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FOREWORD

The research and development described in this document was conducted
within the U.S, Department of Energy's (DOE's) Solar Thermal Technology
Program, The goal of the Solar Thermal Technology Program is to advance the
engineering and scientific understanding of solar thermal technology and to
establish the technologv base from which private industry can deyelop solar

thermal power production options for introduction into the competitive enerqgy
market .

Sotar thermal technology concentrates scolar radiation by means of tracking
mirrors or lenses onto a receiver where the solar energy is absorbed as heat
and converted into electricity or incorporated into products as process heat.
The two primary solar thermal technologies, central receivers and distributed
receivers, employ various point and line-focus ootics to concentrate sunlight.
Current cental receiver systems use fields of heliostats (two-axis tracking
mirrors) to focus the sun's radiant energy onto a single tower-mounted
receiver. Parabolic dishes up to 17 meters in diameter track the sun in two
axes and use mirrors or Fresnel lenses to focus radiant energy onto a
receiver. Troughs and baowls are line-focus tracking reflectors that concen-
trate sunlight onto receiver tubes along their focal lines. Concentrating
collector modules can be used alone or in a multimodule system. The concen-
trated radiant enerqy absorbed by the solar thermal receiver is trans-
ported to the conversion process by a circulating working fluid. Receiver
temperatures range from 100°C in low-temperature troughs to over 1500°C in dish
and central receiver systems.

The Solar Thermal Technology Program is directing efforts to advance and
improve oromising system concepts through the research and development of solar
thermal materials, components, and subsystems, and the testing and performance
evaluation of subsystems and systems. These efforts are carried out through
the technical direction of DOE and its network of national laboratories, which
work with private industry. Together, they have established a comprehensive,
goal-directed program to improve performance and provide technically oroven
options for eventual incorporation into the nation's energy supply.



To be successful in contributing to an adeguate national energy supply at
reasonable cost, solar thermal enerqy must eventually be economically compe-
titive with a variety of other energy sources. Components and system-level
pnerformance targets have been developed as quantitative program goals. The
performance targets are used in planning research and development activities,
measuring progress, assessing alternative technology options, and developing
ontimal components. These targets will be pursued vigorously to insure a
successful program.

The objective of this report is to provide information on the commercial
developments of wind energy conversion systems {WECS) and photovoltaics (PV) in
the U.S. This particular study was conducted because it was felt that the
commercial success of these two nonthermal solar technogies has several impli-
cations for the future commercial success of solar thermal electric systems.
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SUMMARY

Pacific Northwest Laboratory (PNL)} has examined the business developments
of two nonthermal solar technologies in the U.S.: wind energy conversion
systems (WECS)} and photovoltaics (PV). The installed generating capacities of
both the WECS and PY technologies have grown significantly since 1981,

Currently, more than 550 MW of WECS are installed on wind farms (primarily
located in Catifornia) and are financed through third-party arrangements. The
greatest growth rate has occurred in wind farms of 10 MW to 25 MW. Wind
system owners contacted as part of this study identified several reasons for
ownershin. The primary factors for investing in wind systems were the econo-
mic attractiveness of the investment, Tow land cost for wind farm development
(because the land could also be used for other purposes), ease of permitting,
and the ability to use the systems as testing grounds for wind turbine devel-
opment. While wind systems have experienced some reliability problems (parti-
cularly systems installed in the early 1980s), the later systems have proven
more reliable, and manufacturers warranties are becoming increasingly avail-
able. Some current warranties offer reimbursement of revenue lost while the
wind system is not operational.

Bv the end of 1984, approximately 24 MW of PV generating capacity had been
installed in the U.S. PV systems range in size from a few watts to more than 6
MW, with most systems ranging from 1 kW to 999 kW. The largest growth has
occurred in systems of 1 MW or larger, increasing from O Md in 1981 to more
than 8 MY by 1984. Most PY systems have been financed through third-party

arrangements and are owned by industrial {including utility) customers.

PV system owners contacted as part of this study identified several reasons
for ownership. The primary factors for investing in PV systems were the econo-
mic attractiveness of the investment in the specific application, systems relia-
biTity and the ability of the system to operate unattended, the capability of
the systems to load follow where demand matches sunlight hours, and the use of
the systems for research. The factors that seemed to differ significantly from
those descrihed by the wind system owners were the system reliability and the
capability of the systems to load follow.



In their business development to the present, wind and PV systems appear
not to have been directly competing in the same markets, Wind system sales
have been nearly entirely in third-party owned plants selling energy to a
utility. The primary driving force for this development has been that the
systems have offered economically attractive returns to investors given the
status of the technology and current tax incentives. PV systems have been sold
in a wide number of applications, which could best be characterized as small,
specialty operations. The PV systems which have heen developed for selling
energy to a utility have had research/experimentation more as a driving force
than economic attractiveness,

Reliability of both wind and PV systems seems to be a factor that has
plaved an important part in the early commercial development of the technolo-
gies. As plants have been installed, a large experience base has developed for
investors to judge the reliability of the technologies. Several thousand wind
turbines are currently installed, as well as several thousand operating PV
systems. The excerience with the large number of installed turbines seems to
have helped improve reliability of the later wind systems.
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1,0 INTRODUCTION

During the earlv 1970s alternative energy systems were being studied in
only a few Jaboratories throughout the world. However, the Arab oil embargo of
1973 spurred interest in renewahle energy forms, and many nations responded by
supporting additional research and development of these systems. This funding,
along with the cooperative efforts of government and industry, has helped to
Jaunch several alternative energy forms into the commercial marketplace.

Sandia National Laboratory contracted with Pacific Northwest Laboratory to
provide information on the developments of nonthermal solar technologies by
focusing on the success of wind energy conversion systems {WECS) and photo-
voltaics (PV¥s). The information obtained by analyzing the commercial develop-
ments of nonthermal solar technologies can provide insight on problems which
will need to be addressed by solar thermal technology as it is developed in
early commercialization. This report summarizes the results of this effort by
providing detailed information on the installed generating cagacity, market
sectors, financing sources, systems costs and warranties of WECS and PV systems
(Chapters 2.0 and 3.0). The sales factors that were of primary importance to

WECS and PV buyers when they selected their systems are also discussed (Chapter
4.0).

A variety of data sources were used to compile information on the commer-
cial status of WECS and PV, including technical literature, industry exoerts,
trade associations, state energy offices, as well as systems manufacturers and
owners. Information on sales factors was prepared by contacting systems owners.
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2.0 WIND ENERGY CONVERSION SYSTEMS

Wind enerqy conversion systems (WECS) were first introddced into the U.S.
in the early 1920s. This chapter provides information on the development of
wind installations in the U.S., the distribution of wind installations by size,
the installed costs of wind turhines over time, the financing of wind installa-
tion by funding source, and the ownership patterns of wind installations by
market sector.

2.1 DATA SOURCES

Various sources were used to compile the information on WECS. Data on
installed wind farm capacity were taken from a report prepared by Strategies
Unlimited (Dickson, McKellar and Finch 1984) for the Electric Power Research
Institute. That report provides detailed technical and financial informatipn
on 105 wind farm installations, mainlv located in California. Strategies
Unlimited compiled this information through telephone interviews in mid-1984.
At the time of the survey, several wind farm developers had planned to install
wind farms during the last quarter of 1984, However, several of these planned
wind farm developments were not completed. Consequently, the California
Public Utilities Commission supplemented Strategies Unlimited's 1984 data by
providing information on operating wind farms.

Information on qovernment-sponsored and privately owned WECS, as well as
systems costs, was obtained through a literature review and contacts with

turbine manufacturers and owners, and the American Wind Energy Society.

2.2 WIND TURBINE HISTORY

By 200 BC windmills were being used in Persia to grind grain (Eldridge
1975}, Most of the earliest wind machines were vertical axis units that used
reeds or cloth for sails. The horizontal axis windmills were developed much
later and used wooden booms with jib sails. Many of these early machines were
used in the Mediterranean, and by the eleventh century, windmills were
introduced into the Middle East.
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The Dutch improved the basic design of the windmill by replacing the
primitive jibs with sails supported by wooden bars on both sides of the stock.
More modern variations used sheet metal instead of cloth sails and steel
stocks. By the fourteenth century, the Dutch had improved the design of the
windmill to the noint where more than 9000 were being used in various indus-
tries. The introduction of the steam engine caused a decline in the use of
windmills in the Netherlands, and by 1960, only 1000 windmills were in
operation.

In the 1920s small, 1-kWe wind turbines were introduced into the U.S.
However, these machines did not capture a Targe portion of the energy market
because the rural electrification program was under way at that time. The
largest, earlv U.S. wind turbine was the Smith-Putnam unit built in the 1940s.
This machine had two blades that weighed a total of 16 tons and produced 1.28
MW, The operation of the machine was discontinued in 1945 when one of the
blades broke off near the hub and the unit was not repaired. It was decided
that the machine could not compete with the Tess expensive electricity supplied
by conventional generating olants,

The availability of inexpensive electricity blocked the development of the
wind turbine market during the 1940s, '50s, and '60s. It was not until the
Arab oil embarqo of 1973 that the wind turbine industry began to develop. This
development was assisted by federal funding of wind turbine R&D provided
through the Federal Wind Energy Program. The goal of this program was to
reduce U.S. reliance on imported oil through the development of wind eneragy.
This was accomplished by providing R&D funding to industry. The program has
been successful in supplying vital information on wind resources, aerodynamics
and wind turbine design.

A second significant factor in the development of the wind turbine industry
was the Public Utilities Requliatory Policies Act (PURPA) of 1978. PURPA
reguires electric utilities to purchase electricity from owners of small {less
than 80 MW) renewable energy systems at rates equal to the utility's avoided
cost of electricity., Federal and state tax credits and other financial
incentives enhanced the economic attractiveness of early wind turbines by
reducing the costs of these units relative to conventional energy sources.
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The combination of the Federal Wind Energy Program and PURPA has enabled
the wind turbine industry to grow from 5 manufacturers in 1973 to more than 60
manufacturers in 1983 and has enabled installed wind energy capacity to
increase from a few MW in 1980 to more than 550 MW in 1984.

2.3 FEDERAL SUPPORT OF WECS

The Federal Wind Enerqy Program was initiated in the early 1970s under the
direction of the Natijonal Science Foundation. In 1974 the program was combined
with a national program to develop solar technologies under the Energy Research
and Development Administration (ERDA}. Program responsibilities were shifted
to the Department of Enerqy (DOE) in 1977.

The Federal Wind Energy Program is managed by the‘wind Energy Technology
Division, which is part of the Office of Solar Electric Technologies under the
Secretary for Conservation and Renewable Energy. The goals of the program are
as follows:

. to establish and implement program priorities

(] to provide policy and budget gquidelines to field laboratories

. to review and approve annual operating pTans of the laboratories

] to monitor R&D

] to represent the U.S. at research and development meetings

° to respond to DOE management and Congressional requests

] to encourage and support technology transfer activities to industry.

The Federal Wind Energy Program was aimed towards engineering development
rather than towards conducting basic research on wind turbines. It was felt
that the aircraft industry could orovide the needed technology base for wind
turbine development. 0One of the early developments of the program was the
construction and operation of several large wind turbines.

The program was also responsible for improving small wind turbines through
activities at a test facility near Golden, Colorado. To date, the Center has
tested over 23 commercial wind turbines, many of which are now installed on
wind farms., The Center provides this testing service to industry for a fee or
on a cooperative basis.
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Engineering develooments achieved under the Federal Wind Energy Program and
by industry have led to the construction of lighter, lower cost, and more
responsive machines. Data from the construction and operation of wind turbines
have increased the understanding of wind characteristics, component construc-
tion and systems engineering. The current focus of the program is to support
generic research to improve the performance and the reliability of wind tur-
bines. 1In 1983, research focused on further trying to understand the relation-
ship between the wind turbines and the wind, and the aerodynamic performance of
wind turbines at low wind speeds. In 1984 the program had a budget of $31
million,

2.4 WECS CAPACITY

The installed capacity of WECS in the U.S. has increased from 13 MW in
1981 to 550 MW by the end of 1984 (Table 2.1), representing an average annual
growth rate of 250%. Although the growth rate in WECS is expected to continue
through 1985, the possible end of the tax credits in December 1985 is expected
to reduce the number of new machines installed.

Approximately 95% of the wind turbines installed in the U,S. are on wind
farms located in the Altamont, Tehachapi and San Georgonio regions of
California. This area was selected by wind farm developers because of the
excellent wind resources, the availability of state tax credits, and the
willingness of utilities to accept WECS into their gqrids. Another factor
contributing to the growth in wind farms has been the desire of wind turbine
manufacturers to test their machines in large commercial applications. The
availability of state and federal tax credits and revenue payments through
PURPA have made wind farms a very attractive testing gqround. Since 1981, the
wind turbine industry has received vital information about the operation of
these units, and the industry has used this information to significantly
improve the turbines' reliability, The cabacity factor of wind turbines
installed on wind farms has increased from 8% in 1981 to 31% in 1984.

Foreign wind turbines are also used on U.S. wind farms. In particular,
Danish-made machines have proven to he extremely reliable and generally tend to

require much less maintenance than the U.S.-made units. The lower maintenance
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2.7 WECS WARRANTIES

Warranties provided by WECS manufacturers typically cover turbine parts and
Tabor and extend for 1 to 3 years. Several WECS manufacturers offer supplemen-
tal warranties, or in some cases insurance policies, which are called revenue
reimbursement agreements. These contracts state that the WECS manufacturer
agrees to reimburse the WECS owner for gross revenue lost if the system is
unavailable for more than 10% of any 12-month period. The actual amount reim-
bursed is calculated as the number of kilowatt hours a unit would have produced
if it were in service, multiplied by the cents per kilowatt hour paid to the
utilitv for power at the time the unit was not in service. To calculate the
amount to be reimbursed, the WECS owner must provide the manufacturer with
information on wind conditions during the downtime,

Revenue reimbursement agreements are not included in the base price of the
wind turbine, and they usually cost $5000/unit covering a 5-year period.
Several manufactuers reguire WECS owners to also purchase a service agreement
{$800/unit/yr} with the revenue reimbursement agreement. Freguently, the cost
of these agreements are negotiated by wind farm developers and turbine manu-

facturers, and these agreements vary significantly in coverage, costs, and
responsibility.






3.0 PHOTOVOLTAIC SYSTEMS

The use of photovoltaics {PVs) has grown significantly since they were
first used as a power source for the Vanguard I satellite in the 1950s.
Currently, more than 20 M4 of PV are installed in the U.S., and much of this
success can be attributed to a cooperative industry and government effort.

This chapter provides information on the development of PVs in the U.S.,
the distribution of PV installations by size, the installed costs of PV systems

over time, the financing of P¥s by funding source, and the ownership patterns
of PVs by market sector.

3.1 DATA SOURCES

Several sources were used to compile the PV summary statistics, including a
literature review, contacts with manufacturers, customers and industry experts,
Statistics on the distribution of PV-installed capacity by size were developed
from data gathered by PNL as part of its work for DOE's Photovoltaics Division
(Watts, Smith and Dirks 1985). '

3.2 PV HISTNRY

The photovoltaic effect was first discovered by the French physicist Edmund
Becquerel in 1839 (Flavin 1982). However, a deeper understanding of this
effect was achieved by twentieth century scientists, including Albert Einstein.

Bell Laboratory scientists tried to imorove the efficiency of the selenium
PY cells in the early 1950s. Ouring that time, a second group of Bell scien-
tists was working on electronic devices that were made from silicon. This
second team discovered that electricity was produced when the silicon was
exposed to sunlight. The two research efforts were merged.

Early selenium PY cells had conversion efficiencies of only 1%, whereas
silicon cells had efficiencies of 8%. Other materials were known to have
higher theoretical efficiencies than selenium or silicon; however, silicon had
the'highest laboratory efficiency. Work on developing the silicon PV cell was
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slow because of the availability of cheap 0il, large fossil fuel plants and
nuclear reactors. During the 1950s silicon cells cost approximately $600/Wp
{oeak watt), which was several hundred times the cost of electricity from
conventional sources. Because of the excessive costs, Bell Labs shelved the
develooment of PV cells.

A renewed interest -in PVs began when the space program had a need for a
lightweight, long-lasting power supply for satellites. By 1958, silicon solar
cells were used on board the Vanquard I satellite. With the assistance of
National Aeronautics and Space Administration (NASA}, 4 U.S. firms began
manufacturing PV cells bv the late 1960s. At the same time, the Soviet Union
also began equipping their satellites with PV cells.

During the late 1960s and early 1970s, major technical achievements
improved both the cell conversion efficiencies and the costs of PV cells. How-
ever, electricity produced from PV cells still remained almost 50 times more
expensive than electricity from conventional energy sources. Therefore,
terrestrial PV applications were Timited.

The oil embargo of 1973 caused the price of fossil fuels to rise dramati-
callv and renewed the interest in alternative enerqy sources. European,
Japanese, and U.S. qovernments initiated agressive alternative energy research
programs between 1973 and 1975. As a result, several comoanies began private
research on PV cells and several firms began manufacturing single crystal
silicon cells for commercial sale. Technical progress continued during the mid-
to-tate 1970s, with commercial module efficiencies increasing to 10% {without
concentration) and reliability improving significantly,

Today several hundred companies are involved in the PV industry, with about
60 companies actually manufacturing PV cells and/or modules. Other companies
are involved in the design of PV systems, the production of balance of systems
components, and the marketing of PV products.

3.3 FEDERAL SUPPORT OF PHOTOVOLTAICS

Federal support of PV R&D began in the early 1970s under the direction of
the National Science Foundation. Control of the program activities shifted to
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the Energy Research and Development Administration in 1974 and then to the
Department of Enerqy (DOE) in 1977. Currently, the program is managed by the
Photovoltaic Enerqy Technology Division under DOE's Office of Solar Electric
Technologies.

The objective of the federal program is to sponsor high-risk, potentially
high-payoff R&D. The results of this effort provide a technical base for
industry. Research is currently focused on developing the following:

single junction thin films
high efficiency multijunction concepts
innaovative concepts

silicon materials

advanced silicon sheets

flat plate collectors

concentrating collectors

module reliability

array and balance-of-system improvements

system experiments.

This research effort is being coordinated by the Solar Energy Research
Institute, Sandia Natjonal Laboratories, and the Jet Propulsion Laboratory, and
had a budget of $50 million in 1984,

The federal gqovernment has also provided other financial mechanisms to
assist in developing PVs, including direct grants, low interest loans, direct
orocurements, and subsidies to purchasers. The Federal Photovoltaic Utiliza-
tion Program (FPUP) was created to encourage the direct procurement of PVs for
government use. This program was initiated in 1977 and was responsibie for the
construction of numerous PV installations, including the 100 kW system at
Natural Bridges Nationa?l Monument.

3.4 PV CAPACITY

The installed generating capacity of PVs has increased from 1.28 MW in 1981
to more than 23 MW by the end of 1984 {Table 3.1). This represents an average
annual growth rate of 165%.
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TABLE 3.1. Installed PV Capacity

Year Added Capacity (MW) Total Capacity (MW)
1981 1.28 1.28
1982 3.14 4.42
1983 10.66 15.08
1934 §.83 23.91

NDomestic capacity additions increased significantly hetween 1981 and 1983.
However, the rate of capacity additions declined between 1983 and 1984 hecause
of the decrease in the number of modules installed at a utility-scale
installation in Southern California. Also, PV manufacturers were much more
successful in marketing their products in non-U.S. countries during 1984.

The growth in domestic PV capacity is expected to continue through the end
of 1985; however, the termination of the federal tax credits is expected to
affect the qrowth of PV beyond 1985,

About 50% of the PV systems installed in the U.S. range from 1 kW to 1 MW
(Table 3.2 and Figure 3.1). A more detailed breakdown of systems falling into
this intermediate-sized category is difficult to construct hecause of the Tlack
of detailed information on privately financed PV systems. The 1 kW to 1 MW
cateqgory primarily includes large residential, commercial, te1ec0mﬁunications,

some FPUP-funded systems (Table 3.3}, and government-funded, non-FPUP systems
(Table 3.4,

A few utility-scale (i.e., 1 MW) systems are installed in California,
including Carrisa Plains, Lugo Station and the Sacramento Municipal Utility

TABLE 3.2. Installed PV Capacity by System Size

Svstem Size

{kW) 1981 1982 1983 1984 Total
0-.99 .57 .96 1.53 2.23 5.29
1-999 g1 1,18 4,93 3.30 10,12
999 0.00 1.00 4.20  3.30 8.50
Total 1.28 3.14 10.66 8.83  23.91
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restaurant installation desion in Athambra, California. Shipments of PV
modules and systems to design houses are also included in this market sector.

The residential market sector represents about 8% of installed PV
capacity. This sector includes grid and nongrid-connected residences as well
as PV systems installed on trailers, recreational vehicles and boats. Most of
these svstems are less than 1 kW,

The qovernment uses about 4% of installed PV capacity. The primary use of

these systems is to power remote communications systems. Most are purchased by
the military.

3.7 PV WARRANTIES

PY manufacturers provide at least a l-year warranty that the module will be
free from defects. Some manufacturers also guarantee that the company will
replace or repair the module if the power loss which occurs is greater than 10%
of the specified module output. In those cases, the loss of power must be
attributed to defects in materials or workmanship. The power guarantee usually
extends for 1 to 5 vears from the shipment date; however, 1 PY manufacturer has
extended this provision to 10 vears on a few of its modules.

Recently, a PV system developer has specified in a request for proposals
that qualifving PY manufacturers provide a 10-year service agreement, a 10-year
warranty, and a guarantee that the PV, 190 kWp system will provide 350,000
kWh/year (PV News 1985). If the PY system fails to meet the guaranteed
enerqy level, the PV manufacturer will be responsible for paying for the
electricity purchased to make up the deficit. This type of customer-specified
warranty is occurring more frequently in the PV industry.






4.0 SALES FACTORS

The decision to install a wind or PV system requires the consumer to make
two decisions: to choose an alternative energy source over conventional
sources and to choose between the alternative emnerqy technologies. Many
factors affect the selection of an energy form; however, the consumer typically
has some energy need to meet within a certain budget. The consumer typically
will investigate the possible enerqy alternatives by looking for character-
istics (includina cost) that best meet that need.

This chapter identifies the sales factors that were of primary importance
to WECS and PV owners when they selected their particular systems., This infor-
mation was obtained by interviewing 5 PV and 5 WECS owners. Each was asked to
describe his/her svstem, its performance, the primary sales factors consi-
dered, and nlans for expanding the system.

Becanse wind farms account for over 95% of the installed WECS capacity in
the U.S., all contacts made for information on sales factors were with wind
farm developers., Wind farms investigated included:

Liberty Park
FloWind Partners

Victory Gardens
Buckeye Wind Farms and California Wind Energy Systems

ATtamont Wind Farm Developer.

Svstem size, configuration and end use vary more widely with PV installa-
tions than with WECS, Therefore, the PV systems examined were chosen to
reflect this variety. PV svstems investigated were:

¢ Photocomm, McDonald's Restaurant

o Fresno, California, water oumping system
e Sacramento Municipal Utility District
Georgetown University

Bleicken home.
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Although the systems selected are not a statistically significant sampling
of installed WECS and PV capacity, an attempt was made to contact owners of
systems that represented the distribution of PV and WECS installed in the U.S,

4.1 WECS SALES FACTORS

The sates factors considered by consumers in choosing a WECS for the five
wind farms investigated are discussed below for each farm.

4.1.1 Libherty Wind Park

Liberty Wind Park, built in June 1982, is a 4-MW wind farm located in
Tehachapi, California, The system consists of eighty 50-kW machines, and the
electricity produced is fed into the Southern California Edison grid.

Wind turbines were selected by this developer based on the costs of WECS
compared with other alternative energy systems. The land required to produce
a given level of power is significantly less for WECS than it is for other
alternative energy forms because the land surrounding a wind turbine can be
used for farming or for grazing. With the relatively high land costs in South-
ern California, wind turbines became the most economically attractive choice.

This system has not performed to the developer's expectations over the past
few yvears. Soon after the turbines were installed, the wind turbine manufac-
turer left the industry. When the wind turbines at the Liberty Park site began
to fail, the developer was forced to repair the machines himself. At one
point, all of the wind turbines were inoperable because of mechanical failure.
Since then, the developer has rebuilt the machines, and to date about 1 MW is
back on line. The remaining 3 MW will alsp be re-installed as soon as the
units have heen rebuilt,

4.1.2 FloWind Partners

FloWind Partners has developed 4 wind farms in the Tehachapi and Altamont,
California areas. The farms have an installed capacity of more than 15 MW,
The wind turbines installed were manufactured by the park deve?oper and are
vertical axis machines on 17 meter towers. The electricity produced is sold to
Pacific Gas and Electric.
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The parent company of FloWind has extensive experience in aerodynamics and,
hased on this experience, decided to enter the wind industry as a manufacturer
and as a wind farm developer. After making the decision, thev investigated
other alternative energy forms and felt that WECS were the most economically
viable option, The wind farm also provides an opportunity for the company to
study the performance of their wind turbines in a commercial operation.

The systems installed at these wind parks have operated to the manufac-
turer’s expectations after a few problems during the start-up phase. Mainte-
nance on the systems consists of greasing the bearings, changing the o0il and

checking guy wire tension. However, the systems have been operating unattended
for some time.

4.1.3 Victory Gardens

The Victory Gardens wind park consists of 4 installations from 1 Danish and
2 U.S. turhine manufacturers. The turbines came on line during 1981-1984 with
a total installed capacity of 40 M4, Again, the primarv reason for selecting
wind turbines was their economic attractiveness when compared with other alter-
native energy forms. The develooer had considered installing other renewable
systems; however, WECS allowed the developer to install a greater number of kW
for a given area of land.

The wind turbines have performed to the developers' expectations, and all
machines have required minimal maintenance (i.e., greasing bearings and
inspecting the units). The Danish machines have reguired less maintenance than
the 1.5.-built units. The developer plans to continue to develop additional
wind farms and to investigate the possibility of installing other alternative
energy forms.

4.1.4 Buckeye Wind Farms and California Wind Energy Systems

Several large wind farms have been developed in the Altamont and Boulevard,
California area, including the Buckeye and California Wind Energy Systems
(CWES) installations. These wind farms had a total installed capacity of 40 MW
at the end of 1984; the electricity produced is sold to San Diego Gas and
Electric {from the Boulevard site) and to Pacific Gas and Electric utilities
(from the Altamont sites).



Both hydroelectric and cogeneration systems were evaluated by the developer
before wind turbines were selected for the Buckeye wind farm. The principal
reason for selecting these turbines was the relative ease of establishing a
wind farm compared with other technology options. Wind farm developers
receive support from the Public Utilities Commission {PUC) and financial incen-
tives from the Federal and California state tax credit and PURPA. Reduced
licensing requirements of wind farms over fossil-fueled or nuclear plants, and
the enhanced financial atmosphere made WECS the preferred technology.

A variety of machines are installed at these wind farms and most are still
on-1ine; however the machines have not performed to the developer's expecta-
tions. Danish-made wind machines are installed at two of the CWES sites, and
these units are performing quite well. A1l maintenance is performed by the
wind turbine manufacturers.

4.1.5 Altamont Wind Farm Develapers

This developer has established two wind farms in Altamont, California, with
an installed capacity of 17.9 M4, These farms are composed of various imported
wind turbines, and the electricity produced is sold to Pacific Gas and Electric.

This developer has been involved in several cogeneration systems, such as
ethanol plants, and the decision was made to construct a wind farm based on the
profit potential of these farms., Other alternative energy forms, such as PVs
and solar thermal had been considered but were not viewed as being as econom-
jcally attractive as wind turbines.

The wind turbines installed did not operate to the developer's expecta-
tions and major revisions to the machines were required. However, reoair work
was covered under the manufacturer's warranty, and once the turbine blades were
replaced, machine performance improved significantly,

4.2 PV SALES FACTORS

The sales factors considered by consumers in choosing PVs are discussed
below for each system examined.
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4,?2.1 Sacramento Municipal Utility District

The Sacramento Municipal Utilitv District {SMUD) installed a 1 MW PV system
in 1984, This system consists of various PV modules manufactured by several
U.S. PV manufacturers, a single axis tracking system, and synchronous inver-
ters. A small computer system has also been installed to monitor the perfor-
mance of the svstem and to control array tracking.

The demand for electricity in the Sacramento area has been increasing in
recent vears, and it became apparent that additional generating capacity would
be needed in the near future. The peak demand for the utility's electricity
comes from the tremendous air conditioning Toads that occur mid afternoon to
early evening. A PV system was selected after considering both conventional
and other alternative energv options, primarily because it had fewer licensing
requirements than fossil-fueled or nuclear plants, it synchronize well with
SMUD's peak Toad reguirements, and it should run unattended after the
start-up ohase.

Currently, SMUD is installing a second MW of PV arrays that are expected to
come on-line by the end of 1985, However, SMUD is not expected to expand its
PY system bevond 2 MW,

4.7.72 McDonald's Restaurant

A 10-kW, arid-connected PY system was installed on a McDonald's franchise
in Alhambra, California, in 1984. This system was purchased hy a group of
orivate investors who received the enerqgy tax credits for the system. The
system was installed on the roof of the McDonald's franchise, and the power was
sold to the restaurant at a rate that is 20% less than that currently being
charged by the utility. The system provides electricity for the restaurant,
and the excess is sold back to the utility.

The franchise installed a PV system on their roof because they were inter-
ested in finding an inexpensive and reliable energy source. This particular
system was well suited to their needs because it was third-party financed, and
the franchise was able to purchase the electricity at a discount. The system
has operated well since its installation in 1984 and has required little
maintenance.
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4.2.3 PV Water Pumping

A private landowner installed a 384-W water-pumping system on his farm
outside Fresno, California, in 1982. This system is powered by 12 PV modules
and has a OC oump to draw well water for irrigating 4 acres of farm Jand. No
inverter is used on this system because it is not connected to the utility grid.

The owner chose a PV system primarily because the system's cost was signi-
ficantly less than other alternative. With the increased utility rates and the
availability of tax credits, the owner estimates that the system will pay for
jtself in 3 to 4 vears (when considering the costs of connecting to the utility
grid). Other alternative energy sources were also considered, including wind
(poor resource at his site) and solar thermal (deemed not reliable).

The system has ooerated well since it was first installed in 1982 and has
required very little maintenance. The owner has been very pleased with this
system and is planning to install PV modules on his home in the near future.

4.72.4 Georgetown University

Georgetown University has installed a 300-kW PV system on the roof of their
University Center. This system is grid-connected and provides electricity for
the faculty lounge and a few classrooms., Excess electricity is sold back to
the utility.

The University chose PVs primarily because it is striving towards energy
independence. Since the early 1970s, the University has been reducing its
dependence on 0il by installing a fluidized bed coal system and by investiga-
ting the possibility of integrating an alternative energy option into its power
plant,

The PY system has performed quite well and has regquired a minimum amount of
maintenance. A l-year warranty was negotiated into the original contract with
the systems integrator, so any oroblems arising will be resolved quickly.

4.2.5 Kurt Bleicken

In 1977 Kurt Bleicken purchased a PY system to provide electricity for his
home and business. The 80-W system consists of sixteen 50-W modules, an inver-
ter, and eight 6-volt storage batteries. Power produced by the system s used
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to operate lights, appliances, and a computer. Excess electricity produced
during the day is stored in a battery bank for use during non-daylight hours or
on overcast davs.

The home and business are Tocated on 21 acras of land three-fourths of a
mile from the closest power line. At the time Bleicken was considering
purchasing the acreage, similar Tand with grid power was selling for about 3
times the cost of off-grid land. Also, the cost of connecting to the nearest
power line was $12,000 to $15,000. The decision was made to purchase the land
and to investigate the use of alternative energy source.

Several options were considerad before a PY svstem was selected; wind
turbines were viewed as a possibility, but Tncal wind resource was marginal
and, at the time, the reliability of wind machines was noor. A PY system was
finally selected because of its high reliability and low maintenance. To
date, no major problems have been encountered and no significant changes in
1ifestyle have been required.
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5.0 CONCLUSIONS
This chapter summarizes the data nresented on installed WECS and PV genera-

ting capacity. The potential imptications of the study's results for the

development of solar thermal electric systems are also discussed,

5.1 CONCLUSIONS ON WINO AND PHNTOVOLTAIC SYSTEMS

During the early 1980s, both WECS and PYs have experienced a strong growth
in installed capacity. By the end of 1984, wind systems had an installed capa-
city of over A50 MW, while PV systems had an installed capacity of about 24
MW. This level of installed capacity is composed of thousands of wind turbines
and PV modules.

The industrial sector {wind farms) has been the dominant market for WECS,
accounting for 93% of installed wind capacity. For PY systems, the market has
been much more diverse, with 67% of total instailed capacity installed in indus-
trial applications, 21% in commercial applications, 8% in residential applica-
tions, and 4% in government apolications.

Third-party financing is used for all of the industrial sector wind invest-
ments, accounting for 93% of the installed wind capacity. PV systems show more
variety in financing, with third-party financing being used for 63% of the
installed capacity, private financing used for 25% of the installed capacity,
and government-related financing used for 12% of the installed capacity.

Although only a few system owners were contacted as part of this study, the
contacts did indicate the important sales factors for wind and PV systems. The
results of these contacts indicate that wind farm develpers are driven primar-
ily bv the desire for an economically attractive investment and are concerned
with system reliability and inftial capital cost. California offers a very
attractive environment for wind system installations because of the generous
state tax credits, a helpful Public Utility Commission, and an adequate wind
resource. One of the onlv drawbacks mentioned with locating energy parks in
California is the high cost of land; however, this has not proven to be a major
problem for wind farms because of their relatively small land requirements.
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Wind farms are also attractive to wind turbine manufacturers. The installa-
tions are both excellent business opportunities and provide testing grounds for
learning more about the operation and reljahility of the manufacturers®
machines, This information has been paramount in helping U.S. manufacturers
build units that require less routine maintenance and have fewer breakdowns.

Owners of PV svstems indicated a greater variety of reasons than WECS
owners for selecting their particular systems. Most owners noted that PVs were
considered to be the most economically attractive choice given their particular
needs and available alternatives. A PV system is frequently chosen for use in
nongrid-connected applications, when the owner's alternative is to pay the
costs of connecting to the utility grid. However, PV¥s can also be attractive
when considering the costs of licensing fossil fuel or nuclear systems.

A second factor frequently mentioned was the reliability of PV systems and
their Tow maintenance requirements. In general, PY systems operate well
unattended, an attractive feature for both grid and nongrid-connected applica-
tions. Owners tvpically do not want an energy system that requires constant
attention and a high degree of mechanical capability. They prefer systems that
operate independently, that save money, and that provide the same quality of
life as grid power.

Modularitv {the capability to increase capacity in small increments) was
not explicitly mentioned as a sales factor for either wind or PV systems,
although it appears clear that it may be implicitly important to the success
of both technologies. The modular nature of wind turbines makes it feasible to
begin wind farm development with several megawatts and easily expand capacity
over time. This feature allows someone to begin a large project without having
the total project financing committed. For PY svstems, the important aspect of
modularity seems to be more the capability to construct very small systems
rather than expanding existing systems. As shown by the data on PV system aver-
age size, a large part of the PV market to date clearly has been in specialized
applications that have required small system sizes,
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5.2 IMPLICATIONS FOR SOLAR THERMAL TECHNQLOGY

While this study did not explicitly address development issues for solar
thermal technologyv, several potential implications can be identified based on
the experience of wind and PV systems. These implications should be regarded
as tentative until a more detailed analysis can be conducted of the issues
specifically from a solar thermal perspective.

For solar thermal electric systems that are grid-connected (with power sold
to or used by the utilitv}, a prerequisite is that the economic returns for
those systems he equal to those for other technoloqies. Also, reliability of
the svstems and the amount of operating experience with the systems most Tlikely
will he key concerns for owners. Thousands of PV systems and individual wind
turhines have been instalied and can be used to judge and improve system relia-
bility. Until reliabijlity and operating requirements for solar thermal systems
can be judged by investors with the same confidence as for other energy sys-
tems, most likely a risk premjum will exist for investments in solar thermal
systems.

Based on the experiences of wind and PV systems, early solar thermal plants
would Tikely be third-party owned and financed. Two commercial solar thermal
electric svstems constructed to date have verified that assumotion: the SEGS
nlant, constructed by Luz, and SolarPlant 1, constructed by LaJet. As long as
third-party investors receive economic incentives that utilities do not, such
as tax credits and accelerated depreciation, utilities will have an economic
incentive to contract for power from solar thermal plants. Utility ownership
of solar thermal plants will probably become more imoortant only as institution-
al changes eliminate incentives designed to stimulate commercialization of
renewable energy systems. Even with the complete phase out of energy tax
credits, some incentive will exist for third-party ownership because of the
more ranid plant depreciation compared to utilitv ownership.

The modularity that exists for some solar thermal concents {such as para-
bolic dishes with distributed engines) would aopear to be of some economic bene-

fit in constructing systems, [t is unclear bow modular (the minimum capacity

that can economically he added to a plant) the plants should be to capture this
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benefit. The trend in wind farm development has been toward Yarger systems on
the order of tens of MW. The expansion of wind farms seems to be by construc-
tion of new farms rather than by gradually adding turbines to existing farms,
The limited partnerships financina arrangements used by wind farms would also

be applicable for solar thermal and seem to be a reasonable financing option
for solar thermal plants ranging from 10 to 25 MW.

Reliable oneration with low operation and maintenance costs is a desirable
factor for solar thermal plants (or for any plants) that are grid-connected and
may be a critical factor for plants that are not grid-connected. Unattended
operation and low maintenance were mentioned as imoortant characteristics by
all the PV and WECS system owners contacted.

Warranties for equioment performance, including provisions to provide
owners wWith reimbursement for revenue lost because of equipment downtime, could
be an important aspect of solar thermal development. Warranties of different
complexity seem to increasingly used for wind and PV systems. For both wind
and PV systems, a single company can sell and install the complete system,

This situation enhances the capability of the supplier to orovide a complete
system warranty. This may be possihle for some solar thermal technologies but
would appear to he difficult for central receiver plants, where several differ-
ent companies (concentrator supplier, receiver suppliers, architects and
engineers, etc.) would be involved in plant procurement and construction.

While sizes of wind svstems have been increasing over tiime, most of the
sytems being built in 1984 ranged from 10 to 25 MW. This may be indicative of
the current ability to raise capital for alternative energy investments,
although there is not sufficient data to rule on this definitively. It is
c¢lear that for some reason, wind systems are not being built exclusively at the
upper range of the system size allowed under PURPA (80 MW).
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