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Executive Summary:
Expanding Energy Storage in California
Sunshine and wind, even in California, are intermittent resources, while the state’s
energy needs run twenty-fours hours of every day. As California seeks to expand solar
and wind power, storage of that energy for use at any time, day or night, becomes
critical. Energy storage performs key functions: it can even out the supply of electricity,
ensure the stability and quality of electricity, and also help decrease reliance on power
plants called “peakers” – often the dirtiest and most expensive – that exist solely to meet
peak energy demand during the hottest hours of the hottest days. Because energy
storage can “time-shift” the use of electricity, it can dispatch energy when electricity is
needed rather than when it was originally generated, thus enhancing the efficiency of
the grid and the value of renewable energy. Finally, energy storage can eliminate some
of the need for new transmission lines and power plants and provide more grid security
by making blackouts less disruptive.
Energy storage is a concept far broader than the familiar battery. Examples include
pumping water uphill overnight, when demand is low and electricity is cheap, and then
releasing it downhill to generate valuable daytime electricity; pressurizing underground
caverns with air and then releasing the pressure later to generate electricity when it
is needed; multiple battery technologies; flywheels that provide rapid dispatch of
rotational energy; and freezing water at night to cool offices during the day, among other
technologies. Energy storage can be local and distributed in neighborhoods, centralized
in large systems on the grid, or attached directly to the generation source.
As California moves towards the goal of generating 33 percent of the state’s power
from renewable sources by 2020, it will need significantly greater deployment of energy
storage technologies to address the challenges posed by integration of large amounts
of renewables into the grid. At a recent workshop at the UC Berkeley School of Law,
energy storage manufacturers, grid operators, renewable energy developers, investors,
regulators, and other experts gathered to identify the most critical barriers to greater
deployment of energy storage and the policies needed to overcome them. The key
challenges include:
•
•
•

A regulatory structure and utility processes that disfavor energy storage
High cost of energy storage technologies due to the small scale of production
Lack of awareness of the benefits of energy storage among policy-makers and the
public
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Based on the workshop discussion, this paper identifies the actions that policy-makers, energy storage
advocates, and agency officials could take to stimulate significant deployment of energy storage technologies.
Policy-makers could:
•
•
•
•

Allow utilities to include investments in energy storage in their electricity ratebase;
Launch proceedings and studies at California’s key energy agencies to quantify the full value of energy
storage and explore policies needed to stimulate its deployment;
Extend tax credits and loan guarantees to energy storage projects; and
Make investments in energy storage a high priority and compile and publicize data on its effectiveness.

Glossary of Terms
Ancillary Services: Services that support electricity transmission and reliable operations of

the grid, such as load regulation, spinning reserve, non-spinning reserve, replacement reserve,
and voltage support.

California Air Resources Board: State agency charged with implementing AB 32, the state
global warming law.

California Energy Commission (CEC): The state’s primary energy policy and planning
agency.

California Independent Systems Operator (CAISO): Nonprofit corporation that operates
the transmission system between power plants and utilities

California Public Utilities Commission (CPUC): State agency that regulates investorowned electric companies.

United States Department of Energy (DOE): Federal agency responsible for regulating
energy and promoting scientific and technological innovations.

Federal Energy Regulatory Commission (FERC): Federal agency with jurisdiction over

transmission siting, interstate electricity sales, and wholesale electric rates, among other areas.

Investor-Owned Utility (IOU): A privately-owned electric company that is regulated by the
CPUC.

Load-Serving Entity (LSE): Power plant that provides baseload energy.
Loading Order: California’s official prioritization list for energy procurement.
Megawatt (MW): Roughly equivalent to the energy required to power 750 homes.
Public Interest Energy Research (PIER): Research program of the California Energy
Commission.

Public Utility: A publically-owned electric company that is subject to forms of public control and
regulation ranging from local community-based groups to state-wide government monopolies.

Rate Base: The value of property upon which a utility is permitted to earn a specified rate of
return as established by a regulatory authority.

Renewable Portfolio Standards (RPS): Legal requirements that renewable energy sources
constitute a specific percentage of retail electrical power for the state.
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Three Key Barriers to Expanding Energy Storage
in California & Possible Solutions
1)

Regulations and Utility Processes that Disfavor Energy Storage
Utility and California Independent System Operator (CAISO, the nonprofit entity that operates
most of the state’s electricity transmission system between power plants and utilities)
electricity purchasing processes contain no formal mechanism for calculating and recovering
the full value of the resource savings and the more effective use of existing grid assets that
energy storage offers, thereby distorting the perceived costs and benefits of energy storage as
compared to energy generation.

2) Costs

Some energy storage systems have difficulty competing with other technologies, such
as fossil fuel-based power plants, due to their stage of commercialization, the expense
of materials, the lack of large-scale manufacturing, and the uncertainty surrounding the
calculation of their benefits and their cost-recoverability under the current regulatory structure.

3) Lack of Awareness of Energy Storage Benefits

Many policy-makers, grid operators, and the general public are unaware of what energy
storage is, the specific technologies that comprise energy storage, the recent technological
advancements, data about its effectiveness, and what benefits energy storage can provide.

Short- and Long-Term Solutions
SOLUTION #1: Allow Energy Storage Owners to Capture the Full Value of Storage and
Encourage Utilities and Policy-Makers to Invest in Energy Storage.
Federal Energy Regulatory Commission should establish rules for energy storage to help
states develop a separate asset class for energy storage that will provide utilities with more certainty
that the capital costs of energy storage can be recovered in the ratebase
Federal Energy Regulatory Commission and the California Independent System Operator
should consider creating cost and performance requirements for long-term, must-take
contracts with utilities that include performance standards under which a utility or the California
Independent System Operator would have to enter into a long-term agreement with the energy
storage provider.
California Independent System Operator should consider “unbundling” the procurement
of ancillary services (that contribute to the overall power quality and reliability) to allow energy
storage owners to bid to provide discrete ancillary services that energy storage offers.
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California Energy Commission’s Public Interest
Energy Research (PIER) program should sponsor an
analysis of performance and cost features of energy
storage to offer more solid data to help utilities decide
when to invest in energy storage, to assess the value of
storage in conjunction with other models to achieve the
33 percent renewables target, to document and study the
barriers to capturing the multiple value streams offered by
energy storage, and to develop metrics for investments
that mitigate system risk and improve reliability.
California Energy Commission and the California
Public Utilities Commission should add energy
storage to the energy loading order to ensure that
agency leaders and utilities analyze and prioritize energy
storage technologies as an alternative or adjunct to
building new transmission lines and power plants and as a
complement to renewable energy facilities.
California Public Utilities Commission should consider
requiring utilities to procure energy storage equivalent
to a percentage of their overall energy storage
capacity, as currently contemplated in AB 2514, pending
in the California State Senate as of July 2010, which would
require the California Public Utilities Commission to open
a rulemaking proceeding on mandating utilities to procure
energy storage.
California Public Utilities Commission should
institute a rulemaking to develop a cost-effectiveness
methodology to determine rates for energy storage
that will allow utilities and independent energy storage
owners and service providers to include the costs of capital
investment in energy storage projects in their ratebase.
California Public Utilities Commission, based on data
on energy storage performance, should establish a
resource adequacy value for energy storage to enable
power providers to meet their requirements under the
resource adequacy program with appropriate storage
systems.

SOLUTION #2: Make Energy Storage More
Competitive for Financing
Federal leaders should offer tax credits and other
incentives for energy storage projects, including an
investment tax credit and accelerated depreciation for
energy storage technologies.
Federal leaders should offer loan guarantees for
energy storage developers by having the United States
Department of Energy extend its Loan Guarantee Program
to energy storage technologies.

reflects the environmental costs of energy to make
renewable energy and energy storage more competitive in
comparison to fossil fuel-based energy.
California Public Utilities Commission should develop
standardized contracts that account for avoided and
capacity costs.

SOLUTION #3: Compile and Disseminate Data on
Energy Storage Technologies to Key DecisionMakers
The California Energy Commission should conduct
a “2020 vision study” for energy storage to elevate
awareness of the key barriers and policy needs to
accomplish the goal of integrating more energy storage
and renewable energy.
The California Energy Commission should elevate
energy storage to its own category on the Commission
webpage to disseminate information on energy storage
resources and data to stakeholders and the public.
The California Independent System Operator should
restart its dormant energy storage stakeholder
process to help make energy storage projects a priority at
the CAISO and coordinate further policy-making by other
agencies.
Energy storage advocates, the United States
Department of Energy, and the California Energy
Commission should compile and publicize data
on current projects, such as by identifying existing
commercial energy storage projects around the country,
tracking the cost of energy storage, compiling performance
data and lessons learned, and then disseminating the
information to decision-makers.
Energy storage advocates should provide leadership
to elevate storage issues with key decision-makers at
the Federal Energy Regulatory Commission, California
Public Utilities Commission, California Energy
Commission, Governor’s office, and Legislature,
which could involve participation in California Energy
Commission policy reports on energy storage, holding
additional workshops with experts and decision-makers,
developing a “center of excellence” for energy storage, and
creating a national organization to promote energy storage
or modifying the existing Electricity Storage Association.

Federal Leaders and the California Air Resources
Board should set an appropriate price on carbon that
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California Needs Deployment of Energy Storage
Technologies to Reduce its Greenhouse Gas Emissions
& Promote Renewable Energy
What is Energy Storage?

After significant discussion, participants at the workshop largely agreed (with some
dissent and qualification) that energy storage technology encompasses “a physical
system with the ability to capture energy for dispatch or for displacement of electricity
use at a later time.” One participant analogized energy storage to a grocery store
owner who may purchase food in advance, keep it refrigerated or stocked on the
shelves, and have it available at a later time to sell to consumers.
Energy storage includes a panoply of major technologies. At one end of the spectrum
is “bulk” or “centralized” energy storage technologies, which contain hundreds of
megawatts of capacity and can provide many hours of energy storage each day.
At the other end of the spectrum are smaller “distributed” energy storage systems
that can be located on-site with electricity consumers and along key distribution and
transmission points.
Pumped Hydro
Pumped hydro storage typically involves pumping water from a low-lying reservoir
during periods of low demand for electricity, typically at night, to a higher-elevation
reservoir or lake. When electricity demand is greater (and therefore electricity is
more expensive), operators release water back to the lower reservoir through
turbines that generate electricity (similar to hydropower from dams). The technology
can also work with other water storage methods, such as with contained seawater
as the lower reservoir, underground caverns, and even floating sea walls that create
a sealed interior to pump water in and out.1 Many Southern Californians are familiar
with the pumped hydro facilities involving Castaic Lake water pumped to the higher
elevation Pyramid Lake near Interstate 5 south of the Tehachapi Mountains.
Large-scale pumped hydro energy storage can generate thousands of megawatts
(“MW,” where one MW is roughly equivalent to the energy required to power 750
homes) over time periods ranging from four to six hours.2 As a result, it is frequently
used for “load leveling” to provide more bulk energy during times of peak demand.
However, pumped hydro is a net consumer of electricity because the energy
generated, although less expensive, provides between 70 to 85 percent of the energy
required to pump the water.3
Pumped hydro energy storage represents the largest installed capacity of storing
energy in the United States today, although additional natural sites to create more
facilities are limited due to lack of suitable places and community opposition. The first
large-scale pumped hydro facility (31 MW) opened in the United States in 1929, and
38 facilities are now in operation. These facilities generate up to 22,000 megawatts
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(MW) of electricity.4 They also provide key “ancillary services” to the grid, which
are services that support electricity transmission and reliable operations of the
grid. In particular, pumped hydro energy storage offers greater supply of clean
reserve generation. By 2000, roughly three percent of the total power delivered
by the nation’s grid came from pumped hydro energy storage facilities.5

Compressed Air

Compressed air energy storage (CAES) utilizes electricity to inject high-pressure
air into underground geologic cavities or aboveground containers. During periods
of high energy demand, the air is released and used to help power natural gasfired turbines. The pressurized air helps the turbines generate electricity with
less natural gas than conventional natural gas plants. Compressed air storage
therefore constitutes a hybrid energy generation and storage technology. Like
pumped hydro, compressed air energy storage can be used for load leveling
because it can generate up to several hundred MWs and can be discharged over
periods ranging from four to twenty-four hours at a time.6
The technology has received heightened attention from developers and investors
because of its large size and anticipated lower capital and operating costs. A 115
MW demonstration project came on-line in the early 1990s, although experts are
still evaluating the long-term costs.7 The two facilities in operation today are a 290
MW facility in Huntorf, Germany and a 110 MW facility in McIntosh, Alabama.8 The
Pacific Gas & Electric Company (PG&E) recently received approval to determine
the feasibility of a large 300 megawatt facility in California.9

Rechargeable Batteries

Batteries represent the most commonly-recognized type of energy storage and
are seeing the most growth and investment. Batteries use a reversible chemical
reaction to store energy. Several different types of large-scale rechargeable
batteries exist, including sodium sulfur (NaS), lithium ion, lead acid, and flow
batteries.
The lead-acid battery is the most prevalent device, in part due to the growth
of data centers that support the Internet and communications centers and the
technology’s long-standing use in the transportation sector. These facilities utilize
batteries to avoid disruptions in power supply from outages. Total consumption in
the United States of lead-acid batteries for commercial, industrial, and automotive
use is $2.9 billion per year and increasing annually at 8 percent.10 Utilities have
been using sodium sulfur (NAS) batteries in over 200 large-scale projects around
the world, with roughly 300 megawatts operating in Japan and 13 megawatts
operating in the United States, for a total of approximately 2000 megawatt hours
of energy.11
Lithium-ion battery use has been increasing in the last two decades. The United
States transportation sector has driven the market by employing these batteries for
high-power transportation projects. As a result, sales have increased domestically
to $1 billion in 2007, with some analysts projecting future growth rates of 50 to 60
percent per year. However, because of the limited use of batteries by utilities in
the United States, there is a dearth of information about their costs and benefits
for utility-scale applications.12 This situation will likely change soon as numerous
utilities have received stimulus funding for grid-scale battery projects.
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Thermal Energy Storage

Thermal energy storage technology involves two separate types: solar thermal
power plants and end-use. Thermal energy storage for solar thermal power
plants involves heating synthetic oil or molten salt using solar energy. Once the
substance heats, it can support electricity generation during cloudy periods and up
to ten hours past sunset. Solar thermal power plant builders have demonstrated
one project at the AndaSol One facility in Spain. Applications for additional plants
are pending in Nevada and California.
End-use thermal energy storage reduces the electricity consumption of a building’s
heating or air conditioning systems during periods of peak energy demand by using
hot or cold storage in underground aquifers, ice tanks, or other storage materials.13
Makers of end-use thermal energy storage have built projects in the United States,
United Kingdom, Germany, and Scandinavia. As an indicator of the technology’s
potential, about eight percent of residential water heaters in the United Kingdom
use thermal energy storage by heating material at night that can heat water during
the day and therefore reduce peak electricity consumption.14 In California, the
Southern California Public Power Authority (SCPPA) signed an agreement with Ice
Energy in January 2010 to install 53 MW of Ice Energy technology, which creates
ice at night that can be used to provide air conditioning during the peak demand
hours of the day. The project, implemented by SCPPA member utilities throughout
Southern California, may shift as much as 64 gigawatt hours (GWh) of on-peak
electrical consumption to off-peak periods every year.15

Hydrogen

Hydrogen storage uses electricity to split water molecules into hydrogen and
oxygen (called “electrolysis”). When electricity is in high demand, the hydrogen
can help generate electricity through a hydrogen-powered combustion engine or a
fuel cell. This technology, according to the Pew Center on Global Climate Change,
will likely require additional advances to become commercially cost-effective.16

Photo courtesy of A123 Systems

Flywheels
A flywheel stores energy by using electricity to accelerate a rotating disc. To
harness the energy from the disc, an operator slows the disc, which transfers
energy to a generator. Although not yet widely deployed, some experts favor
the technology due to its ability to regulate the frequency of electricity and other
fast-response applications, high cycle life, and ability to charge and discharge
anywhere from a few seconds to 15 minutes.17
Ultracapacitors
Ultracapacitors consist of two oppositely-charged metal plates that are separated
by an insulator. These devices store energy by increasing the electric charge
accumulation on each of their plates and then dispatching the energy when the
metal plates release the electric charges. They may be best suited for improving
power quality because they can provide short bursts of energy in under a second
and store energy for up to a few minutes.18
Superconducting Magnetic Energy Storage
Superconducting magnetic energy (SME) storage consists of a coil with many
windings of superconducting wire that stores and releases energy as the electric
current that flows through the wire increases or decreases. Operators must
refrigerate the device to extremely low temperatures to maintain its superconducting
properties, resulting in some energy and maintenance costs. Like ultracapacitors,
SMEs are typically used to improve power quality because they provide short
bursts of energy.19
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renewable energy, or the solar measures. Additional information about the assumptio
the 2020 forecast is provided in Appendix F.



Energy Storage is Critical to Limiting California’s
Greenhouse Gas Emissions

California’s fight against climate change, which requires increased
deployment of renewable energy technologies, has heightened
demand for energy storage. In the absence of federal government
action on climate change, California has mandated reductions in
the greenhouse gas emissions that cause climate change. The
California Global Warming Solutions Act of 2006 (AB 32) requires
the state to roll back its greenhouse gas emissions to 1990 levels by
2020, which is equivalent to a 30 percent cutback from the businessas-usual scenario projected for that year.20 And California Governor
Arnold Schwarzenegger’s Executive Order S-3-05 calls for an eighty
percent reduction from 1990 levels by 2050.21

Agriculture, 6%
High GWP, 3%
Recycling and Waste, 1%

Industry, 20%

Transportation, 38%

Commercial and
Residential, 9%

To meet these targets, much of the greenhouse gas reduction will
Electricity, 23%
have to come from the way the state generates and consumes
electricity. Electricity generation represents the second largest
Figure 1. California’s Greenhouse Gas Emissions
source of greenhouse gas emissions in California, As
contributing
seen in Figure 1, the Transportation
sector – largely
the cars and trucks that move
(2002-2004
Average)
23 percent of statewide emissions (see Figure 1).22 State
leaders
and people – is the largest contributor with 38 percent of the state’s total greenhouse
have therefore attempted to reduce demand for energyemissions.
and switch
California
Air Resources
Board
Table 1 showsSource:
that if we
take no action,
greenhouse
gas emissions in the
from fossil-fuel based energy generation to carbon-free renewable
sources.

14
Resources Board.
Greenhouse Gas Inventory. http://www.arb.ca.gov/cc/inventory/inventory.ht
California has made investment in renewable energy Air
generation
a priority.
(accessed October 12, 2008)
The state created a “renewable portfolio standard” (RPS) that requires retail
electricity sellers, with the exception of public power utilities, to procure 20

percent of their electricity from eligible renewable energy resources by 2010.23
The Governor issued Executive Order S-14-08 to increase the percentage to
33 percent by 2020.24 The California Air Resources Board (CARB), charged
with implementing AB 32, stated in its AB 32 scoping plan that achieving this 33
percent goal by 2020 “is a key part of CARB’s strategy for meeting the AB 32
targets.”25

Increased deployment of renewable energy, however, poses a challenge to grid
operators and utilities. Sources like solar and wind are intermittent, as the sun
does not always shine and the wind does not always blow. In addition, renewable
production, particularly from wind energy, may not always occur when demand
is highest. The California Independent System Operator (CAISO), the nonprofit
corporation that operates the transmission system between power plants and
utilities, reports, “Wind generation energy production is extremely variable, and
in California, it often produces its highest energy output when the demand for
power is at a low point.”26 For example, the report notes that wind activity in
the Tehachapi Mountains in Southern California, an area slated for a significant
expansion of production, includes a summertime pattern of maximum wind at
night, followed by a decrease in the morning and an increase in the evening.27
California’s renewable energy goals therefore complicate the already difficult
task of providing consumers with electricity to meet their varying demand.
This process involves electric power system operators forecasting electricity
demand and then scheduling and operating numerous power plants to meet
fluctuations in demand. Utilities therefore build and operate a variety of power
plants, starting with “baseload” plants that serve the large constant demand
for electricity. These often include nuclear and coal-fired power plants, which
typically run at full output. When demand starts to increase on a day-to-day
basis, utilities use load-following “cycling” plants, usually fueled with natural gas.
And when demand peaks (typically in the middle of the afternoon due largely to
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air conditioning use, with the highest annual peak occurring in the afternoon of
the hottest day of the year), utilities use “peaking” units. These facilities tend to
run one percent of the year or less – a few hundred hours per year – and are
often fueled by natural gas in California.28
Utilities must also keep additional power plants in reserve in case of an
unforeseen rise in demand, the sudden outage of a power plant or transmission
line, or other unexpected events. These facilities are referred to as “operating
reserves,” and they can also provide utilities with other key ancillary services
that can protect the grid from random fluctuations in the normal load, loadforecasting errors, and other contingencies.29

Photo courtesy of Altair Nano

“Now the conversation about
renewable energy projects
with the PUC is that they say
you must have a natural gas
or storage component for your
project.”
-- Rachel McMahon
Solar Millenium

Greater deployment of intermittent renewable energy technologies from wind
and solar power will require grid operators to upgrade and adapt the existing
system to integrate more renewable energy and balance the fluctuation in
supply. A United States Department of Energy (DOE) report indicated that
supplying 20 percent of the nation’s electricity with wind energy (300 gigawatts)
would require approximately 50 gigawatts of new peaking plant gas turbines just
to compensate for the variability of wind power.30 The CAISO projects that the
expansion of wind energy production in the state to meet the 20 percent RPS will
require an increase in what is known as “load-following energy” of 870 to 1050
megawatts per day. The load-following energy is necessary to compensate for
the decrease in wind production during the daytime. An additional 700 to 1,500
megawatts per day will then be required to “ramp down” load-following energy
production as the wind increases in the evening. The average production hike
over the year will be 100 megawatts per day, with some days requiring up to a
30 percent increase, depending on the wind output.31
This need for additional production to “firm” or “shape” the electricity load will
intensify significantly as the state moves towards its 33 percent renewable
energy target in 2020. The California Energy Commission estimates that almost
half of the renewable energy in 2020 will have to come from intermittent sources
like wind and solar.32 By 2020, the CAISO predicts that without energy storage
the state will need an additional 4,800 megawatts of load-following energy to
meet the 33 percent RPS.33

Energy Storage is Critical to Integrating More Renewable Energy
into the Grid

Policy-makers and grid operators have identified energy storage as a key
means of integrating renewable energy into the grid to help avoid using fossilfuel based energy production to supplement the intermittent supply. Energy
storage assists in leveling the output and quality of renewable energy, reduces
the expense and need for new transmission lines, and replaces supplemental
energy from fossil fuel-based generators.
To be sure, energy storage does not represent the only means of integrating
renewable energy, as grid operators can partially address this challenge with
demand response strategies that discourage consumption when electricity is
scarce, advanced wind forecasting techniques,34 and improved grid operating
practices.35 However, policy-makers view energy storage as indispensable to
the integration effort, particularly as the state meets its 33 percent RPS target
in 2020. The California Energy Commission (CEC) identified storage as “a key
strategy for accommodating the intermittent nature of some renewables”36 and
recommended further study to determine the best placement and size of new
energy storage facilities to maximize system value.37 Concerned about the
possible need for more conventional generation to supplement renewables, the
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CEC recommended that the state “consider other means of providing regulation
besides conventional generation, such as flywheels or variable speed pumped
hydro” energy storage.38
CAISO, the state’s operator of most of the state’s transmission system, also
recommends that the state “encourage the development of new energy storage
technology that facilitates the storage of off-peak wind generation energy for
delivery during on-peak periods.”39 CAISO leaders note that the large amount
of new wind generation needed to meet the 20 percent renewable portfolio
standard will likely result in periods of electricity over-generation that will require
the curtailment of production.40 As a result, CAISO officials advocate “continuing
exploration of other storage technologies and off-peak loads that can be
combined with the wind generation production.”41 And in a report to the California
Energy Commission, CAISO researchers found that “on an incremental basis,
[energy] storage can be up to two to three times as effective as adding a [natural
gas] combustion turbine to the system for [energy] regulation purposes.”42
Energy storage may also provide a key opportunity to reduce greenhouse gas
emissions by obviating the need to build conventional natural gas generators
to supplement increased renewable energy deployment. The Economic and
Technology Advancement Advisory Committee (ETAAC), which advises CARB
on AB 32 implementation, noted that energy storage for integrating wind power
into the grid “displaces fossil fuel generation that would otherwise be needed
to provide ancillary services (e.g., regulation up and down, ramping, spinning
reserve) as well as meet capacity needs. Energy storage systems can provide
those services more efficiently and without the CO2 emissions associated with
fossil fuel generation.”43 Research consultants reported to the CEC that the
use of energy storage to meet the 33 percent RPS “avoids greenhouse gas
emissions increases associated with committing combustion turbines strictly for
regulation, balancing, and ramping duty.”44 Finally, the ETAAC report to CARB
stated that the “potential for a transformative effect from electricity storage is
truly ‘game-changing’” and recommended a “high priority pursuit” of energy
storage technologies.45

Energy Storage Will Increase the Value of Renewable Energy

By capturing energy produced during periods of low demand for later dispatch,
energy storage can enhance the value of renewable energy facilities, thus
making them more attractive for investors. By adding flexibility to dispatch,
these renewable sources can offer day-ahead guaranteed contracts to utilities,
increasing their profitability and likely encouraging greater investment. In
addition, energy storage technologies can provide greater frequency control
and improved power quality for renewables, which may otherwise fluctuate with
the intensity of the sun or wind.46
A study by the National Renewable Energy Laboratory, based on 2004 energy
storage cost figures and including only pumped hydro, compressed air, and
sodium-sulfur battery energy storage technologies, found that in a scenario
involving 20 percent wind energy supply by 2030, “storage can lower electricity
prices, a good proxy for the cost of the overall system.” The report showed that
for both the business-as-usual and the 20 percent wind scenarios, the value of
storage relative to wind increased in proportion to the amount of supplied wind
energy.47 In addition, a study at Princeton University demonstrated that the
addition of compressed air energy storage would allow wind farms to meet base
load power demand with 85 to 90 percent of their capacity.48
Energy storage may also be able to reduce the transmission capacity needed
for renewables by up to two-thirds.49 Many large-scale renewable energy
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facilities for solar and wind farms are located in remote areas that require new
transmission lines to access them. In California, these lines are notoriously
difficult to site and expensive to build. However, energy storage could reduce
the cost of these lines by decreasing the capacity of transmission needed
to transmit the electricity. Without storage, the transmission lines to these
remote sites would be built to accommodate the maximum amount of wind or
solar energy produced, or else the facilities would have to dump any excess
energy that the line cannot accommodate. According to the Electricity Advisory
Committee, for some wind projects, it is currently more cost-effective either to
build transmission capacity for less than the full energy maximum of the project
or dump surplus energy during the hours when output exceeds transmission
capacity.50 Energy storage, however, allows the renewable energy provider to
capture surplus energy and dispatch it when the facility has unused capacity in
the transmission system, thus allowing a smaller transmission infrastructure to
carry the same, or even more, total renewable energy from remote locations.51

Energy Storage Will Reduce Reliance on Fossil Fuel-Based Power to
Meet Peak Energy Demand

The United States electric grid represents the largest interconnected machine
on Earth. It contains over nine thousand generating units with one million MWs
of generating capacity and 300,000 miles of transmission lines. However,
almost half of this infrastructure has been built to meet the time of peak energy
demand, which typically occurs during the hottest few hours of the hottest
days of the year. Because nobody wants a power outage and many people
run their air conditioners at the same time as each other, electricity suppliers
have built the grid to meet this maximum possible demand.52 Since 1982,
growth in peak demand, from air conditioners, new buildings, computers, and
numerous appliances associated with modern life (see Figure 2), has exceeded
transmission capacity annually by 25 percent. Power outages, meanwhile,
have cost businesses over $100 billion per year nationally.53
As daytime peak demand increases, two problems arise: first, utilities must
run fossil fuel-based generation to serve the peak, which is both costly and
undermines California’s twin goals of reducing air pollution and greenhouse
gas emissions. Second, a growing percentage of California’s transmission and
distribution infrastructure costs are devoted solely to meeting the marginal peak
demand of electricity customers.54
Capturing renewable energy generated during periods of low demand for later
dispatch will help flatten the generation profile of electricity and may obviate
the need for much of the grid infrastructure dedicated only to meeting peak
demand. It will also help reduce greenhouse gas and other harmful air pollutants
generated by natural gas “peaker” plants because there are fewer transmission
and distribution losses at night when congestion on the grid is reduced.

“We know the ISO is
dumping excess energy at
night. So if you had storage
facilities to contract with, we
could get it back.”
-- Joseph Desmond
Former Chair, 		
California Energy
Commission

Finally, energy storage can reduce greenhouse gas emissions by improving
the efficiency of the grid through the provision of key ancillary services. A
report prepared for the DOE noted that making the grid even five percent more
efficient would be the equivalent of removing 53 million cars and their attendant
greenhouse gas emissions from the road.55

Energy Storage can Save Consumers Money and Protect the
Electricity Supply

Energy storage enhances opportunities for distributed generation, which
involves small- to medium-scale generation close to demand, and also can
provide security to the grid by hastening recovery from blackouts. Customers
with on-site solar panels or other forms of renewable energy generation can
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Figure 2. Example of California Peak Energy Demand Profile and Sources
Source: Electricity Use in California: Past Trends and Present Usage
Patterns, May 2002, Lawrence Berkeley National Laboratory,
University of California, Berkeley

utilize storage technologies to reduce their demand for non-renewable off-site
energy. They can capture excess energy generated by their renewable energy
technologies for use at a later time when the generators are not producing,
thus potentially allowing some consumers to live off the grid entirely without
disruption of their electricity consumption.
In addition, energy storage systems can provide emergency support in the
event of a power blackout. Repowering the grid can take many hours, at which
point perishable food in refrigerators begins to spoil. Exacerbating the situation,
California’s move to more remote, renewable-based energy production increases
the danger to the grid by creating longer transmission lines that are difficult to
protect and repair. With energy storage systems along the grid, however, the
rebooting of the grid can happen more quickly and can help microgrids bridge
the electricity gap to avoid blackouts altogether. Energy storage can therefore
prevent businesses and consumers from losing money and resources from
these incidents.

“The grid is becoming more
complex, but with storage during
a major blackout event, we can
recover the system three times
faster than in the past.”
-- Workshop Participant
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Barrier #1: Regulations & Utility Processes that
Disfavor Energy Storage
Utility and CAISO purchasing processes are highly regulated and contain no formal
mechanism for calculating the value of the resource savings offered by energy
storage. Investor-owned utilities must seek approval from the California Public
Utilities Commission (CPUC) for all changes to their rate structure, while publiclyowned utilities answer to their respective local governing boards for rate approval.
In California, the investor-owned utilities also own most of the transmission lines
operated by the CAISO. The Federal Energy Regulatory Commission (FERC)
approves the ultimate transmission charges passed to ratepayers.
As workshop participants described, the current rate structuring process, however,
contains no explicit mechanism to recover the value provided by energy storage.
Energy storage facilities provide ancillary services to the grid that help it run more
efficiently and can avert the need for new transmission lines and power plants.
These benefits may translate to cost savings for utilities and ratepayers. However,
utilities and policy-makers lack methodologies to quantify these savings and lack
incentives to make investments in energy storage. As a result, the current regulatory
structure discourages them from considering energy storage as an alternative to
building new transmission lines and power plants that may be more costly than
comparable energy storage facilities. As a CPUC white paper on energy storage
described, “Regulators are uncertain how [energy storage systems] should fit into the
electric system, in part because [they provide] multiple services such as generation,
transmission and distribution. Furthermore, regulators do not yet know how [energy
storage system] costs and benefits should be allocated among these three main
elements of the electric system.”56
Many participants at the workshop also cited the difficulty of getting utilities to change
their business models and become proactive in the effort to invest in more energy
storage. Utilities may not want to deviate from a model that they know works for
them and that would take resources to change.
Energy regulators have also failed to define and prioritize energy storage. The lack
of a federal statutory or regulatory definition for energy storage may hinder state
and federal agencies’ ability to develop regulations and incentives to benefit energy
storage. State regulators have also not included energy storage in the loading order,
which guides state energy decisions.
SOLUTION: Develop Means to Fully Calculate and Capture the Value of Energy
Storage and Encourage Utilities and Developers to Invest in Storage Facilities
Federal and state regulators should develop the means for energy storage facility
owners to analyze and recover the full value of the storage services provided.
The process should start with regulatory proceedings that adopt methodologies to
determine this value and the possible means to recapture it. Such policy changes

The Power of Energy Storage: How to Increase Deployment in California to Reduce Greenhouse Gas Emissions

14

Berkeley Law \ UCLA Law

could include adding energy storage to the transmission ratebase, defining
storage in a federal statute to facilitate federal incentives and regulations,
mandating utilities to procure energy storage, and having the CEC and CPUC
institute rulemaking proceedings to promote the use of energy storage.
FERC should establish rules for energy storage Electricity regulators such
as the CPUC allow utilities to recover their costs from the ratebase according
to specific asset classes, which covers costs ranging from a new transmission
line to a flashlight. According to workshop participants, the lack of a separate
asset class for energy storage facilities makes utilities less likely to invest in
these systems because the utilities lack certainty that the investment can be
recovered. To help states develop a separate asset class for energy storage
that will allow utilities, transmission operators, and independent energy storage
owners and service providers to include the capital costs of energy storage in
the ratebases, FERC should develop a method for analyzing how much value
an energy storage project will bring to the grid and to ratepayers. Transmission
line owners under FERC jurisdiction could then receive credits for the benefits
of energy storage. FERC appears to be taking action on this issue with its
June 11, 2010 request for comments regarding rates, accounting, and financial
procedures for energy storage technologies.57
FERC and the CAISO should consider creating cost and performance
requirements for long-term, must-take contracts with utilities The federal
government and CAISO could develop performance standards under which a
utility would have to enter into an appropriate medium- or long-term agreement
with the energy storage provider for the various services offered by the energy
storage facility. These standards should be designed to protect the utilities
from losses and give them the right to void the contract if the energy storage
component fails to meet reliability requirements.
CAISO should consider “unbundling” the procurement of ancillary
services Ancillary services provide key support for the stability and power
quality of electricity. Currently, the CAISO purchases these services for the
grid. Unbundling the process to allow outside parties to bid to provide specific
ancillary services would help energy storage technologies compete to provide
these specific services at lower costs. As part of the unbundling, the CAISO
should enable long-term procurement contracts of ten to fifteen years that
would provide certainty for investors. The CAISO appears to be taking steps
in this direction, through its stakeholder process, by evaluating “non-generator”
participation in the CAISO’s ancillary services markets.58
CEC’s Public Interest Energy Research (PIER) program should sponsor the
analysis of performance and cost features of energy storage Utilities and
the CAISO may be reluctant to approve new energy storage projects because
they lack data on the likely cost savings of these projects. Agency leaders at
the CEC, as well as its PIER program, should consider performing studies to
develop more solid data to help utilities decide when to invest in energy storage.
The data could include a methodology for evaluating the cost effectiveness of
energy storage and capturing the multiple value streams offered by storage. It
should also include the value of storage in helping to achieve the 33 percent
RPS target at lowest cost and in mitigating system risk and improving reliability
of the grid. CEC-developed metrics could then be considered by the CPUC in
a rulemaking proceeding.
CEC and CPUC should add energy storage to the energy loading order
The CEC, CPUC, and the now-defunct California Consumer Power and
Conservation Financing Authority established the energy resource loading
order to guide energy decisions, starting with decreasing electricity demand
by increasing energy efficiency and demand response, and meeting new
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generation needs first with renewable and distributed generation resources, and
second with clean fossil-fueled generation. Adding energy storage to this list of
priorities would help ensure that agency leaders and utilities analyze storage
technologies as an alternative to building new transmission lines and power
plants and as a complement to renewable energy facilities. The agencies will
require input from stakeholders about where in the loading order energy storage
should fall. In July 2010, CPUC staff recommended that the agency consider
pursuing this option.59
CPUC should consider requiring utilities to procure storage systems
equivalent to a percentage of their overall energy capacity AB 2514, which
passed the Assembly in June 2010 and is currently in debate in the California
State Senate, would require the CPUC to determine appropriate energy storage
procurement targets for utilities.60
CPUC should institute a rulemaking to develop a cost-effectiveness
methodology to determine rates for energy storage An “Order Instituting
Rulemaking” (OIR) on developing a cost-effectiveness methodology to determine
the appropriate rates for energy storage would help rate-making authorities and
energy storage investors calculate the value of storage and provide certainty for
investment.

Photo courtesy of Ice Energy

CPUC should establish a resource adequacy rating for energy storage
The Resource Adequacy (RA) program at the CPUC requires all load-serving
entities (LSE) that provide base load power to demonstrate that they have
sufficient resources and reserves to meet the aggregate load on a monthly
basis. The goal of the program is to ensure the safe and reliable operation of
the grid at all times. CPUC staff lead annual RA proceedings to refine the RA
program. In these proceedings, the CPUC should examine data on energy
storage performance and use it as a basis for establishing credit and valuation
for energy storage under this program. LSEs could then invest in energy storage
with the knowledge that the energy storage projects would help them meet a
certain amount of their RA obligations. CPUC staff have also recommended
that the agency consider this option.61
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Barrier #2: Costs
While costs of energy storage technology are declining, many are still
relatively expensive due to their newness, expense of materials, and lack
of large-scale manufacturing. Less expensive technologies, like pumped
hydro, face permitting or siting challenges that add to their expense. The
relatively high costs of some technologies make it more difficult for them to
attract financing or to compete with other technologies, such as natural gasfired power plants, that can serve similar functions but do not offer the same
greenhouse gas reduction benefits.
SOLUTION: Develop Tax Incentives, Federal Support for Funding,
Energy Pricing Mechanisms, and Streamlined Regulatory Approvals to
Make Energy Storage More Attractive to Investors
Federal leaders should offer tax credits and other incentives for storage
projects Congress should consider an investment tax credit for energy
storage. The credit would spur more investors to finance these projects and
could potentially offset the high upfront costs of deploying and developing
cutting edge technologies. Similar federal tax credits for renewable energy
technologies helped stimulate that market.
In addition, the Internal Revenue Code could provide tax benefits in the form of
accelerated depreciation for storage technologies, as is offered to renewable
energy producers. Congress could expand the Modified Accelerated Cost
Recovery System (MACRS), which allows investors to deduct annually the
capitalized cost of depreciable property, to cover energy storage investments.

“The pricing of energy
storage doesn’t include
the full value that storage
provides. It’s a big policy
issue.”
-- Roger Levy

Federal leaders should offer loan guarantees for energy storage
developers DOE should extend its Loan Guarantee Program to energy
storage technologies. The program offers federal support for clean energy
projects using innovative technologies to spur investment. Title XVII of
the Energy Policy Act of 2005 authorizes the Secretary of Energy to make
these loan guarantees to projects that demonstrate the potential to “sustain
economic growth, yield environmental benefits, and produce a more stable
and secure energy supply.”62
The Federal Government and CARB should set an appropriate price
on carbon Federal climate legislation, such as the Waxman-Markey bill
that passed the United States House of Representatives in 2009, and AB 32
should put a price on carbon that reflects the true cost of fossil fuel generation
and thus will make carbon-free renewable energy more competitive in
comparison to fossil fuel-based energy. This action will stimulate more
investment in energy storage and renewable energy, which can then provide
potentially cheaper alternatives and more certainty for investors.

4MW, 24MWh Sodium Sulfur (NAS) Battery at AEP
Presidio, Texas
Interior Installation for Extreme Climate Conditions
Photograph Courtesy of Electric Transmission Texas

The Power of Energy Storage: How to Increase Deployment in California to Reduce Greenhouse Gas Emissions

Berkeley Law \ UCLA Law

CPUC should develop standardized contracts for energy storage
A pro forma, CPUC-approved rate for energy storage facilities as part of a
standard offer contract, where terms and requirements are uniform for all parties
without the need for negotiation each time, would reduce transaction costs for
energy storage and provide more certainty for investors. The contract should
make use of financial models that account for avoided and capacity costs and
could require the energy storage provider to purchase replacement power if
the energy storage technology fails. FERC-approved tariffs and natural gas
contracts could be used as a model for these pro forma agreements, assuming
FERC does not treat energy storage as wholesale generation. Another example
includes the CPUC’s 2009 decision to require investor-owned utilities to study
ways, including standard offer contracts, of encouraging permanent load-shifting
and deliver a report on their findings to the to the CPUC by December 1, 2010.63

Photo courtesy of Altair Nano
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Barrier #3: Lack of Awareness of Energy Storage Benefits
Although energy storage has existed as an explicit policy goal since at least the
1970s in California, many policy-makers and the general public are unaware of
what energy storage is, the specific technologies that comprise energy storage,
and what benefits storage can provide. In addition, because many of these
technologies have never been deployed at a large scale, policy-makers and
utilities lack conclusive data about both their costs and energy savings capability.
SOLUTION: Expand Data on Energy Storage Technologies, Perform
Studies, and Promote the Findings to Key Decision-Makers
Industry leaders and energy storage advocates can help policy-makers learn
about energy storage by holding workshops, commissioning reports, and
using other means of reaching the public. Policy-makers and industry leaders
should also compile and share performance data on existing energy storage
technologies to help grid operators, utilities, regulators, and investors make
more informed decisions about energy storage.
The CEC should conduct a “2020 vision study” for energy storage with a
supporting model The CEC can use an analysis of how energy storage could
be integrated into the grid by 2020 to elevate awareness of the key barriers and
policy needs to accomplish this goal. A CEC-led convening of stakeholders to
provide input on this vision could present policy-makers with the key solutions
and raise the profile of this issue.
The CEC should elevate storage to its own category on the CEC webpage
A dedicated web page would help disseminate information on storage resources
and data to stakeholders and the public. Among other information, the site
could include analytical tools for helping to calculate energy storage’s costs
and cost-effectiveness in a particular application, as well as information on the
various energy storage technologies and their attributes.

“There is a great lack of
knowledge about energy
storage among legislators
and regulators. Half the
time, they give you a curious
stare and ask, ‘What is
storage?’”
-- David Nemtzow

CAISO should restart its in-house energy storage stakeholder group
A revitalized Energy Storage Stakeholder Group could help make energy
storage projects a priority at the CAISO and coordinate further energy storage
research. CAISO should assign a project manager to oversee this effort, using
CEC PIER funding or other available resources.
Energy storage experts and the CEC should compile and publicize data on
current projects Energy storage experts could identify a sampling of existing
commercial storage projects around the country, compile performance data
and lessons learned, and disseminate the information to decision-makers. The
California Energy Storage Alliance (CESA) should post the results on its website
(after ensuring that the data are not proprietary or securing appropriate access
to the data). The CEC should dedicate funds, such as from Advanced Research
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Projects Agency-Energy (ARPA-E), a federal agency created to promote and
fund research and development of advanced energy technologies, to compile
some of this information and to finance further demonstration projects.
Energy storage experts and advocates should also use existing tools to
demonstrate the value of energy storage to the CAISO. The experts and
advocates can use existing grid modeling technologies to test different scenarios
with multiple assumptions in order to compile the data. The modeling should
examine load flow and distribution models, among other factors, to inform
decision-makers about storage values. Advocates should also identify potential
sources of funding (such as from ARPA-E, universities, or the venture capital
community) to conduct some of this research and release white papers with
this data.
Energy storage advocates should provide leadership to elevate energy
storage issues among key decision-makers at FERC, CPUC, CEC,
Governor’s office, and Legislature
Energy storage advocates will need
these key leaders to understand the value of energy storage and to adopt the
necessary policies. They may need multiple initiatives to accomplish this goal,
which could involve participation in CEC policy reports on energy storage,
additional workshops with experts and decision-makers, or developing a
“Center of Excellence” for energy storage. Such a center could be a virtual
collaborative with universities to produce research and market information
on energy storage, explore policy solutions, engage DOE and other policymakers, establish standards for storage contracts and investment, and make
this information available and accessible to the public. Advocates will probably
want to create a national organization to promote energy storage, perhaps by
building on CESA in California or utilizing or altering the existing Electricity
Storage Association. This national organization could start by publishing an
accessible and interesting report that describes energy storage in a practical
way for policy-makers and average citizens and provides policy proposals to
advance cost-effective storage.63

Conclusion: The Future of Renewables and Storage

Photo courtesy of Jakub Mosur

As California moves toward the 33 percent renewables target by 2020, energy
storage will be increasingly vital to ensuring that the transition is efficient and does
not increase fossil fuel-based generation to supplement the renewables. Energy
storage can also reduce greenhouse gas emissions and other air pollutants by
decreasing the need for dirtier power sources to service peak energy demand
and by helping the grid to operate more efficiently. Finally, energy storage may
ultimately save ratepayers money, protect them against blackouts, and provide
them with greater opportunities to live independently from the grid. But given
the highly-regulated nature of energy provision in California and beyond, policymakers, regulators, and advocates will need to work together to open the “rules
of the game” to unleash innovation in the energy storage sector.
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