costs of the LFP appear to counteract each other, resulting in 
similar cost effectiveness for each system.   

3. The Augmentation costs of the LFP really hurts its economic performance.  
Although the practice is to only replace a certain percentage of cells every few 
years, the end result is the entire replacement (plus some) of the battery within 
25 years.  

4. As well as affecting overall economic returns (IRR), this Augmentation cost 
replacement presents an additional concern with the financing of the project.  As 
can be seen on the Proforma Income Statements (snippet on right), the volatility 
of the Augmentation expense raises havoc on the cash flow in replacement years, 
which also affects the Debt Service Coverage Ratio (DSCR) for financing.  Lenders 
who insist that EVERY year maintain a certain DSCR may decline to finance the 
project for that reason. 

5. The ‘shape’ of the Settlement curve in Arbitrage situations – how it changes from 
hour-to-hour and day-to-day – is most important.  The BESS needs to be 
optimized against this curve for best performance.  In fact, the analysis of this 
data is at the very heart of the BESS sizing proposition. 

6. The logic and strategies of the BMS system are very important to the financial 
success of the project. Understanding the logic, setpoints, communication 
protocols and other details of the BMS interface between the BESS and the grid 
operator is paramount. 

7. It goes without saying that the Pricing obtained for the BESS is paramount and will 
have a great influence on the IRR.  This is an issue at the heart of the rapidly 
growing storage industry, which is promising many new technologies and price 
reductions for the near future.   

8. Due to the lower energy density of the Flow Batteries, a larger real estate 
footprint will be required.  This should especially be considered for small sites. 

9. This study only examined one type of Flow Battery chemistry – that of Iron and a 
salt electrolyte.  Other chemistries may have slightly different results. 

10. As this report shows, a simulation of economic forecasting or backcasting with actual historic data should 
be undertaken as part of the economic due diligence. Such a report should list all variables considered 
and the methodology of the analysis performed.   Such an analysis should include FULLY LOADED project 
costs, including land costs, taxes, O&M, Augmentation and fees paid to all participants. 

 

 

 

  

Figure 5 - The Augmentation costs 
greatly affect the DSCRs. 



Appendices: 

The following Exhibits are enclosed: 

1. Proforma Income Statement of 12,000kWhr Flow Battery BESS at mid-range pricing spreads w/20% ASR. 
2. Proforma Income Statement of 12,000kWhr Flow Battery BESS at mid-range pricing spreads w/out 20% ASR. 
3. Bill of Materials comprising the 12,000kWhr BESS installation used in the simulations. 
4. Details of Expenses shown on Proforma for the 12,000 kWhr simulation. 

 
5. Proforma Income Statement of 12,000kWhr Li-Ion BESS at mid-range pricing spreads w/20% ASR. 
6. Proforma Income Statement of 12,000kWhr Li-Ion BESS at mid-range pricing spreads w/out 20% ASR. 
7. Bill of Materials comprising the 12,000kWhr BESS installation used in the simulations. 
8. Details of Expenses shown on Proforma for the 12,000 kWhr simulation. 

  



1. Proforma FB with 20% ASR set aside. 



2. Proforma FB w/out 20% ASR set aside. 
 



3. FB CapEx BOM 
 



4. FB Proforma Annual Expenses 
 



5. Proforma Li-Ion with 20% ASR set aside. 



6. Proforma Li-Ion w/out 20% ASR set aside. 
 



7. Li-Ion CapEx BOM 
 



8. Li-Ion Proforma Annual Expenses 



 

About the FOCUS Software: 

The FOCUS software used to simulate the systems in this exercise has been developed over the past 12 years for use in 
depicting the financial performance of various kinds of renewable energy and microgrid systems, including 
combinations of solar, wind, CHP, energy storage, natural gas gensets, and other resources within a microgrid 
environment. It has been used by developers, investors and financial institutions to model the financial performance of 
over 1000 energy systems around the world.  

 

About the Author 

Brian D. Kuhn is the Founder and a Principal of both Associated Energy Developers and 
Aeronautica Windpower of Plymouth, MA, and a 40 year veteran of the Renewable 
Energy industry.  Associated Energy Developers is a renewable energy project analysis 
and development company specializing in solar and wind systems for clients in the 
Commercial and Industrial as well as Utility scale markets.  Brian may be reached at 
Brian.Kuhn@AssocEnergy.com, or 508-364-9489.

 


