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A federal incentive that is available to lower the cost 
of installation is the Solar Investment Tax Credit (ITC). 
The Solar ITC requires that the energy storage system be 
paired and charged by an onsite renewable energy source, 
such as PV, for, at minimum, 75% of the time annually. 
If the renewable energy source is not sized to charge 
the energy storage system 75% of the time, the system 
will not qualify for Solar ITC. Depending on the year that 
the renewable energy system is installed, the tax credit 
received varies, as shown in Figure 7. 

Several states are also implementing their 
own incentives to further promote the 
installation of energy storage systems.

FEDERAL INCENTIVES
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FIGURE 7 - ITC RATES7

Solar Energy Industries Association

Solar ITC Schedule

*Some residential solar systems are financed using a lease mechanism that allows  
the homeowner to take advantage of the Section 48 commerical ITC
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After meeting the minimal requirements of the ITC, the amount of credit a building owner receives varies proportionate 
to the percentage of time that the battery is charged from the renewable energy source. To qualify for the full Investment 
Tax Credit in 2023, the energy storage system will need to charge 100% of the time to receive the 22% credit. If the 
energy storage system is charged 80% of the time from the renewable energy source in 2023, the Investment Tax credit 
received will be 80% of 22%, equating to a total ITC credit of 17.6%. 

FIGURE 8 - ENERGY STORAGE SYSTEM TAX CREDIT WITH RENEWABLES (2021 EXAMPLE
Adapted from EnergySage8

Receiving Tax Credit for Energy Storage
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Several states are also implementing their own incentives to further promote the installation of energy storage systems, 
as shown in Figure 9. 

FIGURE 9 - STATES WITH ESS INCENTIVE30

The NC Clean Energy Technology Center and the Database of State Incentives for Renewables and Efficiency
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Customer demand for energy storage systems have 
been driven by increased utility energy costs and utility 
reliability issues. Improved battery technology and this 
increase in customer demand has driven manufacturers to 
develop larger facilities to streamline the manufacturing 
process, causing the cost for lithium-ion batteries to 
decrease substantially. The cost in lithium-ion batteries 
decreased from $917/kWh to $135/kWh from 2011-20202. 
By 2023, prices could be as low as $100/kWh3. We show 
the breakdown of the cost for the entire installation of 
an energy storage system in Figure 10 for a 1 MWh energy 
storage project16. From this, we can predict that the EPC 
(Engineering, Procurement, and Construction) costs will 
decrease from $55/kWh in 2020 to $40/kWh in 2025, 
and the overall cost reduction will go from $400/kWh in 
2020 to $270/kWh in 2025, a 32.5% reduction in overall 
cost. Building owners can apply this pricing method to 

COST OF ENERGY 
STORAGE SYSTEMS  
AND RETURN ON 
INVESTMENT
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FIGURE 10 - ENERGY STORAGE SYSTEM COST TREND - 1MWH BESS29

Source: McKinsey & Company, GTM Research

Best Case Scenario
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obtain high level estimates for energy storage systems 
installed at commercial buildings, as it is broken down 
by $/kWh. This reduction in cost is driven by streamlined 
manufacturing processes and competition. 

To measure the tangible value of an energy storage 
system, we can evaluate the return on investment based 
on the following:

•	 Payback Period
•	 Internal Rate of Return
•	 Net Present Value

PAYBACK PERIOD
The payback period is the time in years it takes for 
project savings to equal or exceed the initial cost15. The 

shorter the payback period, the quicker the return on 
the energy storage system investment. However, this 
payback period varies from project to project depending 
on the system size, utility rates and incentives available. 
Installing an energy storage system in a location where 
time-of-use and demand rates have minimal variation 
throughout the day and year may be uneconomical, 
since a major reason for an energy storage system is 
to offset these costs. As such, building owners and 
developers need to evaluate the payback period on a 
case by case basis. We show some examples of payback 
periods for specific projects below.

Let’s take a look at a recent battery installation at a 
grocery store in Los Angeles to determine the optimal PV 
and energy storage system size that would maximize the 
store’s savings. After the installation of PV and Energy 

When an energy storage system is sized appropriately to offset the peak utility costs, the 
system can prove to be financially beneficial as a standalone system or when paired with PV.



Cost of Energy Storage Systems and Return on Investment    25

Storage, the building’s utility rate structure falls under 
Southern California Edison’s TOU-GS-2 rate structure. The 
peak demand for the facility was 246 kW, so the developer 
decided to install a 125kW PV system coupled to a 110 
kWh energy storage system. The small energy storage 
system was sized based on shaving the peak demand 
charges only and lowering the peak rate of energy 
usage. This size was optimal to offset the building’s 
demand charges and manage energy usage. Taking into 
consideration installation costs and utility rates, the 
developer determined the payback period for the PV and 
energy storage system would be 14 years22.

As another example, a school in Knoxville, Tennessee 
was evaluated to determine the optimal savings from 
installing a PV and energy storage system that would 
also be financially attractive. In this location, the building 
operates under the general power rate schedule, so 
time-of-use rates do not vary throughout the year, 
and demand charges vary a negligible amount. Due to 
the rate structure, an energy storage system provides 
minimal benefits to lowering demand charges and energy 
management, as the charges are relatively consistent 
annually. The payback period for the school would be 

greater than 25 years, resulting in the energy storage 
system being uneconomical in Knoxville, Tennessee22. 

INTERNAL RATE OF RETURN AND NET PRESENT VALUE
The tangible value of an energy storage system can 
also be communicated with the internal rate of return 
(IRR) and/or net present value (NPV). The internal rate 
of return measures the future expected rate of return of 
the system annually. The net present value measures the 
difference between the present value of cash inflow at 
present compared to the present value of cash outflow 
in a period of time. The greater the internal rate of return 
and net present value, the better the investment. 

If the building is operated by the owner and their 
employees, the owner will be able to directly benefit from 
their energy savings. We analyzed this savings in a project 
involving PV and energy storage systems that Point 
Energy Innovations has designed in the San Francisco 
Bay Area. The project includes three office buildings 
owned by one owner, creating a campus style design for 
the electrical system. The PV and energy storage system 
parameters appear below:
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 FIGURE 11 - PV AND ENERGY STORAGE SYSTEM SIZING 
Adapted from Tesla25

Whole Home Backup
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Point Energy Innovations completed the analysis by taking into consideration specific utility rates, federal incentives, 
state incentives, system degradation with time, system capital cost, and inflation to obtain an accurate representation of 
the internal rate of return and net present value. Our findings are as follows:

Point Energy Innovations 
PV and Energy Storage System Financial Benefits

Internal Rate of Return (%) 8.7%

Payback Period (Years) 10 Years

Net Present Value ($) $138,000

When an energy storage system is sized appropriately to offset the peak utility costs, the system can prove to be 
financially beneficial as a standalone system or when paired with PV. Although the cost of the energy storage system 
itself is decreasing with time, a standalone energy storage system is less likely to be installed in comparison to an energy 
storage system paired with PV because of the cost incentive of the Solar ITC. The overall cost of installing an energy 
storage system when paired with PV decreases with the Solar ITC. As the incentive of the Solar ITC decreases with time, 
due to policy, more people may install standalone energy storage systems.
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Building developers and owners can see great 
reductions in energy charges from the utility by 
coupling a PV system with an energy storage system. 
The reduction in energy charges can range from 25%-
100% depending on the type of storage in the building. 
However, a building owner typically has little incentive 
to install these systems. This is because the building 
owner is paying all the upfront costs with installing PV 
and energy storage systems, while the tenants are the 
ones who pay the monthly utility bills and reap all the 
benefits in energy savings. However, building owners are 
now realizing methods of installation and leasing where 
both the tenants and building owner can benefit from 
the installation of PV and energy storage systems. Some 
methods for recovering the cost of renewable energy and 
battery systems are as follows:

•	 Full Service Lease
•	 Green Lease

FINANCIAL 
CONSIDERATIONS FOR 
DEVELOPERS & OWNERS
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•	 Property Assessed Clean Energy (PACE) Financing
•	 Equipment Lease

FULL SERVICE LEASE
A full service lease is a straightforward method to 
recover the cost of PV and energy storage systems at a 
commercial building. A full service lease includes costs 
for the space and energy usage. This means that a flat 
fee is included into the monthly rent to account for the 
tenant’s energy usage at the utility energy rate. However, 
in reality the building owner will be paying less for energy 
than the time-of-use energy and demand charges with 
the installation of an energy storage system. The energy 
storage system will lower the actual cost of energy that 
the owner will pay by shifting time-of-use loads to off-
peak hours and managing peak demand load. As the 

tenant is still paying the market energy rate, the utility 
energy savings is profit for the building owner and can go 
toward paying off the investment in energy storage or PV.

GREEN LEASE
A building owner can also write a lease agreement as a 
green lease where the owner sells the stored renewable 
energy directly to the tenant. In this scenario, an energy 
storage system is designed to store energy from PV. 
Once the battery is charged, the owner sells the stored 
energy directly to the tenant at a rate typically reduced 
by 10% from the utility rate. This approach provides 
financial benefits to both the tenant and the owner, as 
the tenant is paying for energy at a reduced rate and 
the owner is profiting from the green lease agreement’s 
energy cost minus the off-peak utility rates. Tenants will 

Building owners are now realizing methods of installation and leasing where both the tenants 
and building owner can benefit from the installation of PV and energy storage systems.
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also be excited by this approach as they are aware that 
their space is contributing to providing a greener future. 
However, it should be noted that the feasibility of this 
approach depends on the utility company energy policies. 

PROPERTY ASSESSED CLEAN ENERGY (PACE) FUNDING
One of the most common types of leases for commercial 
buildings is the triple net lease (NNN). This type of 
lease allows the landlord to directly pass operating 
expenses, including property taxes, on to tenants16. 
Property Assessed Clean Energy (PACE) is a financing 
method that is available to owners for the installation of 
renewable energy systems and energy storage systems. 
When completing financing payments for PACE, these 
payments are included as part of property taxes. As such, 
the cost of installing an energy storage system when 
financed through PACE can be passed on directly to the 
tenant if the tenant is leased under a triple net lease. 
When the owner sells the building the energy storage 
system is assessed as part of the building and increases 
the building value. This means, the owner or developer 
does not directly take on the costs of the energy storage 
system as the system gets sold with the building. 

EQUIPMENT LEASE
Leasing equipment in the US is also widespread, 
especially in situations where the building owner has no 
tax liability. In this scenario, the energy storage leasing 
company is able to receive all the tax incentives and pass 
on these savings to the leasee. This results in an energy 
storage system with a lower leasing fee for the system. 

After recovering the costs of a PV and energy storage 
system, a building owner will be able to see an increase 
in value of their building when evaluating the net 
operating income (NOI). The net operating income 
measures the difference between rental revenue and 
operating expenses16. As energy costs are a part of 
operating expenses, the operating expenses are reduced 
with energy storage while rental revenue is increasing, 
resulting in an increase of net operating income.
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During an expected utility outage, loss of power can 
translate into lost revenue, lost productivity and in 
some cases unsafe building conditions. Power outages 
are in some states becoming more frequent due to forest 
fires and more extreme weather conditions. Microgrids 
powered by battery storage and PV systems can provide 
ongoing power to buildings during these outages. Even 
on cloudy days, solar PV systems can recharge batteries 
and provide many days of backup. In comparison, using a 
generator would provide resilience power for a specified 
number of hours and will not be able to supply power 
for multiple days. Coupled with the normal operation 
financial benefits of PVs and battery storage, an 
increasing number of owners and developers are choosing 
microgrids. 

With the pairing of PV and energy storage systems, 
microgrid capabilities at buildings are feasible and 
capable of supplying backup power to building loads, 
depending on the design requirements. A microgrid is 
a group of interconnected loads and energy resources 
that have the capability of operating when connected 

to or disconnected from the grid. If sized correctly, the 
PV system will be able to generate sufficient energy to 
charge the batteries and offset the electrical usage of the 
building. In the event that utility power is disconnected, 
the battery and PV will be able to operate as a microgrid 
for a period of time as specified in the design. This 
microgrid capability allows individuals to continue 
with their tasks with high productivity, as they are not 
interrupted by the loss in utility power. 

As the energy storage system size for a commercial 
building is typically not large enough to handle the 
entire building load, a load shedding system may need 
to be implemented so that the energy storage system 
is powering only select loads when utility power is 
unavailable. This load shed strategy is necessary in a 
couple scenarios:

1.  �When the main purpose of the battery system is energy 
arbitrage/demand management, in which the battery 
must be able to feed into all loads on the distribution 
system (and only back up select loads during an outage).

MICROGRIDS AND RESILIENCE
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2.  �When the building owner wants the on-site energy 
sources such as PV to stay online in an outage in order 
to feed building loads or charge the battery. 

An alternative method for adding resilience is to provide 
backup power to specified loads in lieu of an entire 
building. The energy storage system can be used partially 
or entirely in place of a generator for backup power, 
depending on the size and type of loads that require 
backup power. In this configuration, a typical approach 
includes having the backup loads on a dedicated feeder 
separate from the normal loads. The energy storage 
system will then be connected at the most upstream 
panel of the backup loads. With this, the energy storage 
system is able to keep backup loads powered for a period 
of time, so that these loads are able to operate when 
utility power is lost. 

Although replacing a generator with an energy storage 
system is possible, an energy storage system is not able 
to backup all load types, such as code required backup 
loads and large motors. Code required backup loads 
are required to be backed up by an energy source that 
is UL listed, a nationally recognized standard for safety, 

for emergency and standby use. At the time of writing 
this paper, an energy storage system typically is not UL 
listed for emergency and standby use. In addition, large 
motors have a large initial power draw when turned on 
and ramping up to capacity. A battery system is typically 
not sized to account for this large inrush of power without 
becoming significantly oversized/uneconomical. As such, 
it is important to evaluate the loads that the building 
needs on backup power to determine if an energy storage 
system is the correct approach. 

Power outages in some states are 
becoming more frequent due to forest fires 
and more extreme weather conditions. 
Microgrids powered by battery storage and 
PV systems can provide ongoing power to 
buildings during these outages.
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An energy storage system is able to reduce carbon 
emissions that a building produces from its use of the 
electrical grid. The grid adjusts for varying demands 
of energy usage, including periods where forecasted 
demand for electricity is expected to exceed the supply. 
In these situations, some utilities rely on peaker plants 
to generate energy to meet the immediate peak energy 
demand. These facilities typically run on fossil fuels that 
have a high carbon emission. 

The electrical grid measures carbon emission using either 
the average emissions method or the marginal emissions 
method. The average emissions is a measurement of the 
total amount of emissions generated on a grid over the 
total electricity used for an hour. Since this metric does 
not take into consideration specific changes to load and 
supply for an instance of time, it is difficult to use an 
energy storage system to offset electricity that produces 
high carbon emissions. The marginal emissions method 
takes into consideration all supply of electricity at a 

specific instance in time, whether it be from high carbon 
sources or renewable sources. Since marginal emissions 
provide time dependent insight to periods of high carbon 
emissions on the grid, an energy storage system in a 
building should incorporate the electrical grid’s marginal 
emissions to reduce the building’s carbon footprint. 

Over a year, the amount of greenhouse gas emissions 
measured using marginal emissions in California appears 
on Figure 12, where red indicates a high greenhouse 
gas emission and green indicates low greenhouse gas 
emission18. One reason for high greenhouse gas emissions 
during the summer months between 3:00pm-8:00pm 
is due to residents going home and turning on large 
appliances and equipment, such as air conditioning 
units. Since PV production is tapering off during these 
hours, renewable energy sources are limited and utilities 
are using high carbon producing peaker plants to keep 
up with the demand for electricity. On the other hand, 
periods of low greenhouse gas emissions between 

BATTERIES AND CARBON FOOTPRINT 
REDUCTION BENEFITS
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January to May occur between 8:00am - 3:00pm. This 
is due to cooler weather resulting in less use of large 
HVAC equipment for air conditioning combined with the 
abundance of renewable energy, such as PV, available on 
the grid during daytime hours.

An energy storage system is able to reduce 
carbon emissions that a building produces 
from its use of the electrical grid.
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Marginal Greenhouse Gas Emissions

FIGURE 12 - MARGINAL GREENHOUSE GAS EMISSIONS PROFILE FOR CAISO, 
Source: WattTime: relative CO2lbs/kWh electricity31

Kristen DiStefano, Atelier Ten, Henry Richardson, July 2019, The Future of Carbon Neutral Design
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To optimize carbon reduction with energy 
storage, the system must operate with 
real time daily data of marginal emissions. 
WattTime, a nonprofi t that off ers solutions 
to reduce emissions, has a company 
objective to work with marginal emissions 
as a way to measure the actual impact of 
energy decisions, and has developed an 
open source API to help businesses manage 
marginal emissions. As we show in Figure 
13, an energy storage system in California 
should be charged between approximately 
7:00am - 6:00pm on May 28, due to low 
marginal emissions in comparison to other 
time periods. The energy storage system will 
then be able to discharge the low marginal 
emissions energy during periods of high 
marginal emissions, such as at 8:00pm, to 
reduce carbon emissions on the grid. Figure 
13 also shows that periods of low time-of-use 
rates do not always coincide with periods 
of low carbon emissions. Ideally, an energy 
storage system should be optimized for both 
utility rates and carbon emissions to reduce a 
building’s carbon footprint and energy costs. 

FIGURE 13 - MARGINAL CARBON EMISSIONS AND TOU RATES
Data Source: Cal ISO33

Marginal Carbon Emissions + Time of Use
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Sizing an energy storage system to provide long term 
financial benefits requires an understanding of the 
building’s energy use profile and utility rates. A common 
misconception is that a larger battery size provides 
greater financial savings since it is able to offset greater 
utility costs. While this may be true, a battery usually 
provides the majority of utility cost savings when right 
sized to shave the peak building demand load to a lower 
tier and shift building energy usage to periods of the day 
when energy rates are less expensive. The additional 
savings from a larger battery would be less impactful 
if the demand and energy charges cannot be further 
shifted to a lower utility tier than the right sized battery. 
A battery also costs significantly more in larger sizes, 
and can quickly reach the point where the savings do not 
outweigh the battery cost.

The battery of an energy storage system can be 
preliminarily sized at 20% of the electrical power demand 
load (kilowatt), prior to taking into consideration any 
solar offsets, of a building during early design. This is a 
good starting point as this size can typically bring the 

building’s peak demand and energy usage to lower rates 
while being cost effective. A detailed guideline for sizing 
an energy storage system’s battery is as follows: 

1.	 Obtain the building’s energy usage profile. This 
information will be used to understand the current 
peak demand and energy usage. Ideally this data will 
be in 1-minute, 15-minute or 60-minute intervals. 

2.	 Confirm the building’s utility rate structure and if 
a switch to a different rate structure is applicable. 
The energy and demand cost savings achieved can 
vary greatly depending on the rate structure by 
which the building is billed for energy and power use. 
Understanding when the peak demand and the value 
of time-of-use charges are essential to determine 
the savings. Some utilities also have specialized rate 
structures for buildings with solar or battery storage 
systems that can further boost savings. 

3.	 Determine if there is an existing PV system or if PV 
will be installed.

SIZING AN ENERGY STORAGE SYSTEM
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a.	 If PV will be installed or is existing, optimize 
the energy storage system for peak demand 
management, maximizing solar onsite, using 
solar electricity when costs are highest, and 
solar based energy arbitrage, as described in the 
Saving Money with Battery Systems section.

b.	 If no PV is or will be installed, optimize the energy 
storage system for peak demand management 
and energy arbitrage with the utility, as described 
in Saving Money with Battery Systems. 

4.	 Know your tax rates, discount rates, electricity 
escalation cost rates, and applicable incentives. 
Understanding all applicable tax rates, discount 
rates, and electricity escalation cost rates is 
important to determine applicable incentives and 
the most cost-effective system size. For example, the 
ITC is a tax credit received for installing solar or an 
energy storage system. If the company has a tax rate 
of 0%, no ITC credit can be obtained. 

5.	 Size your energy storage system so that a balance is 
found between battery cost and financial benefits. 
Investigate various battery sizes to determine the size 
that provides the maximum savings while maintaining 
the highest NPV and IRR. 

Sizing the energy storage system can be difficult, as it 
requires complex algorithms to determine the maximum 
possible savings. Industry tools, such as EnergyToolbase 
and Homer, can be used to assist with this process. Both 
software packages have robust system options, built in 
utility rates, and optimizers that help choose the most 
appropriate battery system size. 

The battery of an energy storage system 
can be preliminarily sized at 20% of the 
electrical power demand load (kilowatt), 
prior to taking into consideration any solar 
offsets, of a building during early design.
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By using energy data provided by the California 
Independent System Operator (CAISO) and 
understanding the duck curve, utility companies in 
California, such as PG&E, are changing their Time of Use 
rates to address these imbalances on the grid. Beginning 
in March 2021, PG&E will restructure their rates so that 
energy is most expensive between the hours of 4:00 - 
9:00pm, as shown in Figure 1417. This is in comparison to 
the previous rate structure, where the peak energy costs 
are between 12:00pm - 6:00pm. 

Since the new TOU rates are low when solar energy 
production peaks around 11:00am - 2:00pm, an owner 
will be selling excess PV energy to the utility during 
off-peak hours. Between 4:00pm - 9:00pm, an owner 
will be buying energy during peak hours since PV is 
unavailable as the day ends. This outcome of selling 
PV energy when rates are low and purchasing utility 
energy back when rates are high puts the owners in 
an uneconomical situation with PV. Energy storage 
systems are key in this situation in lowering energy 
costs by storing energy during off-peak hours where 

energy costs are low and using stored energy during 
peak hours when costs are high.

An additional incentive in California is the Self Generative 
Incentive Program (SGIP). The SGIP is an incentive that 
owners and developers can receive for Self Generation 
projects within California. The state program is designed 
to provide financial incentives for the installation of new 
qualifying technologies that are installed to meet all or a 
portion of the electric energy needs of a facility8. For an 
energy storage system, incentives vary depending on the 
system size and available funds of the utility. The funds per 
utility are organized into five steps, with funds declining 
between steps and as more energy storage systems 
are installed with the specific utility company. People 
interested in adding energy storage can find the incentives 
per Watt-hour and the current SGIP step in the most 
recent SGIP handbook and program level budget summary. 
Additionally, the amount of incentives that a project can 
receive vary depending on the energy storage system’s 
designed capacity and system run time.  

CONSIDERATION FOR APPLICATION IN CALIFORNIA
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Addressing Grid Imbalances

FIGURE 14 - PG&E TIME OF USE RATES
Adapted from PG&E5
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In the following example, Point Energy Innovations 
completed a solar and energy storage analysis 
at a building for a high profile tech client in the 
San Francisco Bay Area. The analysis takes into 
consideration specific utility rates, federal incentives, 
state incentives, system degradation with time, system 
capital cost, different payment methods, and inflation. 
The incentives, payment methods, and size of PV  
and energy storage system are as follows:

INCENTIVES
•	 Solar ITC
•	 California Self Generative Incentive Program (SGIP)

FINANCING OPTIONS
•	 Cash
•	 Direct Lease
•	 Power Purchase Agreement (PPA)

PV and Energy Storage  
System Parameters

PV System Size (kW) 1,137 kW

Energy Storage System  
Capacity (kWh) 2,850 kWh

Building owners commonly consider leasing a PV and 
energy storage system as a financing option due to its 
immediate cost savings. Within the first year, a PV and 
energy storage system has the potential to generate 
energy savings greater than the lease payments. We 
evaluated a cash payment, direct lease, and PPA lease 
over a period of 25 years. Below, we show our net present 
value, internal rate of return, and lifetime net savings 
between the three financing methods. 

CASE STUDY
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California Offi  ce Building - 25 Year Cost Savings

Cash Direct Lease PPA Lease

Up Front Investment $5,483,000 $0 $0

Net Present Value (25 years) $4,490,000 $3,445,000 $1,998,000

IRR 38.2% N/A N/A

*Cost savings are based on a 1,130 kW PV and 1,500 kW/3,000 kWh battery system installed for approximately 600,000 square footage of usable building space.

Although a greater upfront cost, a cash purchase 
provides the greatest net savings for building 
owners because they own the system upfront 
rather than leasing it from a third party. If the 
owner doesn’t have suffi  cient capital funds to 
purchase the PV and energy storage system, 
lease agreements are cost eff ective alternatives 
with immediate savings. With no upfront cost, 
the lifetime savings for a direct lease or PPA 
lease is upwards of 5 million over the lifetime of 
the system.

FIGURE 15 - LIFETIME NET SAVINGS
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BATTERY BASICS - FUNCTIONALITY AND DEMAND 
Most battery storage systems today use one form or 
another of lithium-ion batteries. Lithium-ion batteries 
store energy with an anode, cathode, and an electrolyte. 
The anode is a negative electrode, a cathode is a 
positive electrode, and an electrolyte is the barrier that 
separates the two. When an electrical load is connected 
to the batteries, electrons travel through the load 
from the anode to the cathode and produce electricity. 
Simultaneously, the lithium-ions will travel through the 
electrolyte barrier from the anode to the cathode to meet 
the electrons that travelled through the connected load. 
This process is reversed when charging the batteries. 

Lithium-ion battery systems are currently the most in 
demand energy storage system for behind the meter 
applications due to their relatively low cost, high energy 
density, and round trip efficiency. Round trip efficiency is 
the ratio of net energy that the battery puts out for use, in 
comparison to the net energy used to charge the battery. 
The average round trip efficiency for lithium-ion energy 
storage applications is 86%11.

There are six major types of lithium-ion batteries 
currently available on the market, with Lithium Nickel 
Manganese Cobalt Oxide (NMC) taking the majority of 
the market, shown in Figure 16. Out of the market share 
of stationary energy storage systems using lithium-ion, 
75% consists of Lithium Nickel Manganese Cobalt Oxide 
(NMC), Lithium Nickel Cobalt Aluminum Oxide (NCA), and 
Lithium Iron Phosphate (LFP)14. 

The type of lithium-ion battery used in energy storage 
system applications vary depending on the manufacturer 
and what they prioritize, whether that be cost, life 
span, power, energy, or safety. Some of the leading 
manufacturers and the type of lithium-ion batteries that 
building owners use are shown in Table 1. Lithium Nickel 
Manganese Cobalt Oxide (NMC) is the most widely used 
lithium-ion battery for energy storage systems because 
they are widely available since the automotive sector 
produces them in abundance12. This increase in volume 
and supply has caused a lower price point for the NMC. 

APPENDIX
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FIGURE 17 - LITHIUM-ION GLOBAL MARKET SHARE 
BY APPLICATION24

Grand View Research, Inc

FIGURE 16 - GLOBAL MARKET SHARE 
BY LITHIUM-ION BATTERY TYPE23

Global Market Insights, Inc

Global Market Share Lithium-Ion Global Market Share
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Table 1 - Stationary Energy Storage Manufacturers

Manufacturer Lithium-ion Battery 
Type

Applications

Fluence Nickel Manganese 
Cobalt (NMC)*
Iron Phosphate (LFP)* 20

Commercial
Industrial

GE Energy Nickel Manganese 
Cobalt (NMC)21

Industrial

Hitachi ABB Nickel Manganese 
Cobalt (NMC)19

Commercial
Industrial

LG Chem Nickel Manganese 
Cobalt (NMC)12

Commercial
Grid-Scale
Residential

Samsung SDI Nickel Manganese 
Cobalt (NMC)12

Commercial
Grid-Scale

Sony Iron Phosphate (LFP)12 Residential

Tesla Nickel Manganese 
Cobalt (NMC)13

Commercial
Grid-Scale

*NMC and LFP are both readily available depending on the customer’s preference. 

Studies show that the environmental impacts with using 
NMC batteries may be less in comparison to using utility 
power. Producing 1 watt hour (Wh) of storage capacity 
causes a greenhouse gas emissions of 110 g CO2eq 

12.  
A LED light bulb typically uses 10 Watt, so a 10 Wh NMC 
battery is capable of powering the light bulb for 1 hour. 
The process to manufacture this 10 Wh NMC battery 
generates 1,100 g of CO2eq. In PG&E territory, providing 
10 Wh of energy to light up the same light bulb would 
generate 2,500 g of CO2eq 

35. Based on this current data and 
depending on your location, using NMC for energy storage 
may have less of an environmental impact and generate 
less carbon in comparison to using the utility power.

Fears of a shortage of cobalt have caused prices to 
almost triple for the metal12. Due to shortages of cobalt, 
manufacturers are striving to develop NMC batteries 
that are less dependent on it or completely independent 
of cobalt. This includes developing battery technology 
that uses a smaller percentage of cobalt and using 
alternatives, such as Lithium Iron Phosphate (LFP). 
Currently, LFP has a higher power density, allowing it to 
respond rapidly to energy and demand management in 
comparison to NMC. However, LFP has a lower energy 
storage density, meaning it requires a larger footprint to 
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store the same amount of energy. A shortage of cobalt 
and further development of LFP may lead to LFP being 
used more widely for energy storage systems.

One technology that is gaining traction within utility scale 
energy storage projects is fl ow batteries. A fl ow battery 
charges and discharges by moving electrodes between a 
separated positive and negative electrolyte liquid through 
a cell stack with a pump. A cell stack acts as the engine 
of a fl ow battery, generating electricity from the fl ow of 
positive and negative electrolyte liquid. Flow batteries are 
ideal for large-scale, long-duration storage because they 
can store large amounts of energy using scalable tanks of 
relatively cheap electrolyte10. As the demand for long-
duration storage increases for commercial buildings, the 
demand for fl ow batteries may increase as well. However, 
current costs of fl ow battery systems are not competitive 
with current Lithium battery technologies. 

FIGURE 18 - SCALING UP FLOW BATTERIES36

Credit: Anna Goldstein, Information Technology
and Innovation Foundation

Flow Batteries are Trending
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