Foreword

Batteries have been used for more than 100 years for many essential applications, and the ability to store
energy efficiently, economically, and safely has been a critical development in improving the quality of
life throughout the world. An emerging application for batteries is the storage of energy for electric utili-
ties. These batteries are the largest electric storage systems ever built. Battery systems the size of football
fields with power and energy capacities of tens of megawatts and megawatt-hours are possible. The feasi-
bility of such systems has been proven in several demonstrations around the world, However, these dem-
onstrations have also identified improvements necessary before these systems can significantly benefit
electricity consumers.

The Utility Battery Storage Systems Program, sponsored by the U.S. Department of Energy (DOE), is
addressing the needed improvements so that the full benefits of these systems can be realized. A key ele-
ment of the Program is the quantification of the benefits of batteries used in utility applications, The
analyses of the applications and benefits are ongoing, but preliminary results indicate that the widespread
introduction of battery storage by utilities could benefit the U.S. economy by more than $26 billion by
2010 and create thousands of new jobs. Other critical elements of the DOE Program focus on improving
the batteries, power electronics, and control subsystems and reducing their costs. These subsystems are
then integrated and the systems undergo field evaluation.

Finally, the most important element of the Program is the communication of the capabilities and benefits
of battery systems to utility companies. Justifiably conservative, utilities must have proven, reliable
equipment that is economical before they can adopt new technologies. While several utilities are leading
the industry by demonstrating battery systems, a key task of the DOE program is to inform the entire
industry of the value, characteristics, and availability of utility battery systems so that knowledgeable
decisions can be made regarding future investments.

This program plan for the DOE Utility Battery Storage Systems Program describes the technical and pro-
grammatic activities needed to bring about the widespread use of batteries by utilities. By following this
plan, the DOE anticipates that many of the significant national benefits from battery storage will be
achieved in the near future.
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Executive Summary

e U.S. Department of Energy

(DOE) is sponsoring a program that

cooperates with the electric utility

and manufacturing industries to
develop battery storage systems as an economi-
cally attractive utility resource option by the end
of this decade, Utilities are planning now for the
generation, transmission, distribution, and
demand-side management resources that will be
needed in the future. During this planning pro-
cess, utilities must consider several new strategic
factors that include increased competition with
respect to electricity supply, greater required
energy efficiency, and more restrictive
environmental regulations.

Battery energy storage (BES) is an option that,
when developed, can help utilities address

the new strategic factors by improving cost-
effectiveness, reliability, and power quality and
by reducing the environmental impact of electric-
ity generation and distribution. BES systems
function over a wide range of conditions, permit-
ting flexible utility dispatch of energy. For exam-
ple, as a generation resource, battery systems can
store off-peak energy and provide power when it
is needed. Battery systems located on the distri-
bution system can defer or eliminate new trans-
mission or distribution lines, resulting in cost
savings and greater asset utilization. The incorpo-
ration of battery storage with renewable energy
generators will provide greater utility grid stabil-
ity, thus allowing increased use of this resource,
Battery systems cnn also serve as a controllable
demand-side management option that can pro-
vide customers improved power qual’.y and
uninterruptible power. A single BES system can
be used to satisfy more than one of these applica-
tions, thereby greatly enhancing the value of the
system. From an economic perspective alone,
preliminary analyses predict a benefit-to-cost
ratio of about two for the installation of

11 gigawatts of BES by 2010.

The Utility Baitery Storage (UBS) Systems
Program, established '»y DOE, performs needed
analysis, development, testing, and technology
transfzr to enablz battery systems to become a
viable utility resource. Sandia National Labora-
tories (SNL) directs the UBS Program and
works in close cooperation with private industry
to accomplish this mission. The elements of this
comprehensive program are (1) Battery Systems
Analysis, (2) Subsystems Engineering, (3) Sys-
tem Integration, (4) System Field Evaluation,
and (5) Industry Qutreach.

In the Battery Systems Analysis element, high-
value (BES) utility applications are identified
and characterized. This element is the foundation
for the entire program, Key tasks include
national impact analyses and specific utility stud-
ies to quantify the costs and benefits of battery

Battery energy storage assists utilities such as
Southem Califomia Edison. Pictured here is the
10-MW/40-MWh Chino, California, facility.




systems, Feasibility and conceptual studies are
conducted, and application specifications and
requirements are developed.

In Subsystems Engineering, both battery and
electronic components are developed by indus-
trial companies under cost-sharing contracts.
Engineering and manufacturing development is
being conducted for near-term batteries (valve-
regulated lead-acid [VRLA]). Two advanced
batteries, sodium/sulfur and zinc/bromine, will
serve to develop future applications and increase
market penetration, Power electronics and bal-
ance of plant components will also be developed
as required to meet application needs.

As the various components of a BES system
reach a mature development stage, the required
engineering and manufacturing development is
conducted in the System Integration element to
bring the entire system to a test and demonstra-
tion stage. A modular battery system approach
has been adopted as the preferred method to
achieve maximum flexibility at tie lowest possi-
ble cost. These systems may be factory inte-
grated or site integrated. Cost predictions
indicate that factory-integrated systems will be
more cost effective and are receiving significant

program focus.

The System Field Evaluation element
involves taking prototype hardware that results
from the System Integration element and con-
ducting application testing to characterize sys-
tem performance and life. In many cases, tests
are conducted at utility sites under real condi-
tions. In other cases, simulated tests are per-
formed at facilities such as Pacific Gas and
Electric Company’s (PG&E) Modular Genera-
tion Test Facility. All test results are openly
shared to provide utilities with battery system
operating data and to allow developers to
improve their designs,

Through the Industry Outreach element, the re-
sults of the UBS Program are communicated to
all interested organizations, Presently, this
activity consists of participation in the Utility
Battery Group, an industry association, and
through coordination with the Electric Power
Research Institute (EPRI) and individual utili-
ties. A Battery Technology Assistance Center for
BES systems is planned that will permit utilities
to obtain design characteristics and objective
information easily.




lectric utilities in the United States
g are entering the 1990s having to

maintain electric service reliability in

the face of increased competition,
growing interest in greater energy efficiency, and
heightened environmental awareness. In addition
to these challenges, utilities in several regions
are finding it increasingly difficult to meet de-
mand with their existing generation resources,
U.S. electricity consumption is expected to rise
from 2,7 trillion kilowatt-hours (kWh) in 1990
to 4.5 trillion kWh in 2010, a 1,7% annual
increase.! To meet the projected load growth,
U.S. utilities will need new generation resources.
As shown in Exhibit 1-1 (p. 10), even if utilities
can maintain existing capacities by vigorous life-
extension programs, approximately 200 giga-
watts (GW) of new generation resources must
be acquired to meet the future demand for
electric power.

The U.S. electricity system consists of genera-
tion, transmission and distribution, and end-
use components, which enable the production,
delivery, and use of electricity for economic
gain. The generation component provides the
power plant capacity (megawatts) needed to pro-
duce electricity; transmission and distribution
(T&D) provides the miles of lines (circuit miles)
and equipment required to deliver the capacity;
and end use refers to applications by the residen-
tial, commercial, and industrial consumers of
electricity.

The need for additional T&D resources is
increasing because of increased electric demand.

1 Natlonal Energy Strategy (NES) Technical Annex 2,
Firet Edition 1991/1902, DOE/S-008GP, U.S. DOE,
Washington, D.C.

2 Staff Repont, Electric Power Supplg and Demand for
the Contiguous United States 1988-1998, DOE/
IE %Q!B. .S. DOE, Washington, D.C., March 1880,
Hp.a-r.

Background

Utility industry analysts project that the United
States will require 170,000 miles of new high-
voltage transmission lines by 2010, with a cost
estimated to exceed $170 billion. Concerns
about environmental impacts and potential
health effects of electric and magnetic fields
(EMF) are delaying or preventing construction
of most new transmission lines, The uncertain
availability of adequate transmission resources
will further weaken the national electric network.
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Btrery storage can reduce future need for
additional transmission and distribution resources.




Starting in 1990 (and each year thereafter), utili-
ties began making larger capital investments in
T&D than in generating capacity. Although this
reflects a willingness by utilities to consider
alternatives to traditional supply technologies
(such as demand reduction, cogeneration, and
third-party generation), it also reflects a signifi-
cant escalation in the cost of installing T&D
facilities, These costs result from more stringent
local code restrictions, limits imposed by new
state legislation, a growing NIMBY (not in my
backyard) attitude, and a substantial rise in objec-
tions resulting from concerns about the possible
health effects of EMFs, In a growing number of
cases, these same factors prevent the installation
of needed electric lines, requiring utilities to
consider inefficient substitutes, This has caused

Existing capacity

Projection

Fle o napply
At o ennd

Behireneg,

Life extensions/

Critical repowering

decigion

| perlod I

Exhibit 1-1. A need of more than 900 GW of
generating capacity by the year 2010, up from
700 GW in 1990, has been projected. To meet
this need, more than 350 GW of plant life
extensions must be implemented, and more than
200 GW of new generating capacity must be
acquired at a cost approaching $300 billion.

negative repercussions on the economic growth
potential of those affected areas,

Given this environment, utility system planners
have fewer options when seeking T&D
expansion, Legal challenges and court delays are
now part of virtually every new T&D project.
Unless this trend can be reversed, the nation
faces a substantial decline in reliable, on-demand
electric service. Fortunately, new technolagy,
such as battery storage, can alleviate many of the
T&D problems. With battery storage, the exist-
ing system can hano. : large increases in power
demand, and utilities can have far greater control
over the routing and levels of power flows, They
can also realize benefits such as improved effi-
ciency of power transfer, avoidance of unwanted
line loading, and reductions in backup or spin-
ning reserve. For the consumer, the new technol-
ogy can lower electricity costs. Furthermore,
incorporation of battery storage into the T&D
network can alleviate instability concerns, allow-
ing utilities to incorporate greater percentages of
renewables, cogeneration, and other distributed
technologies. Thus, battery storage can help
utilities move toward a distributed system with
greater control and reliability.

Electric utilities must plan now for the genera-
tion, T&D, and end-use resources they will need
for the next two decades, However, the rules that
have traditionally guided utilities in their resource
planning are changing. New rules have been
promulgated as part of the National Energy Pol-
icy Act of 1992 that impact utility resource deci-
sions over this planning horizon, The following
strategic “drivers” have necessitated changes in
these rules that will affect the entire utility industry:

Competition—The desire to foster competition
for electric service is resulting in an “‘unbun-
dling" of the generation, T&D, and customer-
service aspects of the industry, Rules regarding




Exhibit 1-2 Electrical Power Network of Today and Tomorrow
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Exhibit 1-2. The traditional utility supplies customers with electricity produced at centralized power plants. This concept is expected to
undergo changes in which the utility of the future will likely provide its customers with a larger array of services and will obtain its power

from a variety of energy sources.

generation capacity acquisition, transmission
access, and large-customer service are reshaping
the traditional regulated monopoly.

Efficiency—Greater emphasis is being placed
on avoiding the acquisition of new resources
through demand-side management, conserva-
tion, and increased use of existing asscts,
Improving power quality and encouraging con-
servation and demand-side management through
customer service are also being recognized as
ways to improve efficiency.

Environmental Concerns—New regulations
(e.g., the Clean Air Act) and greater public sensi-
tivity to environmental issues are forcing utilities
to consider future resources that will minimize
environmental impacts,

Reflecting the emergence of these drivers, tradi-
tional utility resource planning is giving way to
integrated resource planning (IRP). This new
resource acquisition method considers the over-
all value of supply and demand resources,
thereby ensuring cost-effective, efficient,




’ awlwt?um

cleaner, and more reliable use of electricity,
Furthermore, the traditional utility is giving way
to the distributed utility illustrated in Exhibit 1-2
(p.11). This new structure increases the complex-
ity of the electric network in an effort to employ
those utility resources with the greatest value.
Utilization of technologies such as energy
storage, photovoltaics (PV), or wind generation
is a possible solution to the problem of how to
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Exhibit 1-3. A battery system Is usually remotely
operated and consists of batteries, a power
converter, and a supervisory control and data
acquisition system, usually housed in the same
building. The batterles for today's systems are
lead-acid, but improved lead-acid and advanced
battery types (sodium/sulfur and zinc/bromine)
are under development. The power converter
inverts DC battery power to utility-grade 60-Hz
AC and rectifies 60-Hz AC line power to DC.

To charge the battery, there may be a separate
transformer between the transmission line and
the converter, and there may be a separate float
charger to top off the battery charge. The typical
system also has a variety of control and safety
features, such as circuit breakers, fuses, and
disconnects.

achieve greater asset utilization and greater oper-
ating efficiency while reducing environmental
impact and maintaining reliability.

Exhibit 1-3 is a simple schematic of a utility
battery system. However, utilities have not
adopted battery storage because its costs con-
tinue to outweigh its benefits for single-purpose
applications. Batteries have been promoted for
more than a decade for load-leveling and peak-
power-supply applications. Battery storage can
help utilities manage their generation, transmis-
sion, and distribution assets by increasing utiliza-
tion of existing equipment and can also help
them defer or eliminate the need for costly capi-
tal improvements. Furthermore, there currently
is a lack of commercially available, integrated
battery systems for utility applications, In the
last few years, the IRP perspective has emerged,
which recognizes the range of mutually compati-
ble benefits offered by battery systems that will
be important in the utility system of the future.
Battery systems can be used to reduce the stress
on individual transmission lines that are near
their peak rating by reducing substation peak
load. The same battery system also can provide
area regulation, voltage stabilization, and volt-
age regulation, and it may increase power qual-
ity and reliability for specific customers, On the
customer side, battery systems can supply peak
power requirements, thereby benefiting
customers while providing demand-side manage-
ment resources to utilities, In combination with
renewable generation systems, batteries can en-
hance utility network stability and allow greater
utilization of photovoltaics and wind resources,
Battery systems, with their siting flexibility and
minimal environmental impact, can also address
several environmental concerns affecting utili-
ties today, including air emission standards and
EMF effects,




The prospect of generation requirements of

200 GW of new capacity in the next two decades
has prompted a variety of federal efforts to
reduce capital investment and to expand the
options for satisfying growing demand. The
resulting research and development (R&D) pro-
grams support both traditional and aiternative
supply technologies as weil as exergy-efficiency
R&D and conservation programs, which limit
demand, further helping utilities to meet
generation requirements.

DOE has recognized the nationwide potential
for battery storage and is helping industry de-
velop the technology as a competitive resource
option for electric utilities to use beginning in
the mid- to late-1990s. Thus, DOE is supporting
a program to assist the utility industry in making
battery storage a resource option worthy of util-
ity consideration in the 1990s. The DOE UBS
Program, sponsored by the DOE/ Office of
Energy Management (OEM) and directed by
SNL, focuses on identifying the value returned
for utility investment in battery storage, develop-
ing improved batteries and components for util-
ity applications, integrating components into
well-designed systems available to utilities, and
coordinating activities with the utility sector to
promote battery storage.

SNL has been involved with DOE in the devel-
opment of advanced rechargeable batteries for
stationary energy source (SES) applications for
more than 10 years. This UBS progran: is imple-
mented primarily through development contracts
with private industry. Recently, the focus of this
program shifted to encompass not only battery
development, but also specific utility systems
analyses that seek to quantify the benefits of
battery storage and system development.

Specific utility systems analyses have been con-
ducted with several interested utilities. These

analyses have identified a number of potential
benefits for battery storage in utility systems that
have increased significantly during the last few
years. Studies by EPRI and others have also iden-
tified many utility scenarios for which battery
storage is economically and environmentally
important. These applications may provide sig-
nificant economic and operational benefits to
utilities, well beyond those of the traditional
load-leveling concept.

In other UBS-related projects, a contract for
engineering improvements of VRLA batteries is
in progress. The project is focusing on increasing
life, reducing cost, and understanding utility
needs of VRLA batteries. The contract has signif-
icant utility involvement to ensure that systems
issues and requirements are addressed.

DOE'’s Utility Battery Storage Systems Program
is conducted at Sandia National Laboratories,
Albuquerque, New Mexico.




Another lead-acid engineering development is
with the AC Battery concept. The idea, patented
by AC Battery Corporation, consists of truckable
power systems complete with battery, inverters,
and connections that are ready for installation at
utility or customer substations. This reduces the
engineering and manpower costs of setting up a
storage system and gives users a turnkey, porta-
ble system with 250 kW/167 kWh of storage.

Other battery development contracts are in prog-
ress for sodium/sulfur and zinc/bromine technoi-
ogies. A contract with Silent Power, Inc. (SPI), is
in place to continue development of sodium/sul-
fur battery system designs specifically for utility
applications. For the zinc/bromine technology,

14

a $1-million-per-year contract was placed in
August 1990 with Johnson Controls Battery
Group, Inc., to develop a 100-kWh design for
utility applications. Promising concepts are
being pursued to resolve cell stack sealing and
electrolyte flow nonuniformity problems.

In addition to the above work, SNL has in-house
efforts for contract management, prototype
evaluation, and applied research activities. The
evaluation activities consist of standardized test-
ing of deliverables to characterize performance,
determine safety, and identify life-limiting mech-
anisms. Applied research tasks focus on reclama-
tion of sodium/sulfur cells and improved
materials for zinc/bromine batteries.




Battery Systems in
Utility Applications

Role and Potential
Benefits

In the late 1980s, utilities began moving away
from large, centrally located generation and stor-
age facilities to a more distributed utility net-
work (e.g., Exhibit 1-2, p.11) as they began to
recognize the operational and economic advan-
tages of these smaller, distributed sources of gen-
eration and storage. These sources gained wider
acceptance and were supported by planning con-
cepts such as distributed utility planning and
IRP. In these concepts, the value of storage
increased as it was used in smaller sizes, located
lower in the utility network, and sited closer to
the end user.

Formerly, pumped hydroelectric was the only
storage technology available that utilities
accepted as technically and economically viable.
Other storage technologies, such as compressed-
air energy storage (CAES), had some success in
Europe, but had not found acceptance among
U.S. utilities. Despite its attractive economic
attributes, pumped hydroelectric storage is lim-
ited by siting constraints and environmental
opposition. Most sites suitable for pumped stor-
age have already been developed, and permits
for new sites will face serious environmental
opposition. CAES has similar siting disadvan-
tages, and both technologies are more economi-
cal at larger sizes, typically greater than several
thousand megawatt-hours of storage capacity.

Until recently, BES for utility applications was
regarded as a long-duration, large central-station
storage device and had to compete with pumped
hydroelectric storage and CAES in utility evalua-
tions, Although the capital costs per kilowatt-
hour of stored energy decrease for both pumped
hydroelectric storage and CAES with increasing

capacity, the capital costs per kWh remain rela-
tively flat for battery systems as their capacity
increases. Under these economic assumptions, in
which battery storage was required to provide
eight hours or more of storage capacity, it was
not always a viable option in utility planning.
Thus, until the mid-1980s, utilities that needed
storage had few options; both pumped hydroviec-
tric storage and CAES were limited by siting
constraints, and BES appeared too expensive in
the larger sizes,

The UBS Program assists industry in developing
battery storage facilities such as this 20-MW plant
at the Sabana Llana Substation of the Puerto Rico
Electric Power Authonity.



nibit 2-2 Commerclally Avallable Batteries for Many of Today' Utility Applications
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Now that utilities are moving toward distributed
networks, BES plays a flexible, multifunction
role in the entire utility system., It is no longer a
large, centrally located, single-function option.
Instead, it can perform multiple roles and poten-
tially provide much needed relief sought by utili-
ties in managing their system resources. Exhibit
2-1 (p. 16) depicts the range of applications that
battery storage can nrovide to electric utilities.
For instance, battery systems can provide spin-
ning reserve capacity that wouid otherwise re-
quire combustion turbines or a small coal unit.
Batteries can also provide frequency regulation
and reduce the loading of substation transform-
ers, thereby extending their life and stabilizing
transmission line oscillations. This would also
increase their load capability and reliability. On
the customer side of the meter, battery systems
can improve power quality and reduce peaks,
reducing the demand charges paid by customers
for peak-power usage.

The many benefits of battery storage apply to
every aspect of the electrical system: generation,
transmission and distribution, and end use. The
value of these benefits varies widely, depending
on the type of utility, geographic location, gener-
ation mix, and other operational problems. For
example, a primary attribute of a battery system
is its extremely fast response to changes in elec-
trical load, Conventional generating units take
minutes or even hours to ramp up, whereas bat-
tery systems can deliver full power in fractions
of a second, Another benefit is that battery sys-
tems will allow utilities to cut costs by using
their plants more efficiently and by enabling
them to defer investment in new plants. This is
especially relevant because regulations restrict
utilities from passing on the costs of new con-
struction to their customers. With storage batter-
ies, utilities can meet load growth, use their
plants more efficiently, and avoid financial risks
associated with new construction. Some ways

that batteries can serve utilities are described in
Exhibit 2-2 (p. 16).

Although it is difficult to accurately estimate the
value of these national benefits, forecasts have
been made by extrapolating the value from site-
specific case studies. Preliminary estimates of
annual savings to the nation can be found in
Exhibit 2-3 (p. 17), which shows the major
benefits of battery energy storage to utilities.

Acceptance of
Battery Systems

Battery systems offer significant potential bene-
fits to utilities, but several technical, institu-
tional, and market-related barriers prevent the
introduction of battery storage technology into
the commercial marketplace. The barriers are
discussed in Exhibit 2-4 (p. 20) and highlighted
in Exhibit 2-5 (p. 21). The following are primary
barriers:

« Difficulty in quantifying the value of
battery storage benefits for multiple utility
applications

*  Nonavailability of a single supplier for
utility battery storage systems

*  Lack of detailed data on the performance,
reliability, and costs of batteries and battery
storage systems

¢ Lack of awareness that battery storage can
perform a wide range of applications for
electric utilities

¢ High capital cost of battery and power
converter components for single-purpose
applications when compared with
technology alternatives (e.g., combustion
turbines, static var compensators).



The last issue, high capital cost of battery and
power converter components, is particularly
important. Reevaluating the capital costs of key
components is critical to reducing the life-cycle
cost of battery systems for utility applications,
Additional development to improve the cost and
cycle life of candidate battery technologies is
still necessary. Conventional, flooded lead-acid
batteries are the only currently available technol-
ogy that is mature and cost-effective enough to
have widespread impact on near-term utility
needs. Improved lead-acid batteries that could be
ready for commercialization within five years,
such as the VRLA battery, could further reduce
battery operation and maintenance costs by
elimirating the need to add wate Other VRLA
benefits are increased battery system life and a
reduced battery footprint, The use of advanced
batteries (potentially available within six to eight
years) offers still greater potential for reduced
cost and could enhance market opportunities,
The two advanced battery technologies currently
being developed for utility energy storage are
sodium/sulfur and zinc/bromine, Both batteries
use low-cost materials and offer cost advan-
tages over lead-acid because of their higher
performance (sodium/sulfur) or low-cost
manufacturability (zinc/bromine).

Finally, improving the design and manufacture
of the power conversion system also will greatly
reduce battery system costs. There is a strong
need for developing lower cost, standardized
power conditioning system (PCS) designs with
improved performance characteristics. Rapid
advances in power conversion technology could
have significant impact on PCS designs. Until
recently, gate turn off (GTO) switches were the
preferred device for high-rate PCS designs
because of their higher power ratings. Integrated
gate bipolar transistors (IGBT), which were pre-
viously available only for lower power ratings,
are now being designed for higher power ratings
and offer operational as well as cost advantages
over GTOs. Eventually, IGBTS or similar
devices could replace GTOs as the preferred
device for large PCSs. The fundamental circuit
design of power conversion devices is also
changing, and new circuits, such as the resonant
frequency power converter, are being designed
that will have higher power capabilities and
promise lower costs, A PCS improvement effort
for battery systems also offers benefits for renew-
able technologies, such as PV and wind, which
have similar needs regarding the availability of
PCS hardware,




v to ustomens'
.mmoputuﬂmm»
-mmmmwmmm

wmmmmwmmw




formmmmmﬁmmmm

; musmmmmuovvn.

- Market m»mmwnv

The aggressive marketing of battery systems
and the development of new product lines
mmantmuMMonmmmut-




The mission of the UBS Program is to assist
industry in developing cost-effective battery
storage systems us a utility resource option by
the year 2000, To be viable, future resource
options must be commercially available as
complete systems, and providing these systems
in coordination with industry is the focus of the
UBS Program. To accomplish this mission, DOE
has established the following goals for the UBS
Program:

o Identify and evaluate the benefits of hattery
storuge in specific utility applications

*  Develop improved battery system compo-
nents including energy storage and power
conversion devices

Researchers in the UBS Program work to
develop improved battery system components
and to identify and evaluate the benefits of
battery storage in specific utility applications.

Program Dourlptlon

Develop optimized, modular, multifunction
battery storage systems

¢ Characterize the performance of integrated
systems with on-site demonstrations

¢+ Increase industry awareness of the benefits
of battery storage and options for providing
it,

Pro ram Strategy
Tactics

DOE will achieve the UBS Program goals
through its strategy of direct assistance to private
industry, specifically in the development, evalua-
tion, and implementation of battery storage sys-
tem technology. The commercial introduction of
battery systems will likely occur after validation
of benefits analysis and field testing at utilities.
The approach is aimed at analyzing applications
through system and feasibility studies and then
assisting utilities in developing, installing, and
testing battery systems, DOE serves as the cata-
lyst for coordinating activities umong develop-
ers, manufucturers, and users of battery systems,
and DOE is providing the impetus to assure that
cost-effective UBS systems are available by the
year 2000,

To achieve its mission, the UBS Program uses
the following tactics:

¢+ Soliciting industry commitment through
cost sharing

+  Identifying as many uses for batteries as
possible and quantifying the value of
multiple-benefit applications to utilities

¢+ Reducing capital and life-cycle costs of bat-
teries, converters, and controllers and intro-
ducing integrated systems for purchase




* Increasing utility awareness of, and interest
in, battery systems,

The expected results of the UBS Program are
that utilities

*  Will be fully informed of battery storage as
a resource option

*  Will have access to tools and techniques
to assess the costs and benefits of battery
storage

*  Can call on qualified vendom to install inte-
grated or “packaged” systems quickly to
solve utility problems

»  Can integrate higher performance batteries
into future systems to capture a wider vari-
ety of utility benefits at increasingly
competitive costs.

The UBS strategy includes working with utilities
in each element of the program to provide
credible validation of these benefits,

Program Management

The UBS Program is one of seven R&D pro-
grams assigned to OEM. This office is one of
three organizational units reporting through the
Deputy Assistant Secretary for Utility Technolo-
gies to the Assistant Secretary for Energy Effi-
ciency and Renewable Energy. A decentralized
management scheme is employed by the UBS
Program, SNL is the cognizant laboratory
responsible for the day-to-day activities of the
UES Program. Exhibit 3-1 presents the UBS
Program management structure,

The management, operation, and direction of the
UBS Program are established by federal energy
policy as most recently represented in the

Assistant Secretary
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National Energy Strategy and the Energy Policy

Act of 1992, The broad policy outlined there is
interpreted by DOE officlals to establish pro-
grammatic missions and goals, which results in
general guidance and directives to ensure that
federal programs are consistent with energy
policy. Congress significantly affects the
activities and directions of the UBS Program




through budget appropriations and other legis-
lation, Furthermore, special advisory boarrls,
interagency and international committees, and
technology participants in the private sector sub-
mit recommendations for the program, which
are then given serjous consideration by program
management.

DOE Headquarters assigns areas of responsibil-
ity to SNL, whicl. i, then responsible for the
achievement of program goals and milestones.
Specific responsibilities of SNL include the
following:

Implementing DOE Headquarters’ program-
matic and budget guidance at the element
level

Preparing program plans that specify goals,
milestones, and major participants

Managing research tasks to ensure that
the research is completed in a timely and
cost-effective manner

Establishing collaborative efforts with
private industry to further program goals

m Imnm Analysis
~ = Complete preliminary opportunities
analysis (December 1993)
» Complete utilty feasibility study
(February 1995)

Mlymm Enginaering
~# Deliver GNB intermediate design
valveregulated lead-acid (VLRA)
battery modules (October 1993)
~» Conduct Power Processing
" Workshop and issue proceedings
~ (February 1994)
'« Deliver Silent Power, Inc. 12-kWh
‘ sodium/sulfur battery (March | 994)
-+ Deliver Johnson Controls Battery
- Group, Inc. 100kWh zinc/bromine
e ;bamt.!unel?%)
. Deﬁver Omnion AC Battery to PG&E
~ |October 1993)
= Complete Pv/battery hybrid units
oy 1994)
| = Complete system integration phase
~ ofUSBD (August 1994)

System Integration (continued)
¢ Install 500-kW transportable utility
battery at first substation (December
1996)

» Deliver 500kW/1000-kWh
zinc/bromine battery system at
specific utility (March 1997)

» Deliver 300-kW/600«kWh
sodium/sulfur battery system at
specific utiiity (September 1997)

Systom Fleld Bvaluation

» Complete testing of AC Battery at
PG&E (October 1994)

« Complete testing of USBD at PG&E
(August 1995)

s Complete testing of zinc/bromine
battery system at utility sites (March
1998)

« Complete testing of sodium/sulfur

battery system at utility sites (March
1998)

' Industry Outreach

* . Initiate operation of Battery
Technology Assistance Center
(September 1995)




Projected
100

*  Disseminating research results and transfer-
ring technology to industry

*  Reporting on progress to DOE
Headquarters on a regular basis,

The UBS Program has a schedule that includes a
set of milestones. The purpose of this schedule

is to establish a programmatic framework that
ensures adherence to ;olicy and provides for the
overall success of the program. Milestones and
decision points are established for each project
to guide management in evaluating the progress
and direction of research tasks. These milestones
and decision points become target dates for tech-
nical achievement by researchers. Program
schedules are subject to an annual reevaluation,

and intermittent adjustments are made to reflect
policy shifts, fluctuating budgets, changing
program priorities, and research progress.
Milestones for the UBS Program are presented
in Exhibit 3-2,

Budgets for the UBS Program are recommended
by DOE through OEM. The budget is estab-
lished by Congress as part of the Energy and
Water Development Appropriation each year.
The funding projections for the UBS Program
are depicted in Exhibit 3-3. The percentage
breakout for each program element is shown.

Several trends should be noted from the budget

projections, An active systems analysis element
will continue through 1996 to determine specific




quantitative values of a range of battery storage
benefits, Subsystems engineering funding will
decline as major battery development contracts
are completed, but system integration activities
will increase as efforts are undertaken to opti-
mize those improved components in developing
an overall system. An aggressive system field-
evaluation thrust beginning in FY 1994, the
Transportable Battery System Project, is planned
to provide cost-shared testing of integrated bat-
tery systems to utilities for benefits validation
and to gain operating experience. Finally, industry
outreach activities will increase as the Battery
Technology Assistance Center becomes active in
1995 and continues during the program. Overall,
the program will peak at $10 million in 1996 and
be concluded by the end of the decade.

Expected Outcomes

The expected results of the UBS Program will
be a set of outcomes that will help the utility in-
dustry and all electricity consumers by

*  Reducing operating cost (e.g., manpower,
fuel, etc.) by increasing operating efficiency
through the employment of storage to
provide peak power

*  Avoiding much of the anticipated capital
asset acquisition (combustion turbines,
transmission lines, distribution transform-
ers, transmission line stabilizers, etc.) pro-
jected by achieving greater utilization of
existing assets

*  Improving the overall environmental qual-
ity of electricity generation, delivery, and
use by including more renewable sources in
the generation mix, reducing peak power
requirements from fossil fuels, and reducing
EMF exposure by the avoidance of new
transmission lines,

26

The UBS Program is already having an impact
on the utility industry, Exhibit 3-4 shows more
than 20 utilities that are in the process of
evaluating battery storage as a resource option.
Their interest in battery storage stems from their
need to improve operations, reduce capital
investment, curtail demand growth, or assist spe-
cific customers. The UBS Program will continue
to work with these and other utilities as battery
storage emerges as a significant resource option
for the nation's utilities,

The performance of the UBS Program will be
monitored via a set of metrics geared to program
progress. These performance indicators may
include the following:

*  Cost per kilowatt/kilowatt-hour of battery
storage systems procured by individual
utilities

¢ Number of battery storage installations

*  Amount (installed megawatts) of utility
battery storage

»  Number of circuit miles of transmission
and distribution lines and/or substations
deferred because of battery storage
additions

*  Amount (megawatts) of installed renewable
resource capacity facilitated by the addition
of battery storage.

By tracking the performance of these indicators,
DOE will assure that the UBS Program is realiz-
ing the estimated national benefits. This continu-
ity will be a direct measure of the taxpayer
investment towarc development and
implementation of the new technology.




ro) Planned conceptual design

Q@ Completed system study

& Planned system study

Monitoring technology

o

Primary Application Size (MW/MWh)
1 improve village diesel
generation, loading 01.00/01.60
2 Same as above 0.03/0.09
3 Spinning reserve, frequency 10.00/20.00
regulation
4 Distributed storage benefits
5 T&D benefits
6 Load leveling, other
7 Trolley peak shaving
8 System-wide benefits
9 Frequency regulation

1.00/2.00
10.00/40.00

0.20/0.42
20.00/60.00
10.00/10.00

Size (MW/MWh)
1.00/3.00

1 6.00/19.00

12 Demand-side management  3.00/6.00

13 Transmission line deferral

14 Peak shaving

15 Peak shaving

16 Rallway peak shaving

17 Area regulation and
spinning reserve

18 1st & 2nd of 5 planned
installations

Primary Application
10

2.00/4.00

20.00114.10




Technical Plan

Program Organization

The UBS Program consists of five interrelated
elements designed to bring battery storage sys-
tems to commercial readiness by the end of the
decade. The five UBS elements are

* 1.0 Battery Systems Analysis

¢ 2,0 Subsystems Engineering

e 3.0 System Integration

e 4.0 System Field Evaluation

* 5.0 Industry Outreach.

These elements reflect the

These elements reflect the  systems emphasis of the pro-

gram, while recognizing the

systems emphaszs of efforts to incorporate

the program, while improved technology into

these systems. These ele-

recog nizing the eﬁ orts lo ments are further divided

incorporate improved  into subelements and pro-

jects, as shown in the pro-

technology into these systems. g, outline in Exhibit 4-1.

The relationship between
the program elements and the technology evolu-
tion is depicted in Exhibit 4-2 (p. 30). To satisfy
the mission of the UBS Program, DOE and SNL
have developed goals, objectives, and milestones
for achieving the desired outcomes for each ele-
ment., Each element is summarized in the
following technical plan.

Element 1.0
Battery Systems Analysis

In the Battery Systems Analysis program ele-
ment, DOE will study battery benefits and
quantify the value of these benefits to utilities.
Already, 20 benefits of battery storage for utility
use have been identified. Assessments of battery
storage thus far have primarily involved specific
utilities, and the results have been correspond-
ingly specific to the individual utility, DOE will
now attempt to establish benefit values that
apply to utilities nationwide. DOE also will take
the methodologies used in assessments and
incorporate them into a screening tool, making it
much easier for any utility to perform its own
preliminary assessment of the value of the tech-
nology. Some of these benefits have been veri-
fied from data obtained from field tests of
battery systems installed at several utilities.
Several other benefits will need to be verified by
the utilities in tests during the upcoming years.
The information developed in identifying the
benefits also feeds to other elements of the pro-
gram by establishing battery performance re-
quirements and compatibility of various battery
technologies to the range of identified utility
applications,

As with any emerging technology, operating
benefits to utilities in terms of economic worth
must be established for BES before it is widely
applied in utility applications, Battery storage
has the further disadvantage that it has been
traditionally viewed only as a load-leveling
resource by utility planners and its wider range
of applications has neither been fully identified
nor quantified. Few evaluation tools are avail-
able to utility planners that quantify the value of
battery storage to their specific situations and
that would allow a comparative evaluation with
other planning options.






Battery Systems I\uaﬂvsm

Systems Foasibility
tudies Studies
Subsystems Engimeering

Battery Elgctrical
Subsystem Subsystem

The three subelements in the Battery Systems
Analysis program element are aimed at identify-
ing a wide range of battery applications and their
related economic value. Following is a descrip-
tion of each subelement and a summary of the
expected outcomes of each,

1.1 Applications Analysis/
Systems Studies

A “systems study” is an initial screening-level
study performed in cooperation with a host util-
ity to identify and evaluate the potential benefits
that BES could offer that utility. Such a
screening-level study establishes a rough esti-
mate of a battery benefits-to-cost ratio based on
a limited examination of utility-specific opera-
tion and financial data. The exact size of the
BES facility, its location in the utility network,
and any operational details of the battery energy
storage system are not defined at this time.

System
Integration

Fietd ; Commercial
Evaluation Product

In this subelement, specific applications of BES
in selected utility networks are identified and
quantified. Already, four site-specific, cost-
shared studies have been completed with utili-
ties. The findings of three of the four studies
showed potentially strong benefits of battery
storage in each utility’s network, and more
detailed, follow-on feasibility studies have been
recommended. Because these studies were a
first-of-a-kind effort, there is a need to examine
all aspects of the activity and to document these
findings comprehensively. Particularly, the meth-
odology, findings, and the lessons leamed from
the utility interactions will be studied to guide
future activity. Following the completion of this
analysis, a second round of studies will focus on
applications such as renewables and T&D that
were not included in the first set of four studies.

The results of all the studies will be used to
match characteristics of battery systems with




specific utility applications (a compatibility eval-
uation). The performance strengths of different
battery system technologies will be assessed,
along with their suitability for each specific util-
ity application, The final result of this analysis
will be a comprehensive evaluation of the “best
fit” of battery types and system components to
specific utility requirements. This will enable bat-
tery system suppliers to design systems that sat-
isfy specific utility applications, It also will yield
insight for future R&D in battery design and
performance that can provide feedback to the

Subsystem.Engineering and System Integration
program elements.

Finally, the results of all these analyses will be
used to improve the quantitative understanding
of battery storage to utilities nationwide, All
utilities routinely report operating and planning
information to agencies such as the Energy Infor-
mation Administration and the North American
Electric Reliability Council (NERC). The data
available from these scurces are reliable indica-
tors of generation expansion, operating reserve
margins, and transmission-related planning that
the utilities are performing. Extrapolation of the
results of all UBS studies will lead to a national
perspective on BES benefits. Other studies, such
as those conducted by individual utilities or
EPRI, will also be reviewed and used when
appropriate. This will lead to a comprehensive
estimate of BES benefits stated in terms of
operating and capital cost savings to utilities and
their customers.

1.2 Feasibllity Studies

The “feasibility study” (a term borrowed from
utility terminology) goes beyond the initial sys-
tem study and establishes the quantitative value
of BES benefits to a higher level of confidence
by examining detailed forecasts of utility operat-
ing costs and other operational parameters for
the entire life of the BES project. A site-specific
conceptual design of the BES system is included
in the feasibility study to determine the cost of
the battery system needed to generate these
benefits,

A feasibility study is performed if the results of
the previous system study indicate a potential for
a sufficiently high benefit/cost ratio. There are
no widely accepted norms for the benefit/cost
ratio that trigger a commitment for a feasibility
study, but generally, a ratio of >1.5 may be
acceptable justification to proceed to the feasibil-
ity study stage. Utilities with the most promising
results from the initial system studies group will
be encouraged to continue to the feasibility study
stage, which will involve more detailed study to
establish the economic feasibility of the applica-
tion and a conceptual design of the BES system.
The results of the feasibility study lay the
foundation for any future BES project and be-
come an essential part of the project planning.
SNL will continue to provide assistance to the
utility through this stage and to encourage the




utility to proceed with full-scale projects if the
feasibility study shows positive results.

Feasibility studies will be conducted in FY 1994
with the Chugach Electric Association and the
Sacramento Municipal Utility District (SMUD).
Other studies will be pursued in the future as can-
didate utilities are identified and as they express
commitment to utility battery systems.

1.3 Opportunities Analysis

The principal desired outcomes of the entire
Battery Systems Analysis element are produced
within this subelement. As such, the results of
the other two activities are directly utilized.
First, the economic benefits at the national level
are characterized; these must include the identifi-
cation of market size, timing, and specific
applications, System-level requirements for
each application are defined, but working defini-
tions of these requirements are critically needed
to allow effective system design and engineering
to proceed, The desired information includes
system-level specifications related to power,
energy, cost, and duty cycle along with any
special needs such as power quality and/or gen-
eral siting constraints (e,g., environmental, physi-
cal). Detailed design-specific information, such
as the performance requirements for the various
individual components of the system, their
configuration, or operating conditions, is not
included. Finally, a study will be performed to

National benefis of using batiery energy stor-
age and apploation-specifio requiremants fo
 be usied for designing battery energy ntoram :

match specific battery technologies with specific
applications,

Element 2.0
Subsystems Engineering

Under the Subsystems Engineering element,
improvements are developed in the two primary
components of a BES system: the battery itself
and the electrical equipment (power conversion
and control). For development to be successful,
the battery component needs lower costs, higher
performance, and improved integration with the
other parts of the system. For the near term, a
task is under way to ready an improved VRLA
battery technology that will increase the quantity
and types of utility applications that can be satis-
fied with BES compared with those capable of
using conventional flooded lead-acid batteries.

To increase market size further, the development
of advanced batteries is also proceeding.
Although several candidate advanced battery
technologies are being developed for various
applications, sodium/sulfur and zinc/bromine are
felt to provide the best opportunity to achieve
the desired benefits and also be commercially
available for utility applications by the year
2000. Neither technology has the same set of
obstacles to overcome, primarily because two
types of batteries are represented: high tempera-
ture and ambient flow, In the UBS program,
development is focusing solely on the needs for
utility energy storage (UES) applications.
Although substantial efforts are under way to
develop these technologies for mobile applica-
tions, the design criteria and objectives for UES
applications are sufficiently different to warrant
dedicated efforts, While both uses mandate
safety first, the UES application must emphasize
life-cycle cost over weight or volume-based per-
formance. Nevertheless, during prototype engi-
neering of the current advanced technologies




(1995), periodic assessments will be made to
determine whether attention should be given to
any other emerging technology (e.g., lithium-
based, nickel/metal-hydride).

Efforts will be made to improve the performance
and reduce the costs of the components of the
electrical subsystem, Various activities are
planned to bring power conversion system
suppliers, electric utilities, and battery manufac-
turers together to formulate applications require-
ments and development plans for cooperative
projects nimed toward a higher level of
functionality and standardization.

2.1 Battery Subsystem
Engineering

The focus of this subelement is ensuring avail-
ability of rechargeable batteries with improved
performance and lower costs compared with
those of current batteries, Cost-shared contracts
with industrial battery organizations are in place
to complete the first phase of dedicated UES
development of VRLA, zinc/bromine, and
sodium/sulfur battery technologies. VRLA batter-
ies are a new design that are completely sealed
and employ pressure relief valves and oxygen
recombination technology. These changes allow
for less required maintenance and improved
safety because water additions are not needed,
and evolution of gases under most conditions is
prevented.

Existing flooded lead-acid batteries can meet

a variety of utility applications, as shown pre-
viously in Exhibit 2-2 (p. 16). Some of these
lead-acid batteries are available from manufac-
turers in modular subsystems that are suitable for
the utility applications identified in Element 1.0,
Battery Systems Analysis, and have the advan-
tage of low cost because of their relatively
simple designs and the large quantities

Exhibit 4-3. The GNB Industrial Battery
Company's Absolyte IIP Tower with standard top
termination.




manufactured, During fiscal year (FY) 1994, pro-
totype engineering of the VRLA technology will
be completed, At that time, VRLA technology
will be ready for private industry to assume sole
responsibility for completing the required
manufacturing development and introducing

the commercial products, Although the VRLA
battery technology is available today, life and
performance are inadequate for projected
multifunction utility applications.

The present VRLA development effort, through
a cost-shared contract with the GNB Industrial
Battery Company, (Exhibits 4-3 [p. 33) and 4-4)
seeks additional improvement in energy density,
footprint, cycle life, and manufacturing costs,
The VRLA battery development is proceeding in
two phases. Phase | goals include matching the
performance and costs of flooded lead-acid cells

Exhibit 4-4. The GNB Industrial Batiery
Company's UPSolyte LSB design with terminals
at opposite ends of the battery to minimize the
current path resistance and vollage losses.

L

without sacrificing any of the intrinsic mainte-
nance and safety advantages of the VRLA
design. Issues such as vent valve reliability, posi-
tive plate growth, thermal management, charge-
profile optimization, ground fault prevention,
improved positive plate active material, and
better manufacturing process control are being
addressed. During Phase 2, the VRLA battery
will be optimized for high-power applications.
The optimization involves more radical changes
to grid and active materials, improved methods
for immobilizing the electrolyte, and methods
for improved manufucturing consistency and
control, These changes will lead to further
improvements in the performance and life of
the VRLA battery,

An important system-related task in the GNB
VRIA contract includes formulating system
designs and specifications and conducting
economic analyses to quantify the benefits

of these designs, GNB is tcaming with PG&E
and the Puerto Rico Electric Power Authority
(PREPA) for these studies, PO&E has selected
an application thut requires a two- to three-hour
battery to shave the peak on a substation feeder
and defer upgrades to the substation for three to
five years. In contrast to the PG&E application,
PREPA has selected a combined frequency-
regulation and spinning-reserve application that
requires a large one-hour battery, The PREPA
design will allow any performance advantage
obtained by using a VRLA battery to be charac-
terized, The comparison will be made to the
flooded-cell battery that PREPA is currently
installing in its first 20-MW unit scheduled to
come on line during 1993,

Successful completion of the present advanced
battery development contracts will permit deter-
mination of the feasibility of the sodium/sulfur
and zinc/bromine technologies. If the advanced
battery technologies show promise for stationary




e THO0IORy 8498 e Subeystam deviopment

)G

Exhiblt 4-5. The daveiopment process for ulility storage batteries can be kkened to a development

‘Dipeline.” Promising concepls are investigated in the exploratory R&D phase. Subsystems development
results in batteriss that can be laboratory tested for utility applications. Integration leads to the instaliation
and testing of utility-scale systems. icons show the present progress of four battery types in the UBS
program: standard lead-aciad, improved VRALA, sodiumiuliur, and zinc/bromine.

applications, then prototype engineering will be
initiated. Because development of the core tech-
nology and preliminary definition of system re-
quirements will also be completed during the
present contracts, these new efforts will focus on
(1) the engineering of battery-level components
(e.g.. modules, battery controllers, electrical in-
terconnects, busing, thermal management, safety
equipment), (2) the development of pilot manu-
facturing processes, and (3) the design and fabri-
cation of complete battery systems that are
sultable for laboratory evaluation, Exhibit 4-5
graphically depicts the process or approach
being used to develop all the candidate battery
technologies.

The sodium/sulfur battery (Exhibit 4-6 [p. 36])) is
a high-temperature technology being developed
primarily because lower life-cycle costs are pos-
sible compared to those of conventional lead-
acid options. This potential advantage results
from projected lower capital costs, less required

maintenance, longer service life, and high en-
ergy efficiency, Other important benefits of this
technology include good energy and power den-
sity, operating flexibility, and insensitivity to
ambient conditions, A sodium/sulfur system
would occupy only 20%-25% of the spuce
required for a lead-acid based system, which is
important in many applications,

The UBS Program is presently focusing on the
necessary development to complete a proof-of-
concept evaluation, Silent Power, Inc. Is sharing
the sodium/sulfur development costs with DOE
through a cost-shared contract, Key tasks
through 1994 include the design and qualifica-
tion of a long-lived cell specifically intended for
utility applications and the production of a small
6-kW/12-kWh battery for testing at SNI.. The
6-kW battery will be constructed with “PB" cells
from Silent Power Inc.'s sister organization,
Silent Power, Ltd. These cells are being devel-
oped primarily to power electric vehicles, and
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Exhibit 4-6. This sodiumvsulfur battery is a
12-kWh utility module (200 celis with active
cooling) under development by Silent Power, Ld.

an automated pilot production facility already
exists to manufacture large quantities of these
cells with high quality standards. For cost-
effectiveness (e.g., availability and cost per cell)
and the potential for consistent operation, the
decision was made also to use these cells in the
first battery for testing at a utility site (38 kW/78
kWh in 1995). The test results from these two
batteries will be key indicators of the capabilities
of the sodiunvsulfur technology in utility appli-
cations and thus will assist in the decision
whether to proceed with prototype engincering

of a 300-kW modular system. Of significance,
development will continue during this time on
the needed long-lived utility cell, This novel cell
will be incorporated into either the first or
second J00-kW demonstration module,

The zinc/bromine battery technology (Lixhibit 4-7)
is at a development stage similar to thit of the
sodium/sulfur technology. This bipola, ambient.
temperature battery also offers the potential for
better performance at lower cost than lead-ucid
batteries. DOE is cost sharing the zinc/ bromine
battery development with Johnson Controls Bat.
tery Group, Inc. (JCBQI). The final product of
the present contract in 1994 will be a 100-kWh
module. The results of the module testing, along
with utility interest and market and cost analy-
ses, will determine whether the program will sup-
port the prototype engineering of a 200-kWh
battery for testing at a utility location.

SNL may ussist its contractors by solving spe-
cific technical problems when it possesses
expertise and capabilities unavailable at the
contractors’ factlities. For example, o task is
being performed in cooperation with JCBGI
to identify new complexing agents for a
zinc/bromine battery electrolyte that will
improve safety and performance,




Finally, as mentioned earlier, when prototype
engineering of the sodiunvsulfur and/or zine/
bromine technologles is proceeding, periodic
assessments will be made to determine whether
any emerging advanced technologies (e.g., lith-
ium-based, nickel/metal-hydride) are promising
for utility applications. If a positive recommenda-
tion results from these assessments, an imple-
mentation strategy will be considered,

2.2 Riectrical Subsystem
Engineering

System requirements will be examined in this
subelement to determine how designs of the
electrical components are impacted. These com-
ponents include the PCS and the control system,
Novel techniques will be sought to improve the
performance and reduce the costs of these
components,

Efforts will be made to reduce or eliminate
costly one-of-a-kind engineering. All utility bat-
tery energy storage projects undertaken to date
have used custom-built, one-of-a-kind PCSs
because of the lack of a commercially available,
off-the-shelf PCS subsystem, Consequently, PCS
costs huve been high and, at present, conatitute a
major portion of the overall BES system cost,
but rapid advances in power electronics technol-
ogy hold great potential in reducing the cost and
footprint of the PCS subsystem, if they are
aggressively applied to the BES system. Until
recently, there has been little interaction between
power conversion system suppliers, electric
utilities, and battery manufacturers to foster the
development of standard, state-of-the-art PCS
designs that could offer lower subsystem costs.
Recent UBS activities in this area have been pri-
marily responsible for starting such interchanges
and facilitating PCS development. Continued
interactions and an active hardware development
and demonstration activity are needed to sustain

Exhioit 4-7. Thia zinc/bromine battery, developed
by Johnson Controls Battery Group, Inc., Is a
15-kWh unit consisting of two 50-cell paralie!
siacks and is baing tested at SNL.

this interchange and ensure that it leads to the
timely availability of the desired hardware.

Specific actions for the near term include
conducting a workshop with companies and
researchers involved in batteries, power condi-
tioning equipment, and renewable technologies
to formulate application requirements and
development plans, The development plans will
then be used to focus the UBS Progrum activities
toward cooperative projects with industry

10 produce cost-effective and versatile PCS
subsystems,
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Controls for the battery storag. system, which
include the hardware and software that operate
the system in response to user needs, are another
subsystem that requires further evolutionary
development, Similar to the customization of
the PCS subsystem, customized battery control
subsystems have thus far been designed for each
project on an as-needed basis. For successful
commercialization, however, battery systems
need more sophisticated control subsystema
capable of remote operution that can be inte-
grated into existing supervisory control and data
acquisition (SCADA) networks with which utili-
ties control all operations in their networks,

UBS activity in this area will be similar to PCS
subsystem development, and teaming efforts
with industry will be initiated to design a higher
level of functionality and standardization into
the control subsystem.,

2.3 Laboratory Evaluation
at SNL

Independent evaluation of the performance of
both proof-of-concept and prototype battery and
electrical subsystems is critical to the success of
the UBS Program, Specific hardware deliver-
ables will be tested at SNL to characterize electri-
cal performance, thermal response, and service
life (cycle and time) and to identify relevant
fallure mechanisms, This information will be
used in the development of improved hardware.
Primarily, deliverables from the battery

technology development contracts will be evalu-
ated: VRLA, sodiunvsulfur, and zinc/bromine.
The qualification of hardware incorporating the
prototype design and associated manufacturing
methods represents the final step of this phase of
engineering development. Additionally, when
alternative battery technologies are identified,
preliminary tests will determine their
attractiveness,

Blement 3.0
System Integration

During the Systems Integration phase, a strategy
will be pursued te reduce the inefficient one-of-a-
kind system engineering historically required
when a utility battery system is designed and
built. A “modular battery" system approach has
been adopted as the preferred method to achieve
system flexibility and the lowest possible cost,
The major subsystem components (battery and
electrical) are designed as separate modules so
that integration can occur either at a fuctory or at
the actuul utility site. From a cost perspective,
this modular approach permits more efficient
engincering, design, and manufacturing
processes.

To satisfy the application requirements, all the
components of a battery storage system must be
effectively integrated. These components
include both primary subsystems engineered
under Element 2,0, Subsystem Engineering, and
the necessary balance-of-plant. The system inte-
gration activities performed under this program




element should lead to specific system designs,
Once these designs are evaluated (qualified)
under Element 4.0, System Field Evaluation, pri-
vate industry may complete the final “commer-
cial product” phase of enginecring development.

Traditionally, the energy storage and electrical
subsystems for the few utility-based plants built
to date have been custom designed so that little
or no flexibility exists to reconfigure the plant,
This situation could preclude adaptation of the
plant if its requirements or desired use change
during its 20- to 30-year planned operational
life. Coupled with utilities' recent recognition of
the potential of battery storage for distribution-
related applications and a new interest in smaller-
sized battery sysiems, a greater flexibility to add
energy storage capacity or additional power
capability is clearly of great interest to the
utilities.

To support this new interest in battery storage
capabilities, a “modular” system approach has
been adopted by the UBS Program as the pre-
ferred method to achleve system flexibility at the
lowest possible cost, Each subsystem (l.¢., the
battery and the electrical PCS and control com-
ponents) is designed as an independent module.
Then, for example, as additional storage capacity
is needed, additional battery modules may be
added to the existing PCS module. Alternatively,
as the system power requirements grow, addi-
tional PCS modules may be added to the exist-
ing system with minimal impact in both cost and
engineering effort. From a cost perspective, the
modular approach permits more efficient engi-
neering, design, and manufacturing processes to
occur as system requirements expand and con-
tract, Finally, on-site labor required to assemble
and start up the initial and expansion systems is
minimized,

Two variations of the “modular” battery concept
are being pursued under the UBS Program:
factory-integrated modular (FIM) and site-
integrated modular (SIM), The two primary
activities under the System Integration element
involve these two concepts. Additionally, a spe-
cial type of integrated system is being developed
for applications that require additional power at
a specified site for a short time, These designs
are referred to as “transportable systems."
Finally, a small subelement addresses any
needed laboratory evaluation of the performance
of integrated systems.

2.1 FIM Systems

A FIM system is factory-assembled and consists
of a battery, a PCS, and a control system, These
integrated modules are completely assembled
and tested in a factory before they are shipped to
the site. Typically, individual modules do not
pussess the required power and/or energy for
the particular application; thus a parallel and/or
series configuration of several of these modules
may be nesded. Using this type of module mini-
mizes both on-site installation lubor and start-up
times. However, energy and power are available
only in discrete increments that must be com-
bined to meet the specified storage and power
capacity for the application.

To ensure their usefulness, FIM modules are
being designed to be transportable by conven-
tional truck and sea vehicles. Generally, this
physical transportation constraint limits the per-
formance of the actual system, both in power
and in energy capacity. For applications that
require a relatively large system size, the SIM
may be the preferred option.

FIM technologies currently under development

in the UBS Program are the AC Battery (Exhibit
4-8 [page 40)) and the NaS-Pac. The former is a




Exhibit 4-8. This AC Battery s undergoing final
factory testing at Omnion prior to shipment to
PG&E.
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250-kW/ 167-kWh lead-acid system packaged in
an easily transportable outdoor container, The
container is comprised of eight submodules,
each containing both the batteries and the PCS.
The power output from all the submodules is
aggregated to form the total rated output of the
AC Battery, The NaS-Pac design (Exhibit 4-9)
will utilize the advanced sodium/sulfur technol-
ogy. It is projected to be a 300-kW/600-kWh
module, very similar in concept and function to
the AC Battery, but it is based on a different
chemistry that is anticipated to yield higher
power densities for future systems,

The design and assembly of the first prototype of
the AC Battery was completed in mid-1993, and
extensive performance evaluation is being con-
ducted at PO&E (Exhibit 4-10). The AC Battery
is suitable for utility applications that require dis-
charges for short durations up to several hours,
such as frequency control, spinning reserve, and
customer-side-of-the-meter power quality correc-
tion, If development s successful, a one-eighth-
scale NaS-Pac module (75 kWh) will be
available for testing in 1995, and a full-scale
(600-kWh) modular system will be available in 1997,

3.2 SIM Systems

A SIM system is assembled at the site using sep-
arate and modular battery and electrical compo-
nents. In general, a number of battery modules
wili be configured together to produce the re-
quired system power (DC) or a significant por-
tion of it, This power is conditioned with a
network of electrical components (e.g., PCSs).
SIM systems can be assembled relatively easily,
and are then ready for testing and start-up.
Although a SIM system requires more site labor
than an FIM system, it is still less labor than that
needed for a custom-system design,




Studies completed to date indicate that SIM
systems appear to be the most attractive for
those appli~ations in which discharge duration
of two hours or more is required, such as feeder-
peak reduction. The conceptual designs being
formulated as part of the lead-acid battery devel-
opment contract are examples of SIM systems.
A 500-kW/500-kWh VRLA battery subsystem
with a footprint of 500 to 600 square feet is the
objective of the present effort. The battery mod-
ules and the PCS would be shipped as pre-
assembled as possible. PG&E has announced its
intent to evaluate a system of this general type in
a utility-scale battery demonstration (USBD)
project. In addition, this study will emphasize
transportability. The field demonstration is
scheduled to commence by mid-1994,

If adequate progress is made during the next
two years, engineering of a SIM-based zinc/
bromine system will be pursued. Important
results will be produced during the laboratory
evaluation of an upcoming 200-kWh battery
deliverable. If warranted, a 500-kW/500-kWh
subscale system will be built and tested in a
selected utility application.

3.3
Transportable Systems

Several potential BES applications involve sub-
station distribution, The required siting duration
is relatively short, ranging from three to five
years, so greater benefit can be achieved if the
battery system is transportable because then it
can be moved and used again at another substa-
tion. The FIM technology, because of its inher-
ent design characteristics, can be easily adapted
or used in a transportable configuration, With
some design modifications, it may also be
possible to have a SIM design that is also
“transportable.”

Exhibit 4-10. AC 'Battely in place and operational
at PG&E.

The UBS Program includes specific tasks to
study the feasibility of this “transportable” bat-
tery concept. If the concept is viable, longer-
term design and development activities will
begin toward fabrication of a prototype
Transportable Battery System (TBS) designed
specifically for distribution-related substation
applications, The work will be completed in
sufficient detail to encourage the commercializa-
tion of an actual transportable batter:’ system,

Activity in this subelement will be coordinated
with an EPRI effort to develop a TBS during
1994, The DOE and EPRI TBSs are conceptu-
ally similar, but differ in physical details. The
EPRI objectives for the TBS are near term and
are aimed specifically at demonstrating, with
first-hand experience at member utilities, the
usefulness and benefits of battery storage. Each
utility will be able to use the EPRI TBS for a
short period (six months or less), after which

it will be moved to another utility site, After
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several such utility site demonstrations, the
system will be dismantled.

As part of the transportable utility battery pro-
gram, in FY 1994 a USBD project, co-funded
with PG&E, will begin. The USBD will consist
of a 1-MW, 2-hour system made up of two units
of one or more transportable battery modules
with each unit capable of discharging a minimum
of 500 kW for 2 hours. The system integration
phase will be completed during the first year.

3.4 Laboratory Evaluation
at SNL

FIM battery systems will be evaluated at SNL,
primarily to characterize the electrical perfor-
mance of preprototype deliverables. The detailed
evaluation of the products from most of the
System Integration activities is performed

primarily under Element 4.0, System Field Evaluation, but some independent testing of
early products will be useful and cost effective

because duplication of expensive facilities and
capabilities will be avoided. Any critical prob-
lems with the designs will be identified early.
During FY 1994, two AC Battery modules
(120 V, 32 kWh) constructed with lead-acid bat-
teries will be tested using load-leveling and fre-
quency regulation/spinning reserve regimes.
Tests are also planned with the AC Battery
module configured as a voltage source (self-
commutating) integrated into a hybrid system
consisting of a photovoltaic/diesel generator
power generation/ storage system.

Tester/software specialist adjusts equipment at
the battery test facility at SNL.
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Element 4.0
System Fileld Evaluation

Performance and service life qualification of
actual hardware incorporating prototype designs
will be performed in the System Field Evalua-
tion element of the program. This activity
involves the detailed characterization of perfor-
mance, maintenance requirements, and reliabil-
ity (service life) of integrated systems at relevant
utility sites. The qualification of hardware incor-
porating the prototype design and associated
manufacturing methods represents the final step
of this phase of engineering development. For
the technology being developed under the UBS
Program, the qualification process involves the
detailed characterization of performance, mainte-
nance requirements, and reliability of integrated
systems at selected utility sites, If these results,
along with corresponding cost estimates, are
sufficiently encouraging to enable viable and
profitable markets to form, industry alone will
then be motivated to undertake the final engi-
neering phase leading to the introduction of a
commercial product.

Prototype integrated systems will be qualified at
various utility locations under this UBS Program
element, Initially, some of the systems will be
tested in collaboration with PG&E using its
Modular Generation Test Facility (MGTF) in
San Ramon, California. This excellent facility
can simulate many utility requirements, includ-
ing distribution. Partnerships with other utilities
will also be established as opportunities are
identified.,

Subelement 4.4, Special Evaluations, includes
specific studies of hardware components whose
development status has progressed to the com-
mercial or precommercial level, but which have
not yet been integrated into a utility battery sys-
tem, The following briefly describes the specific

activities already identified for this element,
The expectation is that such activities will
expand as the UBS Program progresses into
the field-demonstration phase.

4.1 FIM Systems

The prototype AC Battery System that was
completed in early FY 1994 is being tested at
PG&E's MGTF (Exhibit 4-10 [p. 41]). PG&E
testing of this system will last six to nine
months, PG&E is under contract to the UBS
Program to characterize the
life-cycle performance of the
AC Battery for several repre-
sentative utility applications.

The qualification of hardware
PG&E will determine ease of =5 : h
maintenance and overall sys- incorporaling the protolype

tem reliability, which are nec-  design and associated manufactur-

essary to estimate operating
and maintenance costsof  UVE Methods represents the final
commercial AC battery sys-  step of this phase of

tems. Additionally, PG&E
will evaluate the system’s
ability to operate unattended
in remote locations. Other FIM systems with
advanced batteries will also be evaluated at the
MGTF or other utility site(s) as these systems
become available. A 100-kWh NaS-Pac module
containing the utility sodiunmy/ sulfur cell will be
available about 1997 and also may be tested at
the MGTE.

engineering development.

4.2 SIM Systems

VRLA batteries will be available from the GNB
contract and may be installed and tested in SIM
systems at utilities. The test site(s) may include
the host utilities that have partnered with GNB
(PG&E and PREPA), but other sites are also
being considered. PG&E has announced a sepa-
rate utility-scale battery demonstration project
for a substation peak-shaving application within




its service territory and thus may not test a con-
tract deliverable. PREPA has indicated that it
might use the batteries at a customer site, SIM
systems are suitable for applications that require
larger battery capacity than those supported by
FIM systems, and the testing will be for applica-
tions such as substation feeder peak reduction
and/or customer-side peak-shaving and reliabil-
ity of service. The specifics of each test and the
test plan will be finalized in late 1993, Similarly,
fabrication of a prototype 500-kWh zinc/bro-
mine battery system is anticipated to be com-
pleted in 1997, when a utility site will be
selected for its evaluation.

4.3 Transportable Systems

Testing of the TBS will include performance
characterization for its intended application sim-
ilar to testing for the FIM and SIM systems. In
addition, the TBS field evaluation will include
the practical aspects and related benefits of a
truly “mobile” BES system. Utility planners per-
ceive the value of the TBS, but the transition
from a planner’s perspective to a working sys-
tem under the control of utility operations per-
sonnel introduces practical constraints that will
be demonstrated by the field evaluation of the
TBS prototype. A detailed test plan for the TBS
will be finalized in FY 1994. In FY 1995, the
USBD transportable system will be field tested
at selected sites in the PG&E service area.

4.4 Special Evaluations

This subelement will involve any needed labora-
tory evaluation of hardware that may be used in
utility demonstrations and is not covered under
other elements of the UBS Program. Those activ-
ities presently identified for Special Evaluation
include the laboratory evaluation of the perfor-
mance of flooded lead-acid batteries and post-
mortem analysis of failed batteries and aged
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components from demonstration systems.
Presently, twelve 400-Ah, C&D Charter Power
Systems, Inc, lead-acid batteries from PREPA
are being tested at SNL (Exhibit 4-11). These
batteries are being studied for thermal response
using SNL's simulated frequency regulation/spin-
ning reserve test profile. The results will be im-
portant in the determination of the feasibility of
using existing, flooded lead-ucid technology

in utility applications. This specific activity
illustrates the usefulness and need for this
subelement.

Element 5.0
Industry Outreach

The Industry Qutreach element consists of
focused communication to promote interest in
battery storage systems in the private sector and
to provide forums in which ideas are shared,
information is exchanged, and cooperative pro-
jects are initiated, These forums create opportuni-
ties to leverage limited government and private
sector resources to projects that can expedite the
early commercial introduction of battery storage
systems, The private industry coordination must
include utilities, customers, and suppliers,

5.1 Industry Ccordination

The industry coordination activities are directed
toward meetings with various utility groups that
have interest in promoting, using, or supplying

battery storage systems, Of primary importance
is the Utility Battery Group (UBG). This group,
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Exhibit 4-11. C&D Charter Power Systems, Inc. flooded lead-acid cells undergoing hnal analysis at

SNL for PREFA.

which consists of representatives from utilities,
suppliers, associations, and government agen-
cies, meets twice a year to share information
regarding battery storage projects and applica-
tions. DOE also interacts with EPRI to inform its
utility members about battery systems, to
develop battery storage evaluation software, and
to quantify the benefits of battery storage.

SNL is establishing a Battery Technology Assis-
tance Center to serve as a clearinghouse of cur-
rent information on battery systems and their
design and procurement, DOE and SNL regu-
larly publish articles and attend engineering and
utility meetings to inform the public about BES.
Additionally, SNL staff will meet with involved
organizations to plan coordinated activities
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including application and feasibility studies,
advanced battery development, and the TBS.
Most of these activities will be closely coordi-
nated with complementary projects at EPRI. A
memorandum of understanding is being negoti-
ated to coordinate the TBS project at EPRI and
DOE. Other information and analytical tools will
be shared to avoid duplication and accelerate de-
velopment and demonstration of BES

systems.

An additional task planned for FY 1994 is a
series of one-on-one meetings with utility execu-
tives to discuss benefits, opportunities, and barri-
ers for installing battery storage and to address
issues that the executives are facing. At least
four meetings are planned with utility senior
management and a team of DOE, SNL, and sup-
port staff to present information on the DOE
UBS Program, discuss problems facing the
utility, and pursue opportunities for evaluating
battery storage.

 Bxpects mmmummu.o
Industry Outreach

Helghtened awareness and knowledge of bat:
’. tery stomge applioations by the utility lndustry

mplementation of the Battery Tachnology
ssistance Center for digsemination of a
,wlde range mttery oystems information
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5.2 Battery Technology
Assistance Center

The purpose of this subelement is to create a
clearinghouse for information on the use of BES
in utility applications. The clearinghouse would
start as a phone line and administrative support
staff to answer inquiries and requests for infor-
mation received from utilities and industry. The
UBS Program currently attracts inquiries for
information—from a wide range of sources—
that are accommodated on an as-needed basis.
Establishing the Battery Technology Assistance
Center would ensure timely answers to such
inquiries and formalized mechanisms to follow
through with in-depth information that satisfies
inquirers’ needs. As the awareness of battery stor-
age benefits grows, the Center would be espe-
cially useful in providing information about the
technology to utilities that do not have access to
EPRI or other industry-supported information
resources.

Benefit evaluation software and information on
existing and planned utility BES projects are
examples of the type of information that would
be disseminated by the Center. A similar center
is operated by the photovoltaics group at SNL
and has provided information related to PV tech-
nology to potential users. The Battery Technol-
ogy Assistance Center would be patterned after
the PV center and benefit from the lessons
leamed in establishing and operating it.










