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Abstract

The U.S. Department of Energy’s Energy Storage Systems Program at Sandia National Laborato-
ries funded a study to determine the economic and operational value of battery storage to wind and
photovoltaic technologies on the Sacramento Municipal Utility District system. This report pres-
ents the performance predictions and preliminary benefit-cost results for battery storage added to
the Solano wind plant and the Hedge photovoltaic plant.

* The work described in this report was performed for Sandia National Laboratories under Contract No. AA-5094.
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ANALYSIS OF THE VALUE OF BATTERY STORAGE WITH WIND AND

INTRODUCTION

PHOTOVOLTAIC GENERATION TO SMUD

1. Introduction

This report describes the results of an analysis to de-
termine the economic and operational value of battery
storage to wind and photovoltaic (PV) generation
technologies to the Sacramento Municipal Utility
District (SMUD) system.

This project was jointly funded by SMUD and Sandia
National Laboratories (SNL). The project scope
consisted of performing the following work:

o Identify two sites for potential installation of
battery energy storage on the SMUD system.
One site will service a PV system, and the second
will service the SMUD Solano wind project.

¢ Quantify the costs and benefits of batteries when
used in each of these applications. Major em-
phasis will be placed on assessing the capability
of battery energy storage to enhance the variable
outputs of PV systems and wind plants.

The analysis approach consisted of performing a
benefit-cost economic assessment using established
SMUD financial parameters, system expansion plans,
and current system operating procedures.

The work was completed in early 1995 and consisted
of the following tasks:

e  Screen battery benefits and gather SMUD data;

e Select appropriate wind and PV plant sites;

e Identify potential battery storage benefits;

e Perform preliminary battery storage benefit-cost
assessment;

e  Obtain battery storage cost estimates from manu-
facturers; and

e  Prepare report.

This report presents the results of the analysis. Sec-
tion 2 describes expected wind and PV plant per-
formance. Section 3 describes expected benefits to
SMUD associated with employing battery storage.
Section 4 presents preliminary benefit-cost results for
battery storage added at the Solano wind plant and
the Hedge PV plant. Section 5 presents conclusions
and recommendations resulting from this analysis.

The results of this analysis should be reviewed sub-
ject to the following caveat. The assumptions and
data used in developing these results were based on
reports available from and interaction with appropri-
ate SMUD operating, planning, and design personnel
in 1994 and early 1995 and are compatible with fi-
nancial assumptions and system expansion plans as of
that time. Assumptions and SMUD expansion plans
have changed since then. In particular, SMUD did
not install the additional 45 MW of wind that was
planned for 1996. Current SMUD expansion plans
and assumptions should be obtained from appropriate
SMUD personnel.

1-1
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WIND AND PHOTOVOLTAIC
PLANT PERFORMANCE

ANALYSIS OF THE VALUE OF BATTERY STORAGE WITH WIND AND

PHOTOVOLTAIC GENERATION TO SMUD

2. Wind and Photovoltaic Plant Performance

This section describes wind plant and PV plant elec-
trical performance data collected as part of this
analysis.

Solano 5-MW Wind Plant
Performance

Monthly capacity factors for the Solano 5-MW wind
plant from July through December 1994 are summa-
rized in Table 2-1. Energy production is highest in
the summer months and lowest in the winter months.

Table 2-1. Monthly Solano Wind
Plant Capacity Factors

July 1994 69.5%
August 1894 46.3%
September 1994 38.9%
October 1994 21.0%
November 1994 12.4%
December 1994 3.8%

The total aggregated output for July 1994 through
December 1994 of the 17 turbines that make up the
5-MW Solano wind plant is shown in Figures 2-1
through 2-6. These figures illustrate the nature of
wind plant output. In some hours, the wind plant
output can exceed the 5-MW, wind-plant nameplate
capacity. For example, Figure 2-7 presents a plot of
the hourly integrated kilowatt wind plant output ex-
ceeding the 5-MW, wind-plant capacity rating during
July 1994. In July, the wind-plant hourly output ex-
ceeded 5 MW over 20 times, sometimes by as much
as 300 kW, or 6%. The wind plant output also ex-
ceeded 5 MW in other months. On the other hand,

wind plant output is zero in many other hours, even
during peak wind resource months.

In SMUD’s 1993 Integrated Resource Plan Update,!
wind plants were assigned a 0% capacity factor for
planning purposes. As of 1994, conversations with
SMUD personnel indicated that wind plants were
being assigned a 15% capacity factor in the latest
draft of the 1995 Integrated Resource Plan Update.?
The basis for the 15% capacity factor was other utility
studies showing that wind plants provide some degree
of increased reliability. For example, Southern Cali-
fornia Edison assigned a 25% capacity factor to wind
in the early 1990s.

The peak load of the daily SMUD system load shape
generally occurs around 6:00 p.m. Pacific daylight
time during the peak load months of July and August.
The 6:00 p.m. aggregated kW output for July and
August 1994 of the 17 turbines that make up the So-
lano wind plant is shown in Figure 2-8. Some days
the wind plant generated 5 MW or more. Some days
the wind plant output was very low. Hence, this plot
illustrates the relatively weak correlation between
wind plant output and daily system peak load during
the summer peak period. These data support the ca-
pacity factor assigned to wind plants by SMUD.

Photovoltaic Plant Performance

Expected hourly PV plant output obtained from
PVUSA is presented in Figure 2-9 for single-axis
tracking PV designs installed on the SMUD system.
This expected hourly PV output is compatible with
the 55% capacity factor assigned to single-axis PV
plants by SMUD in the 1993 and 1995 Integrated
Resource Plan Update.

11993 Integrated Resource Plan Update, SMUD,
Vol. I and II, October 4, 1993.

21995 Integration Resource Plan Update, SMUD,
recent draft.
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Figure 2-1. Aggregated kW Output of the Solano Wind Plant for July 1994.
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Figure 2-2. Aggregated kW Output of the Solano Wind Plant for August 1994.
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Figure 2-3. Aggregated kW Output of the Solano Wind Plant for September 1994.
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Figure 2-4. Aggregated kW Output of the Solano Wind Plant for October 1994.
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Figure 2-5. Aggregated kW Qutput of the Solano Wind Plant for November 1994.
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Figure 2-6. Aggregated kW Output of the Solano Wind Plant for December 1994.
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3. Potential Battery Storage Benefits
to Wind and PV Plants

The purpose of this section is to identify potential
battery storage benefits to SMUD wind and PV
plants, compensating for variations in real-time wind
and PV plant output.

Capacity Benefits

Currently the capacity factor assigned to wind plants
by SMUD is 15% of nameplate megawatt capacity.
The capacity factor assigned to PV plants by SMUD
is 55% of nameplate megawatt capacity.’ The wind
and PV performance data presented in Section 2 sup-
port these capacity factors.

Adding battery storage to wind and PV plants can
make them dispatchable and increase the capacity
factors of the renewable resources. In general, to
increase solar- and wind-plant capacity factors, the
battery storage megawatt and megawatt-hour re-
quirements must be compatible with SMUD genera-
tion system reliability criteria and daily system load
shape characteristics. In addition, SMUD must have
a need for new capacity in the time frame being stud-
ied.

The 1993 SMUD Integrated Resource Plan Update
indicates that both wind and PV resource additions
are tentatively planned over the next several years, as
shown in Table 3-1.4

5 MW of wind turbines are now on line at Solano,
and their performance from July 1, 1994, through
December 31, 1994, is presented in Section 2 of this
report. Conversations with SMUD personnel in 1994
indicated that 45 MW more of wind turbines were
tentatively scheduled to be added at Solano in 1996
rather than, as shown in Table 3-1, in 1997. Thus, for
this analysis, it was assumed that 50 MW of wind
turbines would be operating at Solano in 1996 and
that the 50-MW wind-plant capacity factor is 15% of
nameplate megawatts, or 7.5 MW (without battery

3 Both the 1993 and 1995 Integrated Resource Plan
Update assign 55% capacity factor to PV.

4 Table 2, Page 17, 1993 Integrated Resource Plan
Update, Vol. 1, Final Draft, October 4, 1993.

storage). Note: The additional 45 MW of wind is no
longer being planned.

Table 3-1. Planned SMUD Wind and
PV Plant Resource Additions

Year Namepiate Renewable
Mw Resource
Description

1994 5 Wind
1995 1 PV
1996 1 PV
1997 45 wind
1997 1 PV
1998 1 PV
1999 1 PV
2000 50 Wind
2000 1 PV
2001 1 PV
2002 1 PV
2003 1 PV
2004 3 PV
2005 12 PV
2006 12 PV
2007 12 PV
2008 12 PV
2009 12 PV
2010 12 PV
2011 12 PV
2012 12 PV
2013 12 PV
2014 12 PV

Existing SMUD PV resources include 2 MW at Ran-
cho Seco, 200 kW at Hedge, and 100 4-kW residen-
tial PV installations at various locations throughout
the SMUD service area. In 1994, conversations with
SMUD personnel indicated that SMUD planned to
add an additional 300 kW of PV at Hedge. For this
analysis, it was assumed that 500 kW of PV would be
installed at Hedge in 1996 and that the resulting
500-kW Hedge PV plant capacity factor is 55% of
nameplate kilowatts, or 275 kW (without battery stor-
age). Note: As of early 1997, an additional 218 kW

3-1
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POTENTIAL BATTERY
STORAGE BENEFITS

of PV was added at Hedge, and over 350 4-kW PV
systems have been installed.

In order to increase the capacity factors of the wind
and PV resources, battery plant energy storage ca-
pability must be adequate to shave the daily peak load
during reasonable “worst case” scenario days, when
there are low winds or low solar insolation. For the
SMUD system, battery energy storage requirements
will increase as renewable resource penetration in-
creases on the system, as more kilowatt-hours are
required to shave the daily peak loads. In this study,
near-term battery storage penetration levels to in-
crease the capacity factors of 50 MW of wind at So-
lano and the 500-kW Hedge PV plant are considered.
Potential battery penetration levels to firm up these
and other potential SMUD wind and PV plant addi-
tions over the next few years are expected to total less
than 50 MW.

Figure 3-1 shows the daily battery discharge require-
ments for a 50-MW battery to shave the projected
SMUD 112°F peak day residual load.> Approxi-
mately 50 MWh or 1 hour of storage is required to
shave the peak day load shape. Figures 3-2 and 3-3
show the daily battery discharge requirements to
shave the monthly July (July 14, 1994) and August
(August 16, 1994) peaks with S0 MW of batteries. In
July, approximately 75 MWh are required over
2 hours, and in August, approximately 99 MWh are
required over 3 hours. (A 50-MW battery can shave
approximately 100 MWh over 2 hours or 150 MWh
over 3 hours; i.e., discharge capacity = S0 MW X
number of hours.)

It may also be necessary for battery storage to shave
the residual daily peak loads throughout the year to
firm up the wind and PV resources. Figures 3-4
through 3-15 show the requirements for a 50-MW
battery to shave monthly SMUD peak loads through-
out the year assuming 1992 SMUD monthly load
data.® For all months except April, the daily battery
discharge requirements are less than 100 MWh even
though the daily load shapes change significantly
throughout the year. For the April peak day, the daily
battery storage required to shave the peak 50 MW is
approximately 125 MWh delivered over a 3-hour
period.

5 1993 SMUD Integrated Resource Plan Update,
Vol. 11, Page 18.

6 1992 Class Load Study, SMUD Rate Department,
December 1993.

Two hours of battery storage appears adequate to
back up the wind and PV resources throughout the
year until cumulative battery storage penetration ap-
proaches 50 MW. Although the batteries have to be
available to operate, they do not necessarily have to
be operated on a daily charge/discharge cycle to en-
hance solar and wind capacities to SMUD. Thus,
relatively inexpensive light-duty batteries (cycling
less than 50 times per year vs. heavy-duty and more
costly batteries cycling daily up to 250 times per
year) are adequate to back up the wind and PV re-
sources and enhance their capacity factors.

SMUD performed a marginal cost study’ that presents
projected marginal capacity and energy costs from
1995 through 2014 to be used in evaluating alterna-
tive supply- and demand-side resources. The annual
marginal generation capacity costs for generation
with outages are shown in Figure 3-16. These costs
are derived from Schedule 2.01 in the 1994 SMUD
Marginal Cost Study and are used to determine the
annual benefits of battery storage in this analysis.
After 2014, annual capacity costs are escalated at the
study inflation rate of 3.5%.

Spinning Reserve Benefits

The 1994-1996 SMUD Resource Operating Plan®
describes current SMUD operating reserve require-
ments, including both spinning- and quick-start-(10-
minute) reserve requirements. Currently, SMUD
must maintain a minimum continuous spinning-
reserve margin of 7% of the system load less firm
power purchases within the Pacific Gas & Electric
(PG&E) control area. In addition, SMUD must
maintain spinning reserves equal to 100% of the non-
firm power imports.

Both wind and PV plants are intermittent resources
and will therefore require SMUD to maintain a spin-
ning-reserve margin of 7% or more. Conversations
with SMUD systems operations personnel indicated
that assigning a 7% spinning-reserve requirement for
PV and wind resources was compatible with SMUD’s
operating reserve policy and a reasonable assumption
for this analysis.

71994 Marginal Cost Study, SMUD Resource Plan-
ning and Evaluation, Vol. 1 and II, June 2, 1994.

8 1994-1996 Resource Operating Plan, SMUD
Power Systems Operations, Final Draft, February
1994.
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Figure 3-1. Expected Daily Battery Discharge Requirement to Shave Peak—Projected 112°F Peak Day Re-
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Figure 3-2. Expected Daily Battery Discharge Requirement to Shave Peak—July 14, 1994, Residual Load.
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Figure 3-16. Annual SMUD Marginal Capacity Costs.

Battery storage has the capability to be quickly
started or changed from charging to discharging in
the millisecond time frame. Therefore, battery stor-
age can be added to SMUD wind and PV plants to
supply the spinning-reserve requirement for the
plants.

Battery storage would be expected to operate infre-
quently to supply spinning-reserve capability. It is
also expected that the batteries would only have to
operate until other SMUD generation could be started
or replacement power purchased after a sudden gen-
eration outage. Thus, battery storage used for spin-
ning reserve would probably not require large mega-
watt-hour storage capability.

Calculating the potential economic benefits associ-
ated with employing battery storage for this applica-
tion requires determining the expected operating cost
penalties resulting from supplying the 7% spinning-
reserve requirement without batteries. Spinning re-
serve typically includes unused megawatt capability
of SMUD hydrogeneration and other on-line genera-
tion plus purchases from PG&E and others, as de-
scribed in the 1994-1996 resource operating plan.

For this analysis, it is assumed that incremental in-
creases in spinning-reserve requirements would be
supplied by the PG&E Power Service Agreement
power purchase, as this is one of the primary sources
of SMUD spinning reserve. The PG&E purchase is

3-10




POTENTIAL BATTERY
STORAGE BENEFITS

ANALYSIS OF THE VALUE OF BATTERY STORAGE WITH WIND AND

PHOTOVOLTAIC GENERATION TO SMUD

supplied on a daily basis in 50-MW blocks. In Janu-
ary 1995, the average cost for an unloaded 50-MW
block of power was $20.06/MW/day.® The minimum
load energy requirement is 25% of the 50-MW block.

In 1996, spinning-reserve requirements for 50 MW of
wind at Solano would be 3.5 MW, assuming the 7%
spinning-reserve margin. The 3.5-MW increase in
spinning reserve is expected to require an additional
50-MW block of PG&E spinning reserve about 7% of
the time, or 26 days per year, costing about $1,000
per day, or $26,000 per year. There also would be an
energy cost penalty during these 26 days, because
12.5 MW of PG&E power during these days is ex-
pected to cost significantly more than other available
transactions such as economy energy (economy en-
ergy is the cheapest electricity available on the spot
market). Assuming a $10/MWh penalty, this trans-
lates into $3,000 per day, or $78,000 per year. The
total annual spinning-reserve penalty for 50 MW of
wind at Solano could be as much as $104,000 per
year, or $29.74/kW/yr in 1995 dollars.

The $29.74/kW/yr spinning-reserve penalty will also
be assumed for the 500-kW PV plants at Hedge.

Transmission and Distribution
Benefits

The SMUD 1994 Marginal Cost Study presents
marginal cost data for transmission, subtransmission,
and distribution capacity costs and losses, as well as
for generation capacity costs. Schedule 2.11 in the
study presents 20 years of demand-related transmis-
sion costs from 1995 through 2014. Schedule 2.16
presents 20 years of demand-related subtransmission
costs from 1995 through 2014. Schedule 2.20 pres-
ents 20 years of demand-related average distribution
costs from 1995 through 2014 for the total SMUD
system. Schedules 2.21 through 2.30 present area-
specific, demand-related distribution costs for the
South Natomas, Antelope, Carmichael, Rancho Cor-
dova, Folsom, Pocket, Elk Grove/Laguna, Undevel-
oped, Galt, and Rancho Murieta areas.

These marginal transmission and distribution (T&D)
costs were developed to compare the relative costs of
alternative generation resources installed at different
voltage levels in the SMUD service area. The costs of

9 Conversation with SMUD Systems Operations per-
sonnel.

resources outside the SMUD service area with spe-
cific T&D deferral information are not available.
Figure 3-17 presents the projected annual SMUD
marginal transmission, and subtransmission, demand-
related costs used in this analysis. In this analysis,
these transmission and subtransmission cost benefits
are applied to battery storage added to the 500-kW
PV plant connected to the distribution primary system
at Hedge, which is located in the SMUD service area.
These T&D benefits are not available to battery stor-
age located at the Solano wind plant because Solano
is outside the SMUD service area.

The Hedge PV site is connected to a 12-kV feeder
served by the Elk Grove Florin/Gerber 20-MVA
69-kV to 12-kV substation. Because PV is an in-
termittent source, no T&D capacity benefits are cur-
rently available. If dispatchable battery storage is
added to the Hedge PV plant, the battery plant must
have adequate energy storage to shave the daily sub-
station peak load during local peak-load conditions to
attain T&D capacity benefits.

Figure 3-18 shows the daily substation load shape for
two days in August 1994 when the temperature ex-
ceeded 100°F. Two hours of energy storage appears
adequate to shave this local peak for a 225-kW bat-
tery storage plant installed at Hedge. In addition, the
time of day for this local daily load peak appears to
correlate well with the expected total-system daily
load during projected annual peak-load conditions, as
shown in previous figures. Thus, battery storage lo-
cated at Hedge would be expected to attain both gen-
eration capacity and transmission and subtransmis-
sion capacity benefits.  Also, transmission and
subtransmission facility outage contingencies occur
infrequently. Hence, batteries are expected to operate
infrequently to back up these transmission and sub-
transmission facilities, and light-duty batteries are
expected to be adequate for this application.

Significant site-specific, distribution capacity benefits
may also be obtained for future battery applications
that are placed in locations where distribution-
substation transformer additions can be deferred.

However, no specific transformer addition deferrals
could be identified during discussions with SMUD
distribution personnel. Distribution capacity benefits
may also be attained in addition to transmission and
subtransmission capacity benefits for battery storage
systems with future residential PV applications in
cases where the daily local distribution load shape
also correlates with the system native load shape.

However, because the distribution system is radial,
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Figure 3-17. Annual Marginal Transmission and Subtransmission Capacity Costs.
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Figure 3-18. Representative Daily Elk Grove Florin/Gerber Substation Load Shape.

batteries must always be discharged to shave the dis-
tribution peak to obtain the distribution capacity
benefits. Hence, batteries installed in future residen-
tial PV applications are expected to be charged and
discharged more frequently to attain the distribution
capacity benefits.

As stated previously, the above transmission, sub-
transmission, and distribution-capacity value benefits
are not available to battery storage located at the So-
lano wind plant, which is outside of SMUD’s service
area. However, adding battery storage to the Solano
wind plant may significantly increase Solano wind

plant energy production if the full 50 MW of wind
turbines are installed at Solano in 1996.

In this case, PG&E will provide 15 MW of reserved
(firm) transmission service throughout the year and an
additional 35 MW of interruptible transmission serv-
ice. Conversations with SMUD personnel indicate
that the 15 MW of reserved transmission service limit
is based on transmission capacity limits in the trans-
mission path from the Solano wind plant to the
SMUD service area.

Extrapolating the 5-MW Solano wind plant perform-
ance for a good summer wind month represented by
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July 1994 (shown in Figure 2-1) to 50 MW, almost
60% of the time a 50-MW, wind-plant, hourly mega-
watt output would exceed 15 MW. In addition, for a
small portion of the time, a 50-MW Solano wind-
plant hourly output will exceed 50 MW-—the com-
bined firm plus interruptible transmission limit.
Thus, it is likely that a significant amount of Solano
wind plant energy may be lost due to transmission
limits, especially during the peak load (and high
wind) summer months when the transmission system
is heavily loaded.

Battery storage located at the Solano wind plant can
be used to store wind energy that would be lost dur-
ing hours when transmission service is constrained,
allowing the energy to be delivered later. In this
analysis, the value of potential lost Solano wind plant
energy is determined using the summer peak energy
costs in Figure 3-19.1° After 2014, the costs are esca-
lated at the inflation rate. These assumptions are also
compatible with current SMUD energy costs obtained
from SMUD system operations personnel.

Other Potential Battery Storage
Benefits

Two other ways that battery storage can enhance the
value of PV and wind plants to SMUD have been
identified as described below.

Loss Reduction

Battery storage can reduce losses by PV plants lo-
cated in SMUD’s service area. Batteries can reduce
SMUD transmission, subtransmission, and distribu-
tion losses by shifting loads from peak periods to off-
peak periods during low solar insolation periods,
when PV plants are not generating at full output. To
provide a significant reduction in annual losses, the
batteries must cycle frequently throughout the year.
Calculating the benefit requires modeling the ex-
pected PV plant output throughout the year, as well as
modeling expected variations in system production
cost and T&D power flows. Previous experience
indicates that the magnitude of these loss reduction
benefits can vary widely between specific battery
applications and must be evaluated on a case-by-case
basis.

10 1994 Marginal Cost Study, Vol. I, Schedule 6.04.

The potential reduction in losses from adding batter-
ies to the Hedge PV plant has not been evaluated in
this analysis because the reduction does not appear to
be large. First, the PV plants on the SMUD system
are already obtaining significant loss-reduction
benefits as described in the 1994 Marginal Cost
Study.!) Second, the other potential SMUD battery
capacity benefits and spinning-reserve applications do
not require frequent battery charge/discharge cycling,
which tends to result in small loss-reduction benefits.

Regulation Benefits

SMUD’s minute-to-minute area regulation require-
ments are presented in its 1994-1996 Resource Op-
erating Plan. SMUD is assessed penalties for area
control error (ACE) not crossing zero within 10 min-
utes more than 12 times per day and for not maintain-
ing a specific ACE-deviation bandwidth.

These regulation requirements and corresponding
SMUD-generation regulation assignments are based
on expected minute-to-minute system load fluctua-
tions. If the SMUD 50-MW Solano wind plant
comes on line, there may be increased minute-to-
minute regulation requirements imposed on the rest of
the SMUD generation system to accommodate poten-
tial minute-to-minute, wind-plant megawatt output
fluctuations in addition to minute-to-minute system
load fluctuations.

Adding battery storage that can be quickly charged
and discharged under control of an automatic genera-
tion control system can smooth out wind-plant min-
ute-to-minute output fluctuations. Expected minute-
to-minute, Solano wind-plant, output-fluctuation in-
formation was not readily available for this analysis,
and potential battery storage regulation benefits were
not calculated.

1 1994 Marginal Cost Study, Vol. II, Schedules 4.1
and 4.2, June 2, 1994.
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Figure 3-19. Annual SMUD Marginal Energy Costs, Summer Peak Period.

3-14




PRELIMINARY BENEFIT-
COST RESULTS

ANALYSIS OF THE VALUE OF BATTERY STORAGE WITH WIND AND

PHOTOVOLTAIC GENERATION TO SMUD

4. Preliminary Benefit-Cost Results

This section presents the preliminary benefit-cost
evaluation for battery storage added to two sites—
50 MW of wind at Solano and the 500-kW Hedge PV
- plant.

Economic and Financial As-
sumptions

The following preliminary benefit-cost assessment is
performed in a manner compatible with current
SMUD planning practices, using the following gen-
eral financial parameters!? obtained from SMUD
planning personnel:

* Discount rate equals 5.9%;
e Inflation rate equals 3.5%.

The benefit-cost calculations are performed using a
30-yr present worth of revenue requirement (PWRR)
economic analysis. Annual SMUD benefits are de-
termined through 2014 as described in Section 3.
After 2014, annual benefits are increased at the 3.5%
inflation rate. All annual benefits are then discounted
to the beginning of the study period using the 5.9%
discount rate.

For these preliminary parametric benefit-cost calcu-
lations, battery replacement is assumed every
10 years at a cost of one-third the total battery storage
plant capital investment, escalated at the 3.5% infla-
tion rate. Annual battery plant operations and main-
tenance (O&M) costs are ignored in these preliminary
benefit-cost calculations.

Enhancement of Solano Wind
Plant Value with Battery Storage

As discussed in Section 3, battery storage can be
added to the Solano wind plant site to enhance its
capacity value. Assuming a 7.5-MW (15%) capacity
of the expected 50-MW Solano wind plant, up to 7.5
MW of battery storage can be added without exceed-
ing the 15-MW firm transmission capability. Review
of potential “worst case” battery discharge scenartos

12 ]994-2014 Economic Outlook Update: Demo-
graphics, Economic Factors, Cost and Fuel Escala-
tion, SMUD Resource Planning and Evaluation De-
partment, December 1993.

indicates that 2 hr of battery storage would be ade-
quate for this application. The first 3.5 MW of bat-
tery storage can supply 7% spinning reserve for the
wind plant. The next 4 MW of battery storage could
provide spinning-reserve benefits for the rest of the
system.

In Case 1, a 3.5-MW battery storage plant with 2 hr
of storage (7 MWh) is added to the Solano wind plant
in 1996. In Case 1a, these batteries increase the wind
plant capacity rating 3.5 MW and provide 7% spin-
ning reserve for the intermittent wind resource. In
Case 1b, the batteries are also assumed to increase
wind plant energy production by delivering 7 MWh
of wind plant energy up to 40 times/yr during the
summer peak period, energy that is assumed to be lost
due to transmission limitations.

Figure 4-1 presents the resulting potential annual
benefits of adding a 3.5-MW, 2-hr battery storage
plant at the Solano wind plant. Capacity benefits are
determined using the SMUD marginal capacity costs
presented in Section 3 under “Capacity Benefits.”
Spinning-reserve benefits are determined using the
costs presented in Section 3 under “Spinning Reserve
Benefits.” The transmission limitation benefits are
calculated using the costs presented in Section 3 un-
der “Transmission and Distribution Benefits.”

Figure 4-2 presents a parametric analysis of the re-
sulting benefit-to-cost ratio versus battery plant capi-
tal investments in 1996 dollars for Case 1—adding a
3.5-MW, 2-hr battery at Solano. In Case la, which
includes capacity value and spinning-reserve benefits,
the break-even battery-plant capital investment is
about $1,250/kW. In Case 1b, when transmission
limits are also considered, the break-even battery-
plant capital investment increases to about
$1,300/kW. These benefit-cost results are expected
to apply to megawatt-scale battery storage plants of
up to 7.5 MW capacity with 2 hr of storage located at
Solano.

The potential Solano wind-plant battery storage ap-
plication is expected to require about 20 to 60 battery
charge/discharge cycles a year. Hence, less expen-
sive light-duty batteries are expected to be adequate
for a potential megawatt-scale battery storage plant.
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Figure 4-1. Potential Benefits of Adding a 3.5-MW/2-Hr Battery at Solano (Case 1).
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Figure 4-2. Case 1 Break-Even Battery Capital Investment.

Enhancement of Hedge Photo-
voltaic Plant Value With Battery
Storage

As discussed in Section 3, battery storage can be
added to the Hedge PV site to enhance the capacity
value of the PV plant. Assuming the 275-kW (55%)
capacity for the planned 500-kW Hedge PV plant,
adding 225 kW of battery storage capacity with 2 hr
of storage would be adequate to increase the Hedge
PV plant capacity to the full 500-kW capacity. The
225-kW battery storage plant can supply spinning-
reserve benefits for the Hedge PV plant as well as the
rest of the system and can obtain transmission and
subtransmission benefits.

In Case 2, a 225-kW battery plant with 2 hr of storage
is added to the 500-kW Hedge PV plant in 1996. The

battery plant increases the Hedge PV plant capacity to
500 kW and supplies 225 kW of spinning reserve.
Because the battery plant is located in the SMUD
service area, transmission and subtransmission ca-
pacity benefits of the Hedge PV plant are increased
225 kW.

Figure 4-3 presents the potential annual benefits of
adding a 225-kW/2-hr battery storage plant at the
Hedge PV site. Capacity, spinning-reserve, and
transmission and subtransmission capacity benefits
are determined using the SMUD marginal cost data
presented in Section 3.

Figure 4-4 presents a parametric analysis of resulting
benefit to cost ratio versus battery plant capital in-
vestment in 1996 dollars for Case 2—adding a
225-kW battery plant at Hedge. In Case 2, the break-
even battery capital investment is about $1,300/kW.
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Figure 4-3. Potential Benefits of Adding a 225-kV/2-Hr Battery at Hedge (Case 2).
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Figure 4-4. Case 2 Break-Even Battery Capital Investment.

The potential Case 2 Hedge PV-plant battery storage benefits. Hence, less expensive light-duty batteries
application is expected to require less than 50 battery are expected to be adequate for this Hedge PV plant
charge/discharge cycles a year to obtain the above application.
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5. Conclusions and Recommendations

Conclusions

Below are some conclusions and observations:

The results of this analysis indicate that battery
storage can significantly enhance the economic
and operational value of the Solano wind plant
and the Hedge PV plant.

The preliminary benefit-cost calculations indicate
that the break-even capital investment for battery
storage installed to enhance the value of the ex-
pected 50-MW Solano wind plant ranges from
about $1,250/kW to $1,300/kW. This applies to
megawatt-scale battery storage plants of up to
7.5 MW capacity with 2 hr of storage located at
the Solano wind plant site.

The preliminary benefit-cost calculations indicate
that the break-even capital investment for battery
storage installed to enhance the benefits of the
500-kW Hedge PV plant is about $1,300/kW.
This applies to battery storage plants up to 225
kW with 2 hr of storage located at the Hedge PV
plant site.

Approximately 20 to 60 battery charge/discharge
cycles a year are required for both the Solano
wind plant and Hedge PV plant applications.

Thus, less expensive light-duty batteries will be
adequate.

The break-even battery storage capital invest-
ments determined during this analysis prelimi-
nary evaluation for both Solano and Hedge ap-
plications are comparable with battery storage
plant cost estimates.

Recommendations

It is recommended that SMUD obtain cost esti-
mates from vendors for a 1-t0-4-MW battery
storage plant with 2 hr of storage for possible use
with the Solano wind plant. Cost estimates for
Solano should include both light-duty and heavy-
duty batteries, as plans are to investigate poten-
tial regulation benefits.

It is recommended that SMUD obtain cost esti-
mates from vendors for a 200-t0-250-kW battery
storage plant with 2 hr of storage for possible use
with the Hedge PV plant. Cost estimates for
Hedge should include only light-duty batteries.

It is recommended that the cost estimates to be
obtained from battery storage vendors contain
both purchase and leasing options.




ANALYSIS OF THE VALUE OF BATTERY STORAGE WITH WIND AND CONCLUSIONS AND
PHOTOVOLTAIC GENERATION TO SMUD RECOMMENDATIONS

Intentionally Left Blank

5-2




ABB Power T&D Co., Inc.
Attn: P. Danfors

16250 West Glendale Drive
New Berlin, WI 53151

American Electric Power Service Corp.

Attn: C. Shih
1 Riverside Plaza
Columbus, OH 43215

Applied Power Corporation
Attn: Tim Ball

Solar Engineering

1210 Homann Drive, SE
Lacey, WA 98503

Ascension Technology
Attn: Edward Kern

Post Office Box 6314
Lincoln Center, MA 01773

Anchorage Municipal Light & Power
Attn: Meera Kohler

1200 East 1** Avenue

Anchorage, AK 99501

Bechtel Corporation

Attn: W. Stolte

P.O. Box 193965

San Francisco, CA 94119-3965

Berliner Kraft und Licht (BEWAG)
Attn: K. Kramer
Stauffenbergstrasse 26

1000 Berlin 30

GERMANY

Business Management Consulting
Attn: S. Jabbour

24704 Voorhees Drive

Los Altos Hills, CA 94022

C&D Charter Power Systems, Inc. (2)
Attn: Dr. Sudhan S. Misra

Attn: Dr. L. Holden

Washington & Cherry Sts.
Conshohocken, PA 19428

Distribution

Argonne National Laboratories (2)
Attn: W. DeLuca

G. Henriksen
CTD, Building 205
9700 South Cass Avenue
Argonne, IL 60439

Arizona Public Service (2)
Attn: R. Hobbs

Herb Hayden
400 North Fifth Street
P.O. Box 53999, MS-8931
Phoenix, AZ 85072-3999

AVO International
Attn: Gary Markle
510 Township Line Rd.
Blue Bell, PA 19422

Babcock & Wilcox
Attn: Glenn Campbell
P.O. Box 785
Lynchburg, VA 24505

California State Air Resources Board
Atin: J. Holmes

Research Division

P.O. Box 2815

Sacramento, CA 95812

Calpine Corp.

Attn: R. Boucher

50 W. San Fernando, Ste. 550
San Jose, CA 95113

Chugach Electric Association, Inc. (2)
Attn: T. Lovas
J. Cooley
P.O. Box 196300
Anchorage, AK 99519-6300

Consolidated Edison (2)
Attn: M. Lebow
N. Tai
4 Irving Place
New York, NY 10003

Corn Belt Electric Cooperative
Atin: R. Stack

P.O. Box 816

Bloomington, IL 61702




Delphi Energy and Engine
Management Systems (3)
Attn: J. Michael Hinga

R. Galyen

R. Rider
P.O. Box 502650
Indianapolis, IN 46250

Alaska State Division Of Energy (3)
Attn: P. Frisbey

P. Crump

B. Tiedeman
333 West Fourth Ave, Suite 220
Anchorage, AK 99501-2341

EA Technology, Ltd.
Attn: J. Baker
Chester CH1 6ES
Capenhurst, England
UNITED KINGDOM

Eagle-Picher Industries
Attn: J. DeGruson

C & Porter Street
Joplin, MO 64802

Electrosource
Attn: Michael Dodge
P.O. Box 7115
Loveland, CO 80537

Eltech Research Corporation
Attn: Dr. E. Rudd

625 East Street

Fairport Harbor, OH 44077

Energetics, Inc. (3)
Attn: H. Lowitt

P. Taylor

L. Charles
7164 Gateway Drive
Columbia, MD 21046

Energetics, Inc. (4)
Attm: M. Farber
R. Scheer
J. Schilling
P. DiPietro
501 School St. SW, Suite 500
Washington, DC 20024

Attn: Greg J. Ball
353 Sacramento St., Suite 1540
San Francisco, CA 94111

Energy and Environmental Economics, Inc.

International Energy Systems, Ltd.
Attn: G. Barker

Chester High Road

Nestor, South Wirral

Lé64 UE UK

UNITED KINGDOM

East Penn Manufacturing Co., Inc.
Attn: M. Stanton

Deka Road

Lyon Station, PA 19536

Electric Power Research Institute (3)
Atm: S. Chapel
S. Eckroad
R. Schainker
P. O. Box 10412
Palo Alto, CA 94303-0813

Electrochemical Engineering Consultants, Inc.
Attn: P. Symons

1295 Kelly Park Circle

Morgan Hill, CA 95037

Electrochemical Energy Storage Systems, Inc.
Attn: D. Feder

35 Ridgedale Avenue

Madison, NJ 07940

Energy Systems Consulting
Attn: A. Pivec

41 Springbrook Road
Livingston, NJ 07039

Firing Circuits, Inc.

Attm: J. Mills

P.O. Box 2007

Norwalk, CT 06852-2007

General Electric Company
Attn: N. Miller

Building 2, Room 605

1 River Road
Schenectady, NY 12345

General Electric Drive Systems
Attn: D. Daly

1501 Roanoke Blvd.

Salem, VA 24153



GE Industrial & Power Services
Attn: Bob Zrebiec

640 Freedom Business Center
King of Prussia, PA 19046

Giner, Inc.

Attn: A. LaConti

14 Spring Street

Waltham, MA 02254-9147

Golden Valley Electric Association, Inc.
Atmn: S. Haagensen

Box 71249

758 Illinois Street

Fairbanks, AK 99701

GNB Technologies (4)
Industrial Battery Company
Attn: G. Hunt

J. Szymborski

R. Maresca

J. Boehm
Woodlake Corporate Park
829 Parkview Blvd.
Lombard, IL 60148-3249

Lawrence Berkeley Laboratory (3)
Attn: E. Cairns
K. Kinoshita
F. McLarnon
University of California
One Cyclotron Road
Berkeley, CA 94720

Longitude 122 West
Attn: S. Schoenung
1241 Hobart St.

Menlo Park, CA 94025

Lucent Technologies
Attn: C. Mak

3000 Skyline Drive
Mesquite, TX 75149

Lucent Technologies, Inc.

Attn: J. Morabito

Director, Global Research and Development
P.O. Box 636

600 Mountain Avenue

Murray Hill, NJ 07974-0636

GNB Technologies
World Headquarters
Attn: S. Deshpande’
375 Northridge Road
Atlanta, GA 30350

Hawaii Electric Light Co.
Attn: C. Nagata

P.O. Box 1027

Hilo, HI 96720

ILZRO (3)
Attn: J. Cole
P. Moseley
C. Parker
P.O. Box 12036
Research Triangle Park, NC 27709

Imperial Oil Resources, Ltd.
Attn: R. Myers

3535 Research Rd NW
Calgary, Alberta

CANADA T2L 2K8

Innovative Power Sources
Attn: Ken Belfer

1419 Via Jon Jose Road
Alamo, CA 94507

Metlakatla Power & Light
Attn: H. Achenbach

P.O. Box 359

Metlakatla, AK 99926

Micron Corporation
Attn: D. Nowack

158 Orchard Lane
Winchester, TN 37398

ZBB Technologies, LTD.
Attn: Robert J. Parry
Managing Director

16 Emerald Tce.

West Perth

Western Australia 6005




National Renewable Energy Laboratory (6)
Attn: L. Flowers
J. Green
S. Hock
R. DeBlasio
B. Stafford
H. Thomas
1617 Cole Blvd.
Golden, CO 80401-3393

New York Power Authority
Attn: B. Chezar

1633 Broadway

New York, NY 10019

NC Solar Center

Attn: Bill Brooks

Corner of Gorman and Western
Box 7401 NCSU

Raleigh, NC 27695-740

Northern States Power
Attn: D. Zum

414 Nicollet Mall
Minneapolis, MN 55401

NPA Technology

Attn: Jack Brown

Suite 700, Two University Place
Durham, NC 27707

Oak Ridge National Laboratory (3)

Attn: B. Hawsey, Bldg. 3025, MS-6040
J. Stoval, Bldg. 3147, MS-6070
J. VanCoevering, Bldg. 3147, MS-6070
B. Kirby, Bldg. 3147, MS-6070

P.O. Box 2008

Oak Ridge, TN 37831

Public Service Company of New Mexico
Atin: J. Neal

Manager, Premium Power Services
Alvarado Square MS-BAS2
Albuquerque, NM 87158

PEPCO

Attn: Brad Johnson
1900 Pennsylvania NW
Washington, DC 20068

Oglethorpe Power Company
Attn: C, Ward

2100 E. Exchange Place
P.O. Box 1349

Tucker, GA 30085-1349

Chief Technology Officer
Attn: Robert Wills
Advanced Energy Systems
Riverview Mill

Post Office Box 262
Wilton, NH 0308

Omnion Power Engineering Corporation
Attn: H. Meyer

2010 Energy Drive

P.O. Box 879

East Troy, W1 53120

Orion Energy Corp.
Attn: Doug Danley
10087 Tyler Place #5
Tjamsville, MD 21754

Public Service Company of New Mexico
Attn: R. Flynn

Senior Vice President

Alvarado Square MS-2838
Albuquerque, NM 87158

International Business and Technology
Services Inc.

Attn: J. Neal

Administrator Research and Development
9220 Tayloes Neck Rd.

Nanjemoy, MD 20662

Gridwise Engineering Company
Attn: B. Norris

121 Starlight Place

Danville, CA 94526

Pacific Northwest Laboratory (2)
Attn: J. DeSteese, K5-02
D. Brown
Battelle Blvd.
Richland, WA 99352




Power Technologies, Inc.
Attn: P. Prabhakara
1482 Erie Blvd.

P.O. Box 1058
Schenectady, NY 12301

Puerto Rico Electric Power Authority
Attn: W, Torres

G.P.O. Box 4267

San Juan, Puerto Rico 00936-426

Solar Electric Specialists Co.
Mr. Jim Trotter
232-Anacapa St.

Santa Barbara, CA 93101

ENERTEC

Attn: D. Butler

349 Coronation Drive
Auchenflower, Queensland, 4066
P.O. Box 1139 Milton BC QIld 4064
AUSTRALIA

Southern Company Services, Inc. (2)
Research and Environmental Affairs
14N-8195
Attn: B. R. Rauhe, Jr.
K. Vakhshoorzadeh
600 North 18" Street
P.O. Box 2625
Birmingham, Al 35202-2625

Trace Technologies (2)
Attn: Michael Behnke
W. Erdman
6952 Preston Avenue
Livermore, CA 94550

TRACE Engineering

Attn: B. Roppenecker
President

5916 195™ Northeast
Arlington, Washington 98223

RMS Company

Attn: K. Ferris

87 Martling Ave.
Pleasantville, NY 10570

Powercell Corporation (2)
Attn: Reznor 1. Orr

Rick Winter
101 Main Street, Suite 9
Cambridge, MA 02142-1519

Raytheon Engineers and Constructors
Attn: A. Randall

700 South Ash St.

P.O. Box 5888

Denver, CO 80217

Siemens Solar

Attn: Clay Aldrich
4650 Adohn Lane
Post Office Box 6032
Camarillo, CA 93011

R&D Associates

Attn: J. Thompson

2100 Washington Blvd.
Arlington, VA 22204-5706

California Energy Commission

Attn: Jon Edwards

1516 Ninth Street, MS-46
Sacramento, CA 95814

Sentech, Inc. (2)
Attn: R. Sen
K. Klunder
4733 Bethesda Avenue, Suite 608
Bethesda, MD 20814

Sentech, Inc.

Attn: Robert Reeves
9 Eaton Road

Troy, NY 12180

Santa Clara University
Attn: Charles Feinstein, Ph.D.

Department of Decision and Information

Sciences

Leavey School of Business and
Administration

Santa Clara, CA 95053




SAFT Research & Dev. Ctr. SEIA

Atm: Guy Chagnon Attn: S. Sklar
107 Beaver Court 122 C Street NW
Cockeysville, MD 21030 4% Floor

Washington, DC 20001-2104

Salt River Project (2) SRI International
Attn: H. Lundstrom Attn: C. Seitz

G.E. “Ernie” Palomino, P.E. 333 Ravenswood Ave.
MS PAB 357, Box 52025 Menlo Park, CA 94025

Phoenix, AZ 85072-2025

Southern California Edison Stored Energy Engineering (2)
Attn: R. N. Schweinberg Attn: George Zink

6070 N. Irwindale Ave., Suite I JR. Bish

Irwindale, CA 91702 7601 E. 88" Place

Indianapolis, IN 46256

Soft Switching Technologies Stuart Kuritzky
Attn: D. Divan 347 Madison Avenue
2224 Evergreen Rd., Ste. 6 New York, NY 10017

Middieton, WI 53562

Solarex Superconductivity, Inc. (2)
Attn: G. Braun Atin; Jennifer Billman
630 Solarex Court Michael Gravely
Frederick, MD 21701 P.O. Box 56074

Madison, WI 53705-4374

The Solar Connection Switch Technologies

Attn: Michael] Orians Attn: J. Hurwitch

P.O. Box 1138 4733 Bethesda Ave., Ste. 608
Morro Bay, CA 93443 Bethesda, MD 20814

U.S. Department of Energy

Trojan Battery Company Attn: P. Patil

Attn: Jim Drizos Office of Transportation Technologies
12380-Clark Street EE-32 FORSTL

Santa Fe Springs, CA 90670 Washington, DC 20585

U.S. Department of Energy U.S. Department of Energy
Attn: C. Platt Attn: T. Duong

EE-12 FORSTL EE-32 FORSTL
Washington, DC 20585 Washington, DC 20585

U.S. Department of Energy U.S. Department of Energy
Attn: K. Heitner Attn: J. Daley

Office of Transportation Technologies EE-12 FORSTL

EE-32 FORSTL Washington, DC 20585

Washington, DC 20585

U.S. Department of Energy U.S. Department of Energy
Attn: R. Brewer Attn: A Jelacic
EE-10 FORSTL EE-12 FORSTL

Washington, DC 20585 Washington, DC 20585



U.S. Department of Energy
Attn: N. Rossmeissl
EE-13 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn: Jim Rannels
Photovoltaic Program

EE-11 FORSTL

1000 Independence Ave., SW.
Washington, DC 20585-0121

U.S. Department of Energy
Attn: J. P. Archibald
EE-90 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn: M. B. Ginsberg
EE-90 FORSTL
Washington, DC 20585

U.S. Department of Energy

Attn: G. Buckingham
Albuquerque Operations Office
Technology Development Division
P.O. Box 5400

Albuquerque, NM 87185

TU Electric

R&D Programs

Attn: James Fangue
P.O. Box 970

Fort Worth, TX 76101

University of Missouri - Rolla

Attn: M. Anderson

112 Electrical Engineering Building
Rolla, MO 65401-0249

U.S. Department of Energy

Attn: R. Eynon

Nuclear and Electrical Analysis Branch
EI-821 FORSTL

Washington, DC 20585

R. Weaver
777 Wildwood Lane
Palo Alto, CA 94303

U.S. Department of Energy
Attn: A. Hoffman

Office of Utility Technologies
EE-10 FORSTL

Washington, DC 20585

U.S. Navy

Attn: Wayne Taylor
Code 83B000D '
China Lake, CA 93555

U.S. Department of Energy
Attn: A. G. Crawley
EE-90 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn: P. N, Overholt
EE-11 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn: J. Cadogan

EE-11 FORSTL
Washington, DC 20585

U.S. Department of Commerce
Attn: Dr. Gerald P. Ceasar
Building 101, Rm 623
Gaithersburg, MD 20899

Virginia Power

Attn: Gary Vermno
Innsbrook Technical Center
5000 Dominion Boulevard
Glen Ellen, VA 23233

Walt Disney World Design and Eng’g.

Atmm: Randy Bevin
P.O. Box 10,000
Lake Buena Vista, FL 32830-1000

Yuasa, Inc. (3)
Attn: N. Magnani
F. Tarantino
G. Cook
P.O. Box 14145
2366 Bernville Road
Reading, PA 19612-4145

The Technology Group, Inc.
Attn: Tom Anyos

63 Linden Ave.

Atherton, CA 94027-2161

ZBB Technologies, Inc.
Attn: P. Eidler

11607 West Dearborn
Wauwatosa, Wl 53226-3961




U.S. Department of Energy
Attn: R. Eaton

Golden Field Office

1617 Cole Blvd.

Building 17

Golden, CO 80401

Westinghouse

Attn: Tom Matty
P.0. Box 17230
Baltimore, MD 21023

Westinghouse STC
Attn: H. Saunders
1310 Beulah Road
Pittsburgh, PA 15235

W. R. Grace & Company
Attn: S. Strzempko

62 Whittemore Avenue
Cambridge, MA 02140

Yuasa-Exide, Inc.

Attn: R. Kristiansen

35 Loch Lomond Lane
Middleton, NY 10941-1421

Crescent EMC

Attn: R. B. Sloan
Executive Vice President
P.O. Box 1831
Statesville, NC 28687

HIL&P Energy Services

Attn: George H. Nolin, CEM, P.E.
Product Manager Premium Power Services
P.O. Box 4300

Houston, TX 77210-4300

UFTO

Attn: Edward Beardsworth
951 Lincoln Ave.

Palo Alto, CA 94301-3041

Distributed Utility Associates
Attn: Joseph lannucci

1062 Concannon Blvd.
Livermore, CA 94550

SAFT America, Inc.
Attn: Ole Vigerstol
National Sales Manager
711 Industrial Blvd.
Valdosta, GA 13601

ECG Consulting Group, Inc.
Attn: Daniel R. Bruck
Senior Associate

55-6 Woodlake Road
Albany, NY 12203

Westinghouse Electric Corporation
Attn: Gerald J. Keane

Manager, Venture Development
Energy Management Division
4400 Alafaya Trail

Orlando, FL 32826-2399

The Brattle Group

Attn: Thomas J. Jenkin

44 Brattle Street

Cambridge, MA 02138-3736

Exide Electronics

Attn: John Breckenridge

Director, Federal Systems Division
8609 Six Forks Road

Raleigh, NC 27615

Northern States Power Company
Atin: Gary G. Karn, P.E.
Consultant Electric Services
1518 Chestnut Avenue North
Minneapolis, MN 55403

Frost & Sullivan (2)
Attn: Steven Kraft

Dave Coleman
2525 Charleston Road
Mountain View, CA 94043

C&D Powercom

Atm: Larry S. Meisner
Manager Product Marketing
1400 Union Meeting Road
P.O. Box 3053

Blue Bell, PA 19422-0858

Tampa Electric Company
Attn: Terri Hensley, Engineer
P.O. Box 111

Tampa, FL 33601-0111

U.S. Department of Energy
Attn: R. J. King

EE-11 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn: A. O. Bulawka
EE-11 FORSTL
Washington, DC 20585




American Superconductor Corporation

Attn: 8. Amanda Chiu, P.E.
Manager, Strategic Marketing
Two Technology Drive
Westborough, MA 01581

University of Texas at Austin
Attn: John H. Price
Research Associate

Center for Electromechanics
J. J. Pickel Research Campus
Mail Code R7000

Austin, TX 78712

U.S. Department of Energy
Attn: W. Butler

PA-3 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn: J. A. Mazer

EE-11 FORSTL
Washington, DC 20585

VEDCO Energy

Attn: Rick Ubaldi

12 Agatha Lane

Wayne, New Jersey 07470

Intercon Limited (2)
Attn: David Warar
6865 Lincoln Avenue
Lincolnwood, IL 60646

Utility PhotoVoltaic Group
Attn: Steve Hester

1800 M Street, N.W.
Washington, DC 20036-5802

U.S. Department of Energy
Attn: P. Maupin

ER-14

G-343/GTN

Germantown, MD 20874-1290

MS-0513, R. Eagan (1000)
MS-0953, W.E. Alzheimer (1500)
MS-0953, J.T. Cutchen (1501)
MS-0741, S. Vamado (6200)
MS-0212, A. Phillips, (10230)
MS-0340, J. Braithwaite (1832)
MS-0343, W. Cieslak (1832)
MS-0613, A. Akhil (1525)
MS-0613, D. Doughty (1521)

Southern California Edison

Attn: N. Pinsky

P.O. Box 800 .

2244 Walnut Grove Ave., Rm 418
Rosemead, CA 91770

U.S. Department of Energy
Attn: D. T. Ton

EE-11 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn: J. Galdo

EE-10 FORSTL
Washington, DC 20585

Queensland Department of Mines and Energy
Attn: N. Lindsay

Senior Project Officer

Energy Planning Division

GPO Box 194 Brisbane 4001, Qld. Australia

Utility Power Group

Attn: Mike Stern

9410-G DeSoto Avenue
Chatsworth, CA 91311-4947

Amber Gray-Fenner
7204 Marigot Rd. NW
Albuquerque, NM §7120

ABB Power T&D Company, Inc.
Attn: H. Weinerich

1460 Livingston Avenue

North Brunswick, New Jersey




MS-0613, G. Corey (1525)
MS-0614, G.P. Rodriguez, (1523)
MS-0613, L Francis (1525)
MS-0614, J.T. Crow (1523)

- MS-0614, T. Unkelhaeuser (1523)
MS-0614, D. Mitchell (1522)
MS-0614, K. Grothaus (1523)
MS-0613, N. Clark (1525)

MS-0613 R. Jungst (1521)

MS-0704, P.C. Klimas (6201)

MS-0708, H. Dodd (6214)

MS-0752, M. Tatro (6219)

MS-0753, C. Cameron (6218)

MS-0753, R. Bonn (6218)

MS-0753, T. Hund (6218)

MS-0753, W. Bower (6218)

MS-1193, D. Rovang (9531)

MS-0614, A Jimenez (1523)

MS-0537, S. Atcitty (2314)

MS-0613, J.D. Guillen (1525)

MS-9403, Jim Wang (8713)

MS-0613, P. Butler (1525) (20)

MS-0619, Review & Approval Desk For DOE/OSTI (12690) (2)
MS-0899, Technical Library (4916) (2)
MS-9018, Central Technical Files (8940-2)




