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EXECUTIVE SUMMARY

The deployment of battery energy storage systems (BESS)
is growing throughout the United States, driven by falling
prices and the rise in variable renewable resources on the
power grid. Utility-scale BESS can enhance grid reliability
and balance periods of high renewable energy generation
with periods of peak electricity demand. Despite the
growth in BESS deployment, many states and localities
lack policies for regulating battery storage systems. This
report outlines key considerations and recommendations
for policymakers preparing for BESS development.

States and municipal governments should clarify which
entities hold siting authority, develop safety guidance,
adopt updated fire codes, build pathways for meaningful
community input, and determine how BESS fits within
current fiscal policy.

BACKGROUND

Overview of Storage Technology

Energy storage is not a new phenomenon, given the early
history of harnessing power through water wheels and
mill ponds, but in recent years, storage has gained
increased attention with advancements in battery
technologies, along with the growing use of renewables,
necessitating a way to store power.! While there are
multiple types of energy storage technologies, including
pumped hydroelectric, compressed air, flywheels, and
thermal systems,> utility-scale battery storage is currently
dominated by lithium-ion technologies which account for
well over 90% of the batteries installed in the US.3 BESS
are modular and range in size from a power wall in a
garage storing excess generation from rooftop solar to
large utility-scale installations.+ Thus they can be either
on the customer side of the meter or interconnected with
the transmission and distribution systems.

In addition to lithium-ion batteries, less common battery
technologies include flow batteries, lead acid, and sodium-
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Key Findings

States and municipalities should clarify which
entities hold siting authority, develop safety
guidance, adopt updated fire codes, build pathways
for meaningful community input, and determine
how BESS fits within current fiscal policy.

BESS help improve electric reliability and increase
grid flexibility as they can charge and discharge
rapidly.” Further, BESS can provide ancillary
services—specifically frequency regulation and
voltage support to transmission systems—and can
help the grid come back online in the event of a
large-scale outage.>

To mitigate fire concerns, states and localities
should make sure the most recent fire codes are
in place, since only newer codes address BESS.
Also, ensuring fire departments have the needed
resources and first responders receive timely
training will protect communities.

Taxes can generate revenue for local governments,
while tax breaks and exemptions can also attract
developers. The type of exemption will also matter
for local governments as hosting BESS poses a
significant economic development opportunity.

based chemistries.5 Lithium-ion batteries, first
commercialized in 1991, boast a high energy density,
quick response time, and high roundtrip efficiency,
meaning they can charge and discharge while losing less
energy.® They effectively provide short-duration storage
(between 4-10 hours), but are less cost-effective for
longer-duration needs.” However, with continued
technological innovation, changing grid needs, and the
goal of decarbonization, there is a larger role for longer-
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duration storage going forward.® Flow batteries—
presently a far less mature technology—could become an
effective longer-duration storage solution in the future.?

Cost Declines and Growth in Utility-Scale Storage
Deployment

Battery price declines, in conjunction with the rise in
renewable energy adoption, are driving rapid growth

in energy storage systems. In the 2010s, storage costs
dropped by almost 90%.*° While lithium-ion battery pack
prices temporarily increased from 2021 to 2022, due to
inflation and rising costs of raw materials and battery
components, they fell even more between 2022-2023,
landing at a record low of $139/kWh." These declines are
the result of research and development initiatives and
increased manufacturing capacity for the electric vehicle
sector, which also relies on lithium-ion batteries and
their efforts to become cost-competitive.

BESS deployment has grown rapidly over the past decade,
bolstered by cost declines. Between 2014 and 2022, large-
scale battery power capacity increased from around 180
MW to over 9,000 MW, making batteries (specifically
lithium-ion technologies) the fastest-growing utility-
scale storage technology.* Between 2020 and 2021, the
cumulative power capacity more than tripled, and by the
end of 2023, planned and operational utility-scale battery
storage power capacity totaled close to 16 GW (16,000
MW).5 For context regarding energy, battery storage
capacity was 22,385 MWh in 2022, and the average

U.S. household uses around 10,791 kWh (10.791 MWh)
annually. Growth trends are anticipated to continue
with another 15 GW expected in 2024. By the end of 2023,
around 500 GW of stand-alone storage projects (99%
BESS) had applied and started the required studies to
connect to the grid, joining the interconnection queue."’
Specifically, between 2023 and 2027, around 73 GW of
large-scale storage projects are looking to connect to the
grid, though not all of these will necessarily be built.*®

Battery Storage: Grid Benefits and Renewable
Energy Integration

BESS help improve electric reliability and increase grid
flexibility, as they can charge and discharge rapidly.*
Further, BESS can provide ancillary services, specifically
frequency regulation and voltage support, to transmission
systems and can help the grid come back online in the
event of a large-scale outage.>

BESS also help effectively integrate variable renewable
energy resources like wind and solar.? Intermittent
generation from renewables does not always match
up with periods of high customer demand, causing
challenges in transitioning away from fossil fuels. For
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example, solar generation is usually highest at midday,
and wind power is highest at night and during the
spring.?? As a result, renewable energy peak generation
might not sync up with periods of high electricity usage.
Storage can help balance periods of high renewable
energy generation with customer demand, as BESS can
store energy from periods of high renewable energy
generation and make it available during peak demand
periods.> Over 20% of US electricity comes from
renewable sources (including wind, solar, hydroelectric,
geothermal, and biomass), and it is the fastest-growing
energy source in the country, increasing by 42% between
2010 and 2020.%* Additionally, many states and localities
have created greenhouse gas reduction targets to address
the climate crisis. According to a 2023 report by Lawrence
Berkeley National Laboratory, 29 states and the District
of Columbia have renewable portfolio standards (RPS),
laws that require that a certain percentage of electricity
sold by utilities comes from renewable or alternative
clean energy sources, and 15 states have established a
100% clean energy standard (usually in combination with
the RPS).?s BESS can help integrate these renewables and
smooth demand, playing an essential role in meeting
these targets.
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CONCERNS: SYSTEM SAFETY AND MINING
Fire and Explosion Risk and Mitigation Measures

Not uncommon with new technologies, there are some
safety concerns with BESS. With the high energy density
of lithium-ion batteries, there is a risk of fire and
explosion, as they are susceptible to thermal runaway, an
irreversible chemical reaction within the battery that can
result from overheating, short-circuiting, overcharging,
manufacturing defects, and other forms of damage.>

The heat generated can also cause neighboring cells to
enter thermal runaway.?” When critical temperatures

June 2024 | 2


http://stpp.fordschool.umich.edu

M ‘ SCIENCE, TECHNOLOGY

AND PUBLIC POLICY

are reached, it can cause the release of flammable

gasses and excess energy, sometimes resulting in fires
and explosions.>® To mitigate risk, BESS are equipped
with a range of evolving safety technology, including
detection technology (e.g., gas, smoke, flame), alarm
systems, ventilation systems, and fire suppression
systems, to minimize thermal runaway’s spreading to
multiple cells.?® They are also usually required to have

an emergency operations plan that includes pertinent
information about the system for local authorities and
first responders.>® According to a report by Pacific
Northwest National Laboratory (PNNL), the fire incidence
rate is close to 2.9% for battery energy storage facilities,
which is high for energy utilities.>* Most of the fires
occurred at facilities that were less than two years

old.>> With 80% of the utility-scale batteries on the

grid installed within the last couple of years, and BESS
deployment continuing to grow, the absolute number

of fires will likely rise.33 While some safety emergencies
received significant media attention, the rate of incidents
has decreased.3* There is ongoing research to evaluate
and mitigate these risks.? With rapid growth and
advances in technology, batteries today are already safer
than ones from just a few years ago, and we can expect
future improvements.3¢ Policymakers can also actively
address safety issues through adopting updated fire codes
and developing comprehensive siting and permitting
guidance.

Mining Considerations

Battery storage technologies require mined minerals,
resulting in upstream environmental and social
implications. Beyond lithium, batteries rely on other
metals including cobalt, a critical mineral with significant
justice concerns related to global mining operations.3’
The United States also relies heavily on global supply
chains, as it produces <2% of the raw materials currently
used in lithium-ion battery production.3® Mining also
causes environmental degradation. Leveraging storage

to displace fossil fuels can lessen pollution burdens on
historically disadvantaged communities in the US.39
However, it is essential that policymakers consider the
mining impacts on the environment and disadvantaged
communities around the world and invest in recycling
initiatives and technologies that are less reliant on
minerals that have grave social and environmental
impacts.

CONSIDERATIONS AND RECOMMENDATIONS
FOR POLICYMAKERS ON UTILITY-SCALE
BESS DEPLOYMENT

Despite current and anticipated rapid growth in BESS
deployment, state and local policy has not kept pace,
with many states and localities lacking specific energy
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storage siting guidance.*° Thus in many states, there is
an urgent need for guidance and resources to allow for
the safe siting and operation of BESS. The deployment

of BESS is also being handled in varying ways across

the country, with some states giving siting authority to
statewide entities and others leaving the decisions to
local governments. Policymakers must start by evaluating
their state’s current renewable energy and storage
policies to identify gaps and barriers to BESS deployment.
They must also address local community emergency
preparedness and consider fire codes, siting and zoning
guidance, fiscal policy, and community engagement.
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Assess Current Renewable Energy and Storage
Policies Locally and Identify Gaps and Challenges

Policymakers must understand BESS technology and the
storage policy landscape in a given state. Some states
have policies in place that drive storage development,
ranging from the inclusion of storage in renewable
portfolio standards or clean energy standards to explicit
stand-alone storage mandates.4 As of November 2023,
12 states had targets for utility-scale storage.*> New
York is currently leading the way with the nation’s
most aggressive target of 6 GW by 2030.4 Connecticut
and Nevada both have targets of 1,000 MWs by 2030,
and Michigan has a target of 2,500 MW, also by 2030.44
California has met its 1,325 MW target and is now
looking to focus on the deployment of longer-duration
technologies (8+ hours).4

Policymakers need to assess the current policy landscape
which dictates whether a state needs mandates, targets,
regulatory changes, or other incentive structures to drive
storage development.® Alternatively, if development is
already on the horizon, the focus should be on ensuring
safe development and interconnection. It is also essential
to understand the role of agencies, like the public utility

June 2024 | 3


http://stpp.fordschool.umich.edu

SCIENCE, TECHNOLOGY
AND PUBLIC POLICY

commission, in determining exact storage targets through
updating regulatory processes to account for storage
benefits (e.g., how storage is incorporated in utility
integrated resource plans), developing storage guidance
and pilot programs, and making siting decisions.4
Another consideration is barriers to deployment related

to the independent system operator (ISO) or regional
transmission organization (RTO), which range from
interconnection delays to improperly valuing storage
benefits (e.g., transmission) beyond generation.

Fire Safety: Fire Codes and First Responder
Training

To mitigate fire concerns, states and localities should
ensure that the most recent fire codes are in place, since
only newer codes address BESS. If not already in effect,
they should promptly begin the adoption process, as it
can take several years.4 Codes are typically adopted at
the state level, even though in some states, localities can
adopt codes that are more stringent than the statewide
code.>* To mitigate risks, codes govern BESS design,
siting, installation, and operation requirements.5'

The International Code Council (ICC) and National

Fire Protection Association (NFPA), non-profit code
development organizations that release updated codes
roughly every three years, both have chapters on BESS
in their current versions.> This is a significant change,
as the 2015 IFC did not include storage guidance, and the
2018 version has far less extensive storage guidance,5
demonstrating the importance of adopting the most
recent codes.

Furthermore, the communities that host BESS must
make sure that their fire departments are adequately
resourced and able to respond in the case of an incident.
First responders must also receive adequate information
and training on energy storage system emergencies. The
current version of NFPA 855 mandates first responder
training. However, an evaluation conducted by GAO in
2023, including stakeholder interviews, shed light on the
reality that local jurisdictions, emergency responders,
and even installers do not completely understand
hazards unique to BESS and the best ways to address
them. Fire safety training is often not available, and the
suppression systems are at times inadequate.’* Ensuring
that fire departments have the needed resources and
first responders receive timely training will protect
communities.

Roles of State and Local Governments: Siting
Authority, Storage Guidance Development, and
Community Engagement Strategies
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Siting authority for utility-scale storage projects can be
held at the state or local level. The laws in a given state
will dictate which entities are responsible for authorizing
projects, providing guidance, engaging the public, and
ensuring the codes are in place to allow for the safe
operation of BESS. Regardless of whether a state decides to
centralize the siting process or leave it to municipalities,
which entity holds this decision-making authority should
be clear to communities, utilities, and developers.

Placing siting authority with a statewide agency can
streamline the storage siting process. However, it can

also reduce opportunities for input from impacted
communities.>> For example, California, Connecticut,
Vermont, and Michigan, have given a statewide agency
siting authority over certain BESS projects, particularly
larger-scale projects, instead of leaving all siting decisions

to municipalities.5¢ If states are considering centralizing
siting authority, policymakers should ensure that the
designated statewide agency has the necessary resources
and expertise before adoption. Additionally, they should
ensure that centralization does not diminish community
engagement opportunities.

Even in states where siting authority is left to local
governments, the state still has an important role to
play in helping municipalities prepare for BESS. States
can create standardized guidance for municipalities and
make sure that they have adequate resources to site BESS
safely. For example, the New York State Energy Research
and Development Authority (NYSERDA) has developed
robust BESS siting guidance for local governments. Their
guidebook provides detailed instructions for localities
considering BESS and includes a model law and permit.5
Other states should consider developing guidance that
helps local governments safely site BESS.

If not preempted by state law, municipal zoning
ordinances are another way localities can better integrate
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BESS development and address community impacts.
Local governments can also use setbacks and screening
requirements to lessen the noise and visual impacts

of BESS.>® For example, while the NFPA requires that
BESS be 10 feet from other buildings and lot lines,5
governments can require larger buffers for BESS in
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their zoning ordinances. Most communities, however,
have not yet considered BESS in their zoning. A PNNL
survey specifically targeting energy storage technologies
identified only 12 county or municipal ordinances in the
United States with regulations specifically addressing
energy storage technologies.® This demonstrates that
this is an area where rapid growth is needed.

Community engagement is an essential aspect of the
considerations outlined above. Whether siting decisions
are made at the state or local level, the authorizing
entity must ensure robust and accessible opportunities
for community engagement. For localities to safely and
successfully host BESS, advancing a transition to clean
energy, communities must be involved in the siting
process, receive financial benefits, and have adequate
safety mitigation measures. Without meaningful public
engagement in siting, states and localities risk slowing
down the BESS deployment process.® To meaningfully
include communities in the BESS siting decision-making
process, policymakers must create robust pathways to
continually invite the public into the process from the
outset and build trust with communities, especially those
disproportionately impacted by the energy system.®

This will require governments to allocate resources to
work with practitioners who specialize in community
engagement.53

Taxation and Fiscal Policy

Alarge part of the current conversation around taxes
and energy storage relates to federal tax cuts to drive
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storage development, but another important component
is how state and local property, sales, and use taxes are
applied to BESS. Taxes can generate revenue for local
governments, while tax breaks and exemptions can also
attract developers. The type of exemption will also matter
for local governments, as hosting BESS poses a significant
economic development opportunity. For example, if it
includes a payment in lieu of taxes (PILOT) beyond just
an exemption, host communities will see more revenue.%
Striking a balance between ensuring community benefits
and incentivizing BESS development is a key consideration
for state and local governments.®

Many states have tax breaks for alternative generation
facilities, largely wind and solar,% but it is often unclear
how BESS fits within many of these definitions.®” Some
states do not treat BESS as a “generation” resource or
include it in their definition of renewable resources,
leaving it outside of certain renewable energy policies,
unless it is co-located with another form of generation
(e.g., solar). According to the Solar Energy Industries
Association, around 36 states offer some level of property
tax exemption for solar energy, and 25 states offer sales
tax exemptions.® Policymakers must clarify where BESS
fits in their locality’s tax code and guarantee compensation
for communities.

SUMMARY OF POLICY RECOMMENDATIONS

Battery storage is a new and changing landscape in
many respects, but as the technology continues to
evolve, there are principles and recommendations states
and local governments can follow when siting BESS.
The following recommendations are based on the best
available information at this time and address the key
considerations for policymakers outlined above:

o Assess state targets and context: Policymakers should
first assess current state renewable energy and specific
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storage targets, utility IRP guidance and RTO policies,
and market barriers to renewables to understand what
resources communities need and on what timeline.

o Update fire codes: States and municipalities (if
relevant) should quickly adopt the most recent version
of relevant fire codes (e.g., NFPA 855) and subsequent
versions as they are released.

o Build fire safety capacity: Policymakers should
monitor emerging best practices around fire safety and
ensure that localities have the capacity and resources
to address BESS emergencies. This includes, but is not
limited to, adequate emergency responder training,
adequate safety training for local fire departments, a
comprehensive emergency response plan for BESS, and
a nearby fire department with sufficient equipment.

e Determine siting authority: Policymakers need
to determine and clarify what entity holds siting
authority, whether at the state or local level, and then
ensure the designated entity has adequate resources to
make informed decisions, engage the public (focusing
on host communities and historically marginalized
populations), and address community concerns. If
not preempted by state law, local governments (or
localities) should update zoning ordinances to include
BESS guidance that aligns with siting guidance and
community input.

e Review and update tax code: States and/or localities
with authority should evaluate how fiscal policy
impacts BESS, with an emphasis on reviewing and
updating their tax code. States must ensure that host
communities see financial benefits.
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