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Trends in PV Power Applications
in Selected IEA Countries Between

1992 and 1997

The Third of a Series of Survey Reports

Foreword

The International Energy Agency (IEA), founded in
November 1974, is an autonamous body within the
framework of the Organisalion for Economic Co-
operation and Development (OECD) which carries
out a comprehensive programme of energy
ce-operalion among its 23 mamber countries. The
European Commission also participates In the work
ol the Agency.

The IEA Photovoltaic Power Systems Programme
is one of the collaborative R & D agreemeants
established within the IEA, and since 1993, ils
participants have been conducting a variety of
joint projects in the applications of photovoltaic
conversion of solar energy into electricity.

The overall programme is headed by an Executive
Committee composed of one representative from
each participating country, while the management
of individual research projects (Tasks) is the
responsibility of Operaling Agents. Currently seven
Tasks have been established and a further two are
in preparation,

The twenly one members participating in Task 1

are Australia (AUS), Austria (AUT). Canada (CAN),
Denmark (OMK), European Commission, Finland
(FIM), France (FRA), Germany (DEU), Israal (ISR},
Italy (ITA), Japan (JPN), Korea (KOR), Mexico (MEX),
The Netherlands (NLD), Norway (NOR), Portugal
{PRT), Spain (ESP}, Sweden (SWE), Switzerland
(CHE), The United Kingdom (GBR) and The United
States of America (LSA).

The objective of Task 1 is to promote and facilitate
the exchange and dissemination of information on
the technical, economic and environmenial
aspects of photovoltaic power systems for utility
applications and other users.

This report has been prepared under the
supervision of Task 1 by: Donna Munro and Emily
Rudkin of Halcrow Gilbert Associates (GBR) and
approved by the PVPS Programme Executive
Committee.
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Executive Summary

n
This report prasents a descriplion of the status of
phatovaltale (PV) power systems in the 20 participating 60— | On-grid centralised
countries! of the IEA Photovoltaic Power Systems B On-grid distributed

Programme, A survay of the stalus of PV power 50 - B Of-grid non domestic
systems applications and markels in each country is W Off-grid domestic
conducted every two years and a report is then 40 ——— @ Non specific

published interpreting the information in these
national reports, This third international survey

report presents an ovenview of PV power systems

applications and markets at the end of 1987 and 20
analyses the trands in PV power systems

implementation since 1992,

Photovoltaic Power Systems

H —

Annual installed capacity (MW}

19495 19
For the purposa of this survey, four primary = i
applications of PV were identified: off-grid domestic, Fi&'urﬂ' 2. Annual installed PV power by application
off-grid non-domestic, on-grid distributed and on-grid in the reporting countries
T"}Eﬁs The besopposiie discribes ecch of these 65 MW,, of PV was installed, and it is clear that there
i ' has been a strong trend for increasing quantities of
on-grid distributed systems to be installed,
| On-grid centralised | Table 1 {see page 4) summarnses the quantily of
B On-grid distributed photovollaic power installed and modules produced in

the reparting countries. If the power inslalled per year
in the reporting countries is compared to the module
production, it can be seen that only 65 % of modules
produced in 1997 are accounted for. The remaining
modules are mainly exported 1o the rest of the world,
although some will be used for low power applications
below 40 W,, in the reporting countries. The reparting
countries account for a large part of the module
production world-wide, at a rough estimate around

90 %. However they account lor below 60 % of the
world market for PV modules,

E Off-grid non-domestic
W Of-grid domastic
B Unspecilied

Demonstration of Applications for PV

The uptake of PV technology has been encouraged by

Figure 1 - Cumulative installed PV power by demonstration and field test programmes undertaker in
application in the reporting countries all the reporting countries. There is an increasing trend

for demaonstration programmes (o focus on, or include,

1990 1981 1882 1983 1939 1997

Figure 1 shows the cumulatively installed PV power in on-grid systems. In a few countries, where major

the reporting countries between 1990 and 1997, It can demonstration programmes have been conducled in

be seen that the installed power increased from 51 MW, the past, the emphasis is currently moving towards

in 1990 to 304 MW, in 1997, an average yearly growth market incentive programmes rather than demanstration
rale of 25 %. Installed power refars to (tlemestnal) programmes. Successful market stimulation
applications with a peak rating of 40 W or more. programmes are reporied to be underway in Germany,

Japan and the USA.
Figure 2 shows the PV power installed annually in the
reporting countries lor the years 1993 to 1997 divided Demonstration programmes focusing on on-gricd
into the four applications defined above, In 1997, distributed PV systems are underway in Austria,

1 Anistrintics (ALS), Aresgtuier CAUTY, Coneele (CAN), Denmnds (DONK), Fintand (FIY), Famnee (FRA). Germeny (DEL), faael (IS8, Malv (ITA), Jopan (PN,
Korest (KOR), Mexico (MEX), the Nethedars (VLI Noweay (NOR), Partugal (PRI, Spatn (ESP), Seeeden (SWE), Switzerfand (CHED, the United
Kingefarn (GER), the Uit States of Ameriva (D54)

2
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Offgrid domestic

Ofl-grid domestic systems provide glectricity to

isolated households in remole areas. Thay have been
installed throughoul the world, particularly in developing
countries, where they are often the most appropriate
technology to meet the energy demands of rural
communities, They are primarily installed in remote
areas such as isolated villages or islands, where the
use of PV may be more economical than extending the
utility grid for distances exceeding 1 or 2 kilometres.
Ofi-grid domestic PV syslemns are common in Australia,
France, Germany, laly, Mexico, the Nethedands, Spain,
Switzerdand and the USA with each country having over
2 MW,, cumulative installed at the end of 1997

———————————————— —— ——— ———————

L T T T — S

Offgrid non-domestic

Photovoltaic power systems ara used to power a
variety of off-grid non-demestic applications including
waler pumping, vaccing refrigeration, remote
communications, lighting, safety, control and protection
devices. Photovoltaics have been cost effective for

a number of years supplying these high value
applications. As PV technologies continue to improve
and cosls decrease, more such applications will
become viable and so the size of the market

will continue to grow. In many of the raporting
countries, including Australia, Canada, Israel, Korea,
the United Kingdom and the L.S.A,, this is the sector
where most PV power systems have been installed.
This seclor accounted for over 30 % of the PV power
capacity installed by the end of 1997,

Onegrid distributed

The installation of on-grid distributed PV systems is a
refatively recent application where a PV syslem is
instafled to supply power to a building, or other load,
feeding electricity back into the utility grid at times when
the electricily generated exceeds lhe load. Systems
are typically between 1 kw,, and 50 K‘u‘u’p in size and
may be inlegraled into buildings or other structures,
The size of this market has grown substantially with the
implementation of national and international
demaonstration programmes: in 1992 on-grid dislributed
syslems accounted for 14 % of installed power,
whereas in 1997 they accounted for over 30 %.

This application sector is of particular importance in
Gemany, Japan and Switzerland where it accounted for
G8 %, 64 % and 63 % of installed power respectively.

Onegrid centralised

There are two main purposes for installation of on-grid
centralised PV systems: they may be used as an
allernative 1o centralised power generation, or for
strengthening of the utility distribution-grid.  Utilities in
a number of countries have been interested in
investigating the feasibility of these types of power
plants and hence set up a number of demonstration
projects ranging in size from hundreds of kilowalls to
over 5 MW,,. The total installed on-grid centralised
capacity in the countries surveyed was 35 MW, at the
end of 1997,

i
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Table 1 - Cumulative installed PV power and module praduction in the reporling countries

Year Off-grid power On-grid power Total PV power Power installed Module
‘cumulative installed cumulative installed installed and per year and production
‘and percentage and percentage percentage percentage
increase increase increase increase
MW, % MW, % MW, % MW, % MW,
1992 69 30 99
1993 85 23 40 34 124 26 25 50
1994 102 21 50 26 152 22 28 8
1995 123 20 68 36 191 25 39 39 56
1996 148 21 o1 31 239 25 A8 24
1997 173 17 121 45 304 o7 65 36 100

Denmark, Germany, ltaly, Japan, tha Netherlands,
Switzedand and the UK. Many of these demonstration
programmes apply to particular groups of users.
Programmes reported include those focusing on
housing, schools, commercial buildings and public
facilities. Many countries which do not have
demonstration programmes have initiated a number

of individual on-grid demonstration projects including
Canada, Israel, Korea, Mexico, Norway, Portugal

and Sweden.

The demonstration or dissemination programmes in
Canada, France, Portugal, and Korea concentrate

on off-grid systems. These countries all have large
areas with rural populations isolated from the grid. The
PV for the Morth demonstration programme in Canada,
focuses on adaplation of technologies for performance
in cold climates, These countries also report Some
on-grid systems being demonstrated.

Cn-grid centralised PV power plants have been
demonstrated in some countries whera there is a
strong ulility interest in PV and conditions are suitable
in terms of climate and land availability. A number of
grid-connected, centralised PV demonstration plants

have beaen set up in Garmany, ltaly, Japan, Spain,
Switzerland and the USA generating reliable power
for wtilty grids and providing experience in the
construction, operation and performance of such
systems. However utility interest is now tending 1o
focus on distributed PV plants and few centralised
plants were started in 1996 or 1997,

Status of the PV Industry

The current trend in the PV industry is towards
increased manufaciuring capacity and large
invesiments have been made in new manufacturing
faciities. Larger and more efficient production plants,
which utilise the latest technologies, are crucial in
reducing production costs and further developing

the markat,

The breakdown of PV production and praduction
capacity in 1997 between different regions and
different malerials is shown in Table 2, The total
module praduction of 100 MW, in 1997 is an increase
of 78 % from 1985 when {olal production was

56 MW,,. PV module and cell annual manufaciuring
capacity increased from 115 MW, in 1995 o over
200 MW, in 1997,

Table 2: PV Production in MW, in the reporting IEA countries in 1997

Region Cell Module
production  production

USA, and Canada 5 36
Japan 29 34
Europe 15 22
Rest’ 8 8
Totals 103 100

1. Rest inchudes production in Kovea and Aistralio

. u)-,
- £

Module a-Si Crystalline  Other
production  production  silicon module
capacity module production
production

72 2.5 29 4.4

a1 2.4 32 0

48 0.9 21 0

8 0 8 0

209 5.8 90 4.4
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Figure 3 - PV module production and capacity in the
reporting IEA countries

Figure 3 shows the total quantity of PV power modules
produced in the reporting countries in the years 1993,
1995 and 1997 and compares this to the total
production capacity at the time. | can be seen that
although preduction and capacity both increased, the
utilisation of capacity for module production remained
fairly constant at around the 50 % mark, This does
not necessarily mean that PY production facilties were
operating this far below capacity, New plants which
only came on stream part way through the year, will
have produced substantially less than their full annual
capacily. Some manufacturers have the capacity lo
operate conlinuously with 3 shifts a day, while their
curren| operational procedures anly involve working

1 or 2 shifts. In addition some vertically integrated
module manufacturers sold a part of their production
on as PV cells rather than modules.

Figure 4 - Distribution of PV industry revenue
between the reporting countries in 1997
(Total 1 133 MUSD)

In 1997, crystaliine silicon accounted for nearly 90 % of
module production and just under 80 % of production
capacity. Thin film lechnologies are continually
improving, and in 1897 10 MW, of thin film modules
were produced, a markel share of 10 %. They use
materials such as amorphous silicon, cadmium
telluride, copper indium diselenicle and thin fim silicon,
Additional thin film production facilities are reporled to
be under construction, These malterials offer potentially
lower costs due o their reduced requirements for raw
malerials and suitability for large scale production
processes, Research and development into thin film
lechnologies and manufaciuring processes is
conlinuing,

The PV industry revenue in the reporting countries was
eslimated to be in the region of 1 133 MUSD in 1997,
and 873 MUSD in 1996, a 29 % annual growth rale.
This resulted in over 9 100 full time equivalent labour
places associated with the PV industry in 1997,

Since 1995 the number of labour places has grown by
approximately 16 % with the majority of the growth in
manufacturing. Figure 4 shows the value of PV
business split between the reporting countries in 1997,

Module and System Prices

Module prices represant a significant proportion of

the price of PV power systems and have decreased in
the past dug to the expanding market and increased
production. Future decreases in module prices are
expected,

In 1987, the average price for a small order of
cryslalline silicon medules, weighted according to the
module production of each country, was 5.0 USD/W,,
Mon-standard modules for building integration tended
to have higher prices. For a large ordar of crystalline
silicon modules the average price was

4.1 USDW,,. These are factory prices to
distributors, approximately 20 % should be
added for prices to customers. Prices for
amorphous slicon modules were only available
from a few countries and ranged between

4.5 - 6.6 USD per W, for a small order, and
3.3 - 6.0 USD per W, for a large order.

Table 3 (see next page) shows average prices
for large and small orders of crystalline silicon
modules in 1993, 1995 and 1997, The figures
in Table 3 show a significant fall in module
prices between 1993 and 1997: 41 % for small
ordars and 27 % for larger orders. MNote
fluctuating exchange rates may have affected
module prices in some couniries.

Prices for entire PV systems vary widely and
depend on a range of factors including system
size, location, customer and the technical
specification, For building integrated systems,
the cost of the system varies significantly
depending on whether the system is part of a



Table 3: Average prices for large and small orders of
erystalline silicon modules in 1993, 1995 and 1997

Year Small module order Large module order
(USD/W,) {USDJ'WD}

1997 50 4.1

1985 55 4.9

1993 8.5 56

retrofit or is integrated into the roof structure of a new
building. Typical system prices in 1997 in the reporting
countries are shown in Table 4. Prices do not include
recurring charges after installalion such as batlery
replacement or operation and mainlenance. The prices
associated with on-grid systems were generally lower
than those for off-grid systems because no storage
batteries and associated components are necessary.

increasing number of people are prepared to pay a
premium for electricily generated from PV, with 20 000
customers explicitly choosing to buy PV generated
power. In a number of countries, including Canada,
France, Portugal, Spain and Sweden, concern was
expressed as lo the high cost of PV systems although
perceptions were generally positive. As a resull Py
was sean as more relevant to remote applicalions.

The Future

National targets for the proportion of electricity to be
supplied by renewable sources have been sel for
various future dates by a number of countries including
Australia, Denmark, the Netherlands and Switzerland.
Targets for installed PV capacity have been specified
by a number of the reporting countries. Japan plans to
install 5 000 MW, by 2010; Korea has a long term goal
of installing 20 MW, for island off-grid applications; and

Table 4: Turnkey photovoltaic power system prices for different applications in the reporting countries

Price by Application (USD/W)

Off-grid Off-grid On-grid
40-1 000 W, 1-4 kW, 1-4 kW,
1997 &8-53 8-38 5-20
|
Policy and Perceptions

A wide variety of initiatives for pramoting the use of
photovoltaics, or renewable energy in general, exisl in
the reporting countries. Markel deployment initiatives
are being undertaken in a number of countries
particularly where it is felt that the market for a
particular application of PV is ready for stimulation.
These initiatives often follow on from successiul
demonslration programmes where it is felt that the
market has malured beyond the point of needing
demonstration programmes.

Litilities' perceptions of PV systems wera reported 10
be generally favourable in the reporting countries, with
the electricity utilities In several countries actively
promoting PV through various dissemination
programmes. Some ulilities In the reporting countries
were concarned about the effect of large numbers of
small embedded generators on the electricily
distribution systems. Research programmes are
currently baing underaken in a number of countries
and through Task V of the IEA PV Power Systems
Programme to investigate this.

The public perception of PV was generally positive
throughout the reporting countries. In Japan, there is
a positive public response to PV through ambitious
programmes such as the Residential PV System
Dissemination programme. In Switzerland, an

On-grid On-grid Cn-grid
10-50 kW,  10-50 kW, > 50 kW,
Ground Building

mounted integrated

B-11 6-21 6-36

the Netherlands intends 1o install 250 MW, of grid-
connected PV by 2010 and 1 250 MWP by 2020,

In Germany a 100 000 Roofs PV Programme is under
consideration. These targets indicate that a multi-
gigawatt level of installed capacity and sustained
growlh can be expected over the nexl years.,

Production capacity in 1997 was 210 MW, and plans
to install a further 300 wa have been announced,

It is clear that substantial investment in new
manuiaciuring facilities is currently on-going and
planned for the future,

Improvements in PV technologies are continually

being introduced, both in PV call development and
module fabrication processes. It is apparent that the
commercial production of new thin film modules is
beginning, which offer the promise of low cost and
mass production volume, albeit with a lower conversion
efficiency than crystaline sificon.

Based on the average historic growth rate of 25 % per
year of installed PV power since 1993, it is estimated
that by the year 2000 over 590 MW, of PV power wil
be installed in the reporting countries,

There are many future opportunities within the field of
photovaltaics both for those within the PV industry and
for potential users of the technology.



1.1 The Phataveltaic Power Systems Programme

The Photovoltaic Power Systems Programme was
established in 1993. Since then it has formed the
basis for a co-operalive programme of rasearch,
development, analysis and information exchange
related to the application of photovoltaics between
parlicipating countries.

The mission of the Phatovoltaic Power Systems
Programme is “to enhance the international
collaboration efforis through which photovoltaic solar
energy becomes a significant renewable energy option
in the near future™. The underying assumplion is that
the market for PV systems wall gradually expand from
the prasent niche markets of remote applications and
consumer products, to the utility market, through
building-integrated and other diffused and centralised
PV generation systems. This market expansion
requires the availabilily of, and access to, reliable
information on PV systems. applicalions and markets
to be shared with the various actors.

The IEA study “Enhancing the Market Deployment of
Energy Technology®, published in 1997, affirms that
“the timing and manner in which the PY market will
develop in the fulure is not evident, but expansion can
be viewed as a certainly. Deployment will increase if
technolegy improvements deliver the cost reductions
and performance improvements that are widely
believed to be possible”.

The PVPS programme aims to realise its mission by
adopting the following objectives related to reliable
photovoltaic power system applications for utilities,
energy service providers and other public and private
users,

Chapter 1

Introduction

1. To contribute to the cost reduction of
PV power applications.

2. Toincrease the awareness of the potential
and value of PV power systems.

3. To foster the removal of lechnical and
non-technical barriers.

4. To enhance technology co-operation,

The IEA Photovoltaic Power Systemns Programme is
divided into a number of tasks, as shown in Table 1.1,
There are nine tasks in tolal, two of these are now
closed, five are currently on-going and two further
tasks are under preparation,

The objective of Task | is to promote and facilitate the
exchange and dissemination of information on the
lechnical, economic and environmental characteristics
of PV power systems for applications in participating
countries.  The main activities undertaken 1o achieve
this objective are: the preparation and dissemination

of a series of bi-annual International Survey Reports, of
which this is the third in the series; the reqular
production and distribution of the newslelter PV Power:
and special information activities which have so far led
to the production of three reports entitied "Buy Back
Rates and Incentives”, "R & D Status and National
Strategies" and “Environmental Aspects of PY": and a
book entitled “PV in Cold Climates”.

In addition, the IEA has organised two international
exacutive conferences in order 10 raise utility and
governmeni awareness of PV, The first conference,
held in Taormina, Italy, in 1990 gatherad utility
executives, PV manufacturers and government
leaders to develop a strategic blueprint for market
development of PV applications based on cost

Table 1.1: Tasks in the Photovoltaic Power Systems Programme

Task | Description | Status

| Exchange and Dissemination of Information on Photovoltaic Power Systems ! On-going

] Operational Performance and Design of Photovoltaic Power Systems and Subsystems On-going

mn Use of Photovoltaic Systems in Stand Alone and Island Applications On-gaing

v Modeliing of Distributed Photovoltaic Power Generation in Support of the Electric Grid Closed

v Grid Interconnection of Building Integrated and Other Dispersed PV Power Systems On-going

Vi Design and Operation of Modular Photovoltaic Plants for Large Scale Power Generation | Closed

Vil Photovoltaic Power Systems in the Built Environment On-going

Vil Very Large Scale PV Power Generation Systems in Remote Areas In preparation
X Deployment of PV Technologies, Co-operation with Developing Countries In preparation




effectiveness. The second Conference, held in Sun
Valley, Idaho, USA in 1995 demonsiralad the rapid
evolution of utility business strategy in PV, with
discussions focusing on the integration of utility and
PV business in the Developing Wordd. The thind
conference in this series will be held in Novemkber
1999 in Venice, Italy, and will focus on “PV Power
Systerns in Evolving Electricity Markets, Kay Issues
and Stralegic Opportunities™.

1.2 Survey Report Scope and Objective

This document summarises the results of the third in a
series of surveys on the slalus of PV powar systems
applications in those countries participating in the
Photovoltaic Power Systems Programme. The data
gathered in these surveys are analysed and published
avery lwo years. The first International Survey Report
was distributed in 1995 and coverad the years 1992
and 1993; the second International Survey Report was
distributed in 1997 and updated the first report for the
years 1994 and 1995; this third report updates the
previous two repors for the years 1996 and 1997,

The abjective of the survey reporls is 1o present and
interpret trends in both PV systems and components
being used in the PV power systems market, as well
as changing applications within that market, in the
context of business situations, policies and relevant
non-technical factors in the reporling countres. This
report therefore presents a description of the PV
praducts and applications in the PV power systems
markel in the 20 reporting couniries as of the end of
1997 and presents trends in PV power applications
between 1992 and 1997,

The survey repart is not intended to serve as an
introduction to PY power systems, nar is it intended lo
serve as a policy document. IS purpose is o present
dala in graphical and tabular form, with related
analysis thal wil allow those interested in the use of PV
power systems to draw their own conclusions about
the stale of a particular application, and future

prospects.

The survey reports are intended to meel the needs
of those responsible for developing the business
strategies of the PV companies, and to aid the
development of medium term plans for electricily
ulilities and other providers of energy services. They
should also give guidance to government officials
responsible for setting energy policy and preparning
national energy plans.

1.3 Survey Method

Data for this report were drawn from national
reports supplied by each participating country by
he respective national representative. A list of the
reporting countries and national representatives is
given on the inside front cover. The data collected
covarad the lollowing main topics:

® The Market Today

® Demonstration and Field Tes! Programmes

® Industry Status and PV Systems Components
@ Policy, Initiatives and Trends

Most national data supplied had an estimated
accuracy between 80 % and 100 %, wilh most dala
being accurate to within +10 %. Data on national
budgets was normally extremely accurale. Data on
installed power was less accurate while data on
production levels and costs varied in accuracy
depending on the wilingness on the national PV
industry to provide data for the survey,

The data were collated and this repart prepared by the
technical writers, The report has been reviewed Dy
tha national representatives to ensure the accuracy of
the data used and approved by the PVPS programme
Executive Commiltes.

For the purposes of this report installed power refers
to (terrestrial) PV applications with a peak rating of
40 W or more.

MY demonstration and field test programmes and
projects in operation In 1996 and 1997 are included
in this report.  Projects currently under construction
are briefly summarised.

In order to avoid double counting, a modula
manufacturer has been defined as a company whera
the encapsulation of PV modules takes place. The
company may also partly or entirely produce the ingots
or walers, process the cells, frame the modules, or fit
junction boxes.

Infermation is also presented on R & 0, demonstration
and market incentive budgets, labour places,
axistence of specific environmental regulations which
favour PV plants, taxes on environmental pollution (e.9.
carbon taxes), and ulility and public perceplions of PV,

1.4 Definitions, Symbols and Abbreviations

For the purposes of this report, the lollowing
definitions applhy.

Demonstration Programme: a programme 1o
demonsirate the operation of PV systems to the
general public and potential users/owners.

Final yield (Yy): the energy delivered 1o the load
per kilowatt peak of installed PV per day.

Market deployment initiatives: initiatives to
encourage the market deployment of PV through

the use of markat instruments such as green pricing,
rate based incentives ete. They may be implemented
by government, the financing industry, utifities etc.

MUSD: Milion U.5. Dollars (see USD).



Off-grid domestic: a PV system installed in a
household or village wiich is not connected to the
utility grid.

Off-grid non-domestic: includes PV syslems used

for a variety of applications such as water pumping,
remole communications, safely and protection devices
etc. which are not connected to the ulility grid.

On-grid centralised: a PV system used for support
of the utility distribution grid performing the function of
a centralised power stalion.

Cn-grid distributed: a FV system installed on
consumers' premises usually on the demand side of
the electricity meter. This includas grid-connected
domestic PV systems and other grid-connected PY
systems on commercial buildings and motorway
sound barriars elc.

Performance Ratio (PR=Y,/Y): defined as lhe ratio
of the final yield to the reference yigld, given in percent.

PV: photovoltaic.

PV system: a photovoltaic system including
photovoltaic modules, inverters, batteries and all
associated installation and control components. When
calculating installed photovoltaic capacity only systems
with a capacily of 40 W, or more have bean included.

Reference yield (Y,): this represents the solar energy
theoretically available per day per kW, of PV installed.

USD: U.S. Dollars. This is the currency used
throughout the report. Exchange rales are given
in Annex A, (sea MUSD)

Watts Peak (W,): W, is the peak power of a PV
medule or system under standard test conditions of
1 000 W.m2 irackance, 25 °C junction tlemperature
and solar reference spectrum AM1.5.



Chapter 2

Implementation of Photovoltaic Systems

This chapter identifies four primary applications for
photovoltaic power syslems, and looks at the market
for each application, llustrating each with a case
study. The final sections discuss PV demonstration
and field test programmes in the reparting countries
and the budgels allocated for market stimulation,
demonstration and R&D programmas.

2.1 Applications for Photovoltaics

PV systems have traditionally been used as a power
source for those off-grid applications, such as
telecommunications and navigational aids, where small
amounts of power have a high value and PV is cost
compelitive. However, in the past 20 years PV costs
have steadily decreased and niche markels have
developad and expanded in remote areas for both
domestic and non-domestic applications. More
recently, ihe potential for the connection of PV systems
to the utility grid has been recognised, with the
installation of demonstration projects in many
countries. These systems, which are increasingly
being integrated into existing struciures, are likely to
become commonglace in the next millennium.

For the purposes of this survey, four primary
applications for PV power systems were identified;

@ Off-grid domestic

@ Off-grid non-domestic
® On-grid distributed

@ On-grid centralised

Each of these four applications are described below.

Offgrid demestic

Off-grid domestic systems provide electricity 10
isolated households in remote areas such as
mountainous regions or islands. They provide
electricity for lighting, refrigeration and ather low power
loads such as radio, television and fans and have been
installed world-wide, particularly in developing
countries, where they are oflen the most appropriate
technology to meet the energy demands of rural
communities. Ofi-grid PV systems generally offer an
economic alternative to extansion of the utility grid at
distances of more than 1 or 2 kilometres from existing
lines. The installation of off-grid domestic PV systems
is common in a number of countries, with the majority
of PV systems installed in Finland, France, Mexico,
Morway, Portugal and Sweden powering off-grid
domestic applications.

O fgrid non-domestic

Photovoltaic power systems are used lo power a
variety of off-grid non-domestic applications including
waler pumps, vaccine refrigeration, remote
communications, safety, conlrol and protection
devices. Photovoltaics have been cost effective for a
number of years in these high value applications. As
PV technologies keep improving, and costs decrease,
so the size of this market should continue to grow.
Australia, Japan and the USA, together account for
73.8 MW, of installed off-grid non-domestic PY. Other
kay players are Canada, Germany, ltaly and Korea
gach with over 2 MW, installed capacity at the end of
1997,

On-grid distributed

On-grid distributed PV systems are a relatively recent
application whare a PV system is installed to supply
power to a bullding or other load which is connecled
1o the utllity grid. The PV system is installed on the
consumer's premises on the demand side of the
electricity meter. These systems, which may be
integrated into buildings or other struclures, usually
feed electricily back into the ulility arid when electricity
genarated exceeds the building loads. They are used
to supply electricity 1o residential homes, commercial
and industrial buildings, and are typically between

1 KW, and 50 kW, in size. There are a number of
perceived advantages for these systems: distribution
losses are reduced because the system is inslalled at
the point of use, no extra land is required far the PV
system and costs for mounting systems can be
reduced if the systern is mounted on an existing
structure. Compared to an off-grid system costs are
saved because energy storage is not required which
also improves system efficiency. With systems
supplying power to commercial buildings, the
production of the PV electricity may malch the load
profile of the building. On-grid systems are particularly
well suited to regions with high air-conditioning loads,
as maximum demand is likely to coincide with
rmaximum supphy.

On-grid centralised

There are two main purposes for installation of on-grid
cantralised PV systems: they may be used as an
alternative to cenlralised power generation from fossi
fuels or nuclear, or for strengthening of the utility
distribution-grid. A number of grid-connected,
centralised PV demonstration plants have been set up
in Germany, ltaly, Japan, Spain, Switzerland and tha
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providing experience in the construction, operation 409 — B On-grddistibuled  -m-Total on-grid _
and performance of such systems. Utilities in a ' On-grid centralised
number of countries were interested in Investigating
the feasibility of these types of power plants and
hence set up a number of demonstration projects.
However utility interest is now tending to focus on
distributed PV planis and few centralised plants
were started in 1896 or 1997. A 1 MW, PV plant
in Munich-Riem, Germany started operation in
MNovember 1997 and waork is on-going for a 1 MW,
system in Herne, Germany which is expected 1o H)% —
stanl operalion in March 1999, A number of other Bey
on-grid centralised systems were completed or
expanded during 1996 and 1997, including the Serre 0%

FV system in ltaly described in a case study later in
this chapter, The total installed on-grid centralised
capacity in the countries surveyed is 35.3 MW,
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Figure 2.2: Percentage installed on-grid PV power in the
reporting countries (centralised and distributed)

On-grid contralised which translates to an increase in on-grid applications
B On-grid distributed —_— —f]— Irﬂm 30 % in 1992 to 43 .% in 1997, as lustrated in
figure 2.2. The bulk of this increase was accounted for

B Ofi-grid non-domesti ) SR EGE
hd i by a large increase in on-grid distributed systems.

B Off-grid domaestic
B Unspecified

The power installed in 1997 in each country for each
application is shown in Table 2.1 (see page 12) as
well as the tolal installed PV power and total installed
power per capita. From the table, it can be seen that
65.1 MW,, was installed in the reporting countries in
1897. The total cumulative installed power in the
reporling countries by the end of 1997 was

303.7 MW,,. The cumulative historic power installed
is shown in Table 2.2. (see page 12),

1990 1891 1982 1993 1884 1985 1996 1997 The proportion of the installed power used for each

Figure 2.1: Cumulative installed PV power by application, in each reparting country in 1997, is shown

application in the reporting countries in Figure 2.3. From the figure the different priorilies in
the reporting countries can be seen,

The breakdown of installed PV power by application

in the reporting countries from 1990 to 1997 100 %

is shown in Figure 2.1. The unspecified

cumulative installed power reprasents data

unable to be separated into application, and

mainly represents off-grid systems, The _

cumulative installed PV power has increased

at an average annual rate of 25% since 1992,

It musl be repeated that this repart only covers

the 20 countries participating in the IEA PYPS.

The world-wide installed power will ba

significantly higher than the 303.7 MW,

installed in the reporting countries. As a rough

estimate the world-wide installed power at the

end of 1997 was between 600 and 700 MW, 0%
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Figure 2.3: Installed power by application in reporting
countries in 1997
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It is apparent from figure 2.1 that the most
widespread application for PV power systems is
the off-grid sector, although in recent years thera “I On-grid centralised B Off-grid non domestic
has been a significant increase in on-grid B On-grid distributed B Of-grid domestic
systems. Off-grid applications accounted for 70 %
of the installed power in 1992 and 87 % in 1997,



Table 2.1: Cumulative quantity of PV power installed in reporting countries as of the end of 1997 (kW)

Sector Off-grid Ofi-grid On-grid On-grid Total Total installed Tolal
doemestic non-  distributed  centralised installed power per  installed
(kW) domestic (kW) (kW) power capita in 1997
(kW) (KW (W/capita) (kW)

Country
AUS 4 860 13 320 200 320 18 700 1.0 3 000
AUT 403 557 1178 70 2208 0.27 469
CAN B53 2 263 264 10 3380 0.12 820
CHE 2140 184 6 350 1450 10 124 1.45 1032
DMK 25 125 272 0 422 0.08 177
DEU 2100 4 587 28 676 & 527 41 8820 0.51 14 000
ESP 4 168+ 7584 361+ 1260+ 7 1002 0.18 167
FiM 1500 200 12 30 1742 0.34 231
FRA 4 330 1658 131 0 8119 0.11 1712
GER 823 316 120 4] 589 0.01 166
ISR 70 176 ] 14 265 0.05 55
ITA 5 062 4814 G677 6 166 16 709 0.29 701
JPN 1078 20 488 41 B49 1480 84 705 0.52 23 905
KOR 296 2046 133 0 2475 0.06 362
MEX 2000 1 8998 2 0 11 000 0.12 850
MLD 2219 821 1028 0 4 068 0.26 746
MOR 1470 180 4] 0 1 650 0.38 250
PRT a84 102 17 0 503 0.05 a2
SWE 1 640 3894 83 ) 2127 0.24 278
USA 36 000 40 000 14 000 18 000 108 000 0.41 16 000
TOTAL 77 671 94 987 95 228 35 337 303 776 0.32 65013

I As e 31 Decernbier 1995

2 Insraifed capacity as a0 30 Moy L5997

Table 2.2: Cumulative historic power (kW) installed in the reporting countries between 1992, and 1997

1992 1993 1994 1995 1996 1997
Country
AUS 7 300 8 900 10 700 12 700 16 700 18 700
AUT 524 768 1063 1361 1739 2 208
CAN 960 1240 1510 1 860 2 560 3 380
CHE 4910 6125 7192 8133 9 092 10124
DMK 0 85 100 140 245 442
DEU 5619 8 900 12 440 17 790 27 890 41890
ESP 3950 4649 5 660 6 547 6933 7 100'
FIN 914 1034 1156 1288 1511 1742
FRA 1751 2050 2438 2 953 4 407 6119
GBR 172 265 338 368 423 589
ISR 100 120 150 180 210 265
TA 8 480 12 080 14 090 16 795 16 008 16 709
JPN 1171 14 446 19 291 28 121 40 800 64 705
KOR 1471 1631 1681 1769 2113 2 475
MEX 5 500 7 250 8950 g 350 10 150 11 000
NLD 1270 1641 1976 2415 3322 4 068
NOR 300 600 900 1150 1400 1650
PRT 169 219 257 326 411 503
SWE 800 1040 1337 1620 1849 2127
USA 43 500 51 500 61 000 77 000 g2 000 108 000
TOTAL 98 861 124 543 152 229 190 866 238 763 303 776

I Ingtalled capacity as at 31 May 1997



In 1997 over 80 % of the installed PV power was
off-grd in Australia, Canada, Finland, France, Israel,
Korea, Mexico, Norway, Portugal, and Sweden,
However the pricrilies within these countries are
different: over 70 % of the installed power in Finland,
France, Mexico, Norway, Portugal and Sweden was
for off-grid domestic power, whereas in Australia, Israel
and Korea the non-domeslic sector was by far the
largest application. In taly and the USA the off-grid
sector was splil almost evenly between domestic and
non-domeslic applications.

In contrast, in Germany and Swilzerland, 84 % and
77 % respectively of the installed power was grid-
caonnecied, and in Denmark and Japan, over 60 % of
power was grid-connecled. In most countries with a
high percentage of on-grid systems, the majority of
on-grid applications were for distribuled PY power.
The exceptions to this were Italy and the USA where
80 % and 56 % respectively of the on-grid PV power
was centralised.

The annual irradiation levels throughout the world are
shown in figure 2.4 aleng with the final annual yield
ol selected on-grid PV systems in a number of the
reporting countries.  The system with the largest
annual yield of 1 968 kWh,kWp" is located in California
where the annual iradiation levels exceed 2 200
kWh.m-2, whilst the systems located at higher lalitudes

757
774 850

where the trend is for lower irradiation levels, have
lower annual yields. It is clear from the figure that

Ihe best localions for PV systems are al latitudes of
approximately 20° in Africa, the lowear United States,
the Middle East, Australia and parts of South America.
However it should be noted that the most nartherly
systems are still achleving outpuls of over 40 % of the
oulput given for the Californian system,

2.2 Case Studies

In arder to provide an illustration of real PV systems

in operation, this section describes four PV systems,
one from each of the application sectors defined
previously. These case studies have been salected to
demonstrate the type of systems available, and to give
a brief description of their performance, costs and
funding sources.

The most appropriate indicators for the performance of
a PV system are the vields and the performance ratio,
The yields are the daily energy production in K\Wh
normalised by the array rating in kW,,. The final yield,
¥, Is the energy delivered to the load per day per kW,
installed, The reference yield, Y, is based on the in-
plane iradiance and represents the thearetically
available energy per day per kW,,. The performance
ratio is the ratio of PV energy aclually used lo the
energy theoretically available, (i.e. Yy/Y,) and is normally
expressed as a percentage. It is independent of

Fe6 75
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Figure 2.4: Map of world with irvadiation levels and final annual yield (kWh .k Wy;1) for ane system in

each of the reporting countries




location and system size and gives an indication of the
combined efficiency of the system components and
the extent to which the system is being used. For an
off-grid system, performance ratios are typically in the
region of 35 % 1o 60 % whereas for an on-grid system
the range is normally betwean 60 % and 80 %.

2.2.1 Offgrid domestic: Dwellings at the
Kitcisakik Summer Ground

Twenly PV systems
provide power (o the
Indian community of
Kitcisakik in La Verendrye
Park, Quebec, Canada,
Financing was received
from the Canadian and
Quebec governments and
opearation began in June
1997, The systems, located at 47.5° N, 77° W,
operate for five months during the summer when the
community is living at their summer grounds,

Each PV system consists of three 50 W,
multicrystalline silicon modules giving an array area of
1.5 m? with a nominal rating of 150 W,,. The modules
are installed at a tilt angle of 30°, facing 15° E of
South, the same angle as the roofs of the dwellings. A
800 VA inverter provides 120V
a.c. |single phase) electricity to
the load, Two 220 Ah, 6 vall
deep cycle balteries in series
provide energy storage with a
nominal voltage of 12

The PV systems wera installed
to meet the electricity dermand
of 18 families and 1o power the
communily centre and watar
pump. Each household’s
systam typically needs to meet
the power requiremeants of ona
or two lamps, one television
and video, one radic-casselte player and a toaster,
totalling a maximum average demand of 750 Wh per
day. System performance between May and October
is eslimated as an average final daily yield of

3.2 KWh kW, with a performance ratio of 65 %.

Table 2.3: Cost breakdown for Kitcisakik PV
systems

ltems Costs (%)
PV module and mounting structure 59
Power conditioning unit 18
Storage batteries 9
Installation 4
DC/AC cabling 2
Other costs (pre-payment system

and battery box) 8
14

The annual useable energy praduction from each PV
system is 72 kWh wilh an average daily iradiance of
4.9 kWh.m? in the plane of the PV array,

The price of each installed system was 1 730 USD, 0l
the systems were replicaled in greater quantities, it is
estimated that the price of each system would drop Lo
approximatety 1 440 USD, a reduction of 20 %. In
comparisan, the local ulility Hydro-Quebec estimated
that connection of the summer camp to the grid would
require a 25 KV line over a distance of 50 km and cos!
approximately 3.3 MUSD. A breakdown of the system
costs is given in lable 2.3,

The project was set up as a demonstration of a pre-
payment technology which was developed to allow the
commercialisation of electricity in remote communities
not usually accessible to grid power. The technology
requires purchasing of energy units, and if the user has
nol purchased the required units the controller shuts
off access to the electricity,. Upon installation, each
family paid an initial fee of 360 USD. They received in
exchange a “button” with 400 units eguivalent to ten
days of electricity. Subsequent buttons cost

14,4 USD, of which each family is expeciad to use
three per month, providing an average of 14.4 kWh
per month of electricity. Correspendingly, the cost to
the families of the PV generated electricily is 3 USD
per kwh,

The PV systems replace individual gasoling generators
of 110 5 kWA, Previously each family carried their fuel
over land and water, for a distance of 65 kilometres.
Families would spend on average 58 LISD per month
on gasoline compared with an estimalaed 43 USD with
the PV systems.

The funding for the systems was provided by the
Cluebec government through the PADTE programme
of the Ministére des Ressources Naturelles Québec
{22 9%}, the Canadian government through CANMET's
division of Renewable Energy Technologies of Natural
Resources Canada (28 %), Enersite International Inc.
(22 %) and 28 % by the Mando Co-operative formed
by the band leaders of the Kitcisakik community. The
recurring maintenance costs are met by the Mando
Co-operative and are reimbursed by each family as
they purchase their buttons. The remainder of the
revenue collected from each family is used to pay back
the co-operative's initial investment, after which more
systems will be purchased. Including battery
replacement every three years, each family will repay
the system and operation costs in about ten years.

The cost of purchasing and operaling a gasoline
generator is compared o the cost of purchasing and
operating a PV systermn in figura 2.5, The actual
cumulative PV costs represent the cost of installing
and maintaining each PV system met by the co-
operative. The cumulative PV costs met by the owner
refers to the amount which each family pays to obtain
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The price for the PY system was 81 200
LISD, giving a payback lime of seven

years,

Costin USD

The system was designed by the
University of New South Wales PV
Special Research Centre, The project

also involved a systems development

a 1 2 3 dq 5 & T 8 9 W
Mumber of years

Figure 2.5: Cumulative cost of a gasoline genervator
and PV system (utilisation of 5 months/yvear)

their electricity requirements. The PV systems save
each family a tolal of 2 230 USD over ten years,
comparad 1o using a gasoline generator.

2.2.2 Offgrid non-
domestic: Montague
fsland Lightstation

An off-grid PV system
supplies electricity to

the: National Parks and
Wildlife Service (NPEWS)
confarence centre on
Maontague Island off the
south coasl of New South Wales, Auslralia. The
installation, located at 151° E and 37° S, is
complemented by a smaller F\ array that powers the
lighthouse. The system, which commenced operation
in May 1997, was inslalled to replace diesel generation
on the island. It received full funding from the NPEWS.

The installed capacity of the 36 m? PV array, providing
electricity 1o the conference centre, is 4 KW,,. The
array, which is made up of 48 single crystal silicon
modules, has a tilt angle of 45° to the North,

A single phase 10 kWA inverter with an input voltage of
968 V d.c., - 120V d.c. supplies electricily to the load at
240V a.c. Slorage is achieved with a battery bank
with a nominal capacity of 660 Ah. The nominal
voltage of the battery is 120 V. The syslem has a

10 KA diesel generalor back up power supply.

The owner, NPEWS, is very pleased with the
performance of the system, Prior 1o installation ol the
P system, 22 000 litres per yvear of diesel fuel was
ransported to the istand. There has been a significant
recluction in the yearly
consumption of fuel, resulting
in a reduced environmenltal
risk and lower costs for
transporting the fuel to the
island, Since the introduction
of the PV sysiem, the annual
generator running costs have
reduced from approximately
10 500 USD to 1 200 LSD,

Flrato progided by ite PV Seciol Research
Centre, University of New South Wales

13 14 15

company (Natural Technology Systems)
and the local electricity ulility
(Integral Energy).

2.2.3 Onegrid distributed: Yagi Junior High
School PV System

A 51.4 kW,, roof-top PV system
was installed at Yagi Junior High
School in Kyoto, Japan, It was sel
up to demaonstrate the availability of
PV technology and to promote
clean energy within the school and
surrounding community. The
system, localed at 35° N, 135° E
was commissioned in March 19395
and began operation in April 1995,
The majority of funding was
provided by the New Energy
Industrial Technology Development
Organisation (NEDO).

The system cansists of 504
miulticrystalline silicon modules.
The total area of the PV roof is 362.9 m2 with a
nominal rating of 51.4 KW,,. The maodules are
integrated inlo a curved roof with the array tilt angle
varying from 5° to 22° {average of 13.1%) and an
azimuth angle of 15 East, The modules ana
connected (o one 50 kKVA inverter, The invarter
receives an input voltage of 210 - 360 V d.c. and
has a nominal three phase output of 210 V a.c.

The PV system is used to
provide power for lighting
and air-conditioning within
the school, During
weekends and school
vacations the pawer is
mainty fed into the utility
grid al 6.6 kM. The system
incorporates net meterning,
in which the cost of
expored eleclricily is the same as the cost of
electricity supplied from the grid.

For the year from April 1996 to March 1997 the
average final daily yield, ), for the PV roof was

2.9 kWh.kW! and the performance ratio averaged

76 %. Over the year the average daily irradiation in the
plane of the PV array was 3.8 KWh.m2 wilh a total
annual energy production from the PV system of

54 155 kWh.
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Table 2.4: Cost breakdown for Yagi Junior High
School PV System

ltem Costs (%)
PV modulas and mounting structure 27
Power conditioning unit 17
Installation 32
DC/AC cabling (junction box and cabling) 7
Other costs (monitoring and

display, protection and control) 17

The total cost of the system in 1994 was 1 242 00D
USD and the price per KW, of installed capacity was
24 8OO USD per KW, (at an exchange rate of 1 USD =
103 JPY in 1894). A breakdown of the lotal costs ol
the system s given in table 2.4,

The annual operation and mainlenance costs for this
demonstration system are estimated to be 108 USD,
this is largely labour costs. Throughout the year in
which performance data was collected, there wera no
repairs needed and no system downlimes for
maintenance.

It is estimated that if the system was replicated today,
the total system price would be approximataly

431 000 USD, a reduction of more than B0 % (with a
1997 exchange rale of 1 USD = 130 JPY). This is an
installed capacity cost of 8 610 USD per kW,
Funding for the installation of the system was provided
by NEDO (67 %), with the remainder being met by the
achool,

Tha PV systern has been used to introduce the
concepts of photovoltaic power generation and
promate environmental consciousnass to the students
of Yagi Junior High School. The school, which was
rebuilt in 1984 as a building in “harmony with the
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Figure 2.6;: Average Daily Yields and
Performance Ratio of Yagi Juniar High School
PV System
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emvironment”, has been promated as an “Eco-school”
Figure 2.6 shows the average daily reference yields,
final yields and performance ratio of the PV system

for each month of the year from April 1996 to March
1907,

2.2.4 On-grid centralised: Serre PV Plant

The Serme PV Plant is a 3 MW, plant, generaling
glectricity for the ltalian national grid. It is located in
the province of Salerno in Campania at 40.5° N, 15" E.

The system was installed to verify the economic and
lechnical feasibilty of large plants connected to the

grid and to evaluatle the effect on medium and low
voltage networks of PV energy preduction. It also
amed to assess the effect of the scale factor on the
costs of PV systems. It is hoped that new project
criteria may be defined which could help 1o reduce the
costs of possible replicas. The plant, which received
mast of its funding from ENEL, began operation in
1994 and was expanded in 1997 to include a tracking
sub-array.

The plant consists of ten electrically independeant
sub-fields of 330 kW,, wilh a total array area of

60 000 m2, The modules, supplied by AMNIT-
Eurpsolare, BP Solar, Helios Technology, Kyocera,
Photowatt and Solarex, have either 36 or
72 cells per module. The 72 cell modules
have a higher power density with equal cell
a0 efficiency, resulting In savings in materials
for frame construction and cabling and
shaortering tha time for module assemisly
and connection, The majority are
multicrystalline silicon, although there is
one aray using monocrystaline silicon
modules. The total number of modules is
45 000.

Ning of the ten sub-figkis are mounted on
fixed structures with an array tilt angle of

s
Performance Ratio (%)

20 20°, They are anchored in concrate

10 foundations and face due south. The tenth
sub-field is mounted on a single axis solar

1]

tracking structure,

Each sub-field is provided with an aulonomous
inverter, a maximum power paint racker and step up
transformer. The inverters are of the 12 pulse, ine



commulated lype with a nominal raling of 550 kKVA,
Each inverter consists of two galanically insulated six
thyristor bridges, connected to the low voltage side of
the step up transformer. The inverter input voltage is
420 V and the output is three phase at 20 kv,

The sub-fields ara divided into 2 x 165 kW segments,
each containing 175 parallel-connected strings, The
power output from each string, comprising of either
ten or Iwenly seres-connected modules, is about
900 -1 G20 W, The valtage al the string terminals is
about 340 V d.c.

A central building houses the main MV boards, the
devices for interfacing with the power grid, the plant's
data supervision system and the auxiliary services,
Monitoring of the plant performance is achieved with

a sophisticated data acquisition system. It provides a
large amount of information to visitors and researchers
in local and remote ENEL offices.

The plant had an average final daily yield of 3.4
kWh.kW;! for the year 1997 with an average
performance ralio over the year of 69 %. The average
daily irradiance in the plane of the PV array was 4.9
kKWh.m-2, The total energy produced from the system
in 1997 was 3 626 MWh corresponding to an average
of 9 934 KWh per day.

Table 2.5: Cost breakdown Ffor the Serve PV
power plant

Item Costs (%)
PV modules and mounting struciure 66
Power conditioning unit 3]
Project Management 4
DC/AC cabling (unction box and cabling) 17

Other costs (ground supervision;
supervision, automation and DAS) 8

The cos! of the PV plant was 24.7 MUSD. A
breakdown of the costs is given in the lable 2.5.
The final cost of the power station was about 7 500
USD per kW,. With an annual electricity generation

ol 4 500 MWh, the estimated energy cost is 0.5 USD
per kWh. As the plant was designed partly for
research and developmeant purposes, it includes
additional equipment which would not be necessary if
a replica was bullt, The total balance-of-system (BOS)
costs would be expecled 1o reduce by 40 % so thal
the price of PV generated electricity for further plants
would drop 1o approximately 0.34 USD per kWh,

All the funding for the first nine sub-fields came from
ENEL which is both the plant owner and the electricity
utility. 60 % of the funding for the tenth tracking sub-
field came from ENEL with the remaining 40 %
provided by the EC THERMIE programme. The first
sub-field of the plant was grid connected at the end of
1993, six more sections were connected al the end of
1994 and the eighth and ninth sub-fields were
completed at the end of 1995. The last sub-field is
due to come on-ling in 1398, On completion, the plant
will be the largest in Europe and one of the largest in
lhe worid.

2.3 National Demonstration and Field Test
Programmes

This section looks at nalional demonstration

and field tesl programmes in the reparting countries,
Their objeclives, size and number are good measures
of the advances in PV power systems,

All the reporting countries have installed demonstration
plants, either funded through central or local
government, the electricity utilities, the users or, in
Europe, by grants from the European Union. Each
country supplied details of their main demonstration
programmes and described their objectives.

The following section briefly describes the main
demonstration and field test programmes in each
parlicipating country,

Most PV systems in Australia have been installed as
commercial projects, either as cost effective options in
remote areas, or as part of the Green Power
programmes in the competitive electricity market.
These programmes were launched by eight New South
Wales (NSW) utilities in April 1987, with marketing
assistance and an ‘accreditation’ programme provided
by the NSW Suslainable Energy Development Authority
(SEDA). They offer consumers the opportunity to fund
the development of a range of renewable energy
projects by purchasing thelr electricity from selected
refailers. By the end of 1997, there were
approximalely 15 000 green power customers
represanting sales eslimated at 80 000 MWh per
annum, These schemes have funded the construction
of an additional 1 MW,, of PV capacity including the
BB5 KW, Sydney Olympic village. A new SEDA grant
programme is being introduced to increase the visibility
of PV systems and improve the experience and
product mix available for building integrated PV
systerns. Grants of up to 20 % of the system cosis
are available for residential installations and 40 % for
installations on public buildings, The programme is



expected to significantly increase the number of
distributed PY systems in NSW.

Remote Area Power Supply (RAPS) Programmes in
Western Australia and Queensland provide subsidies
for power systems where grid conneclion costs would
exceed 29 000 USD. The Western Australian State
Government's RAPS Programme provides subsidies
for renewable compaonents in power systems. In the
first 18 months of the programme, 62 kW, of PV were
installed. The Cueensland State Government plans o
begin a similar programme offedng grants of 2 500
USD per year for rural properties operating their own
power supplies.

In Austria, there is limited land area available for
large PV plants, so demonstration projects have
concentrated on the inlegration of PV into existing
structures such as building fagades, roof surfaces and
sound barriers. The Austrian 200 kW, Photovoltaic
Rooftop Programme, which started in May 1892,
aimed to demonstrate the feasibilty of decentralised
PV electricity generation. The project, which has
stimulated interest in building integrated PV systems,
was viewed as a great success by the promoters

of the programme.  Mosl other demonsiration
programmes have involved the installation of PV
fagades in retrofits of existing buildings. These include
the Handelshaus Wild, Innsbruck and the PV fagade
at Kelag, Klagenfurt which involved thermal expansion
design to compensate for a fagade temperature
variation between -25° C in winter and +80° C in
summer, The most recent PV fagade was installed al
the Reiden transformer station and began operation in
February 1998. In addition to generating electricity, it
is an architectural element and offers shading to the
building with a reduction in cooling costs,

In 1993, a five year demonstralion programime,

‘P far the Morth' was launched in Canada. The
programme focused on evaluating and improving PY
technology to enable reliable operation in the harsh
chimate of the Morthwest Territories (NWT). A number
of training workshops were run, and in September
1996 a renewable energy test and training facility was
installad at the Inuvik Research Centre. A further
programme was introduced by the Canadian
government in 1996 to accelerale the deployment ol
renewable energy technolegies. The alms of the PV
component of the programme, run by CANMET
Energy Diversification Research Laboratory (CEDRL),
are to improve the reliabllity of PV system companents
and decrease system costs. The programme focuses
on adaptation of technologies for performance in

cold climates, with the goal of increasing the rate of
panetration of PV in Canada,

In addition, a number of smaller building integrated
PY systems have been installed as demonstration
projects. The Teronto Healthy House, with a 4.4 kKW,
PV systern, demonstrates that it is possible to design
houses for the Canadian climate in keeping with the

principles of sustainable development. The Edmonton
Power Corporation (EPCOR) completed a roof
integrated 13 kW, PV grid-connected building in
MNovember 1998, It was the highest elevation building
integrated PV system ever installed and took only

B weeks lo install.

The Sun-cily project in Braedstrup, Denmark,
involved the installation of 30 roof-top PV systems,
with a total installed power of 60 kWp. The systems
were installed in 1996 by a utility, VOH, to Investigate
grid impact and consumer behaviour. The project
found that the effect on the grid was negligible, and in
general there was a 7 % - 10 % household saving on
the amount of electricity consumed. The programme
will continue in 1998 with 300 roof-top PV systems
being installed. The Solgérd Project involved the
installation of a 110 kW, PV system as part of an
urban refurbishment of a large apartment building.
The: highly visible system was completed towards

the end of 1997, and demonstrales architectural
integration of P\, The Danish Solar Energy Aclion Plan
intends o increase the focus on PY in 1998-2000.

A number of programmes currently in operation in the
European Union (EU} are aimed al research and
development, and market enablement strategies for
renewable energy.  This includes the JOULE-THERMIE
programme, adepted in 1994, which merges the R&D
and demonstration actions that were previcusly carried
out separately within the JOULE and THERMIE
programmes. |t provides funding for shared-cost
collaborative research and demaonstralion projects in
lhe field of non-nuclear energy where this leads lo
emission reductions, improved security of supply or
the introduction of renewable energy into the European
enargy system. The budget allocated to renawable
energy is 422 MUSD. A further programme,
ALTENER I, which follows up the previous ALTENER
programme, fecuses entirely on the promotion of
renewatile energy in Europe. Whilst conlinuing to
support studies, pilot actions and dissemination
activilies at the national, regional and local level, it will
also support the Stralegy and Action Plan which was
sal oul in a White Paper adopted by the European
Commission in November 1897, The While Paper
calls for an increase in the renewables’ energy share
to supply 12 % of the tolal EU energy demand by the
year 2010. It proposes the introduction of 1 COD 000
naw PV systems, invalving a 500 000 PV roof and
facade initiative for the domestlic markel and an expon
initiative for 500 G0D PV vilage systems to kick star
decentralised eleclrfication in developing countries.

Government programmaes in Finland have focused on
R&D and specifically on product development. This
has acted as a stimulus for the privale sector, however
there were no large demonstration programmes or
projects in 1996 - 1997. Small PV demonsirations
have been installed at universities and industries,
chiefly Helsinki University of Technology and MNeste Ltd,



PV programmes in France have concentrated on
promaotion of off-grid systems providing electricity to
customers in remote rural areas. With the introduction
of the public FACE (Fonds d'Amaortissement des
Charges d'Electrifications) fund, EDF (Electricité de
France) in co-ordination with ADEME [Agence de
I'Environnement et de la Mailrise de |'Energie),
embarked on a dissemination programme for
decenlralised rural electrification in 1995, The aim
was lo provide users with an electricity service from
renawable energy sources, A total of one thousand
sites (580 kW) were selected for FACE funding in
1996 and 1997. The projects are oriented towards the
selling up of comprehensive programmes in selected
areas. Factors laken into account included the
technical aspects, the dependability of the enargy
senvice provided lo the PV users and the financial
provisions made (o cover system operation,
maintenance and slorage baltery replacement. By
the end of 1897, 200 systems were operational in
both France and in overseas Départermnents, with the
remainder either under construction or awaiting final
approval. Systems range in size from 0.5 kW, to

1.5 kWp, and have recaived up to 70 % funding from
FACE. The remainder of the funding came from the
finance ministry and ADEME, with a 5 % contribution
from the users. Making use of both FACE funds and
lax exemplions n overseas Départernents a lotal aof

1 700 RWF was installed in 1997,

The Phebus Association had installed 100 domestic
grid connected PV systems by the end of 1997, 40 %
of funding came from the EC THERMIE programme,
with the user contributing 40 % to 60 % and the
Région up to 20 %. The PV systems use net metering.

Prior to 1895, the majority of PV systems in Germany
were installed as part of the 'Demonstration
Programme’ and the '1 000 Roofs Programme’. Since
1995, there has been an increase in more general
programmes and market introduction models receiving
state and ulility funding. "Sun at School” and “Sun at
City Hall" are two such programmes receiving
sponsorship from utilities and the Federal Ministry of
Economics (BMWI). The latest series of demonstration
programmes supported by the Federal Ministry for
Education, Science, Research and Technology (BMEF)
ended in 1997, It included the installation of a roof
mounted, grid-connected 1 016 kW, PV plant at the
new trade fair centre in Munich-Riem, Widespread
monitoring, caried out as a major component of these
programmes, is providing information about the
reliability, yields and performance of the systems.
Other important demonstralion plants are in operation
or under construction, for example, the Pv-roof plants
at Mercedes Benz in Bad Carnstatt (435 kW) the
raitway slation Uelzen (73 kW), and ZKM Karlsruhe
{100 kW) and North Rhine Westafalia's demonstration
plant such as the scientific park Gelsenkirchen

(210 KWg) and the 1 MWD roof integrated PV plant
‘Mont Cenis’ in Herne equipped with 700 inverters 1o
demonsirale decentralised inverler technology.

Israel began establishing PV experimental sites in
1987, Most Israeli government funding supports
research, with attention focused on manufacturing
ability, general PV problems and specific problems for
the region. The 5 KW, Mitzpe Adi project was
installed in 1995 with the aim of cblaining experience
wilh grid-connected PV systems. The total cost of the
project was 100 000 USD and was met by the Isragl
Electricily Corporation. A number of other projects
are running, some of which are demenstrating solar
tracking devices.

In Italy, an Agreement on Photovollaics was signed
between ENEA and MICA (the Ministry for Industry,
Trade & Crafl) in 1994, The programme, with a budget
of 15 MUSD for the first four years, supporls research
aclivities carried oul al ENEA laboratories and joint
colaborations with universities and manufacturers,

The ENEA demonstration activities include research
aimed towards upgrading the production processas of
PV cells, and further development of the standard

100 !-:Wp plant, the PLUG {Photovollaic Low-cost Utility
Generator). The PLUG design uses factory pre-
assembled components and supporting structures,
and can be used either as a single installation or as an
elemeantary unit for larger power stations. Two further
PLUG plants have been installed; one in Sarcinia at the
EMEL Alta Murra wind turbine test facility to evaluate
the combined use of wind and PV, and one in Vulcano
to test the high penetration of PV in a small isolated
grid. The ufility, ENEL, has been involved in a
demonstration programme since 1982 resulling in a
lotal installed PY power of more than 4 MW, by late
1997. The 35 kW,, Cittadella della Carita project in
Taranto, Puglia, began cperation in January 1997 and
aims lo improve the technical experience in designing,
managing and maintaining grid-connected PY plants.
The tenth sub-field of the 3.3 MW, Serre power plant,
which will be equipped with a tracking system, is
almost completed. EMEL have a number of recent
initiatives with BMBF (the German Ministry for
Education, Science, Research and Technology),
including 12 grid-connected PV systems tolalling

B0 kW, and two hybrid PV/diesel systems totalling

160 kw,,. In 1997, ENEA defined a 5 year national

10 000 roof-top programme aimed at installing a total
capacily of 50 MW, on roof tops. The programme,
which is due to begin in early 1999, will be managed
and monitored by ENEA and will receive public funding.

In Japan, the main demonstration programmes
implemented in 1996 and 1997 included the "PV Field
Test for Public Facilities™. The programme, which
aimead 1o improve the public perception of PV, monitor
installed systems and reduce installation costs, was
completed in 1997, It resulted in the installation of

1 890 kW, in 1997 and 1 270 KW, in 1996 at public
facilities, and is to be followed by an “Industrial PV Field
Test" programme starting in 1988, The “Residential Py
Monitor Programme" has been replaced by the
"Residential PV System Infrastructure Maintenance
Programme" which began in April 1998, It aims to



further promote the use of PV, and subsidise the
installation of residential PV systems. The systems are
monilored by the users in order to provide feedback to
manufacturers, and excess power is bought by the
electricity companies, In 1996, 1 986 residential PY
systems with a total capacity of 7 221 kW, were
installed with costs amounting to 56 MUSD. The
number of residential PV systems installed in 1997
increased to 5 000, with a {otal capacity of

20 000 kWu and tolal costs of 162 MUSD.

Until 1995, demonstration projects in Korea were
devoted to off-grid systems and received funding
solely from the MOTIE (Ministry of Trade, Industry

and Energy). In Oclober 1996, Samsung Electronics
and Samsung Construction jointly constructed a grid-
connected building integrated PV system with a tolal
capacity of 100 kW,,. The system was mounted on
the roof, penthouse and sunshades of the R&D centre
for Samsung Construction Company, and in 1997
generated a total of 75 121 kWh, It was installed with
the aim of developing building integration technologies
and gbtaining experence with grid-connecled PY
systems in the buill environment. In 1996, the
governmenl funded three PV-diesel hybrid systems to
provide electricity to areas isclated from the grid. Two
systems of 6.2 kW, and 10.8 KW, were installed at
mountain shelters, and one 30 KW, syslem was
installed on Wa Island at the south-east of the Korean
peninsula. In 1997, demonstration projects funded by
the MOTIE with a budget of 1.04 MUSD were more
diverse than previous years. One 10 kW, PV-diesel
hybrid system was installed at a mountain shelter on
Cheju Island, Two stand-alone PV sysiems with a
capacity of 8.4 kW, and 10 kW,, were installed at
Gwangju Biennale to provide electricity for a fountain
and lighting, and promote renewable energy. A

30 kW, on-grid system was installed on the roof of
the Changwon municipal building and from Oclober
to December of 1997 generated about 6 500 kWh,

The Mexican PV programme started in the late
1980's. Most experience to date in Mexico has been
with off-grid PV systems mainly of the Solar Home
System type. At the same time around 2 MWp has
baen installed in professional applications such as
telecommunications, off-shore platferms, luminaries,
cathodic protection, trafiic signals, water pumps and
the electricification of rural communities by means of
hybrid systems. Since 1995 some small hybrid
systems have been installed in an Eco-Hotel.

During 1997 the |IE started a project funded by the
Ministry of Energy related to grid connected PV
systems. The first Mexican grid-connected system
was installed on the roof of an office building in
Cuernavaca with the aims of gaining experience
with the installation and operation of grid-connected
systems and to develop technical specifications for
these systems in Mexico.
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Most demonstration projects and field experiments

in the Netherlands form part of the National
Photovollaics Programme, NOZ-PY. The programme,
funded by the Ministry of Economic Affairs, has set
goals of 12.5 MW, of installed capacity by the year
2000, 250 MW, by 2010, and aboul 1 500 MW, by
2020. This Is equivalent to approximaltely one million
Dutch homes with solar roofs by the year 2020. The
PV in the Buill Envirgnment’ pilot programme, which is
part of the nalicnal programme, aims to implement FY
pllot projects o provide market experience relevant to
the application of PV in the built environment, Funding
is received from the government, ulllity, user or as part
of the THERMIE programme. Projects carried oul in
1996 and 1997 include six 2.5 KW, PV systems for
social housing in Gelderse Blom and the Integration of
PV into shading balconies on homes in Dordrechl.
There are currently a large number of projects under
construction including a 3.6 MWp PV-Groai
programme (Growing Photovoltaics) with the aim of
opening up & niche-market for small grid-connected
PV systems made up of 4 AC Modules. The 1 MW,
project under construclion in Nieuwland, Amerslool
comprises 600 building integrated PV systems on

new homes with a total capacity of 1.3 MW,

The number of PV demonstrations in Norway is
imited. In 1996, two systems wara installed: an off-
grid PV installation providing power to a house at
Venberget in Hedmark county, and the first building
integrated PV system in Norway fitted on the roof of
an apartment in Hamar. The off-grid system is

2.2 kW, in size and was installed as an allernalive

lo extending the ulility grid a distance of 20 km, ILis
supplemented by a 9.2 kA diesel generator, 1t
received 66 % government funding, with the remainder
coming from the lecal ulility, Hedmark Energi AS.
There are no further projects or programmes presently
under construction,

In Portugal, most of the PV aclivities have been
supparted by the European Union (E.LL) funded
programmes and various national programmes such
as ENERGIA - SIURE (Incentive Scheme far the
Rational Use of Energy). In 1996, a 15 kW, P\-wind
hybrid system was installed lo provide electrilication
of a holiday area. In 1997, four 1.664 kW, PV-wind
hybrid systems were installed to supply power to small
TELEVISION rebroadcast stations. Both projects
received 40 % funding from THERMIE with the
remainder from SIURE. There is currently a 5 kW,
grid-connected system under construction in Faro,
Algarve, wilh the aim of demonstrating AC modules in
buildings. Funding for the installation is being met by
THERMIE and SIURE,

The Energy Efficiency and Saving Plan (PAEE) in
Spain aims to increase the rele of renewable energy,
and includes the development of PV power syslems,
In 1996, a total of 386 KW, was installed under the
PAEE programme, and in 1987, 167 kW, was



installed. This included a 2.4 kW, off-grid system in
Socuellamos to supply water pumping for irrigation of a
3 Ha vineyard, The PROSOL programme, created by
the Andalusian Government and managed by a public
company, SODEAN, 5.A., began in 1996 and by the
end of 1997, had instalied a total of 113 kW,

A further programme created by the Public Works
Department of the Andalusian Govarnment is devoted
lo extending rural electrificalion to remote areas using
PV systems. The largest demonstration project,

the Toledo 1 MW, power plant, has undergone
improvements to the inverters and compensation units,
which has resulted in an increase in system efficiency
from 72 % in 1996 lo 87 % in 1997,

Two demaonstration systems were installed in Sweden
in 1996 and 1997. On the istand of Bullerd in the
Stockholm archipelago, a stand-alone PV system was
upgraded from 0.8 kW, to 1.45 kW, in 1996. The PV
system was installed for electrfication of a house and
to demonstrate the use of PV at a sile with a large
number of visitors. Sweden's largest PV system was
installed in Almhult at the end of the summer of 1997.
The B0 kKW, building integrated PV system was
mounted on the roof and south fagadea of an office
building, and provides information on the electricity
production and quality of grid-connected systems,
The system received funding from the private
company IKEA and the Swedish Board for Industrial
and Technical Development, NUTEK, Sweaden is
participaling in the IEA PV programmes with the aim
ol gaining experience and understanding of the
technology and economics for the utilisation of PV
syslams.

In Switzerland, the majority of projects are carried
out under the federal Pilet and Demonstration (P+0)
programme which receives 27 % funding from the
government. The projects cover a range of activities,
with an emphasis on new technologies aimed at
reducing the costs of PV systems in the built
emvironment. Sewveral different approaches are being
demaonstrated including new developments on the
components side (solar tiles, PV modules with
integrated inverters), cheaper carrier structures (fibre-
cement elements, mounting systems) and replacemenit
or augmentation of existing building elerments (fagade
elements, motorway noise-abalement structures), The
tolal power installed under the P+D programme was
208 kWp in 1996, and 84 kWn in 1997, In 1996 a
number of large PV installations over 50 kW, in size
were commissioned. This is one reason why the
installed power in 1998 was much higher than in 1897,
Ancther factor reducing the power installed under the
P+0 programme in 1987 was the starl of a new
government promolion pregramme for PV, ofiering
USD 2 000 for each kW, installed, which eased the
load on P+D funding. The long term goals of the
Swiss P+D aclivities are in lhe areas of industrial cell
preduction and products for module integration, whilst

ensuring that they relain a leading position in system
technology and engineering.

Demonstration projects in the United Kingdom,
have recenlly focused on grid-connected bullding
integrated PV systems. The first speculative PV

office to be buill in the UK is located in the Doxford
International Business Park near Sunderland. The

5 000 m? building is fitted with a 73 kW, PV fagade
and incorporates a number of low energy measures.

It received funding from the EC THERMIE programme,
supplemented by national funding. At the Ford Motor
Company Jaguar/Zetec engine plant in Bridgend, a
100 kW, PV power systern, the largest in the UK, was
installed in 1997, The system, in which 26 PV roof-
lights were retrofitled to the factory rool, received
funding from the EC THEBMIE programme and the
Ford Motor Company. A government funded initiative,
tha Technology Foresight Challenge, has awarded

1.6 MUSD to the Scolar programme to install Py
systems in 100 schools and colleges. The systems
are free slanding PV porches rated al 500 Wy or

650 W, which aim to provide an educational resource
and raise the awareness of pupils to the benelits of
renewable energy sources. Other initiatives include a
PV powered, chilled articulated lomry trailer for
transportation of frash fruit and vegetables.

Tha United States PV programme has shifted from
non-economic demonstrations or systems tests to
market-centred projects with the majority of funding
coming from the private sector. The largest US
programme (o accelerate the commercial use of PV is
caled TEAM-UR (Technology Experience to Accelerate
arkets in Utility Pholovoltaics), The programme aims
to build PV experience and confidence among ulilities,
industry and customers by significantly increasing the
number of installations. The projects selected must
have the polential to lead to large markets and they
require a cost sharing of over 70 % by the utility team.
Through the first two rounds, a total of 16 on grid and
5 off-grid ventures have been awarded funding, which,
when complete, will result in the installation of more
than 8 MW,,.

The Sacramento Municipal Utility District (SMUD) PV
programme is a ten year private sector iniliative,
started in 1993, designed 1o help PV be at a market
competitive price by 2002, By the end of the first
phase of the programme al the end of 1997, over 450
systems tolaling 6 wa had been installed. In the
final phase of the programme, installation of an
additicnal 10 MW, of PV systems are planned with the
installed system cost decreasing lo less than 3 USD
per watl,

The *Million Solar Roofs" programme was announced
by President Clintan in June 1997. Il calls for the
nation 1o install solar hot water andfor PV systems on
one million roofs by the year 2010,



Table 2.6: Budget breakdown for market stimulation, demonstration and R&D between 1994 and 1997

in MUSD

Category 1994 1985 1996 1997
Market stimulation 51 18 % 99 289 % 154 55 % 164 47 %
Demo projects 28 10 % 28 8% 22 B % 27 8%
R&D 208 72 % 215 63 % 106 a7 % 159 45 %
Total 287 342 281 350

Cther programmes currently in operation include the
PvMaT (Photovoltaic Manufacturing Technoloay)
programme that has invested over 50 MUSD in the
production of advanced PY cells and modules with
improved performance and significant cost reductions.
The PV BONUS (Building Oppartunities in the United
States for Photovollaics) programme has resulted

in the dasign of new PV products for the built
environment, such as PV shingles, PV standing roof
seaming and integrated mulliens for curtain walls. A
further initiative is the Department of Defence off-grid
PV systems programme through which approximately
1 MW, was installed in both 1996 and 1997.

In conclusion national demonstration programmes in
the reporting countries largely reflect the priorities of
each country.  There is an increasing emphasis on on-
grid distributed systems, particularly on the integration
of PV into existing structures such as building fagades,
roofs and sound barriers. A number of countries have
pregrammes 1o promote residential PV instaliations,
most notably Germany, Japan, the Netherdands and
the United States. Canada and Israel are focusing on
adapting PV 1o their specific climates. Within the
European Union, grants for demonstration projects are
available from the European Commission and these
contribute a large proportion of the available funding in
member countries. On-grid systems are often part
funded by electricity ulilities, indicating a positive
attitude on their parl lowards these syslems.
Demanstration programmes to integrate PV systems
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into school bulldings In order to raise the awareness
of students are currently underway in Garmany,
Switzerland and the United Kingdom.,

2.4 Budgets for Market Stimulation,
Demaonstration and R&D

Tahle 2.6 shows the (otal budgeal for market
stimulation, demonstration and R&D in the reporting
countries between 1994 and 1997, From the table it
can be seen that there has bean a trend for the funds
spent on market stimulation to increase, due in part to
the large Japanese programmes, while the proportion
of funds spent on R&D has decreased, from 72 % in
1994 to 45 % in 1997, Funding for demonstration
projects siayed fairly constanl between 1894 and
1997, The tolal available budgets have increased to
350 MUSD in 1997, from 287 MUSD in 1994, MNote
thal 1994 and 1995 data exclude Austria, NMorway,
Mexico and Israst (who in 1997 accounted for

2.4 MUSD ol the lotal budget).

The budget breakdown between the reporling
countries in 1937 is shown In Figure 2.7. Il can be
seen that Japan, the USA, Germany and France had
the highest budgels for markel stimulation, and for
R&D Japan had the highest expendilure followed by
the United States and Germany, However France,
Germany, Japan and the USA had the largest total
budgels for market stimulation, demonstration and
R&D programmes (22, 50, 156 and 59 MUSD

respectively).
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This chapter discusses he indusiries
associated with manufacturing and
installing PV systems and components,
and looks al the employment levels and
revenues associaled with the industry.
The production of PV modules and

calls throughout the reporting countries

is discussed and current trends in

module and system prices are highlighted.
The final sections of the chapter look at \
the balance of system industry.

3.1 Photovoltaic Production in
Reporting Countries

311 The Photovoltaic Industry

The sum total module production in

1897 of nations participating in the IEA Photovoltaic
Power Systems Prograrmme was 100 MW, this
includes production for power applications smaller than
40 W, but not for consumer applications. The details
of the production of PV modules are based on
information supplied by the reporting countries of the
IEA PVPS and account for approximately B5 % - 90 %
of PV modules produced world-wide.

The national reports provided data on the PV industry
revenue in each reporting country, The figure was
based on the PV related turnover of all the businesses
working in the PV sector, This included the turnover
of consultants, installers and manufactures of both
modules and balance of systemn components.
Government funded research in universities was

not included. If the data were not available to the
national representative, estimates based on the data
available were made, such as installed power and

syslem prices.

The PV industry revenue in the reporting countries was
estimated to be in the region of 1 133 MUSD in 1997,
and 873 MUSD in 1996, a 29 % annual growth rale,
In-.comparison the value of business in 1995, under a
slightly narrower definition than that used for the 1997
survay, was 713 MUSD. Figure 3.1 shows the division
of PV industry revenue between the reporting
countries,

There ware approximately 9 140 full time equivalent
labour places associated with the PV industry in 1997
in the reporting countries. Of these, over 1 730 were

Chapter 3
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Figure 3.1: Distribution of PV industry revenue between
the reporting countries in 1997 (Total I 133 MUSD)

in research and development, consultancies,
government agencies, elc., 4 300 worked for
manufacturers of components exclusively made for PV
syslems including R&D, and 3 100 were in areas such
as ulilities, distribution companias, system installers
elc. Since 1995 the number of labour places, in those
countries for which data is available for both years, has
grawn by an average of 16 %. The vast majority of
this growlh has been in manufaciuring,

The majority of the labour places were concentrated in
Japan (1 900), Germany (1 800) and the USA {1 750).
These three countries also had the largest amount

of installed PV power of the reporting countries

(65 MW, 42 MW, and 108 MW, respectively). The
USA and Japan were also the largest producers of PV
modules, with Germany the fifth largest producer. The
breakclown of labour places in each country is shown
in Figure 3.2, (see next page)

312 Distribution of Capacity and Production

Commercial module manufacture is based mainly on
crystalline and amorphous sificon technologies. The
crystalling silicon technologies are currently the most
prevalent, constituling approximately 90 % of power
module production and 80 % of manufacturing
capacity at the end of 1997, See the PV Technology
Mote for a brief descriplion of the different production
technologies.



2000
1 800
1 GO0
1400
1200

BOD
600
400
200

Labour places

Figure 3.2: Distribution of labour places in IEA reporting countries in 1997

Aesearch and Development, nol including companies
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and Japan (34 %), although the
European countries accounted
for 22 % of production and 23 %
of capacily. This represenis a
44 % increase in European
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Table 3.1 shows PV production and production
capacity in 1997 separated according to world regions.
The total module production of 100 MW, in 1997 is an
increase of 78 % from 1995 when total production
was 56.1 MW, PV module and cell manutacturing
capacity was estimated to be 209.7 MW, in 1997, an
increase of 83 % since 1995,

production from 15 MW, in 1995
1o 21.6 MW, in 1997.

3.1.3 PV Madule

Manufacturing

PV module manulaclurers can
be divided into two broad
categories; firsily, those who
purchase ready made PV cells
and fabricate them into medules,
i.e. module assemily;

secondly, vertically integrated
manufacturers who manufacture their own cells and
modules. Manufacturers of crystaline silicon modules
fall into either of these categories whereas amorphous
silicon module manufacturers are always vertically
integrated as the distinclion between cell and module
is nol relevant,

MEX [
SWE |
NOR ||
AUT |1
DNK §

Table 3.1 PV Production in MW, in the reporting [EA countries in 1997

Region Cell Module Module a-Si Crystalline Other

production production production  production silicon module

capacity module  production

production

LISA and Canada 51.0 36.2 72.0 25 293 4.4

Japan 29.3 34.3 81.0 2.4 319 0

Europe 14.7 21.6 483 0.9 20.7 0

Rest 75 79 8.4 0 7.9 0

Totals 102.5 100.0 209.7 5.8 80.8 4.4
Nove vest Includes prodection i Keree amd Australia

The qguantity of modules produced in each of the
reporting counlries is shown in Figure 3.3 separated
inte the vanous cell technologies. PY module
production and production capacity is shown in
Figure 3.4 for the years 1993, 1995 and 1997,
The production figures are of course lower

than the capacily figures, the utilisation of
production capacity was 48 % in 1897,

This figure is slightly misleacding.,

particularly for the production in the USA, 30
where utilisation of capacity was above =

90 %, as significant quantities of cells = R
were sold on to other manufacturers for 8
module encapsulation. In Germary, ka0
where six manulacturers began module ag.
production in 1996 and 1997, utilisation o 15 —
was low because the manulactures were g

not producing, or only producing low 10 —
quantities, at the beginning of the year.

The production of PV power modules was "
concentraled mainly in the USA (36 %) .

UsA JPM AUS ESP DEU FRA NLD

35..

In arder to avoid 'double counting', modules are
considered 1o be manufactured in a country only if the
encapsulation takes place in that country. For example,
tha American company Astropower, produced

B Qlher
Amarphous silicon
B Crystalline sificon

ITL SWE CHE KOR CAN DNK

Figure 3.3: PV module production in IEA participating countries in 1997
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3.9 MW, of single crystalline silicon cells but
maost were sold as cells rather than modules
and BP Solar America produced all their
modules in 1997 from single crystaline cells
imported from BP Solar plants in Europe.

Table 3.2 (see next page) lists the module
manufaclurers in each of the reporting countries,
showing cell and medule production and module
type. The additional information is that available
fram the national reports which was provided on
avoluntary basis. The number of manufacturers
producing more than 1 h-'l‘u"l."p increased from 15 in
1995 10 22 in 1997,

Module Production (MW,)

PV Technology Note

Single crystal silicon cells are usually manufactured
from a single crystal ingot most commonly grown by
the Czochralski methed. The ingot is doped with
bovon during the growth process to make it a pAype
semiconductor. The ingol is then sawn into wafers
and doped with phosphorous to make one side of
the wafer n-type, thereby creating a p-n junction,
Electrical contacts are attached to each side of the
wafer, so that the cell can be connected to an
external circuil. Although all crystalline silicon cells
have some elements in common, modilications in cell
design are steadily increasing the efficiency of single
crystal cells and culting the cost of manufacture,

While single crystal silicon remains the most efficient
flat plate lechnology, it has also the least potential for
cast reduction. PV cells made from multicrystalline
silicon have become popular as they are polentially
less expensive to produce. Multicrystalline PY cell
manufacture usually begins with a casting process in
which molten silicon is poured in a rectangular block.
This produces a block of multicrystalline silicon that
is then sliced into walers that are used to make the PV
cells, Although multicrystalline cells are potentially
cheaper to produce than single crystal cells, they are
slightly less efficient. One way ol eliminating the
sawing slep is to grow ribbons of multicrystalline
silicon that are already wafer thin and the correct
width for use as photovoltaic cells,

Thin film modules are constructed by depositing
extremely thin layers of photosensitive materials on
a low cosl backing such as glass, stainless steel or
plastic. As much less semiconductor material is
required than for crystalline silicon cells, material
costs are potentially much lower. Thin film

250

200 B Froduction
M Production Capacity
150 ——
100 -
a0 -
0

1993 19495

1997

Figure 3.4: PV module production and module
production capacily in 1993, 1995 and 1997

significant cost reductions with volume production.
Thin films are made by sequentially depositing layers
of material directly onto the chosen substrate, The
firsl coating 1o be deposited is the front electrical
contact which is usually a thin layer of a metal oxide
such as tin or zinc oxide. Each of the semiconductor
layers is then applied belore the individual ‘cells' are
formed by seribing through each layer in turn with a
laser. A thin layer of base metal is then added 1o serve
as a back contacl,

The most fully developed thin film technology is
hydrogenated amorphous silicon which was found to
have photovoltaic properties in 1974. The efficiency
of commercial amorphous silicon modules has
improved from around 3.5 % in the early 1980s to
about 7 % currently: protolype modules have been
produced with efficiencies as high as 10 %. This is
the material normally used in consumer appliances,
although it is used, but less frequently, in power
modules,

Other types of thin films can be made using
polyerystalline silicon, cadmium telluride, (CdTe) and
copper indium diselenide (CIS). Cadmium telluride
modules can be produced by a variety of industrial
processes that do not require expensive capital
expenditure, such as electrodeposition and spray
pyrolysis. CIS and CdTe are promising PV materials,
parily because ol their high absorption of light. The
addition of gallium o CIS to produce CulnGaSe; has
resulted in laboratory efficiencies of cells of 17.7 %.

Typical and maximum module and cell conversion
elficiencies (at Standard Test Conditions, i.e.,
1 000 W2, 25°C, solar spectrum AM1.5) for the
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different PV technologies are given in the lable below, |
|

pmdu_ction also II'Equ'lI'E'S less labour intensive Type Typical (Maximum recorded)? e Tar e

handling as the {ilms are pl‘odl!l:(-_"f_.l s large, module efficiency (%) laboratory cell efficiency (%)
complete madules, and not as individual cells

that have 1o be mounted in frames and wired Single crystalline silicon 1215 (22.7) 24.0

together. Hence there is the potential lor Multicrystaline silicon 1114 (15.3) 18.6

Amarphous silicon 6-7 {10.2) 12.7

____________ e e e e e i i e Cadirniurm teluride 78 (2.2) 16,0

2 Balar Cell Efftciency Tabdes, Verston 11 WA Green, K Emery,

K Biicher. DL King. S Igani. Progress in Photovalteics: Research and Applications, 1998 6, 35-42



Table 3.2: Module manufacturers in the reporting countries

Country Company Cell Module Production Module Additional Information
Production Production Capacity Type
(MW, (MW,) (MW)

AUS BP Sclar 4.5 4.5 4.5 sc-Si Involved in cell, module and system manufacture using
imported walers and screen printing technology. Most
common module size is 70 Wp.

ALIS Solarex 3.0 3.0 30 mec-Si Invoheed in cell, module and system manulacture using
imporied wafers and screen printing lechnology.

CAMN Canrom . <0.2 0.5 sc-5i Canrom manufacture custom-made modules but a
standard line of monocrystalline modules which it
distributes directly have been developed. A proprietary
thin film CdTe/CdS PV technology which it plans to
bring to pilot manufacturing in 1989 is undar
development.

CHE Newtec - 0.082 0.082 me-Si Roof integrated tiling system using me-5i cells. The
tiles are weatherproof and designed o be installed
wilhout the need for rool alterations.

CHE Solution - 0.4 1.0 me-5i Produce custom maodules for fagade integration and
custom,  ISPHA-tested “Sunsiates3” liles. Plans to increase
sc-Si production capacily to 2 MW, per year,

CHE Star Unity - 0.01 0.105 me-5i Modules integrated into roof tiles. The liles have the
same dimensions as standard roof tiles and are
mounted in the same manner as a nomal tile.

DEU ASE sc-Si Since 1996 ASE Alzenau has been 100% owned by

Alzenay me-Si MNUKEM GmibH, which is itself owned by RWE AG, the
largest nationally operating utility. A pilot production
line for solar cells and special PV modules is in
operation, In Hellbronn high power solar cells were
produced for space applications. A new 13 MW edge
fed growth cell production line will start up in 1998 at
half capacity.

DEU ASE a-5i The former DASA-Photonics group became a

Phototronics subsidiary of ASE. Pilot production and R&D of thin
film amorphous PV cells and modules is underway.
Developed modules with a-Sifa-SiGe landem cell
structures.

DEU G588 sc-Si Manufactures mainly custom made frameless PY

~ me-Si modules (160 - 290 W) for integration into bulidings.

DEU Pilkinglon sc-Si Formerly Flachglas Solar: specialises in integraling

Solar me-Si modules into bulldings and fagades and assembles

International single crystal and multicrystaline modules. Joint
venture underway with Braas for production of solar
roof liles.

DEU RAP mc-Si Began module manufacture in 1996 for standard and

Mikrosysteme customer designed modules. Produclion capacity of
1 MW,y will be extended to 2 MWy in 1998,

DELU Siemens Solar me-Si Undertakes research and development on cells and
sc-Si modules with a pilol production line in Germany.

DEL Solaris me-Si Preduces standard 50 Wy modules.

DEU Solarfabrik 5C-Si Founded in 1996, started PV module production (75 W

- 115 W) in 1897 in co-operalion with Astropower,

DEU Solarnova mc-Si Founded in 1996, Solarmova uses parts of the old PV
sc-Si medule production line of ASE in Wedel to produce

custom made modules (50 W - 100 W). —

DEU Solarwatt sc-Si Started production in 1997 and are producing custom
me-Si made PY modules.

DEU Solarwerk me-Si Startec PV module production in 1997. 40 W and 105

W modules produced.

DEU Solon me-Si Founded in 1997, produces 70 Wy, mullicrystalline
modules.

DEL SunWare 5G-Si Specialises in the production of PV modules for

Solartechnik caravans and boals.



Table 3.2: (continued)

Country Company Cell Module Production Module Additional Information
Production Production Capacity Type
(MW,,) (MW, (MW
DEU VEGLA sc-Si Belongs to the Saint Gobain Glas Solar Group,
(KINON Produces PV modules for integration Into buildings.
GmbH)

DEL Webasto se-5Si Specialises in manufacturing flexible PV modules for

me-Si applications in car reofs, caravans, etc..

DMK Gaia Solar - 0.025 0.33 me-Si Modules range from 27 - 150 W, produced from

sc-Si imported cells. Custom modules also produced.
ESP Alersa - 0.85 1.0 sc-Si
ESP BP Solar 4.0 4,0 6.0 sc-5i Invoived in cell, module and system manufacture
Esparia including production of "Saturn” Laser Grooved Buried
Grid cells. Standard and custom modules. Modules
available in a variely of colours,

ESP Isofoton 0.52 214 4.0 sc-5i Modules from 5 to 110 W, in many different
configurations.

FRA MNAPS- 0.85 0.65 1.0 a-Si Thin film hydrogenated amorphous silicon modules are

France produced, size 31 cm x 82 em, with a stabllised power
of 12 W, + 10 %, smaller sizes are available from
4 W

FRA Photowatt 5.6 3.2 9 me-Si Photowalt is a vertically integrated company producing
very thin multicrystalline walers. Modules are 2-glass
laminate with aluminium frame. Cell production levels
to increase to 10 MW, in 1898,

GBR Interselar  not not 15 a-Si Manufacture amarphous silicon modules at their plant

disclosad disclosed al Bridgend, South Wales.

ITA Eurcsolare 0,48 0.21 0.7 sc-Si Vertically integrated manufactuning process. Typical

1.77 1.40 18 mc-Si commercial modules consist of 36 sc-Si square cells
(10.2 cm x 10.2 cm) or me-Si square cells (12.5 cm x
12.5 cm) mounted in an aluminium frame. Eurosolare
also produce large area me-Si PV modules with a peak
power of 110 to 120 Wi,

JPN Canon 2.1 2.1 10 a-5i Purchase of steel substrate and SiH, gas 1o produce
a-5i cells and modules. Recently commercialised roof-
integrated a-Si PV system,

JPM Daiclo 0.8 0.8 1.0 50-5i Purchase sc-5i and mc-5Si substrate, which is used to

Hoxan 0.2 0.2 me-Si manufacture cells and mocules suitable for residential
Installations. Have commercialised coloured modules.

JPN Kyocera 15.4 15.4 30 me-5i Purchase raw silicon scraps and cast substrate o
manufaciure cells and modules. Have commercialised
135 W and 145 W me-Si modules for residential use.

JPM MSK . 2.0 2.0 me-Si Purchase me-Si cells and manulacture into modules.

JPM Sanyo 0.2 0.2 8 a-Si Sanyo manufaciure amorphous silicon modules some

Electric 0.0 0.0 3 a-Sifse-Si of which are used for power applications. In addition
in late 1887 Sanyo built a 3 MW, plant for a-Sifsc-Si
hybrid moedules. Mo medules were shipped in 1997,
JPN Sharp B.6 B.6 22 sc-Si Purchase of sc-Si substrate for cell and module
19 1.9 me-Si manufacture. Also purchase of Si scraps for cell and
0.1 0.1 a-Si module manufaciure,
JPN Showa - 3.0 ] sc-Si Purchase of sc-Si cell for module manufacture,
Shell Sekiyu Commercialised triangular module,
KOR Haxime sc-Si Temperarily ceased production in late 1996,
Chemicals
KOR LG Industrial - 0.25 0.4 5C-5i Active in the construction of PV power unils since
Syslems 1985, Currently three types of modules are produced
with rated outpul powers of 43 W, 48 W, and
53 Wp.
KOR Samsung - 0.12 0.4 me-Si Assembles modules using multicrystalling siicon solar
Elzclronics cells supplied by Solarex USA o
MNLD BST Custom made modules and semi-transparent modules

for roofs and shadowing elements. A small
manufacturer who assembles custom made modules
from cells and modules produced elsewherns,



Table 3.2: (concluded)

Country Company Cell

NLD

Production

(MW,)

Shell Solar <0.2
Energy

{renamed

from R&S)

Module
Production
(MW,)

18

Production
Capacity
(MW,)

20

Module
Type

me-Si

Additional Information

Assembles me-5i modules from cells, which in 1997
werg mainly acquired externally (90 %), Modules are
produced for array maounting and laminates for rool
integration. Cell and module production capacity will be
expanded 1o 5 MW, in 1998,

SWE

GPV -

0.8

1.0

sc-5i

Madules are labricated from prefabricated crystalline
silicon cells purchased on the inlernational markel.
Culput powers of 55 W, and 110 W,

LISA

ASE 4.0
Americas

4.0

4.5

Edge
Fed
Growth
ribbon
Si

Multicrystaline silicon ingot is purchased, pulled into
sheets and cut into 100 emé slices. Both cells and
modules ara produced with 200 - 300 W modules as
slandard. Twenly year warranlies are offered. Plant
expansions with capacilies exceading 10 MW, are
aexpected in 1998, Formerly Mobil Solar, the operation
was purchased by ASE in 1993,

USA

Astropower 3.9
0.4

unknown
0.4

sc-Si
Si film

Purchases silicon wafers and processes them inta
cells, most of which are sold and assembled into small
power modules by olher companies. Astropower also
produces power modules. Astropower have
developed and patented a process ol manulacluring
thin film polyerystalling silicon on a ceramic substrale.
The new product, Silicon-Film™, has been in pilat
preduction lor three years and Astropower have
announced a new 9 MW, production plant to be in
production by late 1998,

LISA

BP Solar
Amarica

LNKRoWN

urknown

sc-Si

Recently purchased assels of APS. In 1897 produced
singla crystal modules with cells imported from BP
Solar plants in Europe. Have installed a 9 MW,
cadmium tefluride plant which may begin producing
modules in 1998,

UsA

Siemens 220
Solar

unknown

24

sc-Si

Manufacture and sell modules and cells made from
single crystal siicon ingots produced in-house.
Standard commercial modules range from 35 W to

120 W, Have performed research, pilot preduction and
testing on copper indium diselenide modules for over
10 years with efficiencies over 10 %. No formal
announcements have been released for production.

USA,

Solarex 14.0
0.8

unlnosT
0.8

16
10

mc-Si

MNow a division of Ameco/Enron Solar. Multicrystalline
silicon is purchased and processed into cells and
medules with a power output of 33 - 200 W. Pilot
quantities of 5 - 10 W amorphous silicon modules have
been produced. A 10 MW, plant producing 60 W

a-5i modules was completed in 1897.

USA

Solec 4.0
International

LNKNoW

4.5

sc-Si

Solec is owned by Sumitoma and Sanyo of Japan.
They manufaciure single crystal cells and modules with
an output of 40 - 200 W, but custom modules are also
madea. Most of their product is shipped to Japan for
the residential PV roofs programme.

LISA,

Ussc 1.7

LT

a-Si

Preducers of triple-stacked amorphous sflicon
modules, with a size range from 5 W, to 22 W,,. Full
production in their new 5 MW, plant in Troy Michigan
began in 1997, US3C produce marine modules,
framed power madules, a PV shingle and standard
seam metal roofing material,

TOTALS

102.562

100.01

206.68

This total includes data from Germany and the
smaller companias in the U.S.A. which is not given
in this table.

Kew: 80 is single crysial sflican; mcSE s muliicrystalline sificon; a-5 s amoplions sifioon,



Cata on call and module production for individual
companies in Germany is nol available for publishing,
but data on totals for 1997 are available as follows:

@ Total module production - 6.06 MW,
® Total cell production - 1.3 MW,
® Total production capacity - 18.75 MW,

The majority of modules produced are crystalline
silicon, with 0.2 MW,, of amorphous silicon produced
in 1997, Three German companias produced over

1 MW, in 1997.

There is no PV module production in Austria, Finland,
lsrael, Norway or Portugal, However approximately

50 % of the world demand for tediar for PV modules is
produced and exported by the Austrian manufacturer
ISOVOLTAMWerndord, Styria,

3.1.4 Madule Prices

Maodule prices represent a significant proportion of the
price of PV power systems and have decreased in

the past due lo the expanding market and increased
production. Future decreases in module prices are
expected. Whilst some price data were provided in
the national reports, il is difficult to make comparisons
between manufaclurers or draw meaningful
conclusions as to the trends in prices because module
pricas depend on power cutput, size of order,
application, currency fluctuations, ete.

Table 3.3: Typical factory price for crystalline
silicon modules in country of manufacture in
1997, Averages prices are weighted by the
maodule production in each country in 1997

Country Average Price (USD/W_)
Small Quantity Large Quantity

ALUS 4.6 29
CAN ] 4.8
CHE! 7.0 6.1
DMK 7.1

DEV 4.5 4.2
ESP 5.1 4.6
FRA 6.6 3.9
T 4.6 4.4
JPN 5.9 4.9
KOR 6.8

NLD 50
SWE 4.7 4.5
Average 5.0 4.1

1 Mepinty costom wnode modufes

Table 3.3 shows typical prices lor crystalline silicon
modules in the reporting countries.  Typical crystaliine

silicon prices for a small order (less than 5 KW,
ranged batween 4.5 USD/W,, in Germany and

7.1 USDAW,, in Denmark, with the average price being
5.0 USD/W,,. The average price was weighted
according to the modute production of each country.
The high price of Swiss and Danish modules was
because they tended to ba non-standard products for
building integration. For a large order of crystalline
silicon modules (greater than 100 kW) the average
price was 4.1 USD/W,,.

The prices quoled in Table 3.3 are factory prices to
distributors. Approximataly 20% should be added for
prices (o customers,

Prices for amorphous silicon modules were only
avallable from a few countries and ranged between
4.5 - 6.6 USD per W, for a small order, and 3.3 - 6.0
USD per W, for a large order,

Table 3.4 shows average module prices for large and
small orders in 1993, 1995 and 1997, The 1995 and
1997 data is for crystalline silicon only, bul in the 1993
Survey Report the prices for amorphous and crystaline
silicon moadules were combined. The figures in Table
3.4 show a significant fall in module prices between
1993 and 1997; 41 % for small orders and 27 9% for
larger orders, Note fluctualing exchange rates may
have affected module prices in some countries.

Table 3.4; Average module prices for large and small
orvders in 1993, 1995 and 1997

Year Small module order Large module order
(USD/Wp) (USD/Wp)

19971 5.0 4.1

1995 5.5 4.9

1993 8.5 5.6

& fe 1293 andd 19095, o semall onder oz <) .lrﬂ'“. Berat iy DO e elefionition fas
been revised 1o <5 kl-l';l.,

3. 1.5 Inverters

The electricity generated by PV modules is d.c. and
many applications require a.c. power. The conversion
from d.c. to a.c. is camed cut by an inverter. The two
basic categories of inverters for PV syslems are grid-
connecled and stand-alone: grid-connected inverters
may be either self-commutated (line-synchronised) or
line-commultaled systems; stand-alone inverters are
all self-commutated types.

Figure 3.5 fsee next page) shows the number of
inverters for grid-connected PV systems sold in the
reporting countries, broken down by inverter size, in
1995 and 1997, Austria, Canada, Finland, and ltaly
wiere unable lo provide accurate data in 1995, and
in 1997 a number of countries including Canada,
Denmark, France, llaly and Morway did not provide
informaltion on the number of inverters sold.



e ' " The significant increase in the smallest
inverters less than 1 kVA in size, sold
el between 1995 and 1997, is mainly due

10000 — et e — to the large numbers of inverters sold

:

Mumber of inverters sold
- (]
g2 8

ff for on-grid distributed applications in
Germany and the Netherlands. Inverters
i g of the size 1 - 10 kVA increased by
— approximately 70 % from 1995 to 1997,
with tha greatest contribution from
! Japan in which 5 500 inverters in this
size range were sold in 1997, mainly for
their residential PV system programme.
There ware no significant changes in the
number of inverters of size 10 - 100 kKVA
sold, whilst all the large inverters {over
100 kVA) reported sald in 1997 wera in
Gemany and the LLS.A,

1-10 KVA

10 -100 KVA 1895
Inverter size (kVA)

The development of module integrated
converters, for so called a.c. modules,
using small inverlers between 100 W
and 300 W in size. and slring inverters
of approximately Y00 - 1500 W has also contributed
to the significant increase in smaller inverters sold in
1997, as muitiple inverters are generally required for a
single installation. String inverlers are currently very

Figure 3.5: Number of inverters sold for on-grid PV
systems in the veporting countries in 1995 and 1997

Therefore the numbers shown underestimate the
actual figures, however it is clear that the majority of
invarters sold in both years were lass than 10 kA
in size.

Table 3.5: Number of inverter manufacturers (grid and stand-alone),
number of inverters sald in 1997 (grid-connect only) and prices in veporting countries

Country Mumber of Number of

Manufacturers Average Price by Size (USD per VA) inverters sold

in 1997
O-1kVA 1-10kVA 10-100kVA =100kVA

ALIS a 70
AT 1 1.31 1.23 1200
CAN 4 0.55
CHE G 1.41 0.75 0.80 792
DEU 10 1.24 1.02 1.02 0.40 7724
DK 0
ESP 2 16
Fit 1 1
FRA 0
GBR 1 2.401 1.60 1.92 35
ISR 0
ITA 10 1.43 1.31 0.57 0.34
JPM 19 1.3 1.54 5 60O
KOR 9 3.53 3.76 2
MEX 1
NLD 3 1.00 1.00 5 300
NOR 0
PRT 0
SWE 0
LISA 7] 1.85 0.60 0.50 524
Total 80 21 264

I Ineerer comlimed with Data Aciiisition System



popular due in part to their low cost, A.G. modules
are a relatively recent development and do not yet
account for a significant part of the market. However,
they are expected to increase in popularity.,

The price of invertars, in WSO per VA, and the number
of inverters sold for on-grid systems in 1997 are
shown in Table 3.5. The largest number of inverters
sold were in Germany, Japan and the Netherlands,
each of which sold more than 5 000 inverters in 1997.
The total number of invertar manufacturers in the
reporting countries in 1997 was 80; of these mora
than 75 % were located in Australia, Germany, Italy,
Japan, Korea and the ULS.A. As would be expected,
the average price per walt was lowest for the large
inverters and higher for the smallest invertars, wilth the
exceptions of Japan, Korea, Switzerland and the UK,
where inverters in the 1-10 kVA range were slightly
cheaper than those in the 10-100 kWA range.

This may largely be attnbutled to the larger numbers
produced and sales in the lower end of this size range.
The price of inverters in the O - 1 kWA range may
decrease significantly if large scale production for use
wilh a.c. modules gets underway.

In Korea, there were no manufacturers producing
inverters for grid-connected PV systems, and the four
inverters used for on-grid systems installed in 1996
and 1997 were imported. In Denmark, France,
Israel, Norway, Portugal and Sweden there were no
manufacturers of inverters for PV systems,

3. 1.6 Balance of System Component
Manufacturers and Suppliers

A specialised industry exists manufaciuring PY balance
of system {BOS) components such as battery charge
controllers and the inverters discussed in the previous
section. As would be expected, those countries
whose installed power is predominantly off-grid tend to
have a BOS industry geared towards the manufacture
of batleries and charge controllers, sell commutated
inverters etc., whereas in countrigs with predominantly
on-grid power the industry tends to be geared

towards the manufacture of inverters suitable for grid-
connection. For example, in Australia, there are a
number of manufacturers of PV components including
regulators, remote diagnostics, maximum power point
trackers, PV batteries, P\ pumps, Remote Area Power
Supplies (RAPS) systems and RAPS controllers,

The lead acid deep cycle battery still remains the most
commaon battery for PV applications, and a number of
countries including Spain, Korea and Mexico (for solar
home systems) use car batteries as standard in their
PV systerns. A small number of battery manufacturers
produce specific solar batteries. In ltaly, there are four
battery manufacturers specific to PV, which all
produce low antimony lead acid batteries to reduce
self-discharge. In the Netherlands and Japan, the
manufaciure of batteries is of low priority as most
systems are grid-connected,

Nine of the reporting countries manufacture battery
charge controlliers. Battery charge controllers perform
the basic function of contraling haw the battery is
charged, either by limiting the current or by holding the
voltage constant. Mosl baltery charge controllers also
protect the battery from being too deeply discharged.
Charge controllers come in 12V, 24 V. 36 Vand 48 V
versions with current capacities ranging from 3 lo

240 A. Batlery protection is usually achieved through
a Ioad disconnection feature or through shunt type
regulation. Most of the companies active in PV have
their own type of series charge controllers. In the LUSA
live companies manufacture charge conlrollers,
ranging from 10 A to 60 A. In total, an estimated

40 000 charge controflers were produced in the USA
in 1897, The majority use semi-conductor based
charging circuits with microprocessor controls, Maosl
French companies active in PV manufacture their own
charge controllers, Total Energie and Apex have
developed a charge controller with a central processor
unit allowing detailed monitoring of PV syslems; and
Tecsol have developed computer software which
enables data analysis and remote control of off-grid
systems to be achieved through satelites or the
tedlephone network. In Germany, a charge controller
equipped wilh an Application Specific Integrated
Circuit (ASIC) has been introduced for small PV
systems. The inlegraled circuit contains all the
functions for controling the charging and discharging
of batteries integrated on a single chip.

A number of features are often incorporated into
the contreller to increase batlery protection and to
maximise the PV system operation. These features
can include maximum power point tracking, low
voltage disconnect, aulomatic baltery equalising
foliowing deep discharge, automatic sub-array
switching etc. Both France and Germany report
testing programmes to investigate the reasons for
battery ageing and the development of new charge
controllers which equalise the state of charge of
individual battery calls within a battery system to
improve battery lifetimes.

iost PV systems use convenlional d.c. switchgear
components, which are available through major
national and international companies and are not
specific to PV applications. Finland was the only
country thal reported production of a range of models
and sizes of switchgear specific to PV, although it is
very similar to traditional switchgear and is only sold
as parl of a PV system.

A number of countries reported the development

of support structures for PV systems, mostly
manufactured from anodised aluminium or galvanised
sleel and available only as a part of the complete PV
system. In Finland, standardised supporting structures
are available from PY companies for summer cotlages,
boats and caravan systems with an easily adjustable
tilt angle. In Germany, the Netherlands and



Switzerland, mounting systems are being developed
for on-grid distributed systems. The development of
new concepts for bullding inlegrated PY systems, wilh
co-operation from the bullding industry, has resulted in
the preduction of fagade constructions in Germany
and roof les in the Nethedands. In Swilzerland,
mounting systems for flal-roof PV installations are
available using reinforced concrete.

3.1.7 Photoveltaic Installation Companies

The number of installation companias in the reporting
countries is given in Table 3.6. The tolal number of
734 includes a large number of small companies
which are not exclusively dedicated lo PV, Most PV
installation companies also offer consultancy services
and component delivery.

In a number of counltries, there are large PV installation
companies with a large share of the markel. In Korea,
two large companies, LG Industrial and Samsung
Electronics, carried out approximately 93 % of tha total
installations in 1997, They installed 216 kKWp and

120 KW, respectively. In France, the two main
installation companies are Apex and Total Energie,
each of which have more than 10 full-time employees
covering all slages of a PV project from R&D,
component assembly, inslallation, training and
maintenance. In the USA, where there are 8 principle
PV installation companies with experience in installing
systemns over 100 kWp in size, there is a trend towards
mergers, acquisitions or collaborations that has
resulted in a concentration of PV installers within a
small number of companies,

In Israsl and Spain, most companies are small, operale
at a regional level and are not exclusively devoted to

Table 3.6: Numbers of PV installation companies
in reporting countries in 1997

Country  Installation Country Installation
Companies Companies

AUS 80 ISR 8
AUT 30 ITA 10
CAN 76 JPMN 40
CHE 50 KOR [
DMK 5 MEX 10
DEU 27a! MLD 23
ESP &7 NOR 4
FiN 12 PRT 10
FRA, 10 SWE 4
GEBR 10 USA 82

Total 734

I Largely smaoll, focal systems fnstallers, enly 20 operate matfonally
2 fnstallalion of PV svstems =100 EliVp

-..U)'_,
",('9.\‘ 32

PV Most installation companies in the UK, are very
small, although some larger companies exist which
work in a number of renewable fields. There are few
installations in the LLK. as most PV syslems are

axported,

There has recenlly been a significant increase In the
number of installation companies operating in Japan
and the Netherlands. In Japan, numbers have
increased due to the PV programmes for tha
residential sector and public facilities. Most inslallers
are divisions or afiiliates of PV cell manufacturers,
power supply manufacturers, building contractors,
electrical product manufacturers or rool material
manufacturers.,

3.1.8 System Prices

Prices for entire PV systems vary widely and depend
on a range of factors including syslem size, location,
customer and the technical specification. For building
integrated systems, the cost of the system varies
significantly depending on whether the syslem is part
of a retrofit or is integraled into the roof structure of a
new building. Typical system prices in the reporting
countries for on-grid and off-grid applications for
various syslem sizes are shown in Table 3.7. Prices
do not include recurring charges alter installation such
as batlery replacement or operation and maintenance.
The price range for both 1995 and 1897 is shown for
each application sector.

® Systemn prices in the off-grid 40 to 1000 W,
sector ranged Irom 8.4 to 52.8 USD/W,.The
comesponding prices in 1995 weare 14 to 41
USDAW,, with a marginally different size
range of 100 lo 500 W,

@ For larger (1-4 kKWp) ofi-grid systems prices
ranged from 8 to 35.7 USDYW,, compared Lo
1995 prices of 10 to 28 USD/W,,

@ The price range for on-grid 1-4 KW, syslems
was 5 to 20 USDYW,, compared to 6.9 to
20 USDYW,, in 1995.

® For the on-grid 10-50 kW, systems, the
range was 6 to 10.8 USD/W,, for ground
mounted systems and 5.8 to 21.4 USD/W,
for building integrated systems. In the 1995
report, which did not differentiate between
ground mounted or building integrated
systems, the range was 7.5 to 30 USD/W,,.

® The price range for systems larger than
50 kW, was 5.8 to 35.7 USD/W,, compared
to 7.0 1o 13.7 USD/W,, in 19895,



Table 3.7: Turnkey photovoltaic power system prices by application in the reporting countries in 1997

Country Price by Application [USDJWF,] in 1997
Off-grid Off-grid On-grid On-grid On-grid On-grid
40-1000W,  1-4KkW, 1-4kW,  10-50kW,  10-50 kW, > 50 kW,
Ground Building
mounted integrated
AUIS 11.6-23.2 14.6-23.21 58-7.0 7.0-8.7 5.8-8.7 5.8-7.0
AUT 12.3 10,7 9.8 8.2
CAMN 10:2-13.1 18.22 11.6
CHE 10.0-13.33 8.7-11.3 9.3 8.0 8.0 8.0
DMK, 14.3 35,74 7.1 214 35.7
DEU 11.8-18.1 10.2-14.1 {1 6.6 8.4 8.3
ESF 20.5 10.9 12.3 10.2 13.7 8.2
FIN 144 6.9-9.0°
FRA 119170 | 27.2-34.0 7.7-85
GBAR 9.6-52.8 8.0 9.6-14.4 9.6 8-2406
ISR 10-16 10-13 20
ITA 174 1.4 9.1 74
JPN . 8.1 10.8 11.5 11.5
KOR 17.6 16 14.1 12.9 15.5
MEX 147 25
NLD 20 10 10 )
NOR 8.4-13.0
PRT 11.8 14.7 8.8 7.6
SWE 12.7-15.3 12.2
USA 20 12 5-10 B 6
Range 8.4-52.8 8-35.7 5-20 6-10.8 5.8-21.4 58-35.7
1995 Range 14-41 10-28 5.9-20 7.5-30 7-13.7
I Complete RAPS hviwid systems inchuding containes, botteries, diesel and PV
2 Teleconm sysiem
3 Inchuddes cosis for DC appliances such as lghting, fee-Boxes, el
A The high cosi is explataed by very specialised svstems siuch as telecont stavions for Greesdaned
3 Prrce does not mchude installation as these are very dependent an location.
i Price vintes depending o saeings in the costs of belding materials, or additional costs fmeued when refrofifing.
i Solar fiome sysfems.

The large range of prices was due to the fact that

some of the syslems were demonstration and some
countries used wider definilions than others for tumkey

the installation of PV systems for marine buoys. The
high cost for the off-grid Danish PV systems is due 1o
the installation of very specialised systems such as
telecommunication stations for Greenland. Australia

system prices, The high price of the Danish grid-
connected systems was because they were very
“project specific™ and characlensed by few large
projects. The lowest cost for off-grid systems were in
Norway for the 40-1000 W,, applications and in the
ULK. for the 1-4 KW, range. However, the UK had the
highest cost in the 40-1000 W,, range, altributable to

and the United States had the lowest cost for on-gric
systems. The prices associated with on-grid systems
were generally lower than those for off-grid systems

because no balteries and associaled components are

necessary.



This chapter looks at the effects of both direct and
indirect policy issues on the PV market. The
perceptions of the utilities and the general public
lowards PV in the reparting countries are discussed,
and the slandards governing the connection of PV
systems 1o the grid are summarised for each country,
The final sections look at new developments in PV and
some projections on the future of the PV market are
presented.

4.1 Indirect Policy Issues

The national reports identified a number of issues thal
indirectly affect the implamantation of PV systems. In
addition, many of the reparting countries have signed
various inlernational agreements and participate in

a number of intermational programmes dealing with
emvironmental issues such as the reduction of
greenhouse gas emissions or sustainable
development, Although these factors have not had

a significant impact on PV markets in the reporting
countries, they will undoubledty have some Impact,
either directly or indirectly, on the use of PV power
sysiems.

The first international agreements on the enviranment
wera reached at the United Nations Earth Summit on
Environment and Development at Ric de Janeiro in
1992, Signatories committed their countries 1o
siabilising greenhouse gas emissions from all sources
at 1990 levels by the year 2000, and (o provide
financial assistance 10 developing countries to meat
their general commitments. Since tha Rio Convention,
further evidence from the Intergovernmental Panel on
Climate Change has confirmed the need to reduce
C0O, emissions in order to avoid the consequences of
global warming induced by human activilies.

The 1997 Kyoto Conference of Parties to the
Framewocrk Convention on Climate Change agreed (o
a further reduction in carbon amissions to about 5 %
below 19390 levels by the year 2000. These largels
had some impact on national policies and programmes
concerned with renewable energy and can be
expected to have more influence in the future.

Mational targets for the proportion of electricity to be
supplied by renewable sources have been set for

various future dates by a number of countries including

Australia, Denmark and the Netherands. Japan has
sel a targel to install 5 000 MW, by the year 2010,
and Switzerland aims to install 50 MW, by 2000.

Chapter 4

Framework for Deployment

In the Metherlands a PV covenant has been signed

by 15 parties, including 6 major utilities, who each
promised to conlribute to realising 7.7 MW, of on-grid
PV installations by the year 2000.

CO, taxes are being discussed in many counlries

bul so far have only been implemented in Denmark,
Finland and Sweden. In Sweden emissions of 50.,
€Oy, NO, and the use of nuclear power are taxed. In
Finland the use of coal, peat and nalural gas are taxed,

These emviranmental issues have had little direct effect
on the markeal for photovoltaics because the cosl of
electricity generation from PV is still high compared to
comventional power generation. However, thair long
term effects may be large as they may act as an
indicator of future business opportunities 1o decision
miakers.

Litility privatisations and restructuring creating
increased levels of competition are also on-going in

a number of countries and may well impact on the
implementation of PV in these countries. The llalian
utility ENEL is in the process of being privatised. ENEL
has implemented a number of major PV programmes
and projects in llaly. Privatisation can be expected to
impact on the actions they undertake in the future but
it is not yet clear whal the effect will be. The United
Kingdom electricity industry has been privatised over
the tast fow years and commercial and regulatory
izsues have limited utilities in the actions they can take
in the figld of photovoltaics. Privatisation and
increasing levels of commercialisation of utility activities
are also on-going in the Netherlands and the USA.

4.2 Promotion Initiatives

A wicha variety of initiatives for promoting the use of
photovoltaics, or renewable energy in general, exist in
the reporting countries. Market deployment initiatives
are being undertaken in a number of countries
particularly whera it is felt that the market for a
particular application of PV is ready for stimulation,
These initiatives often follow on from successiul
demonstration programmaes where it is felt that the
market has matured beyand the paint of needing
demonslration programmes.

Initiatives reparted In varous countries include:

@ Green power schemes run by ufilities where
voluntary customer contributions are made



lowards sustainable energy supplies. These types preferential tarifis are paid for PV generated power

of schermes are reported in Australia, Germany,

that are higher than the price normally paid by the

Switzerland, the United Kingdom and the UISA, utility for power generated by conventional sources.

Met metering, where the price paid for PV power
Rale based incentive schemes where a premium matches the price normally paid by the consumer
price, higher than the cost of electricity purchased for electricily, is available in an increasing number
from the utility, is paid for PV generated power are of countries, Countries where preferential tariffs are
reporied to be operating in regions of Germany available ara indicated in Table 4.1,

and Switzerdand. Ina number of other countries

Table 4.1: Promotion Initiatives in reporting counltries / Indicales such an initiative exists whereas

Country Grants Preferential Tax

Avallable  Tariff Exemptions
or
Reductions

X indicates it does nol exist

Comments

AUS

v v v

Remote Area Power Supply (RAPS) grants are available in
Western Australia providing typically 50 % of the total system
cosl, 1o a maximum grant of USD 4 640. Tariffs paid for PV
electricity vary between utilities, net metering and special PV
buy-back rates are available from some ulilities. Solar cells are
sales tax exempl.

ALT

Some regional governments subsidise the erection of PV
systems under envirenmental programmes (up o 4 000 USD
per application). Tariffs vary between utililies, ranging betwean
0,032 - 0.8 USD per kKWh, Taxes on electricity, including that
generated by renewables, ol 0.008 USD per kWh were
intreduced in 1996,

Lirnited net metering - some utilities allowed reverse metering
from small grid-connected PV systems, Accelerated
depreciation for systems >10 KW,

Grants available in some cantons, In 1897 the Swiss
Confederalion granted subsidies of USD 2 000 per kW, for all
installations over 1 kW, in size. The Swiss Decree on Energy
Use defines a minimum rate of 0.106 USD per kWh for
eleciricily preduced from renewable sources. Income tax
reductions for private owners of PV systems in most Cantons.

DMK

From 1997 grants are available to the commercial sector
towards the cost of a PV installation. Grants were for 26 % in
1997, expected to increase to 40 % in 1998. Net melering is
expacted for privately owned roof tops from 1998, All uses of
energy are taxed by energy tax, CO, tax/green tax, resulting in
high consumer prices of aboul 0.18 USD per kWh for non-
industry users.

DEU

Market introduction models are wide spread on the
governmental and state levels including subsidies, loans and tax
benefits. 10 of the 16 Federal States provide support for PV
installations. Grants are available in some areas in combination
with rate based incentives. Utilities are obliged to pay a basic
tariff of 0,1 USD per kWh by law. Rate based incentives for
generating PV power are available widely with approximately 50
cities involved in different variations. Some municipal ulilities
pay up to 1.13 USD per kWh over 10 or more years for the
generated power. Sales tax exemptions are given if the PV
generator is part of the cost of a new house (e.g. roof
integrated modules).

ESFP

Local electricity utilities must purchase renewable energy
supplied electricity al prices sel by national authority when
available,

FiN

The Ministry of Trade and Industry provides grants of up to 40 %
for investment in renewable energy technology, including PY, to
utilities and enterprises, bul not privale parsons,



Table 4.1: (completed)

Country Grants

Available

Preferential Tax

Tariff

Exemptions
or
Reductions

Comments

FRA

v

FACE funds provide public subsidies for rural electrilication.
Since 1995 off-grid renewable energy systems (wind and PV)
have been eligible for FACE funds where grid extension is mona
expensive, Users pay 5 % of syslem cost, EDF operate and
maintain tha PV systems, users pay a monthly electricily invoice
to EOF. FACE projects are VAT exempt, The PV industry has
also laken advaniage of investment fax exemplions in overseas
departments, (not targeted at PV}, In 1896 the French Ministry
of Industry recommended that on-grid distributed systems be
allowed net metering.

GER

PV is not considered ready to fit into the Non Fossil Fuel
Chbligation (NFFO) scheme whereby electricity from non-fossil
fuel sources is bought at a premium (0.07 USD per kWh): PV
electricity is purchased at pool price. Net metering is nol
allowed.

ISR

The Israsl Electric Corporation purchases electricily supplied by
renewable energy sowrces al time of use larilfs which are slightly
higher than average larifls, if the Electricity Commissioner of the
Ministry of Mational Infrastructures recommends so. However,
presently each case is negoliated separately.

ITA

Incentives to PV generation were suspended throughoul 1996
and 1997 becausa the |talian government was considering new
incentives for renewable generation. A 10 000 PV roof top
programme is expected to start in 1999, with the aim of
installing S0 I"..I'I"nl'l.lrij by 2004. Privale individuals will be eligible for
80 % support of the maximum investmeant cosls; private
companies and public institutions will be eligible tor 75 %
support, Tha support will be reduced over the course of the
programme to reflect cost reductions.

JPN

KOR

Subsidies available under the Residential PV Systems
Dissemination Programme and the PV Feld Tests for Public
Facilities Programme. Net metering has been available since
1992, Loecal and national tax reductions for individuals and
privale companies purchasing PV systems. Nalional reduction
is a choice of a deduction equivalent to 7 % of acquisilion value
Low interest government loans are available for instaling
renewable energy systemns but no applications received for PV
systems due (o high initial investment,

MEX

Governmenl grants available to communities for rural
eleclrification.

NLD

Several ulilties provide grants of about 1.5 USD per W,
although for some projects grants can be significantly higher.
Most utilities accept net metering. Various financial instruments
stimulate the use of PY including green funds, green morigages,
energy taxes, green pricing and tax reductions.

NOR

.| ™=

Taxes on polution cumently being discussed.

PRT

The ENERGIA-SIURE (Incentive Scheme for the Rational Use of
Energy) programme can be used 1o finance PV systems, bul is
nol available to private individuals, Fiscal incentives for
renewable energy include reduction of VAT rate from 17 % to 5%
for renewable energy equipment, and deductions on income
tax. Green pricing slrategies are currently being prepared,

SWE

Taxes on S0y, CO; and NO, and nuclear but these do nol
impact on the PV market.

USA

Grants for PV systems in 12 slales, loans in 15 stales. Over 22
slales now approve net meltering, Green pricing avallable from
10 utilities In 8 slates. Tax benelils in various slates.



@ Government grants towards the price of
purchasing PV systemns are available in a number
of countries. These are normally available for a
specific application and only cerain pecple or
organisations are eligible to apply. Granls for rural
electrfication are available in Western Australia,
France and Mexico. Grants are available to
ulilities and enterprises installing renewable
energy generalors in Fintand. Granis towards
installing PV systems are available 1o commercial
organisations in Denmark and Portugal, In Japan
subsidies are available for PV systems installed on
housing and on public facilities. See table 4.1 for
further details,

® Low interest lcans for installing renewable energy
systems are available in Korea, the Netherlands
and in 15 states in the U.S A,

® Fiscal measures for promoting PV are employed
in a number of countries. Measures taken include
reductions in sales lax and customs duties,
depreciation allowances and income tax
reductions. Table 4.1 indicates those countries
where lax exemplions or reductions arg available,

@ Switzerland and the Netherlands report
medifications to building regulations designed to
promote or remove hindrances to the installation
of PV systems. In several cantons in Switzerland
building permission procedures for solar systems
up to 10m? in area have been simplified to reduce
red tape and unnecessary overheads, In the
Netherlands, where new buildings are required to
have a minimum Energy Performance Ratio, It is
currently planned to include PV as a measure
which lowers the Energy Performance Ratio of a
new house.

4.3 Perceptions of Photovoltaics

4.3.1 Uiility Perceptions

Al the end of 1997, the utilities’ perceptions of PV
systems wera reported to be generally favourable
in the reporting countries, with the ulilities in several
countries actively promoting PV through various
dissemination programmes. Restructuring of the
electricily markets in a number of countries has
resulted in utiities widening their green energy
portfolio to include PV,

Some ulilities in the reporting countries were
concarned about the effect of large numbers of small
embedded generators on the electricity distribution
systems. Research programmes are currently being
undertaken in a number of countries and through
Task V of the |[EA PV Power Systems Programme to
investigate this.

The Electricity Supply Association of Australia is
working in co-ordination with the utilities and federal
and stale governments to develop strategies for
implementation of the Federal government target of

2 %o new renewables by 2010. Many ulilities now offer
PV based off-grid systems for residential customers
and a number of utilities operate larger, community
sized, off-grid PV systems. The development of
Australian guidelines for grid connection arc
restructuring of the eleclricity industry has opened up
the markel for private on-grid PV generators. Utilities
are encouraged 1o install PV to meel green power
targets required by legislation such as the NSW
Electricity Act. Present utiity R&D funding tends to
focus on the development of components or products
amed at the on-grid market, This includes
development of specific PV products, testing and
further development of inverters, protection devices,
metering and manitoring systems, market surveys and
analysis tools, and modeling of PV in grid systems,

The utility companies in Austria have invested
substantially in PV and operale a number of PV plants
for demonstration purposes or te supply isolated
systems such as meteorological stations. In 1997,

the total capacity of PV systems operated by Austrian
utilities amounted o approximately 270 KW,

The ufilities also support public authorities and schools
in the planning and installation of PV applications.

The restructuring of the electricity market in Canada
is encouraging utililies lo consider supporting PY
installations to increase their green energy portiolio.
In 1996, two large Canadian ulility companies, EPCOR
Litilities Inc. and Ontario Hydro joined the US based
utilities group UPYG (Ulilities Photavoltaic Group),
UPYG is a joint veniure to develop and implement
market assurance strategies that will enable PV
manufacturers to invest and hence reduce costs.
EPCOR is currantly evaluating several commercial PY
applications, and Ontario Hydro is actively involved in
tha promotion of solar energy for both stand alona
and grid-connecled systems.

In Denmark the electricity ulilities have been a key
party investing in PV, Recent legislative changes have
allowed the utilities 1o engage in further financing,
leasing and servicing of PV systems.

On-grid centralised PV systems are not of interest to
the utilities in Finland. However, a major government
owned power company installed a 30 kW, grid-
connected demonstration system and plans follow-up
developments in the fiekd.

In France, the utility EDF considers PV power
systems as a potential source of electricity in ramole
rural areas where it has been demonstrated that PV is
cheaper than extending the grid. In 1998, EDF and
the ADEME [Agency for Environment and Energy
Managemenl) renewed their commitment to promote



off-grid PV systems, and at the end of 1995,

EDF announced the start of a PV R&D programme.
There are currently no grid-connected systems
owned or managed by EDF,

In Germany, almost every regional and local utility
company has installed, or is planning to install, their
awn PV plant for demonstration and research
purposes. A number of PY programmes were
promoted by ulilities such as Bayernwerk and
PreufenElektra, These include the "Sun at School”
programme in which about 1 450 schools throughout
Germany were supplied with 1 to 3 kWp PV systems
sponscred by each ulility, 1n 1996 about 280 KW,
was installed within this programme, and in 1997
about 400 KW, was installed. The municipal utilities
are currently focusing on rate-based or cost-oriented
PV incentives for their customers, while the regional
and nation-wide operating private ulilities prefer
marketing models such as green pricing which is
used by RWE.

The Israel Electricity Corporation has a small group
of researchers that focus primarily on PV experimeants,
whilst keeping abreast of new developments abroad.
There are currently no investments in the installation of
systems.

In laly, the favourable ulility perception of PV

has been evident in the utiity ENEL's multi-year
comprehensive programme of research and
developmant on PV systems, which is aimed at
promoting significant energy generation from PV,
EMEL has installed a 3.3 wa PV plant at Serre and
is carrying out lests at the Adrano plant, which Is a
test field for innovative compaonents of PV systems
{i.2,, medules, inverters, sun-trackers and support
structures). Some municipal utilities (Verona, Torino
and Palermo) have also shown an increased inlerest
in BV and are starting (or have started) small
demanstration programmes.

Most utility companies in Japan have shown an
interest in PV systems. In 1991, power companies
announced plans to install 2.4 MW, of equipment by
the end of fiscal year 1295, The installed capacity
exceeded targets by approximately 250 kW,. More
recently, utfiiies have implemented a plan to install PY
systems al their own facilities. The Tokyo Electric
Power Company has established a new subsidy
systemn to support R&D efforts and provide financial
assistance for residential PV instaltations.

In Korea, the state utility KEPCO has shown a
continual interest in PV by implementing demonstration
projects and providing financial support to universities
and research institutes for R&D. Research projects
include developrment of thin-film solar cells,
optimisation and performance analysis of PV systems
for remole istands and grid connection of PAL In
addilion, they are implementing their own R&D project

on distributed on-grid systems through their research
institute. However KEPCO are hesilant to invest
further in PV, mainly due to the perception of high initial
costs and limited land availability,. KEPCO is currently
operating only a small-scala on-grid PV syslem. The
government amended the “Promotion Act for the
Mew and Renewable Sources of Energy (MRSE)
Developmaeant, Utilisaticn and Dissemination” in late
1997. This is expected to enhance PV dissemination
efforts. The government and KEPCO are presently
selling up guidelines to solve a number of problems
aexpected with the grid-connection of PV

Since 1989, the Mexican governmant and electric
utility, Comision Federal De Electricidad (CFE), have
considered the use of PV as a viable alternative to
extension of the ulility grid to supply small amounts of
electricity to remote communities. CFE oversees the
quality issues of every project financed by the
government's rural electrfication programme. It has
fostered development of technical specifications and
design guidelines, in addition to implementing an
extansiva training programme for utility engineers,
The utility, which draws experlise from the Electrical
Research Institute of Mexico (IIE), has monilored a
numtser of hybrid PV-wind systems.

in the Netherlands, most utilities are aclively involved
in PV dissemination activities. Several of the utilities,
which are all privately owned, view solar power as a
potential new business opportunity.  One ulility, NUON,
has developed a package in which they finance grid-
connectad PV systems to be installed on customers’
roofs or land, in exchange for a long term contract for
green electricity. Some ulilities own the PV system or
the whole rool, whilst other utilities lease the PV
system or il is owned by the home owner. Only one
utility, PNEM, considers PY to be currently too
expensive lo invest in,

hMosl utiity companies in Norway base thair activities
on hydroelectric power and have seldom been involved
in PV, However, several utilities have shown an interest
in PV, with the utility, Hedmark Energi AS, sponsoring
the Venberget PV-diesel hybrid system described in
seclion 2.3 Mational Demonstration and Field Test
Programmes.

Tha major Portuguese electric utility, EDF. has been
considering PV as part of their R&D programme for
renewable enargy, although al a lower scale compared
to wind energy. The near term strategy of EDP s 1o
follow up the technology and the marke! evolution by
participating in international, European and national
programmes. They plan to participate in future
demenstration projects for stand-alone, grid-connected
and bullding integrated systems,

In Spain several electricity uliliies have been involved
in PV projects. The first large grd-connected PV
system, San Agustin, was developed by the utility



IBERDROLA. Union Fenosa and ENDESA jaintly
aperate the 1 MW, Toledo plant. The law stipulates
that utilities must buy the electricity from embedded
genaration in their area at a reasonable price, although
there is no specific treatment for PV

The Swedish utililies consider the development and
introduction of PV technology 1o be best suited lo
countries wilth better climatic conditions than Sweden,
particularly countries where there is a closer malch
between the supply of solar energy and electricity
demand. PV technology is nol considered likely to be
utilised for electricity power generation within the next
5 to 10 years, excepl for off-gnd applications as an
alternative lo extension of the utility grid. The Swedish
ulilities are sponsoring a programme concerning niche
applications with the potential for cost-effective use of
FV. Examples of applications under investigation
include ilumination for bus shelters, cathodic
protection of power ine pylons and measurement
systemns for meteorological and hydrological data.
Mare recantly, the programme has locused on more
long term aspects of PV including analysis of the
barriers preventing widespread use of PV, Some
companies consider distributed generation to be a
strategic option for the long term, whilst a number of
companies view PV as a means of providing green
electricity.

In Switzerland, an estimated 20 % 1o 30 % of
installed PV capacity is owned elther directly or
indirectly by the uliity companies. This proportion
is decreasing as more privately funded installations
come into service, despite the utilities becoming more
active in the PV area in 1896 and 1997, The utililies
are now providing increased PV generated electricity
In response to demand from customers for green
electrcity. The "Sclar Power from Electric Utilities”
project initiated by Switzerland's "Energy 2000"
pregramme and the Swiss Association of Power
Ulilities supports green electricity with 15 utilities
providing programmes by the end of 1997, In
addition, the utiilies support R&D efforts conducted
by universities and research institutions.

Several of the utilities in the United Kingdom have
begun to serously consider PV, However, as present
embedded generation regulations were written to
assist the connection of large single point connection
installations, the utilities are reluctant o connect
multiple distributed PV systems to the grid. A 640 000
USD experimental programme, part of the UK's
contribution to Task V of the PYPS agreement, is
currently underway to identify and propose solutions
to network interface prablems, Wilh the opening up
of the electricity market, some utilities are interested in
PV as a means of promaoting a green image. Although
they have helped technically and/or financially with

the installation of PV power systems, there are no

PV power systems currently owned or operated by
the wlilities.

In the USA, the ulllities have started key programmes
involving the design, installation and operalion of PV
for grid-connected applications, The UPVG (Utility
PhotoVoltaic Group) program invalving over 90 utilities
has funded over a thousand systems deemed to be
‘close lo economic’. The total Depariment of Energy
{DoE) subsidy for the first two rounds of UPVG PV
system procurement was about 20 %, well below the
30 %o originally planned. With deregulation of the US
ulility industry growing on a state by state basis, the
sale of green electricity, the development of Py
pregrammes for schools and on-site energy generation
the number of ulilities offering PV generated electricity

is increasing.

4.3.2 Public Perceplions

The public perception of PV was generally positive
throughout the reporting countries, paricularly in
Australia, Germany, Japan, the Netherlands, Norway,
Switzerand and the United States. In Germany there
is wide public awareness concerning the long-term
benefits of PV, About 7 million inhabitants of German
cities have the opportunily to install PY plants under
rale-based incentive programmes offerad by municipal
utliities, In Japan, there is a positive public response

to PV through ambitious programmes such as the
Residential PV System Dissemination programme,

In 19396, there were 11 192 applications for 1 986
systems, and in 1997, 8 329 applications were
accepted. The 1988 budget will increase to
correspond to public enthusiasm for PY, In the
Metherlands a survey on the public perception of
renewables, conducted by the Ministry of Economic
Affairs in 1887, showed that the public view solar and
wind more favourably than other renewables and that
the building industry see PV as the best long-term
renewable energy prospect for the Netherlands., The
perception of PV in Norway is very good, partly due o
the large number of systems installed at mountain
cabins and leisure houses, and further stimulated by
an annual ‘Sclar Day' in Oslo, In Switzedand, an
increasing number of people are prepared to pay a
premium for electricily generated from PV, with 20 000
customers explicitly choosing to buy PV generated
power. A survey conducted by the American utility
SMUD in 1997 showed that 24 % of the general public
were willing to pay mora on their utility bill for PV, and a
report released in Apdl 1998 by the Sustainable Energy
Coalition showed that 32 % of those surveyed prefer
the renewabla energy section of the US Department of
Energy budget for energy R&D.

In a number of countries, including Canada, France,
Portugal, Spain and Sweden, although perceptions
were generally positive concern was expressed as to
the high cost of PV systerns. As a resull they were
seen as more relevant to remote applications, In Israel,
where solar thermal energy is widely used for heating,
lithe was known by the public about PV, In Korea and
the UK public awareness of PV power systems was



low although it was increasing through demonstration
programmes. In Kerea a CO-ROM and internet
websile is being promoled to improve awareness lor
the younger generalion,

4.4 Standards and Codes

The increasing use of PY power systems will require a
series ol national or international standards in order 1o
facilitate the construction, grd-connection and
operation of PV power systems. By the end of 1897,
a number of countries had specific regulations
governing PV systems or the grid conneclion of PV
systems in place or under development.

The issues dealt with in this survey focus primarily

on the technical regulations for the construction and
operation of PV systems and the regulations for their
grid-connection. A number of countries, including
Austria, Germany, ltaly, Japan, the Netherdands and
Swilzerland, have either draft or preliminary regulations
in place or under development. Many countries had
no specific standards or regulations concerning the

grid-connection of PV systems, bul used regulations
applicable to other generators, such as small hydro
or wind power, Australia, France and Mexico have
developed standards specific to off-grid power
syslems.

The wtilities in a number of countries have been
satisfied with the protection offered with inverters,
whilsl others have insisted on additional protection
batwean the inverler and the grid for on-grid systems.
The applicable standards and codes in the reporting
countries are summarised in a report published by |EA
PYPS Task V3. Details of country speciiic regulations
and codes are given In Tabla 4.2,

Work to develop slandards for PV power systems is
angaing; the International Electrotechnical Commission
{IEC} has Issued 19 standards covering various
aspects of performance measurement, design
qualification and type approval for crystaline silicon
madules (IEC §1218) and thin film modules

[IEC B1646).

1 Gricdeonmecied photorolimic poiver systems: status of exisiing guidelines and regedntions

i selected 1EA moniber counties, Repart BEA-PVPSVEIOT, Julv 19596,

Table 4.2 Summary of Standards and Codes in reporting countries at the end of 1997

Country Information on Standards

AUS Individual PV system components are typically expected 1o comply with existing power supply
standarels and bullding codes. These vary between utilities, states and local governmenl.  Specific
standards exist for RAPS syslems and RAPS batteries. Australian and international PV module
standards apply, as do PV batlery standards. Australian guidelines for grid connection of inverters
have been developed. Protection measures for high DC voltages are reguired, particutarly in building

integrated PV systems.

AUT Regulations concerning the connection of PV generatars to the public grid are governed by ONORM E
2750 which is applied for planning, erection, and monitoring of small grid coupled PV power
installations. In 1995, an updated version was implemented to allow the use of ENS impedance
measurement lechnigues as a means to detect the loss of the grid voltage and hence to pravent

islanding.

CAN

CHE

Any system larger than 100 W, is subjecl lo inspection by the relevant utility,. The Canadian Electrical
Code requires that components must be cerlified by the CSA or be subject to special inspection and
approval, A special certification programmae for PV installers has been iniialed in British Colombia and
offered nation-wide by CanSlA, in an altempt to accelerate approval of systems. Canada has two
active standards for PV systems: F-380 deals with PV module standards; F-382 deals with batteries
for PV uses, bolh of which need to be revised. A new inverler standard to include grid connected
power conditioners and AC modules is being reviewed. Canada is participating in the IEC TC-82 WG
2 and 3 for the development of PV standards. Seclion 50 of Part 1 of Ihe CEC published in 1994
specifically addresses the installation requirements for PV systems, and is presently being revised to
include regulations developed by the IEC and the American NEC,

PV systems must meet all requirements which are placed on other electrical equipment as set out In
national regulations by the Swiss Electro-technical Association SEV. The Federal Power Inspectorate
has published guidelines on the grid-connection of PV power syslems and power quality requirements.
Switzerland participates in IEC TC-82 WG3 and CENELEC's BTTF B6-2. The Swiss Engineers and
Architects Association SIA has produced standards relating to building integrated PV systems. PV
systems operating with a voltage lower than 1 000 V d.c. or 1 500V a.c., with or withoult the



Country

DEL

DNK

ESP

FIM

FRA,

GBR

ISR

ITA

Information on Standards

possibility of connection to a low-voltage supply network, are subject to the provisions of the decres
on low-voltage installations.

The use of general standards and regulations is advised because they refer to the VDE regulations
generally accepted by engineers. The basic German salety code is VDE 0100 (International: IEC 364),
This code covers all issues of electrical safely, including a list of accepted protection measures to
prevent electric shocks, although it is not specific to PV-systems. Modules are required to comply with
IEC 1215 and inverters with DIN EN 55011/B and DIN VDE 0875.11. Battery systems must meet

VDE 0510. The VDEW directive for the operation of private electricity generaling plants makes

single phase operation compulsory for plants below 5 kW, and three phase operation compulsory

for plants over 5 kW, in size.

Denmark participates in the IEC TC-82 and CENELEC, and expects to adapt to the international
standards and codes that resull. A national PV Systern Laboratory (PYSys-Lab) was established in
1995. It has set up a cerlification system for installers, and has prepared a quality assurance system
for approved components and systems for installations receiving public incentives. In parallel with this
work, the association of Danish utilities have recommended accepting grid connection of inverters
approved according to the Dutch or German regulations, with the same tariff as for wind power.

There are no specific requirements for PV power systems. PV systems have to fullll the same
requirements {low voltage guidelines and electrotechnical standards) as any other generaling
equipment,

The regulations for connecting small electric power production units to the grid contain no specific
requirements for PV plants. Constructors of PV systems have to follow the general regulations for
electric power instaliations. Customers can install their own {small, summer collage) low voltage PV
systems on condition that the installing instructions of the systems have been approved by the Finnish
Electricity Inspection Office,

"Specifications for the use of renewable energies in rural decentralised electrification” have been
developed by ADEME, Electricité de France and PV companies covering construction and operation of
off-grid PV power systems. No specific regulations exist relating to grid-connected PV systems.
French experts participate in the IEC TC-82 and the GAP approval programme.

The UK does not have regulations thal are directly applicable to small embedded generatars, currently
those pertaining to large scale rotating generators would be applied. The main regulations that affect
the implementation of grid-connected PV are: The Electricity Supply Regulations HMSO, 1991: The
Distribution Code of the Public Electricity Suppliers of England and Wales (1998); Engineering
Recommendation G.59/1 (1991); Engineering Technical Report No. 113 (1995). Vanous regulations
governing harmenics, electro-magnelic compatibility and protection also apply.

There are no regulations relating to PV systems, although the Israel Electricity Corporation has general
guidetines relating to the quality of the electricity it purchases.

Technical regulations specially devoted to the design and construction of PV systems are not available.
Therefore the existing regulations (i.e. DPR 547/55, Law 46/90) and rules issued by CEl, the ltalian
Blectrotechnical Commillee, must be observed. In particular, the Italian rule DPR n. 547 of 27/4/55
imposes restrictive safety conditions for electric systems having a d.c. voltage over 600 V; the
observance of these conditions involves very serious technical and economic problems. Therefore, the
ltalian PV plants generally adopt a working voltage less than 600 V d.c. Safety rules concerning PV
systems overvoltage included in EN 61173 must be observed in PV plant construction and operation.
Grid-connection standards for PV plants are currently being drafted. In the meantime, genaral rules
(CEI 11-20), must be observed. Internal ENEL regulations (OV1601 and DV1603) stipulate the
procedures for connection of self-producers, with installed power up to 3 MW, to the low or medium
voltage grid. DK5840 and DKS740 pay particular consideration to the grid-connection of static a.c.
generalors. These rules have been recently revised and partially modified (CEI 11-20) to take into
account the grid interconnection of static a.c. generators to the low voltage grid, both for single-phase
a.c. generators, with a nominal power of up to 5 kKW, and three-phase systems rated up lo 50 KVA.



Table 4.2 (completed)

Country

JPN

KOR

MEX

NLD

NOR

PRT

USA

4.5 Future Opportunities and Trends

Information on Standards

The Japanese Industrial Standards (JIS} for PV cover technical requirements of PV cells and modules,
measuring methods of characteristics of PV cells and modules, testing procedures of power
conditioners and lead acid batteries for PV, general rules for PV arrays and stand-alone PV systems,
etc, More than 30 JIS standards have been published,

Guidelines for the technical requirements for grid-connection of PV were prepared by the Public
Utilities Department in the Agency of Natural Resources and Energy. These guidelines covers power
quality (vollage regulation, power factor, harmonics, EMI, etc.), protection co-ordination (internal fault,
distribution line fault, islanding, etc.), stability of operation, classification of grid-interconnected
systems, specification of prolective relays and so on,

There are no specific requirements for PV power systems: KIER, will on request, carry out PV
performance measurements based on the standards of intermational organisations and third countries.

Technical specifications and design guidelines have been developed and cover funclional, installation
and salety aspects of individual PV components and systems. Mexico participates in Task V of the
IEA PVPS Agreement with the aim of developing technical specifications and design guidelines for on-
grid PV systams.

Guidelines for the grid connection of PV systems have been developed by KEMA. These include the
installation of AC modules in a residential house. There are no building regulations relating to building
integrated PV systems. There are no specific national standards or regulations for the application of
PV in off-grid systems. All systems have to comply with the low-voltage guidelines and other general
electrolechnical and building code standards. In 1985, a national norm commission was formed and
participation in IEC TC-82 initiated.

Mo specific standards or codes relating to PV systems exist,

There are no specific standards for PV systems. The technical requirements for grid-connection of
photovoltaic power systems are the same as for small hydro power plants or wind power plants
(Decreto Lei 189/88) up to 10 MW. Anyone is allowed to produce electricity providing certain technical
and security rules are followed.

The 1992 regulations for connecting small electric power production units to the grid do not explicitly
mention PV plants. According to the regulations an application must be made to the local electricity
distributor before the installation of the power producing unil, The PV systems that have been installed
in Sweden follow the general regulations for electric power installations as far as possible. The lack of
national PV-specific regulations regarding grid-connecled systems means that the |[EC TC-82
standards currently being prepared are followed. Electricity delivered to the grid has to follow the
European standard EN 50 CO6.

Ultility owned PV power systems on utility property must meet the National Electric Safety Code NESC-
ANSINFPA C2-1993: PV power systems not on utllity property are governed by NEC-ANSINFPA, 70-
1996, Where local codes exceed this code, the local code takes precedence. Articla 630, which
addresses unique safely issues of PV power systems, has recenlly been updated, The Arizona State
University Photovoltaic Testing Laboratory has been approved as the PowerMark Corporation testing
labaratory, a fully accredited facility for PV module testing.

capacity by the end of 1999, Pacific Solar intend

The PV industry is a continually developing and to build a 20 MW, plant for thin film erystalline
expanding industry. As such there were many new silicon for the end of 1999 and Sustainable
developments, some of which were detailed in the Technologies Australia are planning 2.5 MW, of
national reports. A number of companies have titania nanocrystalline production capacity by 1989,
announced plans to expand capacity. @ In Canada, Canrom Photovaltaics Inc. is
developing thin film CdTe/CdS technology which
@ In Australia significant expansicn in manufacturing it hopes to market at a pliot level in 1999, This is
capacity is planned: BP Solar Australia is planning a proprietary technology using electro-plating
20 MW, of new crystalline silicon production deposition which is seen as having a strong



potential ta bring down costs, The Spheral Solar™
technology was sold by Ontario Hydro Technologies
in 1897 and futura plans for the technology are
unknowrn,

In France, production doubled in 1997 and is
expacted to double again in 1998. Photowatt have
announced plans to increase annual cell production
to 10 MW, in 1998 from 5.6 MW, in 1997,

In Germany several companies have announced
plans to start or expand production lines for silicon
feadstock material, walers, solar cells and PV
modules. The most impertant announcements are
the following: PV Silicon will start production of
silicon feedstock material (150 tonne/year). Bayer
Solar will expand their multi-crystalline wafer
production from 6 MW, to 16 MW, per year.
Antec plan to start production of CdTe thin film
modules (approximately 10 MW, production
capacily) by the end of 1999,  ASE Alzenau plan
to starl the production of solar celis (13 MWP
capacity] in 1998, Shell Solar Deutschland and
Pilkington Solar International are planning to start
crystalline cell production at a new plant with a
capacity of 25 MW,, in 1999, Other small and
medium sized companies such as Solon AG, RAPS
Mikrosysterma, BMC, GS5, Solarcon, Solarwall,
Solar-Werk, SunWare and Webasto are also
planning to expand their PV module production
capacity, They are all aiming al differant niche
markets,

In Japan, a number of companies have announced
plans for increasing module production capacity.
Pianned production capacities for 2000 are
Kyocera 60 MW,, Sharp 60 MW, Sanyo Electric
30 MW, Kaneka 20 MW, Mitsubishi Electric

60 MW, and Mitsubishi Heavy Industries 10 MW,
This gives a total production capacily for these
companies of 240 MW, compared to their total
1897 production capacily of B4 MW,

In the Metherlands R&S renewable energy syslems
was renamed Shell Solar in the beginning of 1997,
This was the beginning of a major expansion in
investments and aclivities by this manufacturer,
Shell Solar started producing their own calls in
1997 and expansion of the cell production facility is
planned. The module production capacily in the
Netherlands will be expanded to 5 MW, in 1898,
and further expansion is expected to a capacity of
10-20 MW, in future years depending on market
development.

In Switzerland, Solulion plan to increase production
capacily to 2 MW, from 1 MW, in 1697.

In the United Kingdom Intersolar intend to increase
production capacity at their amorphous silicon
production plant at Bridgend to 2.2 MW, in 1999,
In the U.S.A. several companies plan to increase
their capacity, USSC expect o produce over 4
MW, in 1998, Solarex slarted production in 1897
at their 10 MW, double-stack amorphous silicon
plant, Astropower have nearly completed a new
Silicon Film™ manufacturing capacity and aim to

produce 9 wa in 1999, ASE Americas is
expanding their silicon sheet growth facility from
4 MW,; to 8 MW, in 1998 with a planned 20 MWV,
capacily in 1998, Solec International also aim to
reach a cell production capacity of 20 MW,
Several companias are in pilot production or
nearing production: including Evergrean Solar
with a silicon ribbon product, Ebara Solar with a
dendritic web silicone product, BP Solar
International with Cadmium Telluride modules
and EPV which plan to produce copper-indium-
diselenide cells. In addition there are five
companies involved in early pilol production of
concentrator cells and lechnology: Amonix,
Entech, PV], SunFower and Midway Solar,

Total production capacily in the reporting counltries

in 1997 was 207 MW, and plans to install a further
300 MW, have been announced, this compares lo the
55 MW, announced in the previous report. It is clear
that substantial investment in new manufacturing
facilities is currently on-going and planned for the
future.

Improvements in the comventional amorphous and
crystalline silicon technologies are continually being
introduced, both in PV cell development and module
fabrication processes. Silicon rnbbon and silicon sheels
are reporied 1o be in production or nearing production
in the USA, The beginnings of commercial production
of new thin film modules, which offer the promise of
low cost and mass production volume, albeit with
lower conversion efficiency than crystaliine silcon, are
becoming apparent. Thin film crystaliing silicon is in
pracduction or nearing production in Australia and the
LISA, and is being researched in Germany. Dye
sensitised fitanium dioxide (or titania) nanocrystalling
solar cell production is also planned in Australia, The
production of cadmium telluride modules is planned in
Germany and Canada, Siemens Solar Industries
started production of CIGS solar cells in 1998 and
CdTe Is already commercially produced for consumer
preducts in Japan, The development of copper-
indium-diselenide technology is reported in Japan and
the USA. Concentrator cells and technology are also
being developed in the USA

Projecting forward the installed power in the reporting
countries, based on the average historic growth rate of
25 % per year since 1993, it is estimaled thal by the
year 2000 over 580 MWy of PV power will be installed,

Targets for installed capacity have been specified by

a number of the reporting countries. Japan plans to
install 5 000 MW by 2010; Korea has a long term goal
of installing 20 MWD Tor island off-grid applications; and
the Netherlands intends to install 250 MW, of grid-
connected PV by 2010 and 1 250 MWD by 2020. This
amounts to a total of 6 270 MW, by 2020 in these
countries alone.



The key ssues raised in this third International Survey
Report are highlighted in this chapter. This reporl has
taken data from the national reports of the reporting
IEA countries 1o preduce a summary of the trends in
PV power systems applications and the PV market for
1996 andd 1997, This data was collected from primary
sources, Information was also taken from the first and
second International Survey Repaorts which covered the
years 1992 to 19556 and updated where this has bean
appropriate and possible. Some information on the
installed power since 1990 was also made available,

Faor the purposes of the national reports the PY power
systems marketl was defined as the market for all
nationally installed (terrestrial) PV applications with a
PV power of 40 W, or more. For the purposes of the
surviey, four primary applications for PV power systems
were identified: off-grid domestic, off-grid non-
domestic, on-grid distributed and on-grid centralised,
A summary of installed power and module production
is given in Table 5.1,

Chapter 5

Conclusions

Off-grid non-domeslic systems are widely used
in low power applications. The greatest share
of the market for off-grid non-domestic PV is

in Australia, Japan and the USA, togethar
amounting to 73.8 MWP of installed capacity.
Other key players are Germany llaly, Korea and
Canada, each with over 2 MW, installed
capacity al the end of 1997,

The proportion of PV power which is on-grid
has increased from 30 % in 1992 1o 43 % in
1897, The bulk of this increase s accounted
for by a large increase in on-grid distnbuted
systems, often promoted by demonstration and
market incentive programmes. In Germany and
Switzerland, 84 % and 77 % of lhe installed
power was grid-connected respectively, and in
Denmark and Japan, over 60 % of power was
grid-connected. In most countries with a high
percentage of on-grid systems, the majority ol
on-grid applications were for distributed PV

Table 5.1: Installed PV power and module production in the reporting countries

Year Off-grid power COn-grid power Total PV power Power installed Module
cumulative installed cumulative installed installed per year production
and percentage and percentage and percentage and percentage
increase increase increase increase
MW, %% MW, % MW, Y MW, %o MW,

1992 69 30 58

1993 85 23 40 34 124 26 25 52

1984 102 21 50 26 162 22 28 8

1995 123 20 B8 36 191 25 29 39 56

1996 148 21 a1 31 239 25 48 24

1997 173 17, 131 45 304 27 B5 36 100

@ Inthe period 1992 1o 1997, the installed PV power. The exceptions 1o this were |taly and
power in the reporting IEA countries has the U.S.A. where 90 % and 56 % respectively
grown at an average annual rate of 25 %, The of the on-grid PY power was centralised,
curnulative power installed in the reporting The market for such systems consists of
countries is 304 MW, with over 65 MW, of this demonstration plants funded from national and
power installed in 1997, intemational programmes.

@ Off-grid domestic systems have been inslalled @ The national demonstration pregrammes in the

throughout the world, particulardy in countries
outside the IEA. Qver 70 % of the installed PV
power in Finland, France, Mexico, Morway,
Portugal and Sweden was in the off-grid
domestic seclor,

reporting countries largely reflect the priorities of
each country. Thera is an increasing emphasis
on on-grid distributed systems, particularly on
the integration of PV into existing structures
such as building fagades, reofs and sound



barriers. A number of countries have
programmes o promaote residential Py
installations, mast notably Japan, the United
States, Germany and the Netherlands. Canada
and |srael are focusing on adapting PV to their
specific climates. Within the European Union,
grants for demonstration projects are available
frarm the Evropean Commission and these
cantribute a large proportion of the available
funding in member countries. On-grid systems
are often part funded by alectricity utilities,
indicating a positive attitude on their part
towards these syslems. Programmes to
integrate PV systems into school bulldings in
order to raise the awareness of sludents are
currently underway in Switzerland, Germany
and the United Kingdom.

The total budgels for markat stimulation,
demonstration and R&D in the reporting
countries have increased to 350.4 MUSD in
1997, from 287 MUSD in 1994, There has
been a consistent frend for the funds spent on
market stimulation lo increase, due in part to
tha large Japanese programmes, while the
proportion of flunds spent on R&D has

decreased, from 72 % in 1994 lo 45 % in 1997,

Funding for demonstration projects stayed fairly
constant between 1984 and 1997,

The PV industry revenue in the reporting
couniries was estimated to be in the region of
1133 MUSD in 1997, and 873 MUSD in 1996,
a 29 % annual growth rale. This resulted in

9 136 full time equivalent labour places
associaled with the PV industry in 1997, Since
1995 the number of labour places has grown
by approximately 16 % with the majority of the
growth in manufacturing.

In 1997, the total module production of
countries participating in the IEA PYPS
Programme was 100 MW, (excluding modules
for consumer applications). This is an increase
of 78 % from 1895 when total production was
56 MW,. PV module and cell manufacturing
capacily was estimated to be 210 MW, in
1997, compared with 115 MW, in 1995.
Modules are manufactured in all the reporting
countries except for Austria, Finland, Israsl,
MNorway and Portugal,

The majority of inverters sold in both 1995 and
1597 were less than 10 kVA in size. A large
increase in small inverters less than 1 KVA In
size sold between 1995 and 1997 was mainly
attributed o the increase in on-grid distributed
gystems in Germany and the Nethedands and
the development of a.c. modules and string
inverters.,

@ The number of installation companies in the

reporting countries is 734. This includes a large
number of small companies which are not
exclusively dedicated to P\, The significant
increase in the number of installation companies
operating in Japan and the Netherands is due
to the introduction of PV programmes for the
residential sector and public faciities.

Module prices represent a significant proportion
of the price of PV power systems. Crystalling
silicon prices for a small order (less than 5 kW)
ranged belween 4.5 USD per Wy, in Germany
and 7.1 USD per W, in Denmark, with the
average price (weighted according to the
module production of each country) being 5.0
USD per W,,. The high price of Danish and
Swiss modules was because they tended to be
non-standard products for building integration,
For a large order of crystaline siicon modules
{greater than 100 KW,) the average price was
4.1 USD per W,. There was a significant fall in
madule prices between 1993 and 1997 41 %
for small orders and 27 % for larger orders,
further price decreases are expected as
addiional production capacily comes an ling.

The prices for PV systems varied widely within
the reporting countries, depending on a range
of factars including system size, customer and
Ihe lechnical specification. The syslem prices in
the ofi-grid, 40 to 1000 Wp sector ranged from
8.4 10 52.8 USD per W,,, compared 1o 8 to 35.7
USD per W, for larger (1-4 kWp) off-grid
systems. The comesponding prices in 1995
were 10 to 28 USD per W, for the 1-4 kKW,
systems and 14 to 41 USD per W, for the
smaller systems.

The prices for on-gnd 10-50 kW, systems
ranged from 6 to 10.8 USD per W, for ground
mounted systems and 5.8 to 21.4 USD per W,
for building integrated systems. The price range
for on-grid systems between 1 and 4 kW, was
3 to 20 USD per W, and for systems larger
than 50 kW, was 5.8 to 35.7 USD per W,
comparad with 6.9 to 20.0 USD per W, and
7.0 to 13.7 USD per W, respectively in 1995,
The large range of prices was due to the fact
that some of the systems wera demonstration
and some countries used wider delinitions than
others for lurnkey system prices.

The greenhouse gas reduction largets sel at
the 1997 Kyoto Conference of Parties to the
Framework Convention on Climate Change set
tha backdrop for many of the national
renewable energy programmes but are not
seen as having a significant direct impact on
photovoltaics during the time frame this report
covers. Photovollaics are nol generally
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expected to have an impact on COp emissions
in the short term due to the high costs
involved in large scale deployment, but are
acknowledged as an important energy supphy
option in the long term.

A wide variely of iniliatives promoling the use of
pholovoltaics, or renewable energy in genaral,
exist in the reporting countries, These include
Green Power schemes in Australia, Swilzerand,
the United Kingdom and the U.S.A. where
voluntary cusiomer contributions are made
loward renewable energy supplies, rate based
incentive schemes in Germany and Switzerland,
government grants towards the cost of
installing PV systems, low interas! loans for
installing renewable energy systems, and a
variaty of fiscal measures for promoting PV
including reductions in sales tax and customs
duties, depreciation allowances and income fax
reductions,

At the end of 1987, the utilities' perceptions

of PV systems were reported 1o be generally
favourable in the reporting counltries, with tha
utilities in several countries actively promating
P\ through various dissemination programmes,
Restructuring of the electricity markets in a
number of countries has resulted in utilities
widening their green energy portfolios to
include PV,

The public perception of PV was ganerally
positive throughout the reporting countries,
particularly in Australia, Germany, Japan, the
Metherdands, Morway, Switzerland and the
United States. Market deployment initiatives
supporting the installation of PV systems on
domestic housing have been over sub-scribed.
These included the 1 000 roofs’ programme
in Germany and the Residential PV System

Dissemination programme in Japan. Green
pricing programmes in Australia, Switzerland
and lhe USA have also proved popular with

a significant number of people voluntarily
agreeing to pay a premium price for eleciricity
generated from renewable sources. In
Switzerland, 20 000 customers explicitly chose
to buy PV generated power.

A number of companies have announced
planned increases in FY module production
capacily. If these announcements are realised
the total annual capacity in the reporting
counltries will be approaching 120 MW, by the
year 2000. Capacity could exceed this figure
as there are other manufactures who have not
announced their plans, but who may well be
considering increasing production. Of

course announcements arg not promises;
manufacturers will make decisions on whelher
or not to proceed with plans for increasing
capacity based on the stale of the market at
the time.

Projections were made of installed power in
the reporting countries. By the year 2000 it
was estimated thal over 590 MW, of PV power
would be installed based on the average
historic growth rate of 25 % per year sinca
1993,

Two billion people world-wide do not have
access to electricily. The potential far PV o
help to alleviate this situation is enormous,

both through aid programmes and trade
agreaments. The on-going international climate
change negotiations will drive national energy
policies to promote a greater domestic use of
rengwable energy and create a framework of
actions implamented jointly between developed
and developing countries.



Annex A

Exchange Rates

The table below lists the participating countries, corresponding IS0 country and currency codes,
and the exchange rates used to converl national currencies,

Table A.1 - Exchange Rates

COUNTRY ISO CURRENCY EXCHANGE COMMENTS

COUNTRY and I1SO CODE RATE

CODE (1 USD=)
Australia AUS Dollar (AUD) 1.58 1 Aug 1998
Austria AUT Schiling (ATS) 12.20 1997 average
Canada CAN Dollar (CAD) 1.374 Statistic Canada 98
Denmark DINK Krone (DKK) 7.0 1997 average
Finland FIN Markka (FIM) 5.54 March 1998
France FRA Franc (FRF) 5.88 1996/97 average
Germany DEU Mark (DEM) 1.77 5 Jung 1998
Israel ISR New Shekel (ILS) 4,159 December 1998
Italy ITA Lira (ITL) 1750 1997 average
Japan JPN Yen (JPY) 130 Na date
Korea KOR Won (KRW) 850 1 Jan 1997
Mexico MEX Peso (MXP) 9.0 5 June 1998
Netherlands NLD Guilder (NLG) 2,0 1 Aug 1998
MNorway NOR Krone (NOK) s 15 Sepi 1998
Portugal PRT Escudo (PTE) 183.8 June 1998
Spain ESP Peseta (ESP) 146.44 1997 average
Sweden SWE Krona (SEK) 7.86 5 June 1998
Switzerland CHE Franc (CHF) 1.5 1997 average
United Kingdom GBR Sterling (GBF) 0.625 1 May 1998
United States USA Dollar (UISD) 1.0
European Union European @m:trw 0.91

Unit (XEU)
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