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International Energy Agency

The International Energy Agency (IEA) was estab-
lished in November 1974 as an autonomous agency
within the Organization for Economic Co-operation
and Development (OECD). The IEA carries out a
comprehensive program of energy cooperation
among its 23 member countries, and with a growing
number of associated countries. Energy research,
development and demonstration is an important
element of that program and collaborative R&D
agreements have been sponsored in four areas:
renewable energy, end-use, fossil fuels, and thermo-
nuclear fusion.

Photovoltaic Power System Program

The IEA Photovoltaic Power System (PVPS)
Program emerged from international meetings
which aimed to clarify the opportunities for electric
puwer production from photovoltaic (PV) systems
and to establish a better planning basis for electric
utilities, the PV industry and IEA Member govern-
ments. This program consists of research, develop-
ment, demonstration, analysis and information
exchange related to PV power systems for applica-
tion by electric utilities and their customers.

This program builds on the application diffusion
model endorsed at an IEA Executive Conference
held in Taormina, Italy in 1990. This model
described a new five niche market parallel-path
strategy and described the way various factors will
affect the rate at which these niche markets grow
into significant energy markets. The niche markets
are: off-grid service applications, local grid for
remote villages and islands, grid-connected PV sys-
tems in buildings, distributed grid support, and
peaking and bulk power. This model also incorpo-
rates the following important attributes: market-
driven technology development, steady market
growth, growth of the PV industry infrastructure,
and a broad and successful utility experience base
with PV systems and strong corporate acceptance.

At present, the PVPS Program consists of the follow-

ing six collaborative projects, called Tasks. These
Tasks are:

Task 1: Exchange and Dissemination of
Information on Photovoltaic Power Systems

Task 2: Operational Performance and Design of
Photovoltaic Power Systems and Subsystems
Task 3: Use of Photovoltaic Systems in Stand-
Alone and Island Applications

Task 4: Modeling of Distributed Photovoltaic
Power Generation in Support of the Electric Grid
Task 5: Grid Interconnection of Building
Integrated and Other Dispersed Photovoltaic Power
Systems

Task 6: Design and Operation of Modular
Photovoltaic Plants for Large-Scale Power
Generation

All of these tasks, with the exception of Task 4, are
active at this time. This series of Survey Reports on
Photovoltaic Power Systems in Selected [EA
Member Countries is an activity of Task 1.

The objective of Task I is to facilitate the exchange
and dissemination of information on the technical,
economic and environmental aspects of PV power
systems for utility applications in participating
countries.

In this Task, analysts in the sixteen participating
countries, plus the European Union collect informa-
tion on technical, economic and environmental
characteristics of photovoltaic power systems in
their respective countries by means of published
and unpublished materials and personal interviews.
This information is then disseminated in several
ways. Some is used as input material for the PVPS
Program Newsletter, some is compiled by the Task
participants into national reports, and some is
exchanged at Task meetings in order to develop
joint summary assessments of the impact of PVPS
systems impacts and the factors affecting their use
in various energy markets.

A major activity of Task 1 is to conduct a periodic
survey of the status of photovoltaics power system
applications in the electric utility sector of those
countries participating in the PVPS Program. The
data gathered in these surveys will be analyzed and
published periodically. This document is the first in
a series of survey reports.



TABLE oF CONTENTS

Page
6 Executive Summary

Chapter 1
Introduction
11 Objectives
11 Background
11 Scope of Survey
12 Survey Series Audience
12 Market Strategies

Chapter 2

PV Power Market and Business as of 1993
14 Overall Photovoltaic Power System Market
16 Photovoltaics Market Sectors
21 Major Findings

Chapter 3
Commercial and Prototype Photovoltaic
Power Systems and Products

23 Module Industry

33 Balance of System Components

38 Photovoltaic Power System Products as of 1993
41 Major Findings

Chapter 4
" Demonstration and Field Tests
44 Objectives

45 Lessons Learned and Problems Encountered
46 Primary Funding Source
46 Demonstrations and Field Tests

50 Major Findings

Chapter 5
Non-technical Factors
51 International Policies
51 National and Local Policies
52 Subsidies and Rates
5b Standards
b Non-technical Factors Limiting PV Applications
o7 Environmental Aspects
57 Utility and Public Perceptions of Photovoltaic Power Systems
b8 Major Findings

60 Appendix A: Acknowledgements

61 Appendix B: Process and Guidelines for First Survey

65 Appendix C: Terminology, Definitions and Abbreviations
66 Appendix D: National Input Reports

67 Appendix E: Task 1 Participants



List oF TABLES

Page
14

16
18
20

28
31
31
33
34
36

36
46
47
49
49
52
53
o4

b6

Table 1

Table 2
Table 3
Table 4
Table b

Table 6
Table 7

- Table 8

Table 9

Table 10
Table 11
Table 12

Table 13
Table 14
Table 15
Table 16
Table 17
Table 18
Table 19
Table 20

Table 21

4 @ List of Tables

Title

Photovoltaic Power Capacity Installed in The Reporting Countries, by the end of
1992 and by the end of 1993

Photovoltaic Power Systems Installed during 1993

Installed PV Power Systems Capacity by Market Sector, by end of 1993

1993 Distribution of Reported Installed PV Power Systems

Manufacturers of Silicon Modules Whose 1993 Production Was Equal to or Greater
than 1 MW,

1993 Module Manufacturers

1993 Medule Price

1993 Module Imports and Exports

19938 Module Balance in Reporting Countries

Typical Crystalline Silicon PV Module Technical Characteristics

Typical Amorphous Silicon PV Module Technical Characteristics

Number of Inverter, Battery and Charge Control Manufacturers and Price for
Specific Purchases in 1993

Companies Marketing PV Systems

Primary Funding Source for Major Demonstation Programs, to the end of 1993
Major Demonstrations and Field Tests 1993

Demonstration and Field Tests Financial Data, by the End of 1993

Component and System Price Analysis for Selected Survey Countries, 1993 data
Energy Plans and PV Power Production Targets in Reporting Countries
Subsidies and Buy-back Rates

Required Growth in Medule Shipments and PV Power System Installations in
Specific Countries

Country-Specific Information on Standards




LisT oF FIGURES

Page Title

15 Figure 1 Reported Installed PV Power Capacity by the end 1992 and 1993

16 Figure 2 Reported Installed PV Power Capacity, Aggregated into Three Regions, by the end
1992 and 1993

17 Figure 3 Reported Installed PV Power Capacity during 1993, MW,

17 ffigure 4 Total Installed PV Power Capacity, MW,

19 Figure 5 Percent Installed Power Capacity in the Four Market Sectors by the End of 1993

19 Figure 6 Installed Power Capacity in the Four Market Sectors by the End of 1993

19 Figure 7 Percent Installed Power Capacity in the Four Market Sectors by the End of 1993

21 Figure 8 Percent of Total PV Power Capacity Grid-Connected and Off-Grid

26 Figure 9 Module Manufacturers, 1993

25 Figure 10 Module Manufacturers, 1993

26 Figure [1 1993 Module Shipments, MW,

26 Figure 12 1993 Module Shipments, MW,

27 Figure 13 1993 Module Production Capacity, MW /yr

27 Figure 14 1993 Module Production Capacity, MW fyr

28 Figure 15 1993 Module Shipments, M$

28 Figure 16 1993 Module Shipments, M$

29 Figure 17 Ratio of Shipments to Production Capacity, 1993

29 Figure 18 Ratio of Shipments to Production Capacity, 1993

30 Figure 19 1993 Module Price, $/W,

30 Figure 20 Lowest 1993 Module Price vs. Country Production Capacity

32 Figure 21 Modules Imported and Exported, 1993

32 Figure 22 Modules Imported and Exported, 1993

34 - Figure 23 ¢Si Module Peak Output Performance

34 Figure 24 aSi Module Peak Output Performance

37 Figure 25 Inverter, Battery and Charge Controller Manufacturers, 1993

37 Figure 26 Inverter, Battery and Charge Controller Manufacturers, 1993

38 Figure 27 Off-Grid, Grid-Connected and Specialized PV System Suppliers

38 Figure 28 Off-Grid, Grid-Connected and Specialized PV System Suppliers

39 Figure 29 1998 Prices for Inverters with Various Technologies, $/VA

39 Figure 30 1993 Prices for Batteries with Various Technologies, $kWh

39 Figure 31 1993 Prices for Battery Charge Controllers with Various Technologies, $/W,

40 Figure 32 Turn-key System Price Range, $/W,

48 Figure 33 Installed PV Demonstration Power Capaeity, MW,, at End of 1993

48 Figure 34 Installed PV Demonstration Power Capacity, MW, at End of 1993

List of Figures @ 5




EXECUTIVE SUMMARY

Objectives and Scope

The objective of this IEA Survey Series is to present
and interpret year-to-year trends in both the PV sys-
tems and components being used in the utility see-
tor, as well as the changing applications within that
sector, in the confext of the business situations, poli-
cies and relevant non-technical factors in the report-
ing countries. This survey series is infended to meet
the needs of those responsible for (1) developing
business strategies for photovoltaic companies, (2)
developing long-range plans and/or business plans
for electric utilities or other providers of energy ser-
vices, and (3) government officials responsible for
setting energy policy and preparing national energy
plans.

The objective of this first report of the series is to
present an accurate, comprehensive and useful
deseription of the PV products and applications in
the utility sector of the reporting countries as of the
end of 1993. 1t deals only with 15 JEA member coun-
tries, plus Korea and the European Union. [n 1993,
these sixteen countries preduced almost all of the
world’s PV power medules (as measured in MW,)
and host the majority of the grid-connected systems.
The survey, however, shows only a partial picture of
the off-grid applications.

The first survey report covers:

B market and business as of 1993

B commercial and prototype photoveltaic power
system products

M demonstration and field test systems

B non-technical factors

Market and Business Situation

The total photoveltaic power system power capacity
installed by the end of 1992 in the 16 reporting coun-
tries was slightly under 44 MW,. By the end of 1993,
the installed power capacity grew by about 33% to

! Throughout this report, the words “Eurepe”, “Pacific Ritn® and “North America” refer to those reporting countries in each region. Note that “Europe”

slightly over 58 MW, The installed capacity in 1992
and 1993 for the reporting countries in “Europe”,
“Pacific Rim” and “North America™ is illustrated in
the figures on the next page.

This growth is dominated by Japan, Italy and
Germany, and to a lesser extent, by the United
States, and is primarily in the grid-connected appli-
cations. The growth in Europe was primarily due to
the Ttalian utility scale demonstration program and
the German 1000-Roofs program. In 1993, Germany,
Canada, Italy and Japan experienced a growth in
installed PV power greater than the survey average
of 33 percent.

The countries with the most installed PV power,
Germany, Italy, Japan and the United States, also

" have the largest PV module manufacturing capaci-

ties, due to supportive government policies and pro-
grams, and familiarity with grid-connected installa-
tions. However, the United Kingdom, which has one
of the largest manufacturing companies, is one of
the smallest markets.

The total photoveltaic power capacity installed in
the 16 reporting countries during 1993 was 14.6
MW,,, about 26% of the modules shipped in that year,
and the installed capacity was 58.3 MW,. However,
over 400 MW, of modules have been produced during
the last decade, most of it in the reporting countries,
raising the question where did the rest of the mod-
ules go? The majority of modules produced in the 16
reporting countries were used in non-power applica-
tions, non-utility small power applications which are
difficult to account for, or were exported to unsur-
veyed countries.

Prices of PV systems depend on the system, the cus-
tomer, the location, the total quantity sold at one
time, technical specifications, etc. and therefore
they vary widely. For the reporting countries, the
average turn-key price of installed PV systems varied
greatly, from 6.65 $/W,, to 37.00 §/W,2 Caution must

lacks important data from Spain which is not a reporting country, that the “Pacific Rim” only includes Japan and Korea, and that data from Mexico

is not included in “North America®.
2 The symbol “$” denotes United States dollars.
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be used when comparing or averaging PV component
or system price data presented in this report. The
reasons for the large variation in installed system
costs include, the variations in the size of the
installed systems, the type of system (grid-connected
or off-grid), the availability of subsidies, and the lack
of commen definitions and standardization in report-
ing system cost data.

In this survey, the utilify market has been divided
into four market sectors:

B off-grid service applications

B off-grid residential systems

M small distributed grid-connected systems
B medium and large grid-connected systems

If each of these four market sectors is examined sep-
arately, Italy reported the largest amount of installed
photovoltaic power capacity in the off-grid service

S ! [ ]1902 El1993]—

"Pacific R "North America”

"Europe"

applications market sector, followed by Korea and
the Netherlands. laly, Switzerland and France
reported the most PV power capacity installed in off-
grid systems. Germany, Japan and Switzerland
reported the most installed PV power capacity in the
small distributed grid-connected markes, while
Germany, [faly and Switzerland reported the greatest
installed PV power capacity in the medium and large
grid-connected market sector.

Between 90 and 100% of the photovoitaic power sys-
tem installations in Denmark, Finland, France,
Korea, the Netherlands, Portugal, Sweden, Turkey
and the United Kingdom are off-grid. This is to be
expected as the current price of PV is still relatively
high for grid-connected applications. Only five coun-
tries have more than 15% of their photovoltaic power
systems grid-connected. The United States, Austria,
Germany and Switzerland have more than 50% of
their PV power capacify grid-connected, most of

Executive Summary @ 7




which is subsidized. In fhe European Union eoun-
tries, there were very few grid-

connected systems before the early 1990s. The diifi-
culty in reporting data for off-grid PV systems is, in
fact, a positive indication of an aciive commereial
market.

In many ways, off-grid vs. grid-connected markets
can be seen as representing two different perspec-
tives on market forces. The off-grid approach, which
is a response to market forces, usually provides cost-
competitive power for remote sites that are not easi-
ly accessible to the grid. The grid-connected
approach, which anticipates future market forces,
and which only a few of the reporting countries
presently favor, represents a longer-term strategy to
support the development of photoveltaic power sys-
tems as part of the ntility company or an energy ser-
vice company’s distributed or eentral generation
business.

PV Modules

There are 37 module manufacturers in 12 of the 16
reporting countries, who shipped a total of 52.2 MW,
in 1993. This was almost all of the world’s total mod-
ule shipments for non-consumer product power
applications. These 37 companies have a combined
production capacity estimated to be almost 92 MW,
All 12 countries that have module manufacturers
produced crystalline silicon modules. France,
Germany, Japan, the United Kingdom and the United
States also have module manufacturers who shipped
amorphous silicon medules for non-consumer prod-
uct power applications. Eight of the 37 companies
produced amorphous silicon modules, while 29 pro-
duced mono- or mulii-crystalline silicon medules.

Module manufacturers in the “Pacific Rim” and
“North America” operate their facilities two shifts
per day, while those in “Europe” average one shift
per day or less.

Twelve companies each produced at least 1 MW, of
modules in 1993. Together these 12 companies have
a production volume of about 39 MW /yr, which is
about 75% of the total production volume of the 16
reporting countries. The majority of these compa-
nies are integrated module manufacturers producing
erystalline silicon modules.

Crystalline silicon module manufacturers with pro-
duction capacity greater than 1 MW, tend fo produce
and/or process both cells and modules and are there-
fore designated as “integrated” manufacturers. The
largest integrated manufacturer of erystalline silicon
modules shipped 12.5 MW, in 1993. The largest
assembler of crystalline Sl]lCOl'l modules shipped 1
MW, in 1993. Because of the way amorphous silicon

8 B Executive Summary

modules are produced, all manufacturers of such
modules are integrated, with the largest manufactur-
er shipping 3 MW, in 1993.

Module prices represent a significant portion of pho-
tovoltaic power system prices, and as such, are of
great interest to utilities and energy service compa-
nies. While it is possible to gather module price data
from the reporting countries, it is very difficulf to
compare them or to draw conclusions about them.
Because the PV industry is still quite new, there sim-
ply is no such thing as standard module prices. Just
as for PV systems, module prices depend on the size
of the order, the customer’s specifications, the appli-
cation (off-grid or grid-connected) and whether the
price is based on a turn-key project or on the sub-
system and component prices quoted by the primary
or end distributor.

In this first survey, the lowest module price reported
for a large order was 4.10 §/W, and the highest was
8.00 $/W,. The lowest price, £10 $/W,, was for a very -
large order from the national utility company for a
3.3 MW, major system in Italy. On the other hand,
the hlghest price reported for a large order, 8.00 $/W
in Japan, is the price paid by government- SubSIdIZE.d
PV power projects and is intended to reflect actual
manufacturing costs.

¢

It seems that as a country’s module production
capacity rises, the price of modules produced by its
manufacturers decreases, following the classical
“learning curve”. Module prices decrease to 4.10
$W, at about 10 MW, per year production volume.
The only data points for larger production.volumes
are for Japan at.about 20 MW, per year and the
United States at about 33 MWP per year. However,
for both of these countries, their lowest module price
is eonsiderably above the projection of this trend.

Crystalline silicon modules range in output from 1.5
W), to 300 W, and in physical size from 0.02 m? to 3.0
mZ Amorphous silicon modules are typically smaller,
with the largest output being 60 Wy, Crystalline sili-
con modules produce 2-3 times more power per unit
area than do amorphous silicon modules. The oper-
ating voltage of the modules being produced today
generally range from 10-34 volts, sufficient to charge
batteries. Higher voltages are now also available.

The most commonly used modules for photovoltaic
power system applications are mono-crystalline and
multi-crystalline silicon modules. The most common
power modules range in size from 0.36-0.87 m2 and
are rated at 37-110 W, Three manufacturers out of a
total of 27 make larger modules for utility applica-
tions. With few exceptions, standardized utility
specifications for modules do not yet exist.



Balance of Sysiem GCompenents

A specialized industry exists today that manufac-
tures PV system components including off-grid and
grid-connected de-to-ac inverters and battery charge
controllers. Most batteries used are not designed
primarily for PV applications. Most module array
support structures are custom designed by the sys-
tem installer.

All countries with substantial in-country installa-
tions have system suppliers and PV inverter and
charge controller manufacturers. The inverse is also
found; several countries with relatively small in-
country markets, such as France and Finland, also
have a BOS industry.

The inverters manufactured in the responding coun-
tries are designed to be connected to the grid or to
be operated as part of an off-grid system with batter-
ies. The most common batteries used in photovolta-
ic power systems are 2, 6, 12 and 24 volts, lead-acid
type and most are deep discharge varieties. Many
battery charge confrollers incorporate other features
to increase battery protection and enhance the PV
system operation. These include maximum-power
tracking, temperature compensation, etc.

PV Power Systems

The photovoltaic power systems available today
come in a wide variety of system configurations, most
of which are custom designed. The noteworthy
exception is Italy’s Photovoltaic Low-cost Utility
Generator (PLUG) which incorporates factory pre-
assembly of components and subsystems, and simple
support structures. Utility defined specifications
have been developed for specific projects, but have
not been standardized for various photovoltaic power
system applications. However, both off-grid and grid-
connected systems must conform to a large set of
system and plant specifications, regulations and
standards, such as safety.

Data provided by Germany illustrates the dependen-
cy of system price on system type and size. The low-
- est system price of 8.13 $/W,, was for a standard high
power grid-connected photovoltaic power system
while the higher system price of 48.90 $/W, was for
an off-grid photovoltaic power system with an auxil-
iary generator. Low power grid-connected photo-
voltaic power system prices are 9.80-12.50 §/W, and
standardized off-grid photovoltaic power systems are
12.20-13.10 §/W,,

Demonstrations and Field Tests

There is a greaf variefy in the number and type of
objectives for the demonstration and field test pro-

grams in the reporting countries. Eighty-two per-
cent of the citations pertain primarily to field test
and demonstration programs while 18% pertain to
commercial systems, with and without subsidies.

Government sponsored demonstration and field test
programs predominated with a few notable excep-
tions: utilities take the funding lead in the United
States and Austria and o a lesser degree in Germany
and Sweden. -Private sector funding is relatively
important in Finland and to a lesser degree in the
Netherlands and Canada.

The capacity range of demonstration and field test
systems was large, from a 50 W, rural electrification
system in Portugal to a 3.3 MW, grid-connected sys-
tem in [taly. There is a large range in the total power
of the installed demonstration and field test systems
in the reporting countries, from 3 kW, in Turkey and
16 kW, in the United Kingdom on the low end, up to
1.568 MW, in Switzerland, 3.95 MW, in Italy, 4.92
MW, in the United States and 6.4 MW, in Germany.

System suppliers seem flexible in pricing their
demonstration and field test systems from 8 o 20
$W,, with a few exceptions. Italy was able to install
for 9.40 $/W,,, a small margin (26%) over their high-
est price of 7.50 $/W, for components only, and
about 76% over their lowest component-only price of
6.60 /W, Canada and Germany were able to install
systems for between 12.00-13.00 $/W, or about 40-
50% over their lowest component-only prices.

An often quoted parameter is the ratio of installed
system cost to module cost. If this ratio is computed
based on the lower end of the module price range,
this parameter ranges from a low of 1.6 for the
United States to about 2 to 3 for Austria, Canada,
Germany, Italy, Sweden and Switzerland. The low
value for the United States is likely due to the use of
data from grid-connected systems only.

The balance of system components were the source
of most of the reported problems, suggesting that the
PV modules are performing very well.

Policy

International treaties and agreements were viewed
to have a positive, if indirect, impact on the future
use of photovoltaic power systems. Austria, Canada
and the United States also reported that certain
legally binding regional agreements, such as the
European Union policies and the North American
Free Trade Agreement (NAFTA), respectively, will
have a positive effect on photovolfaic markets. Only
Finland and Sweden reported that they had no spe-
cific local or regional plans to promote the use of
photovoltaic power systems.

Executive Summary g 9



Eight countries have specific targets for photovoltaic
power systems, ranging from 50 MW, (grid-conneci-
ed) by 2000 in Switzerland and in the United States,
25 MW, by 1995 in Italy, and 20 MW, by 2000 for
island applications in Korea. The Netherlands has a
target of 260 MW, for all renewable energy sources
by 2010. Denmark and Japan have specific goals to
make building-integrated PV competitive by 2000.
With such aggressive targets it can be expected that
the level of PV activity in these eight countries will
be relatively high in the near future.

The United States has the PV module production
capacity to meet its target, though to do so in even
increments it would have had to increase its
installed PV power capacity by almost 4 times in
1984. Haly's module manufacturing would have to
double or imports would be required to meet Haly’s
target. But Korea, Canada, the Netherlands and
Switzerland will have to rely heavily on imports or
dramatically increase their domestic production as
well as a greatly increased rate of installations to
meet their national targets for PV.

Subsidies and Rates

Significant investment subsidies are available in
most of the reporting countries for the initial capital
cost of photovoltaic power systems. Only Canada,
Sweden and Turkey do not provide subsidies for the
construction of photovoltaie power systems. Buy-
back rates (the price that utilities pay for PV-gener-
ated electricity fed into their grids) vary consider-
ably from country to country. Italy has the most posi-
tive rates, significantly exceeding parity (the rate
that utilities charge their customers) for peak power
for the first 8 years. Some local utilities in Germany
and Switzerland can also exceed parity for 10 years
while for Canada, Finland, Sweden and the United
States, the utilities must pay only their avoided
costs.

Standards

Work to develop standards for phofovoltaic compo-
nents continues. The International Electrotechnical
Commission (TC-82) has issued standards covering
various aspects of performance measurement, design
qualification and type approval for crystalline silicon
modules, Work is also underway to develop a stan-
dard for PV systems and for batteries.

10 & Executive Summary

Safety is the major concern regarding construction
and operation of photevelfaic power systems, and
where present regulations apply, they seem ade-
quate. Seven of the sixteen responding countries
indicated that there were no specific regulations or
standards for connecting photovoltaic power systems
to the grid, nor were there any regulatory problems
that required attention.

Environmental Aspects

Environmental regulations favor photovoltaic power
systems in Austria, Canada, Denmark, Haly, the
Netherlands and Portugal, but do not infuence the
market. Most of the reporting countries do not have
pollution taxes. In Finland, such taxes are being
introduced in 1994 and they should favor photovolta-
ic power systems. In Sweden, pollution taxes exist
but do not affect the use of photovoltaic power sys-
tems because the price of electricity from such sys-
tems is still oo high.

Limiting Factors

The high initial cost, limited subsidies, unsatisfacto-
ry payment for the energy sold to the grid, certain
grid-connection requirements, lack of awareness of
the capabilities of photovoltaic power systems, lack
of standard photovoltaic power systems on the mar-
ket, lack of qualified system designers and installers,
and difficulties in finding BOS components on the
market are the market limiting factors for PV power
system suppliers.

Utility and Public Perceptions of
Photoveltaic Power Systems

Austria, Canada, Finland, Ifaly, the Netherlands and
the United States report favorable utility perception
of photovoltaic power systems due, to a great extent,
to their successful involvement in the past and pre-
sent photovoltaic power system projects.

As a result of many successful demonstration pro-
grams and projects, public perceptions of photovolfa-
ic power systems are good in Austria, Finland,
Germany, Italy, Switzerland and the United States.



GHAPTER 1

Introduction

Objectives

The objective of this IEA Survey Series is to present
year to year trends in photovoltaic (PV) systems and
compenents used in the utility sector, and to inter-
pret changing applications within that sector, in the
context of the business situations, policies and rele-
vant non-technical factors in the reporting countries.
These countries are primarily IEA member countries
and Korea, which is a participating country in the
[EA Photovoltaic Power Systems Program.

The objective of this first report of the series is to
present an obiective, accurate, comprehensive and
useful description of the PV products and applica-
tions in the utility sector of the reporting countries
as of the end of 1993. Since not all of the reporting
countries include PV power in their utility sector, or
only in their utility sector, this report includes those
applications that might reasonably be expected to
fall within the utility sector.

Background

Photovoltaic produets and systems are produced in
many counfries around the world and the applica-
tions for this technology are global. A truly compre-

. hensive survey of photovoltaic power system applica-
tions would therefore require global input and analy-
sis. As this approach was not considered to be feasi-
ble, this survey deals only with 15 IEA member coun-
tries, plus Korea and the European Union. In 1893,
these sixteen countries produced almost all of the
world's PV modules (by MW, ) and hosted the majori-
ty of the grid-connected systems. The survey, howev-
er, shows only a partial picture of the off-grid appli-
cations.

The situation concerning the utility companies today
is very different from that in 1990. The number of
utility companies with photovoltaic programs has
grown dramatically. Most of the major photovoltaic
companies are now designing, installing and evaluat-
ing power systems fo meet emerging utility service
requirements. But perhaps the most profound driver
of change is the emergence of restructuring and

competition in the utility industry in the United
States and in Europe. Utility companies are frying to
understand how to best position themselves for the
future and how to retain their customer base and
attract new customers.

The IEA’s goals and focus have also changed in the
past four years. There is a greater interest in climate
change issues and the role that renewable energy
technologies could play in reducing greenhouse gas
emissions. IEA member governments are interested
in understanding the factors that control the rate at
which photovoltaic systems could be deployed for
various utility applications. In many of the IEA
member countries, utility executives and govern-
ment policy-makers, in response to growing environ-
mental concerns, are re-evaluating the contribution

"that photovoltaics can make fo their electricity ser-

vice requirements.

Scope of Survey

“Photovoltaic power systems” are defined, for this
survey, to be any system that is designed o convert
solar energy into electricity using photovoltaic cells
for all applications except consumer products, such
as watches, calculators, toys, etc. Applications rang-
ing from a few tens of watts to megawatts are includ-
ed for service applications {sueh as navigational
aids, telecommunications, cathodic protection, ete.);
off-grid applications (such as individual homes, or
islands); distributed generation for grid-support and
grid-connected buildings; and modular multi-
megawatt systems for central power plants.

This survey report is not intended to serve as an
introduction to photovoltaic power systems, nor is it
intended fo serve as a policy document. Ifis intend-
ed fo provide data, in tabular and graphical form,
and related analysis, that will allow those interested
in the use of photovoltaic power systems to draw
their own conclusions about the state of particular
applications.

This survey does not deal with photovoltaic products
from, or applications in countries other than the 16
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countries that have agreed to provide the required
input information.

This first survey report covers:

B PV power market and business as of 1993

8 commereial and protofype photovoltaie power
system products

B demonstration and field test systems

B non-technical factors

Survey Series Audience

The survey series is intended to meet the needs of
those respansible for:

B developing business strategies for photovoltaic
companies,

M developing long-tange plans and/or business
plans for electric utilities or other providers of
energy services,

B setting energy policy and preparing national ener-
gy plans,

- who therefore must know the present status of pho-
tovoltaic power systems and the major trends for
applications.

It is the intent of this survey series to be comprehen-
sive enough to provide information that the above
audience can use to make their future plans regard-
ing utility applications. This series should be a valu-
able resource for assessing future investment oppor-
tunities for utilities and market opportunities for the
PV industry, and to assist government officials fo
assess the opportunities for photovoltaic power sys-
tems to respond to national and international initia-
tives.

Furthermore, this survey series is intended to pro-
vide information and insight to assist electric utility
senior executives, photovoltaic system suppliers and
government policy-makers to assess the new busi-
ness opportunities that will be opened by photo-
voltaics and the key issues associated with these
emerging opportunities.

Market Strategies

The first international executive conference on
Photovoltaic Systems for Electric Utility Applications
was held in Taormina, Italy on 2-56 December 1990.
Participants included presidents, vice presidents and
genera! managers from eighteen of the major public
and private electric utilities from ten countries, and
of seventeen of the world's largest photovoltaic com-
panies from eight countries. Senior executives from
twenty-four government organizations, representing
the ministries of finance, industry, energy, trade, sci-
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ence and research from fifteen countries, and from
the IEA and the European Union were also present.

A major outcome of that conference was the recogni-
tion that the most promising development paths for
photovoltaics in the utility sector could be described
via a new five part, parallel strategy which identifies
the various applications most suitable for power gen-
eration (referred to as market sectors or niche mar-
kets) and describes the way various factors will
affect the rate of deployment in each sector. This
strategy was given the name “diffusion model” at the
conference.

Sinee 1990, several countries, including Austria,
Germany, the Netherlands and the United States ini-
tiated programs in the distributed generation niche
market. The national electric utility company in
Italy and many electric utility companies in the
United States initiated projects related to the grid-
support niche market. A large number of public and
private utilities in the United States initiated a col-
laborative venture to structure the initial market for
photovoltaics following the diffusion model, with the
active involvement of the United States photovoltaic
industry. And in 1993, fifteen countries plus the
Buropean Union, initiated a major collaborative pro-
gram to advance the performance of PV power sys-
tems. This survey series, a major activity of this [EA
Photovoltaic Power Systems Program, is intended to
document the continuing evolution of photovoltaics
in the utility and related energy-services area.

The diffusion model incorporates the following
important attributes: market-driven technology
development, steady market growth, growth of the
photovoltaic industry infrastructure, a base of suc-
cessful utility experiences with photovoltaic systems
and strong corporate acceptance. Furthermore, the
model postulates that as the costs for reducing the
environmental impacts of combustion-based produe-
tion or the societal costs of non-domestic production
of energy are considered in the price of electrieity,
the competitiveness of renewable technologies will
improve, and the niche markets will expand..

Initial and current niche market:
Remote customer applications

In the diffusion model, the initial and current mar-
ket is the cost-effective use of photoveltaies by utili-
ties and end users fo meet remote customer applica-
tions (10 W, to 10 kW,). Utilities already use photo-
voltaics in a variety of small applications to power
remote communications, safefy, and control devices
involved in operating their systems and in various
applications serving customer-owned loads (residen-
tial, commercial and industrial). These are early
high-value applications where photovoltaics is cost
effective today. As photovolfaic technologies contin-



ue to improve and more such applications are identi-
fied, the size of this market sector will grow. In this
survey report, this niche market is called the off-grid
service applications market sector.

Second niche market:
Local grid for remote villages
and small islands

A second market sector is for those applications that
are close to competing with other energy sources,
such as a local grid for remote villages and small
islands, with power levels ranging from 10 kW, to 1
MW,. These systers have been installed throughout
the wor}d particularly in developing countries,
where they represent the technology most appropri-
ate to meet the energy demands of rural communi-
ties. They also have significant potential in industri-
alized countries, to provide-power on islands where
the cost of energy and environmental constraints
may make them competitive. This niche market is
called the off-grid residential market sector.

Third niche market:
Grid-connected PV systems on buildings

The third market sector pertains to photovoltaic sys-
tems on the demand-side of the meter. These appii-
cations are grid-connected roof-top systems for resi-
dential and commercial buildings of 1 kWp to 50 kW,

per site. This application will be particularly attrac— )

tive if the photovoltaic system can be structurally,
architecturally and electrically integrated into the
building and its energy services.

Fourth niche markets
Strengthen utility distribution gnd

The fourth niche market uses photovoltaic systems
to strengthen the utility's distribution grid. PV sys-
terms for this market have a power output from 100
kW, to 1 MW, each, and are located at the electrical
periphery of the utility system where they can sup-
port the local energy, capacity, voltage, or reliability
needs. For example, there are situations in which
installing photovoltaic power systems near the end of
a feeder line that is experiencing heavy peak loads
may be a cost-effective alternative to upgrading the
line. The value of the photovoltaics is thereby
increased by various benefits, such as relief of ther-
mal loads, electrical loss savings, voltage support
and higher reliability, all of which add to the tradi-
tionally acknowledged capacity and energy credits.
In this survey report, the third and fourth niche mar-
kets are grouped together into the small distributed
grid-connected market sector.

Fifth niche market:
Peaking and bulk power

The peaking and bulk power market requires addi-
tional design, testing and demonstration of photo-
voltaic plant segments scalable to multi-megawatt
size. Several pioneering megawatt-scale photovolta-
ic plants are already generating reliable power for
utility grids, providing essential field construction
and operating experience, and giving a realistic pic-
ture of current fotal system costs and performance.
This sector is called the medium and large grid-con-
nected market sector in this report.
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CHAPTER 2

PV Power Market and Business as of 1993

Overall Photovoltaic Power System Market end of 1992. In absoltéte numbers, the growth in

) ) installed PV power is dominated by Japan, Italy,
Table 1 shows the data provided by the responding Germany, and the United States. In alr)elative sense
countries for the tofal power systems installed by the Turkey (+756%), Germany (+55%), Canada (+42%)
end of 1992 and 1993, and the installed power added 11,1 (49%) gnd Japan (+36%) were all above the.
in 1993 (which is the difference between these tWo g oy avarage in growth of installed power systems.
quantities). This growth is strongly supported by government
subsidies in Germany, Italy, Japan and the United
States. The growth was primarily in grid-connected
applications.

The photovoltaic power systems installed during
1993 in the reporting countries totals 14.6 MWy, a
33% increase over that which was installed by the

TABLE 1

Photovoltaic Power Capacity Installed in The Reporting Countries, hy the end of 1992 and by
the end of 1993. See Figures 1-4.

it

Reported Installed Reported Installed Reported Installed Percent

Capacity by the End Capagity by the End during 1993, MW, Increase

of 1992, MW, of 1993, MW, 1992-1993
Austria 0.54 0.66 (.12 22
Canada 0.96 1.37 (.41 42
Denmark - 0.085 0.085 -
Finland 1.0 1.1 0.1 10
France3 1.8 2.0 0.2 11
Germany 5.51 8.54 ' 3.03 55
Haly 8.5 12.1 3.6 42
Japan 11.0 15.0 40 36
Korea 1.47 1.64 0.17 12
Netherlands 1.27 1.64 0.37 29
Portugal 0.12 0.125 0.005 4
Sweden 0.8 1.04 0.24 30
Switzerland 5.0 5.8 0.8 16
Turkey 0.04 0.07 0.03 75
United Kingdom 0.145 0.162 0.02 14
United States H.48 6.94 1.46 27
Total/Averaget  43.7 58.3 14.6 33

3 “France” includes continental France and Gorsica and ifs averseas departments are the islands of Guadefoupe, Martinique and Réunion.
4 The totals presented in the tables are eften rounded and therefore may differ slightly from the exact tetal of the columns.,
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FIGURE 1
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Reported Installed PV Power Capacity,
Aggregated into Three Regions,
by the end of 1992 and 1993

MWp

Turkey’s high percent growth was due to an addition
of 30 kW5 to their very low initial installation level of
40 kWp. Germany's growth is primarily due to the
success of their 1000-Roofs program which added
over 1.73 MW, in 1993. By the end of 1993, that pro-
gram alone was at 4.03 MW,.

Figure 1° shows the installed power capacity, by
country, by the end of 1992 and by the end of 1993.
Figure 2 shows the same data aggregated by region.®
It is clear from this figure that most of the installed
power added in 1993 was in “Europe”. The Euro-
pean” installed power grew by 59%, the “Pacific Rim”
installed power grew by 28% and “North American”
installed power had more moderate growth of 13%.
The ltalian utility scale demonstration program and
the German projects are the reasons for the
“Buropean” growth. Figure 3 shows the photovoltaic
system power installed in the reporting countries

35

during 1993. Figure 4 aggregates the installed photo-
voltaic power for the reporting countries.

Table 2 shows the investment made in the photo-
voltaic power systems installed in 1993 and the aver-
age turn-key system price of those systems. The
total reported investment in PV power systems
installed in 1993 was approximately 185 M$. The
average was derived by dividing the investment
made in photovoltaic power systems installed in 1993
by the capacity of those systems. This formula can
be used to account for the data from all of the
reporting countries except France, Japan, Korea and
the United Kingdom. These countries arrived at
their averages via another approach.

As prices of PV systems depend on many different
conditions, caution must be taken when such prices
are compared. Specifically, the installed system

5 The following cousntry abbreviations are used throughout this report: Austria (AT); Canada (CA); Denmark (DK); Finland (FI); France (FR);
Germany (DE); Italy (IT); Japan (J); Korea (K); Netherlands (NL); Portugal (PT); Sweden (SE); Switzerland (CH); Turkey (TR); United

Kingdom {(UK)}; and United States (US).

8 Throughout this repart, the words “Europe”, “Pacific Rim" and “North America” refer to those reporting countries that are located in that region.
Note that “Europe” iacks important data frem Spain which is not a reporting couniry, that the *Pacific Rim” only includes Japan and Korea, and that

data frem Mexico is not included in “North America”,
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TABLE 2

Photovoltaic Power Systems Instalied tiering 1993

Turn-key Systems
investment, M$

Average Turn-key
System Price, W,

Austria 1.9 15.90
Canada 4.8 11.80
Denmark 0.6 7.30°
Finland 3.0 I7.00
France 7.14 37.00
Germany 39.0 12.90
[taly. 33.8 9.40
Japan 56.0 35.00
Korea 24 18.75
Netherlands 5.5 14.85
Portugal

Sweden 3.9 - 16.05
Switzerland 13.8 17.25
Turkey 0.2 6.65
Urited Kingdom 0.2 12.35
United States 12.3 8.42

prices are influenced by any or all of the following:
the size of the installed system (e.g., the relatively
high per watt costs of very small remote power sys-
tems which make up many of the installations and
the relatively lower prices for the multi-megawatt
projects), the type of system installed, (grid-con-
nected or off-grid), the availability of local subsidies
which can serve as price supports thereby resulting
in elevated prices, and the lack of consistent defini-
tions and good system cost data. Subsequent survey
reports will attempt to arrive at separate prices for
off-grid and grid-connected systems.

It is interesting to interpret the reported system
costs with respect to their underlying causes. Of the
major users of photovoltaics power systems, only
[taly and the United States reported a weighted aver-
age installed system price below 10.00 $/Wp. [taly's
reported price appears credible based on the quality
of their national input report and the size of the
large grid-connected system just installed. The data
from the United States also appears to be credible as
they are based on specific known systems installed
by SMUD, a large utility in the United States, or
come from the data base of the Utility Photovoltaic
Power Group in the United States.

The very low weighted average turn-key system price
of 6.65 §/Wp reported by Turkey is based on modules
imported at a very low introductory price. Not only
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~ would the modules have to be almost free, but the

system would have to be rather simple to achieve
such a low installed price. The price reported by
Denmark also raises questions.

The Japanese installed system price of 35.00 $/W,
seems well out of range for larger power installations
as do their module prices of 8.00-18.00 $/W, (see
Chapter 8). This is probably due to the presence of
significant government subsidies for such systems
sold and installed in Japan.

The 12.90 §/W, weighted average turn-key system
price reported by Germany is based on predominant-
ly grid-connected systems. That is 2,961 kWy of grid-
connected photovoltaic power systems at 12.50 §/W,
and only 5 kWy of off-grid photovoltaic power sys-
tems at 30.00 $/Wy. The converse is true for France,
whose weighted average turn-key price is essentially
for ali off-grid systems.

Photovoltaics Market Sectors

It is of interest to understand how the photovoltaic
power systems described in the previous section are
used. To do this, it is necessary to separate grid-con-
nected from off-grid systems since their hardware
specifications and costs are generally quite distinet,
Another reason for examining the uses is to assure
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the reader that only photovoltaic power systems are
included in this survey; that is, that caleulators,
watches, ete., are not included in the power system
totals.

Table 3 presents the data submitted on installed
photovoltaics systems, as of the end of 1993, in each
of the following four market sectors:

W off-grid service applications

B off-grid residential systems

B small distributed grid-connected systems
M medium and large grid-connected systems

The national input reports provided market-sector
data concerning installed grid-connected systems
that were more complete than market-sector data
concerning installed off-grid systems. Some of the
reporting countries did not even attempt to estimate
the power installed in the off-grid service application
sector or off-grid residential sector and some provid-
ed information only for off-grid systems greater than
1 kWp. The difficulty in reporting data for off-grid PV
systems is, in fact, a positive indication of an active
commercial market.
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Auseful indicator of energy production is the capaci-

" ty factor, defined as the ratio of the annual energy

produced to that which would be produced if the sys-
tem operated at rated capacity continuously during
the 8760 hours of the year. ltaly reported capacity
factors of 13% while Japan reported typical capacity
factors fo be 14%. However, these capacity factors
are relatively low compared to systems in the sunnier
parts of the United States where several individual
photovoltaic power systems have capacity factors
well above 20%. Relatively higher capacity factors
are indicators of greater available insolation at the
site or better designed and operating systems.

Figures 5 and 6 graphically show the insfalled capac-
ity data as found in Table 3. In these figures, the
percentage of each reporting country's installed pho-
tovoltaic power system power in each of the four
market sectors, and the total amounts in each of the
three regions, are shown. If must be pointed out that
the data provided by some countries were not ade-
quate to complete Table 3 and the related figures.
The indicated reporting countries have most
installed power in each of these four sectors:

Chapter 2 ® 17




TABLE 3

Installed PY Power Systems Gapacity by Market Sector, by the End of 1993.

See Figures 5-7.

Off-Grid Service Off-Grid Small Distributed Medium and Large

Applications Residential Grid-Connested Grid-Gonnected

MW, MW, MW, MW,
Austria 0.132 0.183 0.15 . 0.195
Canada 0.880 0.295 0.06 0.135
Denmark 0.060 0.025 0 0
Finland 0.150 0.95 0.005 0.03
France 0.545 1.45 0.005 0
Germany - 0.276 5.44 2.827
Italy 4.15 4.35 0.1 . 3.48
Japan - ) - 3.4 0.7
Korea 1.62 0.016 0 0
Netherlands  1.65 - 0.049 0.045
Portugal 0.025 0.10 0 0
Sweden 0.265 0.76 0.015 0
Switzerland 0 2.0 1.292 2.50
Turkey 0.07 0 0 0
United Kingdom 0.162 0.006 0 0
United States - 0.81 6.13
Total 9.5 104 11.3 16.1

M off-grid service applications
[taly, Korea and the Netherlands
B off-grid residential
Ttaly, Switzerland and France
M small distributed grid-connected
Germany, Japan and Switzerland
M medium and large grid-connected
United States, Italy, Germany, and
Switzerland

Figure 7 is a pie-chart description of the various
niche markets for photovoltaic power. While this fig-
ure lacks complete data for the off-grid applications
from several countries, it is included because it illus-
trates how interesting such an graphic would be if
complete data were available. It will be interesting
to see how this distribution changes in the coming
years. The relatively large grid-connected percent-
age reflects the strength of the emerging interest in
utility applications.

Grid-connected vs. off-grid photovoltaic power
system applications

As seen in Table 4 and illustrated in Figure 8, most
countries have either predominantly off-grid systems
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or have predominantly grid-connected systems. For
example, the reported instalied PV power by the end
of 1993 in Denmark, Finland, France, Korea, the
Netherlands, Portugal, Sweden, Turkey and the
United Kingdom was from 90-100% off-grid systems.
Only five countries reported to have at least 15% of
their installed PV power grid-connected, with
Austria, Germany, Switzerland and the United States
reporting more than 50% grid-connected (most of
which were subsidized). The United States hasa
significant off-grid PV power capacity that was not
reported, making its grid-connected percentage
appear too high. As Germany only reported off-grid
PV power systems greater than 1 kWy, its off-grid
percentage is understated in Tables 3 and 4.

In many ways, off-grid vs. grid-connected can be seen
as representing two different perspectives on market
forces. The off-grid approach, which is a response to
market forees, usually provides power for remote
sites that are not easily accessible to the grid. The
grid-connected approach, which only a few of the
reporting countries presently favor, represents a
longer-term strategy to support the development of
photovoltaic power systems as part of the utility
company or the energy service company’s distributed
or central generation business.
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TABLE 4

1993 Distribution of Reported installed PV Power Systems.

See Figure 8.

Percent of Total Gapacity

Grid-Connected 0if-Grid

Austria ha 48
Canada 14 86
Denmark 94
Finland 3 97
France 1 99
Germany 97 3
[taly 30 70
Japan
Korea 0. 100
Netherlands 6 94
Portugal 0 100
Sweden 1 99
Switzerland 66 34
Turkey 0 100
United Kingdom 0 100
United States 100 0
Figure 8 illustrates the degree to which each of the Interpretation

reporting countries is responding to these market
forces. The reader should keep in mind that some
couniries did not report some or all of their off-
grid installations.

As the near-term market in most of the responding
countries is off-grid applications, it is not surprising
to note that most countries’ photovoltaic power uses
- are dominated by off-grid installations; this is to be
expected in the present phase of photovoltaic devel-
opment where costs are high compared to power
from the grid. These remote niche markets are
much easier to penetrate since the alternative of
long grid extensions is more expensive than photo-
voltaics. As costs drop and as exfernalifies such as
emissions from fossil fuel plants are accounted for in
utility planning, photovoltaics will likely become
more and more grid-connected. The optimal balance
between grid and non-grid will reflect national
strategies and market realities, but is expected to
continue to evolve toward more grid-connected sys-
tems, on a MW; basis. For some countries, a high-
percentage of grid-connected systems simply reflects
the reality of a grid system that essentially covers
the entire country,
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Inferpretation of preferred market sectors by coun-
try is complicated by incomplete reporting as well as
by the several market forces that are at work simul-
taneously; the desire to maximize photovoltaic
exports, the needs for short term corperate prof-
itability, government policy, and indigenous photo-
voltaic production capacity. The dominant force is
apparently export, since exports dwarf local photo-
voltaic module use.

Approximately one-fourth of the annual module pro-
duction (see Chapter 3) is used domestically by the
reporting countries. Also, the PV companies in most
of the reporting countries are producing appreciably
less photovoltaics than their current maximum capa-
bilities. Although ne data was requested to confirm
this, it seems safe to assume that manufacturers are
seeking the most profitable markets, presumably
exports. Given this over-capacity situation it appears
that many manufacturers sell as many systems
abroad as possible, and to as many high-value, high-
cost domestic remote systems as possible. Only a few
countries (the United States, Germany, Switzerland,
and Austria) have mostly grid-connected systems,
and Japan and Italy have a significant and apparent-
ly growing percentage of grid-connecied systems.
These grid-connected installations are a reflection of
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environmental concerns prompting utilities and gov-
ernments to work together to evaluate PV for cleaner
power generation. Government policies, subsidies,
high buy-back rates, mandates, ete., also play a role.

Another interesting observation is that, with the
exception of the United Kingdom, the four largest PY
manufacturing countries {Germany, Italy, Japan and
the United States; see Chapter 3) are also the four
largest installing countries. Several factors con-
tribufe to this:

M long-term familiarity with the technology has
overcome some of the hurdles to more and larger
PV installations;

W favorable government policies that suppart both
in-country installations and export; and/or

M overall high photovoliaics cost, and balance of
trade problems discourage the other smaller
installation countries from buying and installing
more and larger photovoltaic power systems.

Major Findings’

|/ The total photovoltaic power system power
installed by the end of 1992 in the 16 reporting
countries was slightly under 44 MW,. By the end
of 1993, the instalied power capacity grew by
about 33% to slightly over 58 MWp.

v This growth is dominated by Japan, Italy and
" Germany, and to a lesser extent, by the United
States, and is primarily in the grid-connected
applications. The growth in Europe was primarily
due to the Italian utility scale demonstration pro-
gram and the German 1000-Roofs program. In
1893, Germany, Canada, ltaly and Japan experi-
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enced a growth in installed PV power greater than
the survey average of 33 percent.

v Caution must be used when comparing or averag-
ing PV system price data presented in this report.
For the reporting countries, the average turn-key
price of installed PV systems varied greatly, from
6.65 $/Wp to 87.00 $/Wp. The reasons for the large
variation in installed system costs include, the
variations in the size of the installed systems, the
type of system (grid-connected or off-grid), the
availability of subsidies, and the lack of common
definitions and good system cost data.

v ltaly reported the largest amount of installed PV
power capacity in the off-grid service applications
market sector, followed by Korea and the
Netherlands. Italy, Switzerland and France have
the most PV power installed in off-grid residential
systems. Germany, Japan and Switzerland have
the most installed PV power capacity in the small
distributed grid-connected market, while the
United States, Italy, Germany and Switzerland
have the greatest amount of installed capacity in
the medium and large grid-connected market sec-
tor.

v Between 90 and 100% of the installed PV power
systems in Denmark, Finland, France, Korea, the
Netherlands, Portugal, Sweden, Turkey and the
United Kingdom are off-grid. This is to be expect-
ed as the current price of PV is still relatively
high. Only five countries have more than 15% of
their photovoltaic power systems grid-connected,
with the United States, Austria, Germany and
Switzerland having more than 50% grid-connsct-
ed, most of which are subsidized.

T With the exception of the Introduction, each chapter closes with a “Major Findings” section in which the most important information, in the

author's opinion, is extracted and repeated herein.

Chapter 2 & 21




¢ In many ways, off-grid vs. grid-connected markets
can be seen as representing two different perspec-
tives on market forces. The off-grid approach,
which is a response to market forces, nsually pro-
vides cost-competitive power for remote sites that
are not easily accessible to the grid. The grid-con-
nected approach, which anticipates future market
forces, and which only a few of the reporting
countries presently favor, represents a longer-
term strategy to support the development of pho-
tovoltaic power systems as part of the utility com-
pany or the energy service company’s distributed
or central generation business.
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The purpose of this chapter is to provide an overview
of the current commercial and prototype photovolta-
ic power system components and systems that are
being used in the utility sector in the responding
countries. Modules and other system components
being used today for utility applications generally
undergo some form of certification, but to date utili-
ties have not issued standardized PV module specifi-
cations. In several countries, such as Italy and the
United States, individual utilities have issued speci-
fications for a single or a series of module purchases
and the total system or plant. This differs, however,
from utilities issuing standard module or system pur-
chase specifications. The data presented in this’
chapter will define the starting situation for the
analysis of key trends in the evolving commercial
and prototype PV power systems market.

Modute Industry
Cell and module manufacture

PV module manufacturers can be divided info two
broad types: module assemblers, who purchase solar
cells and use them to fabricate modules, and inte-
grated manufacturers who also manufacture the
solar cells used in their modules. Manufacturers of
crystalline silicon (¢Si) modules fall into either or
both of these two categories. However, all manufac-
turers of amorphous silicon (aSi) modules are inte-
grated manufacturers because the distinction
between cell and module disappears in the manufac-
ture of arnorphous silicon modules. The aSi modules
are prepared by depositing layers of materials on a
substrate which also serves as one side of the mod-
ule encapsulation. Individual “cells” are then creat-
ed by etching through layers of deposited material of
the module.

Among the main module manufacturers in the
reporting countries, crystalline silicon module manu-
facturers with production volumes greater than 1
MWp per year tend to fall into the infegrated cate-
gory, while almost all small producers (less than 0.5
MW, per year) are module assemblers.

Table 5 presents the silicon module manufacturers

Commercial and Prototype Photovoltaic
Power Systems and Products

with 1993 production greater than 1 MW, These
twelve companies produced almost 76% of the total
production of the 87 main manufacturing companies
in the reporting countries. In this table, the module
manufacturers are associated with the country of
ownership.

In several instances, module manufacuring facilities
of companies that are owned, managed and operated
in one country are located outside of that country.
For the reporting countries, this is the situation for
(1) Finland, which has a major manufacturing plant
in France (NAPS), (2) the United Kingdom, which
has major manufacturing plants in Spain and
Australia (BP Solar), (8) Germany, which hasa
manufacturing plant in the United States (Siemens
Solar Industries), and (4) the United States, which
has a facility in Canada (AstroPower).

However, the guidelines established for this Survey
Report require that module production be associated
with the country where the plant is located.
Therefore, in all of the following tables, figures and
analyses, the NAPS production is included under
France, some of the Siemens Solar production is
included under the United States, and some of
AstroPower's production is included under Canada.
However, becanse Spain and Australia are not among
the reporting countries in this survey, and because
BP Solar’s module production is very large, BP
Solar’s production is included under the United
Kingdom.

Integrated manufacturers are found in countries
with a national commitment to PV development,
where subsidies in the form of research grants are
available to the manufacturer, and/or public subsi-
dies are available to promote demonstration pro-
jects. An in-country market also tends to exist where
integrated manufacturers are found, although no
cause-and-effect relationship has been demonstrat-
ed.

Table 6 presents key information about PV module
production for each responding country. This table
includes both ¢Si and aSi modules. The total num-
ber of module manufacturers is shown in the second
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TABLE 5
Manufacturers of Sificon Moduies Whose 1993 Production
Was Equal to or Greater than 1 MW,

Manufacturer Country 1993 Production, MW,

Siemens Solar Industries Germany 12.5°

Solarex United States 6.5

Kyocera Japan 48

BP Solar United Kingdom 4.5

Eurpsolare Italy 2.3

ASE Germany 1.9

Photowatt International SA France 1.5

Solec International United States 1.3

NAPS Finland 1.1%

Sanyo ' Japan 1.o"

Sharp Japan 1.0

Showa Shell Sekiyu Japan \ 1.o"

TABLE 6

1993 Module Manufacturers by Country. See Figures 9-18.

Module Manufacturers Moduie shipments Mcdule Production
Number Type in 1993 Capacity, MWop/yr

M$ MWp

Canada 2 A 081 0.16 1.2

Denmark 1 I 292 04 3.0 .

France 3 (2 aSi) Al 10583 1.95 7.1

Germany 5 (1 a8i) Al 2469 297 5.2

[taly 2 I 1648 3.2 105

Japan 8(2a81) Al 1304 163 19.3

Korea 2 A 3.0 05 1.0

Netherlands 1 I 296 05 1.5

Sweden i A 5.0l 0.825 4.5

Switzerland 2 A 134 015 0.5

United Kingdom 3 (1 aSi) Al 33.7 45835 5.0

United States 7 (2 aSi) Al 109.8  20.95 32.8

Total 37 (8 aSi) 342 52.2 91.6

8 The 12.5 MW, were proditced in the United States. Siemens Solar preduced an additional 0.7 MW, in Germany.
9 White BP Selar’s produetion is in Spain and Australia, it is listed here as a United Kingdom company.

10 NAPS is a Finnish cormpany with its a8i module production in France.

11 Gombines eSi and aSi production.

12 Module assembler rather than integrated manufacturer.
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FIGURE 9
Module Manufacturers, 1993
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column of Table 6, with the number of aSi manufac-  The reporting countries produced many more mod-
turers shown in brackets. The type of module manu-  ules than they installed'in their countries. Of the
facturing capabilities of the PV industry in each 92.2 MW, produced and shipped (i.e., sold) in 1993
country is indicated in Table 6 using the symbol 1 for ~ (see Table 6), 14.6 MW, of modules were installed in
integrated and A for assembler. While only modules  the reporting countries. Furthermore, the total of all
for power applications were to be included in Table the reporting countries’ installed power systems at

6, Japan and the United States indicated that they the end of 1993, 58.3 MW, is well below the over 400
could not, in some cases, distinguish between mod- MW, of photovoltaic modules manufactured over the
ules for power applications and those for consumer last 15 years, leading to three interpretations, all of
produets. which are likely to be correct to some degree:

Figures 9 and 10 show the number of module manu- | many modules were used in non-power applica-

facturers, both integrated and assembler, by country tions, which are not within the scope of this sur-
and by the three regions. The reader should note vey report

that these regions are to be interpreted as “those W some may be used in non-utility applications or
reporting countries, which are members of the IEA small power applications which are difficult to
Photovoltaic Power System Program and are located account; for

in ‘Europe’, the ‘Pacific Rim’ or ‘North America'” M exports to unsurveyed countries account for most
Manufacturers of both crystalline silicon and amor- of the eventual consumption and installation of
phous silicon are shown. Figures 11 and 12 show modules

1993 module shipments by country and by region.

“Europe” produced about 28% of the rated power of The four countries with the greatest installed PV

the modules, while having about 40% of the collec- power capacity, Germany, Italy, Japan and the United
tive production capacity (see Figures 13 and 14). States, are also the four largest manufacturing coun-
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FIGURE 11
1993 Module Shipments, MW,
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tries, due to supportive government policies and pro-
grams, and familiarity with the grid-connection
installations. The relatively high cost of photovoltaic
power systems is keeping other couniries from
installing more and larger systems.

In 1993, module manufacturers from countries par-
ticipating in this study shipped 52.2 MW, of PV mod-
ules for non-consumer product applications in 1993,
which was almost all of such modules sold world-
wide.6 “North America”, the “Pacific Rim” and
“Europe” manufactured 41%, 32% and 27% respec-
tively of the modules shipped worldwide during 1993,
and received 32%, 39% and 29% of the financial value
of that module production (see Figures 15 and 16).
The dominant position of “North America” and the
“Pacific Rim" in module manufacturing reflects both
their significant photovoltaic industries and strong
national programs to foster PV research, develop-
ment, and demonstration. In *Europe”, France,
Germany, [taly and the United Kingdom together
produced 87% of the modules shipped by “European”
manufacturers during 1993.

N
N

>

o

"Eurcpe”

"Nerth America” "Pacific Rim"

The total combined PV production capacity of all
countries participating in this study is about 92

MWp/year, based on three shifts per day.

Figures 17 and 18 show the national average produc-
tion capacities of countries participating in this
study, indicating three very different approaches to
building and using manufacturing facilities. Japan
and the United Kingdom utilize 75-80% of their exist-
ing production capacity, suggesting that they operate
their facilities at an average of more than two
shifts/day. The United States, Germany and Korea
use 50-66% of their production capacity, operating an
average of just under two shifts/day, while the
remaining “European” countries use a third or less of
their manufacturing capacity, averaging one shift or
less per day. Of course, individual companies in any
reporting country may operate differently from the
inferred national average. For example, the produe-
tion in Germany is based on one shift per day.

13 Based on total 1993 shipments of 52.8 MWp (net including aSi for indoor products) reported by Pholovoltaic Insider’s Report, February 1994.
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Module prices some participants provided wholesale prices.

Module prices represent a significant part of photo-

voltaic power system prices, and therefore they are
of great interest to utilities and energy service com-
panies. While it is possible to gather module prices
from the reporting countries, it is very difficult to
compare them or to draw conclusions abouf them.
Because the PV industry is still quite new, there sim-
ply is no such thing as standard module prices.
System prices depend on the size of the order, the
customer’s specifications, the application (off-grid or
grid-connected) and whether the price is based on a
turn-key project or on the subsystem and component
costs quoted by the primary or end distributor. Thus,
module prices generally do not accurately represent
production costs.

For this first survey, the participants decided to
request that module prices be provided according to
the size of actual purchases. The dividing line was
set at 1 kW, that is, module prices were requested
for actual purchases of less than 1 kW, and of more
than 1 kW, While the intent of the guidelines was to
provide prices paid by the end-user, without VAT,

Table 7 shows reported prices received for small

" (less than 1 kW,) and large (more than 1 kW) mod-

ule orders. This {able must be viewed with caution,
as the prices indicated have many different qualifi-
cations.

Some comments about the entries in Table 7 are in
order. The lowest price listed, 4.10 $/W, in Ifaly is
for a very large order from a utility company for a
major system. On the other hand, the highest price
listed, 18.00 §/W,, in Japan, is the price paid by gov-
ernment subsidized PV power projects and is intend-
ed to reflect the actual manufacturing costs.
However, when pricing modules for sale in the other
reporting conntries, the price drops to be competi-
tive. In snbsequent survey reports, the issue of how
best to present module prices will be addressed and
better approaches will be tried.

[f it could be defined in a meaningful way, the aver-
age module price could be a very important indica-
tor. Tracking the change of the average module
price over time could provide insight into the evolv-
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TABLE 7
1993 Module Price. See Figures 19 and 20.
Price for 2 large Price for a small
Module Order, $/W, Module Order, $/W,
Austria 6.00 10.00
Canada 512 7.15
Denmark 5.28 9.32
France 4.60 18.00
Germany 5.68 7.79
Italy 4.10 5.60
Japan 8.00 18.00
Korea 6.00 7.20
Netherlands 5.90 7.00
Sweden 5.12 7.04
Switzerland 7.14 10.71
United Kingdom 5.00 5.00
United States 5.24 5.24
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ing economics of photovoltaic power systems. The
methodology fo determine this average, however, was
not addressed in the gnidelines, therefore the data
required to arrive at a meaningfu! average module
price was not requested. In preparing for future sur-
vey reports, a methodology for determining the aver-
age module price will be developed and the neces-
sary data to estimate it will be requested.

Figure 19 shows each country’s module price data.
Figure 20 presents each reporting country’s lowest
reported (for orders greater than 1 kW) module
price-as a function of their total production capacity.
Module prices decrease to 4.10 $/W, at about 10 MW,
per year. The only data points for greater production
volumes are for Japan at about 20 MW, per year and
the United States at about 33 MW, per year. .
However, both of these countries’ lowest module
price falls considerably above the projection of a
“learning curve”. As learning curves generally apply
fo single companies, it is likely that if the single data
points for Japan and for the United States were dis-
aggregated by major module manufacturer, their
data points would fall closer to the “learning curve®
suggested in Figure 9. Recent projections by the

E
"North America”

“Europe”

"Pacific Rim”

United States National Renewable Energy
Laboratory are 2.70 $/W,, as a result of the intensive
R&D efforts on manufacturing technologies. If the
United States provides such data for the next Survey
Report, their data point will fall very close to the pro-
jection of a “learning curve”. As mentioned above,
the export price for large orders of modules from
Japanese manufacturers falls into the competitive
range. Such dafa will be requested in the next sur-
vey.

It will be interesting to see if this “learning curve”
trend continues as various countries' production
capacities double or triple. A more interesting exer-
¢ise would be to see how module price varies asa
function of production facility output. This would be
possible if each country would report an average
module price from facilities producing 1 MW /year
and less, from facilities producing between 1-6

MW /year, and from future facilities producing more
than 5 MW /year. Data for this analysis will be gath-
ered in subsequent surveys.
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Module imports and exports United States, 1.46 MW, were reported installed by

utilities for grid-connected applications in 1993, yet
15.565 MW, seems to have been used in the country in
1993. While no explanation for this discrepancy was
offered by the United States, it is possible thaf some
of this inconsistency can be explained by off-grid res-
idential applications. For Japan, their national input
report stated that 4.0 MW, were installed in 1993, yet
the inferred use in Japan seems to be 9.26 MW,
Such diserepancies will be resolved in the next sur-
vey report.

Table 8, and F'igures 21 and 22 pertain to module
imports and exports. Note that production from the
Finnish company NAPS, which has its factory in
France, appears as export from France and import fo
Finland, and BP Solar's production appears as inter-
nal to the United Kingdom. Germany reported that it
was unable to obtain reliable export and import data
from its manufacturers.

For a given year, assuming no significant storage of
modules, by adding a country’s module production
number to its imports, and subtracting exports, the
result should be the amount of grid-connected and
off-grid PV used within the country in that year.
This is shown in Table 9.

Two of the five largest producers, Germany and Italy,
have appreciable internal markets for their PV mod-
ules, using essentially all that they produce. France,
Sweden and the United Kingdom export nearly all of
the modules they produce. Japan and the United
For Austria, Canada, Denmark, Finland, France, States have both large‘in-country marifets and large
Germany, ltaly, the Netherlands, Portugal, Sweden, ~ ©Xport markets. Austria, Portugal, Switzerland and
Switzerland and Turkey, the inferred MW, used in Turkey import most of their PV modules.

that country in 1993 is relatively consmtent with the . 1 -
MW, reported to be installed in 1998. Korea report- Comparison of the crys e silicon and

ed that the 0.47 MW were not all installed in Korea amorphous silicon industries

in 1993; only 0.17 MW was installed and the remain-  Tables 10 and 11 show technical characteristics of
der was kept in stock Large inconsistencies, howev-  crystalline silicon {¢Si) and amorphous silicon (aSi)
er, exist for the United States and Japan. For the PV modules.

30 g8 Chapter 3




TABLE 8

1993 Module Imports and Exports. See Figures 21-22,

Modules Modules Modules Modules
imported, MW, Imported, M$  Exported, MW,  Exported, M$
Austria (.12 0.9 0 ]
Canada 0.50 2.35 .23 1.26
Denmark 0.02 (.16 0.34
Finland 0.1 0.50 0 0
France 0.04 0.2 L.75 8.0
Germany
Italy 1.2 5.6 0.2 1.0
Japan 1.96 9.0
Korea 0 0 0.03 0.15
Netherlands 02 - 1.2 0.2 1.4
Portugal (3.005 0.04 -0 0
Sweden 0.206 1.25 0.79 4.80
Switzerland 0.7 4.00 0 0
Turkey 0.03 0.16 0 0
United Kingdom 0.02 454
United States 16 6.986 42.68
TABLE 9

1993 Module Balance in Reporting Countries. See Figures 11 and 21.

Modules

Imports,

Exports, Inferred Use in

Produced, MW, MW, Mw, Country, MW,

Austria 0 0.12 0 0.12
Canada 0.16 0.50 0.23 0.43
Denmark 0.4 0.02 0.34 0.08
Finland 0 0.1 0 0.1
France 1.95 0.04 1.7 .24
Germany 2.77

ltaly 32 1.2 0.2 4.2
Japan 16.3 1.96 9.0 9.26
Korea 0.5 0 0.03 0.47
Netherlands 0.37 0.2 0.2 0.37
Portugal 0 0.01 0 0.01
Sweden 0.826 0.205 0.79 0.24
Switzerland 0.15 0.7 0 0.85
Turkey 0 (.03 0 0.03
United Kingdom 4.54 0.02 4.54 0.02
United States 20.95 1.6 6.99 15.55
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Countries may have one or more module certifica-
tion programs available te their module manufactur-
ers, or those selling modules to be installed in their
country. The most frequently cited source of crys-
talline silicon module certification is the European
Joint Research Center, ISPRA. Every European
reporting country cited ESTI/ISPRA 502 or 503, as
did Canada and the United States. Canada, Germany
and the United States also cited their own national
organization(s); CSA F380 for Canada; RWE/Toledo,
Kobern-Gondorf, Neurather See were cited for
Germany; and the Underwriters laboratory and sev-
eral other organizations for the United States.
France eited NIFC 57 160-1EC, and Korea cited the
Korean Instifute of Energy Research.

Only Germany and the United States provided certi-
fication information for amorphous silicon modules.
Germany cited ESTI/ISPRA 701 and the United
States cited ESTI/CFS 503.

A wide variety of sizes and voltage configurations
exists in both crystaliine and amorphous silicon
modules from [EA countries. Because of the much
larger number of manufacturers and the increased
performance per unit area, the ranges are broadest

32 @ Chapter 8
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among crystalline silicon modules. Crystalline sili-
con modules range in cutput from 1.5 to 300 W, and
in physical size from 0.02 to 3.0 m2. Amorphous sili-
con modules are typically smaller, from 0.1 to 1.2 m2,
with the highest output power being a 60 W, module
from the United States.

Figures 23 and 24 show module output performance
for erystalline silicon and amerphous silicon mod-
ules, Crystalline silicon modules from reporting
countries range in output performance from 75 to
147 W /m2, with an average value of 112 W/m2.
This rather large spread in module performance
reflects the different efficiencies for mono- and
multi-crystalline PV cells and the different packing
densities attributable to round, pseudo-square and
rectangular shaped solar cells. Amorphous silicon
modules are much more closely grouped in output
performance, ranging from 37 to 54 W /m2, with an
average value of 43 W /m2. When comparing the
module output performance of crystalline and amor-
phous silicon modules, the relatively higher cost of
the erystalline silicon modules must be considered.
If the market for grid-connected applications even-
tually begins to impact the design of PV modules, the
broad range seen now in size, voltage, and output



performance may change. At such time data such as
in Tables 10 and 11 could be used to analyze these
changes. However, for now, several observations can
he made:

@ the operating voltage of modules ranges from 6 to
75 volts, with 17 volts being the most common

B the most common encapsulation materials are
RVA, glass, and plastic laminate

@ crystalline silicon modules produce 2 to 3 times
more power per unit area than amorphous silicon
modules

% module warranties range from 3 to 20 years, with
10 years being quite common

B in Burope, most countries certify their modules
by BSTI 503 for ¢Si and ESTI 701 for aSi; in the
United States, manufacturers certify their mod-
ules by the above, as well as/or by Underwriters
Laboratories, and by several other organizations

All 12 countries that produced PV modules shipped
crystalline silicon modules. Only France, Germany,
Japan, the United Kingdom and the United States
reported production from manufacturers producing
amorphous silicon modules for power applications.
Manufacturers in these countries produced more
crystalline silicon than amorphous silicon modules.

The largest producer of amorphous silicon, a
Japanese manufacturer, shipped about 3 MW, of
modules; the largest integrated producer of erys-
talline silicon modules, the United States factory of a
German owned company, shipped 12.5 MW ; the
largest crystalline silicon module assembler, a
Japanese manufacturer, shipped 1 MW,

Batance of System Components

Before presenting and analyzing the information pro-
vided by the reporting countries, it is imporfant to
point out that during the course of this first survey, it
became evident that the balance of system (BOS)
components and terms were not adequately defi ned
in the guidelines. The next version of these guide-
lines will correct this problem.

Table 12 presents information on the inverter, bat-
tery and charge controller manufacturers, in 1993,
for each reporting country and the three regions.
Table 13 presents the number of major PV system
suppliers reported by each country. 1t is obviously
important to distinguish between manufacturers, as
opposed to suppliers or distributors. The intent was
to identify manufacturers of BOS components in
each reporting country. Both Table 12 and Table 13

TABLE 10 .
Typical Crystalline Silicon PV Module Technical Characteristics
Typical Module Module Size  Operating Encapsulation Warranty,
Output Range, Range, m? Voltage number
W, Range, Vdc of years
Canada 1.5-100 0.02-0.84 7.4-34.8 Glass/EVA/Tedlar 5-12
' Tefzel/EVA/Tedlar
Denmark 72 0.62 Glass/EVA/Glass 10
Finland 50 15 EVA/Plastic Variable
France 48-62 0.46 16 Glass/EVA/Glass 10
Germany 5-300 0.05-3.0 14.56-74.8 Glass/EVA/Glass 5-20
Glass/Resin/Glass
[taly 46-100 0.42-0.97 17 Glass/EVA/Glass 10
Glass/EVA/Tedlar
Japan 48-b6 (.41-0.44 17 Glass/EVA/Tedlar data not
available
Korea 43-63 0.43 174 EVA/Glass 3-10
Netherlands 50 0.48 16.5 Glass/EVA/Tedlar 10
Sweden 55-110 0.43-0.79 17-34 Glass/EVA/Tedlar 10
Switzerland 1.5-300 0.02-2.21 20-90 Laminated, PMMA 5-10
United Kingdom 6-85 0.08-0.63 6-22 Glass/EVA/Tedlar Variable
United States 37.5-285 (1.36-2.43 6-24 and other EVA 5-20
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TABLE 11

Typical Amorphous Silicon PY Module Technical Characteristics

Typical Module Module Size Operating Encapsulation Warranty,
Ouiput Range, Range, m?2 Voltage number
W, Range, Vdc of years
France 4-12 0.10-0.29 6-12 2-glass laminated
Glass/BVA/Glass 5-10
Germany 25-29 0.6 68 Glass/EVA 10
Japan 18-25 0.46-0.56 10-156
United Kingdom 3.7-11 0.1-0.29 12 Glass/Glass 6
United States 22-60 0.41-1.22 6-24 and other EVA 10-12
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present price information based on specific purchas-
es for these BOS components and the price range of
turn-key systems.

A specialized industry exists today manufacturing PV
system components including off-grid and grid-inter-
connect de-fo-ac inverters and battery charge con-
trollers. No PV-specialized industry exists for dc
switchgear, as such products are readily available. A
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few battery manufacturers carry a line of batteries
specifically designed for PV use. However, the PV
market for batteries is generally a very small per-
centage of any manufacturer's sales, so little pres-
sure has been put on manufacturers to design PV-
specific batteries. PV system suppliers generally use
batteries already on the market. Lead-acid, deep
discharge, gel cell sealed, and industrial quality chlo-
ride batteries are all suitable for PV applications.



Twelve of the 16 reporting countries reported having
two or maore battery manufacturers.

In many countries, charge controllers are most com-
monly built by the system supplier, and everywhere
PV array support structures are most commonly built
by the system installer. Very few companies sell
packaged support structures. In Switzerland, there
are seven manufacturers of support structures, but
they only do custorm work.

BOS Component Manufacturers and
System Suppliers

Figures 25 and 26 show the number of inverter, bat-
tery and charge controller manufacturers reported
by each country in 1993. Figures 27 and 28 show the
number of PV system suppliers reported by each
counfry in 1993. .

All countries with substantial in-country use of PV
have system suppliers, inverter and charge con-
troller manufacturers. However, several countries
with relatively small in-country markets alse have a
BOS industry and system suppliers. For example,
Finland, with a 100 kW /year internal market, has
nine system supply companies, one inverter manu-
facturer, and four manufacturers of PV charge con-
trollers. France, with around 200 kW, of PV modules
installed yearly in-country, has 10 companies that
supply PV systems within France and abroad. Five of
these companies manufacture their own charge con-
trollers.

Having a PV systems industry does not depend on in-
country manufacture of PV modules. Canada and
the Netherlands, whose 1993 module output and in-
country use was equal to or less than 0.5 MW, per
year, each have more than 15 system suppliers. A
strong government program to encourage PV use can
result in a non-module manufacturing country to
have a strong BOS and system supplier industry.
Austria, with no internal manufacture of PV mod-
ules, has one inverter manufacturer and 21 system
suppliers.

Information provided in the national input reports
on de switchgear and support structure manufactur-
ers did not lend itself to tabulation. Because
switchgear is not manufactured specifically for the
PV industry, and because it is readily available, many
countries chose not to report data on swifchgear
manufacturers. One country, Austria, indicated de
switchgear is available at 0.16-0.45 §/W,, for bus volt-
age. Likewise, little information was reported on
support structure manufacturers because most array
support structures are built by the system installers
instead of purchased from specific manufacturers.
Costs reported for array support structures ranged
from 0.35-1.90 §/W,.

Germany, ltaly and Switzerland combined have 52%
of the inverter manufacturers reported by participat-
ing countries. This can be atfributed to a strong
emphasis on roof-top and off-grid system demonstra-
tions by the government and plant owners in these
three countries.

The PV system supplier industry is comparatively
robust, with 197 major system supply companies
identified in the reporting countries. The dispersed
nature of the off-grid system market is presumed to
be responsible for the large number of primarily
small companies that supply PV systems. Nearly
every PV module dealer is a system supplier and
hundreds of such exist in Canada, Germany and the
United States. The Task participants from those
countries therefore made some decisions to arrive at
their numbers of 22, 31 and 15 respectively.

Packaged PV systems exist for a few specific off-grid
service applications. Vaccine refrigeration, outdoor
lighting, utility line sectionalizing switches, and nav-
igation aids are examples. Even within such cate-
gories, however, system variations are common.
Most PV power systems are still custom-designed.

BOS component prices

The situation for the prices of BOS components is
almost as complex as it is for module prices. For that
reason caution must be used when comparing any of
the prices provided for the main BOS components by
the reporting countries. While the guidelines for
this report requested information that distinguished
between inverters designed for grid-connection
applications and for off-grid applications, or between
low-power and high-power applications, the tables
and figures showing inverter prices do not carry
those details. The same is frue for batteries and
charge controllers, that is, the tables and {igures
showing those prices do not carry the necessary
details to allow comparisons to be properly made.
These details are presented in the national input
reports listed in Appendix D.

Prices of charge controllers generally increase as
more high quality electronic components and micro-
processors are used. These controllers also provide
more funetions, such as remote control, forced
charge, programmable levels of charge, ete.

Figures 29-31 show the prices paid for specific pur-
chases of BOS equipment. Figure 29 presents the
reported inverter prices for eight countries, ranging
from 0.22 to 2.96 $/VA. The relatively high prices of
the top of the range inverters in Germany and
Switzerland probably coincide either with the rela-
tively low rated power (1.5-3 kW), high-technology
products or low production volumes. Italy, on the
other hand, reported the lowest inverter prices, per-
haps due to a combination of higher rated power
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TABLE 12

Number of tnverter, Battery and Charge Gontrol Manufacturers and Price
for Specific Purchases In 1995. See Figures 25, 26 and 29-31.

fnverier inverier Battery Battery Charge Controller
Manufac-  Price, Manufac-  Price, $kWh  Controller Price, $/W,
turers USS/VA turars Manufacturers
Austria 1 1.00 3 150-500 1 0.60
Canada 2 0.35-0.73 2 75-200 2 0.30-0.65
DPenmark 0 1 1.28
Finland 1 0 4
France 0 4 100-200 b (.30-1.60
Germany 11 0.73-2.96 8 90-1350 8 0.22-2.84
ltaly 9 0,22-0.63 4 80-220 3 0.31-1.19
Japan 6 3 i
Korea 3 - 0.53-0.73 4 100-122 3 0.35-0.48
Netherlands 4 0.80-1.20 0 5 0.60-0.86
Portugal 0 - 2 90-250 0 -
Sweden 0 3 141-967 2 0.21-0.85
Switzerland 7 {.68-1.93 5 214-827 6 1.44-3.35
Turkey 0 .0 0
United Kingdom 0 3 110-260 3 0.63-1.52
United States 4 0.75-1.50 7 34-518 16 0.15-3.75
Total/Range 48 0.22-2.96 48 34-1350 59 0.15-3.356
TABLE 13

Companies Marketing PV Systems. See Figures 27, 28 and 32.

Number of Companies Marketing Off-Grid,
Grid-Cannected, or Specialized Systems

Turn-Key System PriceRange, $/W,

Austria 21 13.60-22.00
Canada 22 7.75-22.00
Penmark 1 16.40
Finland 9 17.00
France 10 30.00-44.60
Germany 31 8.20-35.00
italy 7 8.75-21.90
Japan 22 18.00-40.00
Korea 3 12.50-18.75
Netherlands 16 10.80-13.00
Portugal 8 14.65-17.55
Sweden 4 8.60-16.70
Switzerland 15 8.50-21.85
United Kingdom 13 5.55-22.75
United States 15 7.70-12.34
Total/Range 197 5.55-44.00
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FIGURES 25
Inverier, Batiery and Charge
Controller Manufacturers, 1993
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{100-300 kW) using less expensive thyristor technol-
ogy, as wel] as pressure from ENEL to reduce BOS
costs. Also, 2 wide range of power qualities and safe-
ty features are available in inverters today, contribut-
ing to a fairly wide range of prices.

Figure 30 shows prices for specific battery purchas-
es. Eleven countries submitted data. The high end
of the range reported in Germany of nearly 1,400
$/kWh is for a lead-acid VRLA sealed battery. The
low end of the price ranges for several countries is
just under 100 $/kWh. The very large spread in
prices for battery charge controllers shown in Figure
31 is caused primarily by a wide variation in the com-
plexity and functions of different charge controllers
on the market.

PV system prices

Figure 32 shows the range of turn-key photovoltaic
power system prices. System prices depend on the
type of photovoltaic power system and application.
As the guidelines did not define what was to be
included in the system price, it was generally
assumed that the turnkey price does not include
costs such as purchasing land, preparing the site

i Charge Controller

"Europe” "North America"
(fencing, grading, gravel, etc.), installing any grid
interconnection equipment other than the inverter,
or obfaining required permits. However, the prices
quoted by Italy and Japan include the transformer
and the grid-interconnection equipment.

If the range of turn-key system prices shown in Table
18 for each of the reporting countries is compared to
the average turn-key system price for that country
{shown in Table 2), one would expect the average fo
fall within that range. Where that does not oceur, as
for the Netherlands, questions may be raised about
the data or how i was interpreted by the Survey
Report author.

The data from Germany illustrate the dependency of
turn-key system price on system type. The lower sys-
tem price of 8.20 /Wy is for a high-power grid-con-
nected photovoltaic power system while the higher
system price of 85.00 $/Wy is for an off-grid photo-
voltaic power system with an auxiliary generator.
Low-power grid-connected photovoltaic power sys-
tem prices are 9.80-12.50 $/Wp and typical off-grid
photovoltaic power systems are 12.20-13.20 $/Wp.
The turn-key system price data from the Unifed
States are for grid-connected photovoltaic power sys-
tems only.
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FIGURE 27
0fi-Grid, Grid-GConnected and
Specialized PV System Suppliers
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FIGURE 28
0ff-Grid, Grid-Connected and
Specialized PV System Suppliers
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Crystalline silicon moedules

Mono-crystalline and multi-crystalline silicon mod-
ules are the most common in the reported PV power
systems. Power medules most commonly range in
size from 1/3 to 2/3 m? and are rated from 48-100 Wp.
Three manufacturers (in Germany, Switzerland and
the United States) make larger (2-3 m2), higher out-
put (300 W) modules for utility demonstration and
field test projects. Crystalline silicon modules typi-
cally produce 100-125 Wy/m?2.

Nearly all modules sold today are designed to have
an operating voltage high enough to charge 12 volt
batteries, and this is reflected in Tables 10 and 11.
Sweden, Canada and Switzerland reported operating
voltages as high as 34, 35 and 90 volts, respectively,
representing modules with voltages high enough to
charge 12 and 24 volt batteries.

Crystalline silicon modules from the reporting coun-
tries are encapsulated using EVA and glass, EVA and
plastic, EVA and glass and Tedlar, or acrylic. [t will
be inferesting to see if the yellowing of EVA over
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time, first noticed at the Carrisa Plains photovoltaic
power system in the United States during the late
1980s, results in some new encapsulation materials
appearing over the next several years.

Avariety of certification standards are used by vari-
ous manufacturers of erystalline silicon modules.
Most modules from “Europe”, and some from other
countries, are certified by the European Joint
Research Centre, ISPRA, to their specification 503,
which is based on IEC 1215. Some United States
manufactures use Underwriters Lab, Factory
Materials, and IQT specifications.

Amorphous silicon modules

Amorphous silicon modules generally range from
1/10-1/2 m?, with corresponding output power of 8-
60 Wy, The performance of commercial amorphous
silicon modules ranges from 37-54 Wy/m2. These
modules, like crystalline silicon modules, are config-
ured to have an operating voltage sufficient for
charging 12 volt or, less frequently, 24 volt batteries.
Encapsulation materials for amorphous silicon are
more broad-ranging than for crystalline modules, pri-
marily because the amorphous materials are deposit-
ed directly onto a substrate or superstrate. The sub-



FIGURE 29
1993 Prices for Inverters with
Various Technologies, $/VA
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FIGURE 30
1993 Prices for Batteries with
Various Technologies, $/kWh
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FIGURE 31

1993 Prices for Battery Charge
Conftrollers with Various
Technologies, $/W,

Price, $/\Wp
[ 5]

strate or superstrate material is often used fo form
one side of the module’s outside surface. Glass,
stainless steel, and plastic are all used as substrate
materials for amorphous silicon. Glass and EVA are
commonly used to complete the encapsulation.

Inverters

Most PV installations worldwide are battery-charging
applications, and do not use de-to-ac inverters.

AT CADK FI FRDE IT J K NL PT SE CH TR UK US
Country

However, most of the photovoltaic power systems
installed in the reporting countries are either grid-
connected with an inverter, or power remote hormes,
usually with an inverter. The inverters manufac-
tured in the reporting countries are designed to be
either connected to the utility grid or to operate as
part of an off-grid system that includes batteries and
often a gasoline, diesel, or propane-powered genera-
tor.
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FIGURE 32 50
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Grid-connected inverters can be line-commutated,
or self-commutated, while off-grid inverters are sell-
commutated, Switching components in today's
inverters include IGBTs, GTOs, SCRs, Thyristors,
power MOSFETs, MOSFET/IGBTs. Power factors
range from 0.8 to [, and harmonic content ranges
from less than 3% up to 30%. Efficiencies are typical-
ly 85-96% at rated power, with grid-connected invert-
ers 88-96% efficient. Inverters designed for the
remote power market are commonly in the 200-

1500 VA range, but can be as large as in the 40 kVA
unit at Ifaly’s Volcano demonstration project, and as
small as an 80 VA unit from Finland used to power
TV sets for remote homes. Grid-connected inverters
are most commonly sized in the 0.4-9 kVA range, but
are built in small quantities in larger sizes, up to 1
MVA. Single-phase, two-phase and three-phase
inverters were reported, with most manufacturers
building only single-phase inverters. Inverter oufpud
voltages include 100, 120, 200, 208, 240, and 400
volts.

Grid-connected inverters builf in the reporting coun-
tries typically have under- and over-volfage protec-
tion, and under- and over-frequency protection,
whereby the inverter automatically shuts down and
disconnects from the utility grid when utility line
voltage or frequency go out of specified limits.

Batteries

Batteries used with PV systems in the reporting
countries included 2, 4, 6, 8, 12, and 24 volf units,
with 2, 6, 12 and 24 volts being the most common.
Most of the batteries reported are deep discharge
varieties, a few of which have special thicker plates
built in to increase cycle life when used with PV
charging systems. Sealed PbCa with gelled elec-
trolyte, sealed lead-acid with gelled electrolyte with
and without antimony, flooded lead-acid with and
without antimony, and NiCd batteries were men-
tioned specifically by various countries. Sealed cell
lead-acid batteries are commonly used for photo-
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voltaic power systems of 5 kWp and higher.
Capacities of batteries described included 130 to
12,000 Ah for 2V batteries, and 35 to 260 Ah for 12V
batteries.

Charge controllers

Battery charge controllers perform the basie func-
tion of controlling how the battery is charged, either
by limiting the current, or by holding the voltage
constant. Almost all chargers also protect the bat-
tery from being discharged too deeply. Charge con-
trollers come in 12V, 24V, 36V, and 48V versions, with
current capacities ranging from 3 A to 240 A. Battery
protection is achieved through a load-disconnect fea-
ture, or through shunt-fype regulation.

A great number of other features can also be built
into charge controllers to increase battery protection
and enhance PV system operation. Charge con-
trollers deseribed in the country reports have one or
more of the following features: maximum-power
tracking, temperature compensation for charging
voltage, low-voltage disconnect, automatic sub-array
switching, separate controls for multiple load cir-
cuits, automatic equalizing following deep discharge,
timer-controlled equalizing, different adjustments
for charging sealed or vented batteries, dynamic bat-
tery discharge voltage depending on discharge rate,
state-of-charge indicator, automatic load turn-on and
-off depending on irradiance level and timer or IR
sensor input.

Individual companies offer: an integrated charge
controller with data acquisition/system monitoring
and programmable and/or remote control system; a
controller integrated into the PV module junction
box; an “ac battery” packaged inverter, batteries and
charge controller; charge controller built into a med-
ical refrigeration unit, and a charge controller built
into a de-to-ac inverter.



Systems

Awide range of PV systems are available from system
suppliers in all but one country surveyed. Of the 197
system suppliers described in country reports, 60%
supply systems for remote homes or vacation cot-
tages, 61% supply service (non-residential) power
systems (for applications such as telecommunica-
tions, navigational aids, water pumping, cathodic
protection, utility line sectionalizing switches, out-
door lighting, ete.), and 30% supply grid-connected
systems. Of the grid-connected system suppliers,
nearly half were located in four countries: Germany,
Japan, Canada and Austria. For Japan, 14 of the 22
system suppliers listed in the Japanese input report
seemed to be involved in service, remote residential
and grid-connected applications, and the rest of
them involved only in grid-connected applications.
It appeared that 50% are involved in the export of
service and remote residential systems.

Awide range of system configurations are represent-
ed by the systems available commercially. Packaged
systems are the exception; most PV systems sold are
custom designed, although the designs are often
quite similar. Italy has, however, developed a stan-
dard 100 kW, power plant, called the Photovoltaic
Low-cost Utility Generator, or PLUG, which, due to
its size, can be used both as a single power system or
the modular unit for a larger power system. The
PLUG design incorporates several innovative fea-
tures, such as the systematic use of factory pre-
assembled components and subsystems, or the use of
simple support structures. Such characteristics,
along with the advantages that come with a standard
design, allow significant reductions in plant con-
struction, operation and maintenance. It is antici-
pated that more of such packaged or standardized
systems will be seen in the next surveys,

The service applications, on the other hand, usually
involve a single supplier packaging a specific prod-
uct, such as a vaceine refrigeration unit with built-in
PV/battery system, outdoor lights, navigation warn-
ing lights, recreational vehicle retrofit systems, or
any other very-small-power application with wide
market appeal.

A de facto standard exists for system voltages in off-
grid systems, since these systems almost always
depend on the charging of some number of 12 or 24
volt batteries. Systems are most commonly 12 volts,
although as system size increases above a few hun-
dred watts, 24, 36 and 48 volt configurations are
seen.

Although utilities have been involved in several
countries in planning, designing, constructing,
and/or approving designs for grid-connected demon-
stration systems, no standards are yet in place

describing appropriate systems for utilities.
However, safety Teatures of inverters interconnected
to the utility are spelled out in many cases by indi-
vidual utilities.

The wide range of system prices noted in Table 13 is
primarily due to the different system configurations
associated with the photovoltaic power system con-
cept. High-power, comparatively large grid-connect-
ed PV systems are the least expensive in terms of
$/Wp, benefiting from quantity prices. Small grid-
connected systems are almost as inexpensive, bene-
fiting from simplicity of required components and
from the economies of mass production. Small,
packaged off-grid systems are higher in price,
reflecting the need for battery storage and higher
marketing costs. Custom-designed off-grid PV-hybrid
systems include battery storage, back-up generator,
sometimes elaborate controls, and often some

_amount of customer education. The “turnkey” price

of such a system may also include transportation to,
and installation at, very remote sites.

Major Findings

v There are 37 module manufacturers in 12 of the
16 reporting countries, who shipped a fotal of 52.2
MW, in 1993. This was almost all of the world’s
total module shipments for non-consumer product
power applications. These 37 companies have a
combined potential (using three shifts) produc-
tion capacity estimated to be almost 92 MWp.

v’ All 12 countries that have module manufacturers
produced erystalline silicon modules. France,
Germany, Japan, the United Kingdom and the
United States also have module manufacturers
who shipped amorphous silicon modules for non-
consumer product power applications. Eight of
the 37 companies produced amorphous silicon
modules, while 29 produced mone- or multi-crys-
talline silicon modules.

v Module manufacturers in the “Pacific Rim” and
“North America” operate their facilities around
two-shifts per day, while those in “Europe” aver-
age one shift per day or less.

¢ Twelve companies each produced at least 1 MWp
of modules in 1993. Together these 12 companies
have a production volume of about 39 MWy/yr,
which is about 75% of the total production volume
of the 16 reporting countries. The majority of
these companies are integrated module manufac-
turers producing crystalline silicon modules.

v Crystalline silicon module manufacturers with

production capacity greater than 1 MWy tend to
produce and/or process both cells and modules
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and are therefore designated as “integrated” man-
ufacturers. The largest integrated manufacturer
of crystalline silicon modules shipped 12.5 MWp in
1993, The largest assembler of crystalline silicon
modules shipped 1 MW; in 1993, Because of the
way amorphous silicon modules are produced, all
manufacturers of such modules are infegrated,
with the largest manufacturer shipping 3 MWy in
1993.

v Module prices represent a significant portion of
photovolfaic power system prices, and as such,
are of great interest to utilities and energy service
companies. While it is possible to gather module
price data from the reporting countries, it is very
difficult to compare them or to draw conclusions
about them. Because the PV industry is still quite
new, there simply is no such thing as standard
module prices. Module prices depend on the size
of the order, the customer's specifications, the
application (off-grid or grid-connected) and
whether the price is based on a turn-key project
or on the sub-system and components quoted by
the primary or end distributor.

v In this first survey, the lowest module price
reported for large orders was 4.10 $/Wp and the
highest was 8.00 $/Wp. The lowest price, 4.10
$/Wp, was for a very large order from the national
utility company for a 3.3 MWy major system in
Italy. On the other hand, the highest price listed,
8.00 /Wy in Japan, is the price paid by govern-
ment-subsidized PV power projects and is intend-
ed to reflect actual manufacturing costs.

¢ 1t seems that as a country’s module production
capacity rises, the price of modules produced by
its manufacturers decreases, following the classi-
cal *learning curve”. Module prices decrease to
4.10 $/Wy at about 10 MW, per year production
volume. The only data points for large production
volumes are for Japan at about 20 MW, per year
and the United States at about 33 MW, per year.
However, for both of these countries, their lowest
medule price is considerably above the projection
of this trend.

+ In spite of government subsidies and targets for
photovoltaic power system installations, module
manufacturers can not sell all that they would
produce if operating at full capacify. It appears
that, in some countries, the present strategy is to
export as much as possible and sell the rest to
high-value (subsidized) domestic demonstration
programs. The data provided indicate that the
1998 module production was about four times
larger than what was installed in 1993 in the
reporting countries.
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¢ Crystalline silicon modules range in output from
1.5 Wy to 800 Wy, and in physical size from (.02 m?
to 3.0 m2 Amorphous silicon modules are typical-
ly smaller, with the largest output being 60 Ws.
Crystalline silicori modules produce 2-3 times
more power per unit area than do amorphous sili-
con modules. The operating voltage of the mod-
ules being produced today generally range from
10-34 voits, sufficient to charge batteries. Higher
voltages are now also available.

o The most commonly used modules for photovolta-
ic power system applications are mono-crystalline
and multi-crystalline silicon modules. The most
common power modules range in size from 0.36-
.87 m2 and are rated at 37-110 Wp. Three manu-
facturers out of a total of 27 make larger modules
for utility applications. With few exceptions, stan-
dardized utility specifications for modules do not
vet exist.

v A specialized industry exists today that manufac-
tures PV system components including off-grid
and grid-connected de-to-ac inverters and battery
charge controllers. The inverters manufactured
in the responding countries are designed to be
connected to the grid or fo be operated as part of
an off-grid system with batteries. The most com-
mon batteries used in photovoltaic power systems
are 2, 6, 12 and 24 volts, lead-acid type and most
are deep discharge varieties. Many battery charge
controllers incorporate other features to increase
battery protection and enhance the PV system
operation. These include maximum-power track-
ing, temperature compensation, etc. Most module
array support structures are custom designed by
the system installer.

v’ All countries with substantial in-country installa-
tions have system suppliers and PV inverter and
charge controller manufacturers. The inverse is
also found; several countries with relatively small
in-country markets, such as France and Finland,
also have a BOS industry.

v The photovoltaic power systems available today
come in a wide variety of system configurations,
maost of which are custom designed. Utiliy
defined specifications have been developed for
specific projects, but have not been standardized
for various photovoltaie power system applica-
tions. The noteworthy exception is Italy’s
Photovoltaic Low-cost Utility Generator (PLUG)
which incorporates factory pre-assembly of com-
ponents and sub-systems, and simple support
structures. However, both off-grid and grid-con-
nected systems must conform to a large set of sys-
tem and plant specifications, regulations and
standards, such as safety.



¢ The data from Germany illustrate the dependency
of system price on system type and size. The
Jower system price of 8.13 §/Wp was for a standard
high power grid-connected photovoltaic power
system while the highest system price of 48.90
$/Wp was for an off-grid photovoltaic power sys-
temn with an auxiliary generator. Low power grid-
connected photovoltaic power system prices are
9.80-12.50 $/Wp and standardized off-grid photo- :
voltaic power systems are 12.20-13.10 §/Wp.
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Chapter 2 provided information about the PV power
market and business as of the end of 1993. The
installed systems were described and associated with
four markef sector applications:

B off-grid service

B off-grid residential

B small distribufed grid-connected
B medium and large grid-connected

The specific PV power systems that were addressed
in Chapter 2 included commercial systems, subsi-
dized commercial systems, demonstration systems
and field test systems. The following definitions
were used in this report for these four terms:

Commercial systems are those that are cost-effec-
tive today to meet a specific need and are purchased
by a user without subsidies.

Subsidized commercial systems are on the mar-
ket as any other commercial product but require a
subsidy in order to be accepted by the customer.

Demonstration systems are designed and operat-
ed to show that a particular PV system is either a
potentially cost-effective option for utility or energy
service applications (cost-effectiveness demonstra-
tion} or to show what can be done from a technologi-
cal point of view and the potential (technology
demonstration). The objective of both types of
demonstrations is to encourage utility or energy ser-
vice companies to adopt this technology. Frequently
these demonstrations involve systems with unique
designs, complicated procurement processes, etc.
Instrumentation and analysis is a common aspect of
demonstrations.

Field test systems or pilot projects are designed
and operated as part of an R&D program to verify
some aspect of system performance. The cost of
these systems are often quite high as their purpose is
further performance improvement or cost reduction,
etc. They are frequently highly instrumented to be

able to address specific scientific or engineering
issues.
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As these four fypes of systems reflect the develop-
meni; process from R&D to the marketplace, there
should be a relationship between the four market
sectors and these four system types. Based on the
information in Chapter 2, it would be reasonable to
expect to find the commereial systems primarily in
the off-grid service applications and off-grid residen-
tial sectors, and to find the grid-connected applica-
tions to involve a large number of demonstration and
field test systems. As the PV technology improves
and costs continue to fall, it is reasonable to expect
that future survey reports will see several shifts: (1)
a greater percentage of the installed power in the
two grid-connected market sectors will be subsidized
commercial and commercial and a smaller percent-
age will be demonstration and field test systems, and
(2) a greater percentage of the off-grid residential
systems will become commercial and not require
subsidies nor much further demonstration or field
tests.

The last two categories, demonstration and field test
systems are addressed in this chapter since their
objectives, size and number are good measures of the
advances being made in photovoltaic power systems.
In subsequent survey reports, data will be requested
on commercial systems to track the evolving maturi-
ty of photoveltaic power systems.

Demonstration and Field Test Objectives

The reporting countries were asked to identify their
main demonstration programs and projects and to
describe the objectives of those demonstrations.
Ninety-five demonstration programs involving over
3,000 specific systems were reported. A large num-
ber of diverse objectives were reported, suggesting
that these programs are both field tests as well as
demonstrations. Furthermore, many of the reported
objectives pertain more to R&D than to commercial
systems. These objectives were grouped into one of
six general objectives, listed below:

(1) Special Applications
{2) Performance [ssues
{3 Operation and Maintenance



(4) Technical and Economic Feasibility
(6) Market Development
(6) General Information

The specific objectives, common to four or more
countries, and associated with the above general
objectives are listed below. The numbers in paren-
thesis are the number of countries reporting that
specific objective:

Special Applications

Study infegration aspects of building-integrated PV:

Canada, Denmark, Finland, France, Germany,
Netherlands {6)

Explore use of existing structures:
Austria, France, Japan, Switzerland (4)

Performance Issues

Evaluate performance of systems and new
components:

Austria, Canada, Denmark, France, Finland,
Germany, Italy, Japan, Netherlands, Portugal (10)

Analyze grid-connection issues and impaets:
Austria, Denmark, France, Germany, Japan,
Netherlands (6)

Evaluate performance of standard system designs:
Austria, France, Italy, Netherlands (4)

QOperation and Maintenance

Study operation, reliability and performance of
utility grid-connected, or off-grid applications:
Denmark, France, Germany, Japan, Netherlands,
Portugal, United States (7)

Evaluate feasibility, reliability and operations cost:
France, Germany, Italy, Japan, Netherlands, United
Kingdom (6)

Analyze plant O&M costs and requirements:
Austria, France, Germany, [taly, United States (5)

Technical and Economic Feasibility

Seek competitive solutions for isolated houses:
Finland, France, Germany, Italy, Korea, Portugal,
Sweden (7)

Develop own experience with technology:
Denmark, Finland, France, Italy, Netherlands,
Portugal, Sweden, United Kingdom (8}

Provide technical feedback to industry:
France, Italy, Germany, Netherlands, United
Kingdom, United States (6)

Establish installed cost, and ways to reduce it:
Austria, Canada, Germany, Netherlands (4)

Market Deveioﬁment

Promote market diffusion of PV:
Canada, France, Finland, Italy, United States (5)

General Information

Information transfer, public information, teaching:
Austria, Canada, Denmark, Finland, France,
Germany, Italy, Netherlands, Portugal, United
Kingdom, United States (11)

The above fourteen most cormmonly mentioned spe-
cific objectives represent eighty nine objective-coun-
try citations. If the first four general objective cate-
gories are associated with field tests and demonstra-
tions and the last two to subsidized and non-subsi-
dized commercial systems, then 82% of the citations
pertain primarily to field test and demonstration
programs, while 18% pertain primarily to commercial
systems, with our without subsidies. It will be inter-
esting to see how this distribution changes over time.

Lessons Learned and Problems Encountered

Information concerning the lessons learned and
problems encountered in the demonstration pro-
grams and projects were provided by ten of the
reporting countries. There was very little commonal-
ity of problems encountered and/or lessons learned.
Many countries did not report any encountered prob-
lems nor any lessons learned.

As is eommon with most photovoliaic power systems,
the BOS was cited as the source of most problems.
The kind of problems encountered include initial
inverter failures, audible inverter noises, control
and/or power conditioning failures, a de switchgear
fire, broken cover glass caused by high winds, and
cable connection corrosion.

The lessons learned can be grouped into perfor-
mance-related, cost-related or operation and mainte-
nance. The following typical observations regarding
performance were reported: (1) quite often the
actual performance was less than predicted, (2)
power conditioner losses were low, (3) the availabili-
ty for photovoltaic power systems was 90-95%, and
was often limited by the performance of the inverter,
(4) an observation of current leakage to the module
frame, and (5) that aSi modules fall short of manu-
facturer specifications. The same country can find
some photovoltaic system to work perfectly while
another system suffers inverter problems (using dif-
ferent inverter manufacturers and-different system
designers). The same country can find actual per-
formance to be what was predicted while for another
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TABLE 14

Primary Funding Source foe Major Demonstration Pregrams, to the End of 1933"

AT GA DK FI FR DE IT J K NL PT SE CH TR UK US
Primarilygovernment 2 2 4 3 5 2 2 4 1 14 5 1 3 1 3 3
Primarily utility 01 1 0 0 3% 1 00 4 0 2 2 0 1 9
Primarilyprivatesector 0 1 0 8 0 0 0 0 0 2 0 0 0 0 0 0

system if is less than expected or predicted.

Some positive performance-related lessons learned
were also reported, including {1} urban dirt does not
seem to degrade the photovoliaic power system’s
performance, (2) snow cover causes minimum annu-
al performance loss, and (3) lighfning strikes did not
damage a particular PV system. Another positive les-
son learned is that it is not necessary to penetrate
the membrane on flat roof in order to install a PV
system. The most positive observation, reported by
several countries, was that there were no major
problems with their photovoltaic power systems.

The major lesson learned about operation and main-
tenance of photovoliaic power systems is that aside
from the need for battery and instrument mainte-
nance, the rest of the system requires little to no
mainfenance, and that PV grid-connected plants can
operate safely, provided de safety matters are care-
fully addressed.

Regarding cost, it was proven that factory pre-assem-
bly can reduce the cost of photovoltaic power sys-
tems, and that standard components and systems are
necessary for reduced installed system cost.

Primary Funding Source

In order to draw conclusions from this chapter, the
demonstration and field test programs and projects
were divided into three major types:

W primarily government sponsored
M primarily utility sponsored
W primarily private sector sponsored

Table 14 was prepared to show the number of
demonstration programs that received the majority
of their funding from either the government, a utility
company or organization, or the private sector.

The majority, 55 ouf of 95 demonstration programs,
or 58%, were funded primarily by the government.

This is not surprising as the government in most of
the participating countries has policies supporting

the development and demonstration of photovoltaic
power systems. The utility sector was the primary
sponsor of 34 out of 95 demonstrations programs or
projects or 36%. The private sector provided the pri-
mary funding for the smallest number of demonstra-
tion projects, 6 out of 95, or 6%.

Considering the number of demenstration programs
only, not their size, government sponsorship predom-
inated in almost all countries with a few notable
exceptions: utilities take the lead in photovoltaic
power system funding in the United States and
Austria and to a lesser degree in Germany and
Sweden. Private sector funding is relatively impor-
tant in Finland and to a lesser degree in the
Netherlands and Canada. In Germany, the federal
government funds two major programs, the German
PV Demonstration Program (1988-1994) and the
1000-Roofs Program; the three other major demeon-
stration projects are funded by the utilities. In
Austria, federal ministries are involved in funding
the largest single demonstration (200 kW,) but utili-
ties are very much in the lead on most of the rest. In
Sweden, two of the three reported demonstrations
are funded by utilities buf all three of these systems
taken together are less than 15 kW,. In Italy, a bal-
anced effort involving the national utility company,
ENEL and the government agency, ENE4, led to a
series of demonstration projects.

The United States reported twelve demonstration
programs involving 117 systems. These programs
include the collaborative Department of Energy/util-
ity PVUSA, the collaborative Environmental
Protection Agency/utilities program, the Cape
Canaveral project, Arizona Power Systems STAR pro-
gram, the City of Austin, Texas program, Virginia
Solar program, Tennessee Valley Authority program,
the Las Cruces project, the Gardner, Massachusetts
program, the Washington Power and Light program,
and two programs at the Sacramento Municipal
Utility District.

Demonstrations and Field Tests
Tables 15 and 16 present the statistical data gath-

13 The numbers represent major demonstration programs, but not necessarily individual PV demonstration systems.
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TABLE 15

Major Demonstrations and Field Tests, by the End of 1993. See Figures 33 and 34.

Number of Major

Installed Demo

Range of Demo

Demo Programs CGapacity, MW, Systems, kW,

and/or Projects
Austria 12 0.307 1.3-40
Canada 4 0.118 1-75
Denmark b (0.144 1.8-5
Finland 6 0.038 1-30
France 5 0.52 0.5-2.0
Germany 5 6.424 1-600
[taly 3 3.95 1-3300
Japan 4 1.7 0.2-750
Korea 1. 0.169 4-100
Netherlands 20 0.53. 0.4-55
Portugal b 0.067 (.05-15
Sweden 3 0.018 1-10
Switzerland 5 1.584 10-560
Turkey 1 0.003 3
United Kingdom 4 0.016 0.2-6.5
United States 12 4.92 0.2-1180

ered from the survey countries on their demonstra-
tion programs. The reader is referred to the national
input reports for details of these diverse programs.
No attempt was made in this table to distinguish
between demonstration programs and field fest pro-
grams. Table 15 presents key information about the
demonstration (and field test) programs and/or pro-
jects gathered from the national input reports. A
demonstration or field test program may involve
many systems, sometimes hundreds or thousands of
individual, similar installations. Demonstration or
field test projects, on the other hand, are often one
of a kind. The author attempted to list in Table 15
only the major program and/or projects, and not indi-
vidual systems.

Column 2 in Table 15 shows that the demonstration
programs range from one (Korea and Turkey) to
twenty (the Netherlands). The number of individ-
ual systems is much higher, ranging from less than
ten in Denmark, Finland, Italy, Korea, Sweden,
Turkey and the United Kingdom, to less than a hun-
dred in Portugal, Switzerland, and the United States,
to a hundred or more in Austria, France, Japan and
the Netherlands, and over a thousand in Germany.

The demonstration and field test system sizes are as
small as 50 W, in Portugal and as large as 3.3 MW, in

Italy. The smallest Portuguese systems are for off-
grid rural electrification and the largest ltalian
installation is the grid-connected plant at Serre.

Table 15 also shows the total installed PV demonstra-
tion (and field test) power capacity in each country.
Figure 33 and Figure 34 present this information by
country and regionally. The installed capacity in
demonstration systems ranges from 3 kW, in Turkey
and 16 kW, in the United Kingdom on the low end,

up to 1.58 MW in Switzerland, 3.95 MW, in Italy,
4.92 MW, in the United States and 6.42 MW in
Germany Despite the fact that France has avery
large number of demonstrations systems, as of the
end of 1993, they totaled a moderate 0.562 MW, since
they are mostly for off-grid residences of 1 to 2 kW
gach. The Italian total will soon increase because
the largest plant (at Serre) is still being constructed;
the Serre plant was about 1.32 MW, in early 1994 but
should be about 3.0 MW, by the end of 1994.

By comparing the data in Table 1 with that in Table
15 it is possible to estimate the fraction of the total
installed power capacity (Table 1) that is devoted to
demonstrations (Table 15). It can be seen that
about 75% of the total installed PV power capacity by
the end of 1993 in Germany and in the United States
was installed as demonstration systems. Austria,
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FIGURE 33

Installed PV Demonstration
Power Gapacity, MW,

at End of 1993

Country

FIGURE 34

Installed PV Demonstration
Power Capacity, MW,,

at End of 1993

MWp

France, Italy, the Netherlands, Portugal and
Switzerland had between 20 and 50% of their PV
power capacity installed as demonstrations, and the
remaining countries had less than 10% of their
installed PV power capacity in demonstrations.

Table 16 presents data on the investment in demon-
stration or field test programs by the end of 1993, as
well as the range of installed costs, and the average
%W, price for these systers. When possible, coun-
tries provided weighted average $/W, data. Aswith
all cost data, caution must be used when attempting
to make comparisons. The wide range of installed
demonstration system price, as well as in the weight-
ed average prices is probably due to the relative size
of systems, non-photovoltaic hardware being includ-
ed for very remote power systems, and the age of the
systems. For example, the Japanese data for invest-
ment and installed price range included labor and
travel expenses for the researchers, land preparation
costs, dummy load and simulated grid for research

on grid-connection issues, etc., while other countries
did not.

One would expect there to be a logical relationship
between the price paid for modules, for the other
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components necessary to make a system, for a com-
plete system, and for an installed system. Table 17 is
designed to help the reader sort ouf the photovoltaic
power system prices and their relationships.

The approach taken to develop Table 17 was:

B to use data provided by each of the listed coun-
tries, wherever possible

B the BOS component prices (included in column
3) were based on the average price if the country
presented a range of values ,

& where a country did not provide data for BOS
component prices, the average of those countries
providing such data was used

The range of module prices from Table 7 is repeated
in column 2 and these module prices are obviously
included in the total component prices in column 3
which includes: modules, inverter, de switchgear,
and supporting structures. Column 3 does not
include batteries, controls, installation, engineering,
instrumentation, shipping, or construction manage-
ment. Thus an actual installed photovoltaic power
systern would cost appreciably more than what is
shown in column 8. It appears that the total of the



TABLE 16
Demonsiration and Field Tests Finaneial Data, by the End of 1993

Investment, $M Installed Cost, Range $/W, Weighted Average, $/W,
Austria 5.19 14-45 17
Canada 1.6b 8-50 I4
Finland 0.5 20 20
France 19 36-54 37
Germany 110 11-60 15
Italy 44.5 7-22 11
Japan 86.4 7-60 43
Korea . 2.56 15-24 16
Netherlands 3.0 11-18 12
Portugal 0.32 20-44 32
Sweden 0.27 16-41 21
Switzerland 21.1 11-19 13
United States 8-30 12

TABLE 17

Component and System Price Analysis for Selected Survey Countries, 1993 data

Module Total price of Prices of specific Costaverage of Deme and field
Price, $/Wy the main system systems offered  systems instalied test system costs,
components, forsale in 1993, in 1993, $/W, $W,
W, - $/Wp
Austria 6.00-10.00 9.00-13.00 13.60-22.00 15.90 17.00
Canada 5.12-6.25 7.61-8.74 7.75-22.00 11.80 14.00
Germany 5.68-7.79 9.43-11.54 8.20-35.00 12.90 15.00
ltaly 4.10-5.60 6.60-7.50 8.756-21.90 9.40 11.00
Sweden 5.12-7.04 8.10-10.00 8.60-16.70 16.06 21.00
Switzerland 7.14-10.71 10.40-14.00 9.50-21.85 17.25 13.00

United States  5.24 . 8.00-8.70 7.70-12.34 8.12 12.00

component costs in column 3 are the lowest for Italy
(6.60-7.50 $W,,) and highest for Switzerland (10.40-
14.00 $/W,) due to the higher prices of the modules

in Switzerland.

The last three columns repeat data for photovoltaics
power systems from Tables 2, 13, and 16. Column 4
shows the 1993 prices system suppliers were offering
(taken from Table 13); the costs never get below
7.70 $/W, or above 85.00 $/W,. Considering the scat-
ter of the rest of the data in this survey, the similarity
of the lower prices is noteworthy. The minimum
price is very much in line with the sum of the compo-
nent prices shown in column 3. It seems fair to spec-
ulate that system suppliers are flexible in their prie-
ing over the range of 8.00-20.00 $/W,, and can occa-

sionally receive up to 35.00 $/W, for complete sys-
tems, especially if they include non-PY components.

The costs for systems installed in these countries in
1998 (taken from Table 2) is shown in the fifth col-
umn, and presents a totally different picture. Some
of the PV systems in the United States were appar-
ently installed with little or no profit margin. ltaly
was able to install a grid-connected system for 9.40
%W, a small margin (256%) over their highest price
of 7.50 $/W, for just the components, and about 5%
over their low end component-only price of 6.60
#W,. Canada and Germany were able to install sys-
tems for between 12.00-13.00 %W, or about 40-50%
over their lowest component-only prices. Sweden,
Austria and Switzerland purchased systems at some-
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what higher prices {column 8) and up to 70-90%
above the lower price for components only, and for
about 20-60% more than the price of the high end of
their component-only prices.

The last column, showing the system prices of
demonstration and field tests {taken from Table 16),
s even more extreme with system prices ranging up
to 21 &/W,. Demonstrations and field test systems
should cost more than commercial sales due to high-
er procurement costs, instrumentation, ete. Another
reason for high costs and wide ranges is the variation
in photovoltaic power system costs over the past
decades. Many of these demonstration systems were
installed when module prices were well above the
1993 levels.

Major Findings

v There is a great variety in the number and type of
objectives for the demonstration and field test
programs in the reporting countries. Eighty-two
percent of the citations pertain primarily to field
test and demonstration programs while 18% per-
tain to commercial systems, with and without sub-
sidies.

v’ The major reported performance results were that
the PV modules are performing very well and that
the balance of system components were the
source of most of the reported problems.

v’ Government sponsored demonstration and field
test programs predominated with a few notable
exceptions: utilities take the funding lead in the
United States and Austria and to a lesser degree
in Germany and Sweden. Private sector funding
is relatively important in Finland and to a lesser
degree in the Netherlands and Canada.

v The capacity range of demonstration and field
test systems was large, from a 50 W, rural eiectri-
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fication system in Portugal to a 3.3 MW, grid-con-
nected system in Italy. There is a large range in
the total power of the installed demonstration
and field test systems in the reporting countries,
from 3 kW, in Turkey and 16 kW, in the United
Kingdom on the low end, up to 1.58 MW, in
Switzerland, 3.95 MW, in [taly , 4.92 MW, in the
United States and 6.4 MW, in Germany.

&’ System suppliers seem flexible in pricing their
demonstration and field test systems from 8 to 20
$/W,, with a few exceptions. Italy was able to
install for 9.40 §/W,, a small margin (256%) over

. their highest component-only price of 7.50 VW,
and about 75% over their lowest component-only
price of 6.60 $/W,. Canada and Germany were
able to install systems for between 12.00-13.00
$/W,, or about 40-50% over their lowest component
prices.

¢/ An often quoted parameter is the ratio of installed
system cost to module cost, If this ratio is com-
puted based on the lower end of the module price
range, this parameter ranges from a low of 1.6 for
the United States to between two and three for
Austria, Canada, Germany, Italy, Sweden and
Switzerland.




International Policles

Many of the reporting countries have signed various
international agreements and participate in a num-
ber of international programs. It therefore seems
reasonable to expect that some of the recent interna-
tional and regional policies dealing with the environ-
ment, CO2 reduction, sustainable development, as
well as with trade will, either directly or indirectly,
affect the use of photovoltaic power systems.

In 13 of the 16 reporting countries, their country's
signing of various legally binding international
freaties and agreements is viewed to have a positive,
if indirect, impact on the future use of photovoltaic
power systems. However, regarding non-legally bind-
ing treaties and agreements such as the Toronto
Agreement, the UNCED Climate Convention and the
Luxembourg Agreement, all of the reporting coun-
iries felt there would be no effect on photovoltaic
power systems. The most positive responses were
from Austria who felt these treaties and agreements
will move Austria's energy supply towards renew-
ables, and the United States who stated that eom-
mercialization of photovolfaics was seen as a funda-
mental part of reaching the UNCED Climate
Convention goals. Denmark, Italy, Korea and the
Netherlands felt these treaties and agreements will
accentuate interest in photovoltaics in their coun-
tries and could, in the future, help promote the
wider use of photovoltaic power systems. The United
Kingdom and Switzerland did not elaborate on their
positive responses.

France pointed out that the Global Environmental
Facility of the World Bank is expected to present
new business opportunities for the photovoltaic
industry which would have a positive effect on the
use of photovoltaic power systems.

Austria and the United States also believed that cer-
tain legally binding regional agreements, such as the
European Union policies and the North American
Free Trade Agreement (NAFTA), respectively, will
have a positive affect on photovoltaic markets. For
example, Canada and the United States stated that
the requirement in NAFTA that all tariffs and trade

barriers between the United States, Canada and
Mexico be eliminated should facilitate the sale of
photovoltaic products.

All reporting countries that are EU members men-
tioned positive affects of the European Union R&D
programs while Canada and Japan commented on
the positive impact that their Green Aid programs,
dealing with off-grid rural electrification and
portable power, could have on photovoltaic power
systems.

It seems clear that the existing relevant internation-
al policies, treaties and agreements do not present
any significant negative forces against photovoltaic
power systems. However, in spite of the various posi-
tive responses, all in all, it appears that international
policies have not yet had much of a positive impact
in photovoltaic power systems. It will be interesting
to track this topic in the future as it is logical to
expect that such agreements will have a growing
positive influence on the use of photovoltaic power
systems.

Wational and Local Policies

While there is a difference between national R&D
programs and national policies, both can have a
major impact on the use of photovoltaic power sys-
tems in a particular country and therefore this sec-
tion will deal with both.

National R&D programs support photovoltaics by
providing finrancial resources for the cost reductions
and performance improvements that are so vital for
greater diffusion info the utility market. Of the
eleven countries that provided information on this
specific item, only Finland, Portugal and Sweden
reported that they had no specific local or regional
plans to promote the use of photovoitaic power sys-
tems. The other thirteen countries provided
detailed information about their national promotion
plans. Some plans set targets for increased contribu-
tions by renewable energy sources (Austria,
Denmark} and some even for photoveltaic power sys-
tems (Italy, Japan, and Switzeriand). Others, such
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TABLE 18

Energy Plans and PV Pewer Preduction Targets in Reporting Countries

Energy Plan PY Targets
Austria Favors renewables None
Canada Under development 15 MWp by 2000
Denmark Favors renewables BIPYV competitive by 2000
Finland None None
France None None
Germany Unclear None
[taly Favors renewables 25 MWp by 1995
Japan Favors renewables BIPV competitive by 2000
Korea Emphasizes PV 20 MWp island by 2000
Netherlands Pavors renewables 250 MWp renewables by 2010
Portugal Favors renewables None
Sweden None None
Switzerland Addresses PV 50 MWp grid-connected by 2000
Turkey None None
Unifed Kingdom None None
United States Favors renewables UPVG 50 MWp by 2000

as France, Turkey, the United Kingdom and the
United States reported on plans that promoted pho-
tovoltaic power systems without setting targets.
Targets for a specific amount of photovoltaic power
capacity required by a specific date are valuable pro-
vided that funds are available to facilitate the
achievement of those targets.

In view of the major changes that are taking place in
the utility sector in many of the participating coun-
tries, the issue of national or local laws that regulate
the generation of electricity by non-utiliy companies
is critical to the diffusion of photovoltaics in the util-
ity sector. Austria, Denmark, Finland, France,
Germany, italy, Portugal, Sweden, Switzerland, the
United Kingdom and the United States indicated
that access to the grid for a photovoltaic power sys-
tem can not be denied provided that the rules are
followed. In most countries, photovoltaics is freated
the same as small-hydro and wind generation. The
issue of how much non-utility generators are paid for
their electricity is addressed in a following section in
this chapter.

Table 18 summarizes the energy plans and targets
for photoveltaic power production, if any, for the
reporting countries. The term “BIPV" means build-
ing-integrated photovoltaic systems.

Eighlf countries have some kind of target for photo-
voltaic power systems, ranging from specific photo-
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voltaic power system targets of 50 MWy power pro-
duction by 2000 in Switzerland and in the United
States, 26 MWp by 1995 in Italy, and 20 MWp by 2000
for island applications in Korea. The Netherlands
has a target of 250 MW, of renewable energy by 2010.
Denmark and Japan have specific goals to make
building-integrated PV competitive by 2000. With
such aggressive targets it can be expected that the
level of PV activity will be relatively high and likely
to increase in the near future.

Subsidies and Rates

This section covers two different issues. The first is
the subsidies available for construction of photo-
voltaic power systems and the second is the regula-
tions governing the price paid for the electricity gen-
erated by photovoltaic power systems.

Most countries have significant investment subsidies
for the initial capital cost. And in many countries
subsidies are available from the national and/or the
state governments. In some cases additional subsi-
dies are available, such as exemption from property
taxes, sales taxes or VAT, etc. Only Canada, and
Turkey are without subsidies for the construction of
photovoltaic power systems.

in Denmark such subsidies can be provided but none
have been so far. France has the largest subsidy, pro-
viding 90% of the cost of an off-grid photovoltaic



TABLE 19
Subsidies and Buy-back Rates

Subsidies™ Buy-back Rates
Austria Up to 40% national plus 15-40% provincial 8-T ¢/kWh, considering parity
Canada None Negotiated avoided costs
Denmark Yes, project specific 8 ¢/kWh
Finland Up to 50% to utilities and industry Avoided costs
France up to 90% for off-grid rural PV systems 4.6 ¢/kWh
Germany 40-70% national, 35-T0% states, 10-30% in cities, 10 ¢/kWh federal, some
within budget limits, and additional up to states up to 12 ¢/kWh for
40% for off-grid 10 yrs, some cities -
offer 1.25 $/kWh
Italy 30-80% national Exceeds parity for 8 yrs, up o
29 ¢/kWh for peak surplus
power
Japan 50-67% for grid-connected systems Almost parity with local
uility’s price
Korea 50-80% plus b% interest rate for 8-year loan, Negligible
plus up to 50% of operating costs are covered.
Netherlands 4.32/$Wp investment subsidy for off-grid systems, Parity or close to parity
40-60% for grid-connected systems
Portugal 15-26%, plus some tax benefits None quoted
Sweden Up to 50% for demonstration systems Avoided costs (3 ¢/kWh)
Switzerland 30-50% national, 15-50% in some cantons (states), Min. 11 ¢/kWh
for grid-connected systems (80% of parity) some utilities
can exceed parity
Turkey None specified None specified
United Kingdom Modest Negotiated case by case
United States  10% plus 1.5 ¢/kWh for 10 yrs, up to 35% state, Avoided cost as defined
plus various tax exemptions; 35% federal for by each state

grid-connected (UPVG)

power system with funds from the local authorities,
EDF and ADEME, provided that the photovoltaic
power system is cheaper than extension of the grid.
The subsidy in Ifaly is almost as great. For example,
a building that is not connected to the grid is eligible
for an 80% subsidy on the total cost of the installed
system. In Finland a subsidy of up to 50% of the cost
of the system is available to industry or the utility
involved with a specific photovoltaic power system.
In Korea, very significant government support is
available for the construetion of photovoltaic power
systems on certain Korean islands.

The situation regarding the prices paid by the utility

14 44 percent of total capital cost, unless noted.

company for energy delivered to the grid from photo-
voltaic power systems, referred to in this report as
the buy-back rate, vary considerably from country to
country. In Austria, Denmark, Finland, France,
Japan and the United Kingdom, the price paid is less
than the price charged for electricity. Parity
describes the situation where the price paid for PV-
generated electricity is equal to the price charged
for electricity. In Japan, buy-back rates are close to
parity with the local utility’s rates, and in Austria,
parity buy-back rates are under consideration. Italy
seems to have the most positive rates, significantly
exceeding parity (the rate that utilities charge their
customers) for peak power for the first eight years.
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TABLE 20
Required Growth In Module Shipments and PV Power System
Installations in Specléic Countrics

CA ] K NL CH us

Average annual target, MW, 2.1 6.5 3 146 66 5.3

1993 increase in installed 041 36 017 037 05 1.46

PV power capacity, MWP

Attained installation target, % 20 55 6 3 8 28

1993 module shipments, MW, 0.16 32 0.6 0.5 016 21

Attained module shipment target, % 8 49 17 3 2 100

Subsidies low Very Good Good Good Low
good

Buy-back rates Low Very Very Very Very Good
good low good  good

Some local utilities in Germany and Switzerland can
also exceed parity for ten years while for Canada,
Finland, Sweden and the United States, the utilities
must, or usualiy agree to pay a rate equal o their
avoided costs.

Table 19 summarizes the input reports for these two
issues.

At present, avoided costs tend to be low as they
mainly reflect avoided fuel costs. In view of the rela-
tively high cost of electricity from photovoltaic power
system plants, high buy-back rates will be required
unti} installed system costs decrease significantly.

It is interesting to ask if it is reasonable {o expect a
given country fo be able to reach their target power
level, based on their 1993 shipmenits and the per-
centage growth between 1992 and 1993. And, by
comparing the availability and magnitude of subsi-
dies and buy-back rates it should be possible to
assess their importance to the achievement of the
national targets. The relevant data are shown in
Tahle 20 for six countries with specific {numerical)
PV targeis and described below.

In creating Table 20, the “Average annual target,
MW)," was obtained by dividing the additional MWp
required to reach the target by the number of years
between 1994 and the target year. It was assumed
that 10% of the Netherlands' target, that is 26 MWy,
is met by PV. In actuality, countries may very well
plan to meet their target capacities with most of the
growth in the last year or two when module prices
should be lower. The second row repeats the
installed PV power capacity in 1993 from Table 1.

The third row, “Attained installation target, %",
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shows the percentage of the installed power capacity
required to meet the target that would be attained
using the 1993 installation data. The fourth row,
“Attained module shipment target, ¥, shows the
percentage of the installed power capacity required
to meet the target that would be attained using 1993
module shipment data.

For example, the farget instalied grid-connected
power capacity for PV in Switzerland is 50 MW; by
the year 2000. Of the 5.8 MWy installed in
Switzerland by the end of 1993, 3.8 MW was grid-
connected (see Table 3), an increase of 0.5 MW; over
the 3.3 MW, grid-connected installed by the end of
1992. If this target were to be met with the same
amount of power capacity installed each year
between 1994 and 2000, 6.6 MWp would have to be
installed each year. The percentage attained of the
installation target is 8% (0.5/6.6), suggesting a signif-
icant challenge to the Swiss ufilities. In 1993, the
module production in Switzerland was 0.16 MWyt
The percentage of the module shipment target is 2%
{0.15/6.8), suggesting either a very large increase in
module imports (Switzerland imported 0.7 MWp in
1993) or a dramatic growth in module production
capacity in Switzerland would be required. By com-
paring the percent increase in installed grid-con-
nected capacity between 1992 and 1993 (156%) and
what would be required in 1993-1994 (174%), the
challenge to both the PV industry and the utilities in
Switzerland is apparent. Of course, the target may
be met in a non-linear manner, with most of the
increase in installed capacity coming in the last
years. This is part of the strategy to take advantage
of anticipated lower installed system prices.

The United States has the module production rate to
meet its target but would have to increase its 1993



installed PV power capacity by 3.6 times in 1994,
italy’s module manufacuring would have to double
or imports would be required to meet Ifaly's target.
{taly would also have to double its installed PV power
capacity. Korea, Canada and the Netherlands, how-
ever, will have to rely heavily on imports or dramati-
cally increased domestic production as well as a
greatly increased rate of installations to meet their
national targets for PV. Subsequent survey reports
will track the actual growth vs. the target or planned
growth to assess the degree to which those targets
are being met.

Table 20 indicates the degree to which the subsidies
and buy-back rates are supportive in achieving those
national targets, using the terms, low, good and very
good. The situation regarding the adequacy of the
subsidies and buy-back rates to support the achieve-
ment of the national targets seems most favorable in
Italy, the Netherlands and Switzerland, less so in the
United States and Japan, and questionable in
Canada and Korea.

Standards

The mature and significant use of photovoltaics in
the utility sector will require a series of national
and/or international {as in the case of the European
Union) standards that facilitate the construction,
grid-connection and operation of photovoltaic. power
systems. In this survey, the following two aspects are
addressed:

B the technical regulations for the construction and
operation of photovoltaic power systems

B the regulations and/or standards for grid-connec-
tion of photovoitaic power systems

Table 21 highlights some of the information provided
by the reporting countries regarding the main tech-
nical aspects of standards for photovoltaic power sys-
tems.

Regarding construction and operation of photovolta-
ic power systems, safety seems to be the major con-
cern and present regulations secem adequate for, pho-
fovoltaic power systems. Some countries have or are
developing (e.g., France) regulations specific for off-
grid photovoltaic power systems. The most straight-
forward approach is in Finland, where people who
buy photovoltaic power systems are allowed to install
their systems by themselves assuming that the seller
has included instructions approved by the Finnish
Electrical Power Inspection Office. A similar
approach is used in Switzerland for off-grid photo-
voltaic power systems. Austria has regulations for
small grid-connected photovoltaic power systems,
Germany has such regulations in preparation while
in Italy these systems are designed to operate at volt-

ages below those that require meefing very restric-
tive safety requirements. In Switzerland, while there
are no regulations specifically for grid-connected
photovoltaic power systems, provisional safety regu-
lations exist and will soon be replaced with new
standards.

Seven of the sixteen reporting countries, indicated
that there were no specific regulations or standards
for connection to the grid. in France, the electric
utility company, EDF, has not yet worked on specific
regulations for grid-connection, as their program
with ADEME is targeted towards off-grid photovolta-
ic power systems. Denmark, Turkey, the
Netherlands and the United States have no such reg-
ulations, Austria has special instructions for photo-
voltaic power systems, while Finland, Germany, Italy,
Switzerland, Sweden and the United Kingdom follow
the same requirements that exist for any small
power generating system.

Austria sees no constraints that might impede the
diffusion of photovoltaic power systems. Italy,
France and the United Kingdom, on the cther hand,
feel that the present regulations for grid-connection
should be revised to reflect the unique nature of pho-
tovoltaics as opposed to rotating generating tech-
nologies. Denmark, Finland, France, Japan,
Switzerland, Sweden, Turkey and the United States
reported that there were no grid-connection regula-
tory problems that required attention.

It should be mentioned that work is underway to
develop standards for photovoltaic components. The
International Electrotechnical Commission has
issued standards {IEC-891 and IEC-904-1, -2, -3 and -
4) covering various aspects of PV performance mea-
surement. A recent publication, [EC 1215 covers the
design qualification and type approval of ¢8i mod-
ules. Work is also underway to develop a standard
for PV systems and for batteries.

Non-technical Factors Limiting PV
Appiications

Few non-technical factors were identified that might
limit the diffusion of photovoltaics into the various
utility market sectors. No land use or ownership/lia-
bility issues were identified in the national reports.
In Austria, Canada, Denmark, Finland, the
Netherlands, Sweden and the United Kingdom, com-
pliance with regular building codes was not seen as a
limiting factor for photovoltaic power systems. In
France, special rules and requirements are being
studied for roof-mounted modules. Italy reported
that compliance with the regular building codes
often results in over-specifying the support structure
for photovoltaic power systems, which increases the
cost of installed systems. In Japan, fire safety and
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TABLE 21

Country-Speclfic infermation on Standards

Austria

ONORM E-2750 is followed for small grid-connected photovoltaic power systems. Safety
requirements of photovoltaic power system installations are addressed in ONORM E-2760,

based on 1EC TC-82 and the electric code ENI, issued by the Austrian Institute of Standardization,
and the Preliminary Safety Regulations for Photovoltaic Power Systems issued by the Swiss Electric
Power Inspectorate, June 1990

Canada

Any system larger than 100 Wp is subject to inspection by a representative of the relevant provincial
utility. There is a proposal that inspectors will automatically approve certainsize systems. Periodic
inspections will then be carried out. The Canadian Electrical Code requires that components used
must be certified by CSA or be subject to a special inspection and approval for use. Most inverters
used in off-grid systerns are modified sine-wave. The CSA standards apply orly for sine wave
inverters. Thus certification by CSA has not been possible to date for these, hence special
inspections are necessary.

Finland

Only authorized persons can install ac electrical systems. But persons who buy photoveltaic power
systems are allowed to install their systems by themselves assuming that the seller has included
instructions approved by the Finnish Electrical Power Inspection Office.

France

A specification for off-grid photovoltaic power systems has been developed by PV companies, with
the existing French Standard NF C 15-100 as the starting point, and is part of a “Charter of Quality”
that the PV system companies must adhere to.

Germany

The installed photovoltaic power system must meet the basie Germany safety cods VDE-0100 (IEC
364). Special training materials and courses have been developed in the frame of the 1000 Roof
program that cover the safety guidelines to be followed for grid-connected photovoltaic power
system. Specific standards and regulations for PV systemns are being developed.

Italy

Italian Rule DPR n.547 sets very restrictive safety conditions for systems with de voltages over 600 V.
Rules for grid-connection of non-utility generation are set by the italian Electrotechnical
Committee, GEI 11-20. The rules of CEI 11-20 were designed to deal with rotating equipment, and
therefore presents problems for photovoltaic power system grid interconnection. For example, they
require three-phase connection even for small photovoltaic power systems, (e.g., 2 kW as used for
roof-top applications). A PV industry-ENEL working group is drafting new rules for review and
approval by CEl. A new rule is anticipated by mid-1994.

Japan

Informal standards for installation and operation of photavoltaic power systems are proposed by &
“responsible agency”. A technical requirement for grid-connection has been established by MITL.

Portugal

There is a law concerning the production of electrical power up to 10 MW (Decreto-Lei 198/88). The
authorization for grid-connection of photovolfaic power systems is the same as for other sources of
power up fo 10 MW. The activity of production of electrical energy can be done by everyone provided
somé Eechnical and security rules are followed. The entity which uses the public grid must accept
the energy delivered if the project presented to the Directorate General for Energy was approved.
Nevertheless this legislation must be adapted for the photovaliaic power system.

Switzerland

There are no specific safety regulations for photovoltaic power systems. The Federal Inspectorate of
High-Current Installations has issued provisional safety regulations which are to be respected.
Authorization for grid-connection of photovoltaic power systems is the same as for any other
generating facility. Grid connection for a photovoltaic power system on the owner's land (if the power
does not exceed 3 KVA monophase and 10 KVA triphase) does not require & report to be submitted. If
itis located on another's land, a report is required.

United Kingdom

Engineering recommendations G59/1 and ETR 113. Aimed primarily at rotating generating plant.

United States

Utility owned photovoltaic power systems on utility property must meet the National Electric Safety
Code NESC-ANSI/NFPA 02-1993. Photovoltaic power systers not on utility property are governed by
the national Electric Code NEC-ANSI/NFSA 70-1993. Where local codes exceed this code, the local
eode takes precedence. Article 690 addresses unique safety issues of photovoltaic power systems.
There are a list of standards and codes that deal with the installation of photovoltaic power systems.
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structural matters require special attention, and in
Switzerland certain aesthetic concerns must be
addressed. None of these were presented as limiting
factors. Both Korea and Japan indicated that lack of
suitable land may become a limiting factor. Korea
stated that land availability is perceived as the most
serious obstacle to photovoltaic power systems. As
about 70% of Korea is mountainous, the remaining
area is heavily populated and land is very expensive,
making roof-top applications an important strategy.
However, it was pointed out by Austria, that the high
initial cost, limited subsidies, unsatisfactory payrment
for the energy sold to the grid, certain grid-connec-
tion requirements, lack of awareness of the capabili-
ties of photovoltaic power systems, lack of standard
photovoltaic power systems on the market, lack of
qualified system designers and installers, and diffi-
culties in finding BOS components on the market are
the real limiting factors. Most of the responding
countries mentioned the same or some of these fac-
tors.

Environmental Aspects

The guidelines in this category raised three issues;
the existence of favorable environmental regula-
tions, the existence of studies that pertain to exter-
nalities, both environmental and societal, and the
existence of taxes on poliution. While there are a
few exceptions, the existence of these three factors
seems to have little or no impact on the use of photo-
voltaic power systems in the reporting counfries.

At best, environmental regulations favor photoveltaic
power systems in Austria, Canada, Denmark, Italy,
the Netherlands and Portugal, but do not influence
the market. The same is true with studies on exter-
nalities—they exist in Austria, Canada, Denmark,
Italy, Japan, the Netherlands and Switzerland, they
favor photovoltaic power systems, but not enough to
matter. Most of the reporting countries do not have
pollution taxes. In Finland, such taxes are being
introduced this year and they should favor photo-
voltaic power systems. In Sweden, pollution taxes
exist but do not affect the use of these systems
because the price of electricity from such systems is
still too high.

Utility and Public Perceptions of
Photovoltaic Power Systems

The further diffusion of photovoltaics into the utility
sector depends upon a favorable perception of PV
technology by the electric utilities.

In Austria, the perception of the utilities of photo-
voltaic power systems is favorable. The utilities were
the first to use PV for various applications, spent
mere money on photovoitaic power systems than any

other group, and in doing so acquired much know-
how and experience. Further investment by the util-
ity companies is limited by the low cost of conven-
tional fuels. Finland reported that as utilities partic-
ipate in the Finnish R&D program, which hasa
strong emphasis on PV, they have a positive pereep-
tion of PV, But this perception of PV may be more as
a future technology, rather than one which is rele-
vant today.

The national utility company of France, EDF, sees PV
as relevant for use where line extension is too costly.
The Italian national utility company, ENEL, and
some of the municipal utilities have been involved in
a large number of photovoltaic power systems. Their
perception of photovoltaic power systems is there-
fore quite favorable. The utilities in the Netherlands
are very actively involved in the realization of pilot
plants. In 1990 the first (10 PV houses) pilot plant
was contracted. Since then the attention of the utili-
ty sector has grown substantially. Six Dutch utilities
are involved with ten current photovoltaic power sys-
tem projects, while other projects are in preparation.

The perception of PV by a large number of electric
utilities in the United States is excellent, as proven
by the formation by the utilities of an organization
called the Utility Photovoltaic Group (UPVG). Asof
January 1995 eighty nine utilities have joined this
organization whose mission is to accelerate the use
of cost-effective, small-scale and emerging large-
scale applications of photovoltaics for the benefit of
the electric utilities and their customers. Ontario
Hydro, Canada’s largest utility company, is launching
a new program to acquire over 100 MW, of renew-
ables, including PV) by 2000. The perception of pho-
tovoltaic power systems by other Canadian utility
companies varies from viewing photovoltaic power
systems as a business opportunity for exports, to hav-
ing little impact on their operations, to an option for
remote customers, to something o help them look
good to their customers, or to something to experi-
ment with in case it becomes economically viable.

[n addition to the electric utilities, there are other
service utilities, such as telecommunications, navi-
gational aids, ete. that have long been users of photo-
voltaic power systems. They are generally satisfied
with the performance of these systems, which alse
provide significant business to the PV manufactur-
ers.

The market segments that require a positive public
perception are off-grid systems and distributed grid-
connected systems. As a result of many successful
programs and projects, this perception is good in
Austria, Finland, France and Ialy. Public perception
of photovoltaic power systems in Germany is good,
due to their roof-top program and its publicity.
Because so many vacation homes now have phofo-
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voltaic power systems, public perception in Finland
and Switzerland is positive. Italy and the United
States report that public perception of these systems
is rather good, while in Denmark it is rather low, In
Japan, the small number who use these systems are
satisfied, but the general public still associates pho-
tovoltaic power systems with space satellites and
high cost,

Two important indicators of the successful diffusion
of photovoltaic power systems in the utility sector
are the degree of R&D that the utilities support and
the number and size of the photovoltaic power sys-
tem projects that they fund and manage. The
national reports did not provide much-information
about these two issues. Italy reported a significant
utility (ENEL) R&D photovoltaic power system pro-
gram and reported a significant number of utility
projects, both supply-side and demand-side. In
Korea, the national utility company, KEPCO, plans to
conduct an R&D project on PV utility inter-connec-
tion beginning in 1995. KEPCO also has plans to
implement a PVAvind/diesel hybrid power generation
project for remote rural communities. Several coun-
tries reported that their utilities R&D activities are
only in the field of PV system research. The main
R&D items are the performance of inverters, the
requirements for grid-connected systems and the
effect of PV power of the quality of the grid. Japan
reported some utility activity related to isolated sys-
fems.

Denmark and Japan reported that there have not
" been enough projects to influence public opinion.

Major Findings

v’ International treaties and agreements were
viewed to have a positive, if indirect, impact on
the future use of photovoltaic power systems.
Austria, Canada and the United States also
believed that certain legally binding regional
agreements, such as the European Union policies
and the North American Free Trade Agreement
(NAFTA), respectively, will have a positive effect
on the photovoltaics market.

+/ Only Finland and Sweden reported that they had
no specific local or regional plans to promote the
use of photovoltaic power systems.

v Eight countries have specific targets for photo-
voltaic power systems, ranging from specific pho-
tovoltaic power system targets of 50 MW, (grid-
connected) by 2000 in Switzerland and in the
United States, 25 MWj by 1995 in Italy, and 20
MWp by 2000 for island applications in Korea. The
Netherlands has a target of 250 MW, for all
renewable energy sources by 2010. Denmark and
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Japan have specific goals to make building-inte-
grated PV competitive by 2000, With such aggres-
sive targets it can be expected that the level of PV
activity in these eight countries will be relatively
high in the near future.

¢’ The United States has the module production rate
to meet its target but would have to increase its
1993 installed PV power capacity by 3.8 times in
1994. Italy's module manufacturing would have to
double or imports would be required to meet
Italy's farget. Italy would also have to double its
installed PV power capacity. Korea, Canada and
the Netherlands, however, will have to rely heavily
on imports or dramatically increased domestic
production as well as a greatly increased rate of
installations to meet their national targets for PV.
Subsequent survey reports will track the actual
growth vs. the target or planned growth to assess
the degree to which those targets are being met.

#” Most countries have significant investment subsi-
dies for the initial capital cost of photovoltaic
power systems. Only Canada, Sweden and Turkey
do not have subsidies for the construction of pho-
tovoltaic power systems.

v/ Buy-back rates (the price that utilities pay for PV-
generated electricity fed into their grids) vary
considerably from country to country. Italy has
the most positive rates, significantly exceeding
parity (the rate that utilities charge their cus-
tomers) for peak power for the first 8 years.

Some local utilities in Germany and Switzerland
can also exceed parity for 10 years while in
Canada, Finland, Sweden and the United States,
the utilities must pay only their avoided costs.

v/ Work to develop standards for photovoltaic com-
ponents continues. The International
Electrotechnical Commission has issued stan-
dards covering various aspects of performance
measurement, design qualification and type
approval for ¢Si modules. Work is also underway
to develop a standard for PV systems and for bat-
teries.

v/ Safety is the major concern regarding construe-
tion and operation of photovoltaic power systems,
and where existing regulations apply, they seem
adequate.

+’ Seven of the sixteen responding countries indicat-
ed that there were no specific regulations or stan-
dards for connecting photovoltaic power systems
to the grid, nor were there any regulatory prob-
lems that required attention.

¢’ The high initial cost, limited subsidies, unsatisfac-
fory payment for the energy sold to the grid, cer-



®

tain grid-connection requirements, lack of aware-
ness of the capabilities of photovoltaic power sys-
tems, lack of standard photovoltaic power systems
on the market, lack of qualified system designers
and installers, and difficulties in finding BOS
components on the market are the limiting fac-
fors for PV power systems recognized by most of
the reporting countries.

v/ Environmental regulations favor photovoltaic

power systems in Austria, Canada, Denmark, Italy,
the Netherlands and Portugal, but do not influ-
ence the market. Most of the reporting countries
do not have pollution taxes. In Finland, such
taxes are being introduced in 1994 and they
should favor photovoeltaic power systems. In
Sweden, pollution taxes exist but do not affect the
use of photovoltaic power systems because the
price of electricity from such systems is still too
high.

& Austria, Canada, Finland, Italy, the Netherlands

and the United States report favorable ufility per-
ception of photovoitaic power systems, due to a
great extent, to their successful involvement in
the past and present photovoltaic power system
projects.

o As a result of many successful demonstration pro-

grams and projects, public perceptions of photo-
voltaic power systems are good in Austria,
Finland, Germany, Italy, Switzerland and the
United States.
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Process and Guidelines for First Survey

Process and Guldelines for First Survey

1t was agreed by the Task 1 participants that guide-
lines were required to aid the participants in gather-
ing the necessary information and data for their
national survey reports. The Operating Agent pre-
pared draft Guidelines which were reviewed by the
Task 1 participants, with input from selected 3
companies, ufilities and government representatives
in their countries. The Guidelines were then revised
and distributed.

Eleven Task 1 participants from Austria, Canada,
Denmark, Finland, France, ltaly, Japan, Portugal,
Sweden, Switzerland, and the United Kingdom pre-
pared national survey reports. The data provided
was reviewed by the Survey Report author and miss-
ing information was identified. The information
requirements were reviewed at a Task 1 meeting and
the participants agreed to revise and resubmit their
national survey reports. Two additional countries,
Turkey and the United States, plus the European
Union, agreed to provide a national survey report.

Using the information in the revised national survey
reports, and new national survey reports from three
additional countries, Korea, the Netherlands and
Germany, the Survey Report author prepared the
first draft. This first draft had major limitations due
to missing or unclear information. As information
gaps were uncovered during the preparation of the
first draft, every attempt was made to work with the
Task experts fo fill them. Special care was taken
when interpreting data with missing information.
Many of the tables and figures in this first draft were
incomplete or contained data that had to be verified.

The first draft was reviewed by representatives from
the PV industry, the utility sector, and government,
as identified by the Task Participants from each
country. Their comments were integrated and pro-
vided, in writing, to the Survey Report author. Bach
Task participant was asked to provide the missing
and requested inforraation for inclusion in the sec-
ond draft of this report. A second draft of the Survey
Report was prepared based on those comments and
suggestions and was distributed to the Task

Participants. A Task experts meeting was then held
to discuss this second draft and resolve all open
issues,

After this Task meeting, final written comments
were provided to the Survey Report author. A cam-
era-ready final draft, based on these comments, was
then prepared. This draft was given to ENEA in ltaly
for printing and distribution.

Guidelines to be Used by the National
Experts to Gather the Information Necessary
to Prepare the Status Review of PV Power
Applications

The Status Report will present, bi-annually, impor-
tant information about the products, markets, utility
application experiences, major factors affecting PV
diffusion, and national policies related fo photovolta-
ic power systems and applications. The information
will be gathered annuaily on the basis of the
Guidelines defined and approved by the Task 1 par-
ticipants.

The Guidelines are designed to collect information
about photovoltaic products and applications in the
utility sector. Accordingly, the emphasis is on grid-
connected power systems.

The Guidelines will cover the following main topics:

1) Commercial and prototype PV power system
products

2) Market and business today

3) Demonstration and field tests

4} Non-technical factors

1. Commercial and Prototype PV Power
Systems Products
a) Modules

The information to be collected should pertain only
to manufacturers having production facilities in the
responding country and should include the following
items:
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list of main manufacturers

general description of the main steps of the pro-

duction process employed by each manufacturer

(feedstock, ingot crystallization, wafer cutting,

cell fabrication, module fabrication and other

appropriate steps)

B production capacity and total shipments of each
manufacturer for modules (and wafers and cells
if they constitute a significant fraction of ship-
ments)

B technical characteristics of standard commercial
modules (cell material, typical module output
power and size, operating voltage, type of encap-
sulation, year warranty, certification)

B availability of modules specially designed for utili-
ty applications (large size modules, high insula-
tion modules, facade and roof top modules, ete.)
and their characteristics; if such modules are
available, it should be specified whether or not
module specification have been issued (or
approved) by utilities

B module prices paid for specific small (< 1 kW,)

and large shipments; prices should be in national

currency/W, (NC/W,} and US$/W, and should not
include VAT

b) BOS Components

Collected data should concern only PV-oriented
manufacturers having production facilities in the
responding country and should include the following
ifems:

M Inverters

- list of manufacturers with a specific experience in
the PV sector

- technical characteristics of commercial inverters
(typical rated power, commutation mode and tech-
nique, switching components, power factor, har-
monic content, efficiency at rated power)

- availability of standardized inverters designed on
the basis of utility specifications or for special utili-
ty applications (e.g., roof tops) and their typical -
characteristics

- prices paid for specific shipments (NC/W, and
Usyw,)

M Batteries

- list of manufacturers with a specific experience in
the PV sector

- typical product characteristics

- prices paid for specific shipments (NC/W, and
USH/w,)

B Battery charge controllers

- list of manufacturers with a specific experience in
the PV sector

- typical produet characteristics

- prices paid for specific shipments (NC/W pand
US#/W,)
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DC switchgears
(circuit breakers, isolated switches)

- availability of components purposely designed for
de circuits (PV array) and their main characteris-
tics

B Supporting structures

- availability of standardized supporting structures
and the characteristics and, if possible, prices
(NC/m? and US$/m?) of specific installations

¢) Systems

B The information collected should include the fol-
lowing items:

- list of the main companies operating in the market
of PV systems; for each company, it should be spec-
ified what kind of systems (stand-alone systems
and/or grid-connected plants) are marketed and if
some of the plant components (modules and/or
BOS components) are custom made

- availability of standardized systems for special util-
ity applications (grid support, roof tops, facades,
isolated houses, ete.)

- availability of electric utility specifications for spe-
cific systems

- prices (NC/Wp and US$/W,,) paid for specific small
(< 1 kW, ) and large grid-connected plants and for
some typical stand-alone systems

2. Market and Business Today
a) Overall PV System Market

B fotal installed power per countryin kW, by
31/12/92 and 31/12/93

B value of the business in 1993 § connected with
this national market, based on a “turn key” price
of the total energy system

M import of complete modules in kW, as an indica-
tor for the share of foreign companies in the
national PV market and the indicated business
value in 1993 $ :

H export of complete modules in kW, as an indica-
tor for the share of national companies in the
international PV market and the indicated busi-
ness value in 1993 $

B in the first Status Review, information about
import and export will be collected just for mod-
ules; in the subsequent Status Reviews, similar
information on systems will also be collected

e
2
bid

b) PV System Market Sectors

B installed power per country in kW, by 31/12/92
and by 31/12/93

B mean irradiation and/or estimated annual energy
production (MWh/yr) for the following submar-
kets:




- non-domestic autonomous applications, divided
into the following categories:
o water pumping
e professional (telecommunications,
warning devices, aids to navigation)
o cathodic protection
e agricultural
e other

- rural electrification (domestic), divided into the
following categories:
e recreational applications and holiday
houses
e single houses
o other, including villages and islands

-small dispersed PV on buildings, divided into the
following categories:
¢ dwellings
» commercial buildings-facades
e commercial buildings-roofs

-medium and large scale grid-connected systems,
divided into the following categories:
e smaller than 100 kW,
» between 100 kW, and 1 MW,
¢ larger than 1 MW,

3. Demonstration and Field Tests
a) Main Demonstration Programs and Projects

List of main photovoltaic demonstration programs
and projects and the associated promoters (such as
national governments, government agencies, local
authorities, electric utilities, industry)

For each program and project, a short description
should be provided containing the following data:

B reasons for and expected goals from embarking
on the demonstration program or project

B size (installed power capacity, kW,) and main
technical and economic data

B funding sources and cost sharing

M organization responsible for plant construction
and management

B main accomplishments by the end of 1993 or end
of operating period (energy produced, system
efficiency. operating cost, etc.)

B problems encountered and lessons learned

H planned continuation of program and plans for
new activities

Costs should be given in NC and 1993 USS$.

b) Provide a table summarizing the demon-
stration programs and projects in the country.
Smaller installations may be lumped together
or described by giving a typical example.

4, Non-technlcal Factors

a) International Policies Affecting the Use of
PV Power Systems

B environmental policies and treaties
B8 other

b) National or Local Policies Affecting the Use
of PV Power Systems

B national and/or regional plans to promote the dif-
fusion of photovoltaic generation in general

B national and/or regional laws regulating non-utili-
ty production of electric energy

¢) Standards

B main technical regulations for PV plant construc-
tion and operation (dc working voltage, safety
and control devices, harmonic distortion, power
factor, supporting structures, ete.)

@ availability of standards and grid interconnection
rules for PV systems

B8 specific rule problems to be solved in order to
facilitate PV plant diffusion

d) non-electrical factors Limiting PV
applications

B building codes

® land use

B ownership/liability
B8 other

e) Tariffs and Rates

g national and/or regional laws providing incentives
for the construction of PV plants (public subsi-
dies, fiscal incentives, and amounts collected)

B price regulations for the PV energy delivered to
the grid

B identity class of subsidy recipient (customer,
manufacturer, utility)

f) Environment

B existence of specific environmental regulations
which favor PV plants with respect to convention-
al plants

BB availability of specific studies to evaluate hidden
and social costs of the various energy sources

B existence of taxes on environmental pollution
(carbon tax, ete.)
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g) Utility and Public Perceptions

Utility perceptions of photovoltaic should be present-
ed taking into account the following points:

E public perception of PV

B8 research and development activities carried out
by utilities

B pilot plants built and/or managed by utilities

B planned use of PV for demand or supply side
applications {isolated/remote users, grid support,
peak load production on consumer premises,
ete.)
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ApPENDIX &

Terminology, Definitions and Abbreviations

The symbol “$” will always mean United States
Dollars. For other countries using dollars for their
currency, the *$" symbol will be presented with their
country designation, e.g., CANS.

The word “program” will be used throughout this
report, including when reference is made to the IEA
Photovoltaic Power Systems Programme. In that
case, the word “program” will also be spelled as it is
in the Unifed States.

The term “off-grid” systems will be used in place of
terms such as “stand-alone” systems and
“autonomous” systems.

Throughout this report, the words “Europe”, “Pacific
Rim" and *North America” refer to those reporting
countries in each region. Note that “Europe” lacks
important data from Spain which is not a reporting
country, the “Pacific Rim” only includes Japan and
Korea, and that data from Mexico is not included in
“North America™

The following currency conversion rates from the
June I, 1994 Washington Post were used:

Country Dollar in Foreign Currency
Austria 11.58
Canada 1.38
Denmark 6.47
European Union 0.86
Finiand 542
France 5.63
Germany 1.65
[taly 1,587.00
Japan 100.00
Korea 806.00
Netherlands 1.85
Sweden 7.78
Switzerland 1.40
Turkey 33,377.00
United Kingdom 0.66
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AppenpiX B

National Input Reports

AUSTRIA Status Report on PV Power Applications In Austria

CANADA Status Review of PV Applications in Canada

DENMARK Danish Status Review of PV Power Applications

EUROPEAN Status Review of PV Power Activities Supported by the European Commission
UNION

FINLAND Task 1 Status Report Finnish Contribution

FRANCE Status Review of Photovoltaic Power System Applications In France
GERMANY Status Review of PY Power Applications in Germany

ITALY Status Review of PV Power Applications in Italy

JAPAN Status Review of PV Applications in Japan

KOREA Status Review of PV Power Applications in Korea

NETHERLANDS Status Review of PV Power Applications in the Netherlands
PORTUGAL Task 1 Status Report Portugal Contribution

SWEDEN The Swedish Photovoltaic Technology Status Survey 1993
SWITZERLAND Status Review of PV Power Applications

TURKEY PVPS Programme Status Report for Turkey

UNITED KINGDOM Status Review of PV Power Applications In The United Kingdom
UNITED STATES Status Review of US PV Power Applications
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Brpenpix E

Task 1 Participants

AUSTRIA

CANADA

DENMARK

EUROPEAN
UNION

FINLAND

FRANCE

GERMANY

ITALY

Mr. Andreas Szeless
(sterreichische
Elektrizitatswirtschafts-AG
Am HOF 6A

A-1010 Wien

Mr. Raye Thomas, Ph.D.
President

NewBun Technologies Lid.
b Frederick Place

Ottawa, Ontario

K15 3G1

Mr. Peter Ahm
Director

PA Energy A/S
Snovdrupvej 16
DK - 8340 Malling

Mr. Matthew Imamura
WIp

Sylvensteinstr. 2
D-8136% Munchen

GERMANY

Ms. Bija Tuominen

NEMO 2

Advanced Energy Systems &
Technologies Research Programme
Helsinki University of Technology
Otakaari 3

SF-02150 Espoo

Mr. Andre Claverie

ADEME

Renewable Energies Division
500 route des Lucioles
F-06560 Valbonne

Mr. H.P. Sprau

WwIpP
Sylvensteinstrasse 2
D-81369 Munchen

Mr. Calogero Messana
Photovoltaic Systems Design and
Operation

FORI-Dept. of Renewable Energies
ENEA Casaceia

Via Anguillarese, 301

00060 8. Maria de Galeria (RM)

JAPAN

KOREA

NETHERLANDS

FORTUGAL

SWEDEN

SWITZERLAND

TURKEY

UNITED
KINGDOM

UNITED
STATES

Mr. Hiroshi Xatsumata

Deputy Director General

Solar Energy Department

NEDO

Sunshine Building 29F

1-1, 3-Chome, Higashi-lkebukuro
Toshima-ku, Tokyo, 170

Mr. Man-Geun Lee

Researcher

KIER

P.0. Box 5, Taedok Science Town
Taedor

Mr. Emil Ter Horst
NOVEM BV

3t. Jacobstraat, 61
NL-3603 RE Utrechi

Ms. Ana Maria Reis

Ministerio DA Industria e Energia
Direccao Geral de Energia

AV b de Outubro 87

1000 Lishoa

Mr. Lars Stolt
Uppsala University
Tekinkum

Box 634

5-76121 Uppsala

Mr. Sandro Rezzonico
Progetto TISG

o/o Seuola Technica Superiore
6962 Cancbbio

Mr. Huseyin Ugur
Director, NMI

Marmara Research Centre
P.0. Box 21

Gebze-Kocaeli 41470

Mr. Harry Barnes
EA Technology
Capenhurst
Chester, LONDON
CHI 6ES

Mr. Charles Linderman

Director

Fossil Fuels and Renewable Program
Edison Electric Institute

701 Pennsylvania Ave. NW
Washington, DC 20004-2696
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