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Abstract

Solar Photovoltaic (PV) technology is rapidly expamy
throughout the world. In 2004, 1,200 MWp of PV was
manufactured, and annual growth for the past sdvera
years has averaged 30%. The manufacture and uB¥ of
is dominated by Japan and Germany, but the industry
truly global. The International Energy Agency (IEA
supports a network and collaborative projects which
support and track the global market. The UK hasralf
domestic market and a modest national programmet B
Britain plays an important role in building-integian
and grid-interconnection of PV systems. Britairsaal
leads the IEA programme on PV for Developing
Countries, which is now also supported by the Rabésv
Energy and Energy Efficiency Partnership (REEER), i
order to extend its outreach and cover other rerdwa
energy technologies. PV in China is developingdigp
both for electrification of small towns and villagen
remote areas, and in manufacturing PV cells & medul
The latter has been mostly for export, particulatty
Europe, for the grid-connected market. There hesnba
rapid increase in manufacturing capacity, from 12p/W

in 2000 to 104MWply in 2004. However, to-daterehis
little experience in China with PV building-integi@n or
grid-connection. Nevertheless, this could chargmdly
with the implementation of the new Renewable Energy
Law. The paper presents an overview of the warthe
and reports on the latest developments in China.
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1. Introduction

Photovoltaic (PV) technology converts sunlight dilg

into electricity. There have been remarkable
developments in the science, technology and pramuct
processes over recent years. From an expensiverpowe
source used only in satellites or for small remote
applications, PV has evolved into a product rangpéciv
generates clean electricity at its point of use.i®¢ost-
competitive for applications remote from the elieity
network (=off-grid), and remote can mean only armer

so for small systems. For grid-feeding electricitiie
capital cost of PV is currently more than for comvenal
fossil fuel generators. But with increased scale of
production, technology improvements, and new malteri
under development, PV is expected to soon become

financially attractive for bulk electricity, espatly for
peak loads such as air-conditioning. The indussy i
expanding rapidly thanks to government incentives i
several countries, which include loans, subsidied a
generous feed-in tariffs which encourage investrnisnt
householders and companies. PV is now a global
business, backed by major corporations and govertsne

2. TheGlobal PV Market

PV production is growing exponentially, as illuséd in
figure 1 [Maycock, 2005). This shows the increase i
production to 2004, when almost 1.2 GWp was aclieve
It can be seen that Japan is the largest prodwitbr51%

of world production. Japan has also been the werld’
largest user of PV, thanks to the government P\-tao
subsidy programme, and close government-industry co
operation. Europe is the second largest produced, a
European companies own several of the major praduce
in the USA and rest-of-the-world (Australia and ijd
Germany is the fastest growing PV market becaussof
attractive feed-in tariff, and surpassed JapartHerfirst
time in 2004.

Manufacture by producers is illustrated in figurenhich
shows Sharp of Japan to be the world's largest
manufacturer, with 32% of production. Kyocera atfo
Japan is the™ largest producer. In third place, BP Solar
has global production, principally in Australia, dla,
Spain and USA (but not UK).

China and Chinese manufacturers are just stamistpow
up in the statistics, and will certainly becomengfigant

in the near future.
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Figure 1: World PV cell/module production (1988-200
MWp)
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Figure 2: The leading PV manufacturers, 2004

3. Thelnternational Energy Agency Programme

The International Energy Agency (IEA) was founded i
1974 as an autonomous body within the frameworthef
Organisation for Economic  Co-operation and
Development (OECD) and carries out a comprehensive
programme of energy co-operation among its 23 membe
countries, including the Photovoltaic Power Systems
Programme (PVPS). Since 1993, participants have bee
conducting a variety of joint projects in the apptions of
PV.

The twenty participating countries are Australiajsiia,
Canada, Denmark, Finland, France, Germany, Israel,
Italy, Japan, Korea, Mexico, the Netherlands, Ngrwa
Portugal, Spain, Sweden, Switzerland, the United
Kingdom and the United States of America. The
European Commission is also a member. Very recently
the European Photovoltaic Industry Association @&PI
has joined IEA PVPS as a sponsor member. Non-IEA
countries are also eligible to join, and there @megoing
discussions with several, including China and Hong
Kong.

3.1 Task 1 —Information Dissemination

Task 1 deals with the subjdekchange and dissemination
of information on photovoltaic power systemEhis
represents a major crosscutting activity throughihet
entire IEA PVPS programme. The Task is respondiile
the regular ‘PV Power’ newsletter (produced under
contract by IT Power), the websitéhttp://www.iea-
pvps.ord, and the annual trends report on photovoltaic
applications [IEA PVPS, 2005]. This is developeadni
National Survey Reports produced by each particigat
country. IT Power is contracted by the Departmeint
Trade and Industry (DTI) to prepare the report and
represent the UK on Task 1. The trends report has
become a widely cited reference for the PV market
development in the participating countries. Moreergly,
non-member country data (including China) have also
been included. This activity provides important utes
such as tracking the individual markets by their
characteristic numbers and the trends in the differ
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applications. Besides the analysis of markets and
applications, increasing effort is spent to underdtand
document the global industry structure and thevesie
developments in this area, e.g. feedstock matefiaé
report also provides important information on coiast
efforts, programmes and frameworks.

The installed PV capacity in IEA PVPS countries is
estimated to be 2.6 GWp by the end of 2004. Théysisa
confirms 2004 as the first year of a global shiphwriPV
modules greater than 1000 MWp. On a global scake, t
PV installed capacity is estimated to be around@v2p
which corresponds to an estimated energy producfon
greater than 2 TWh.

3.2 Task 2 — Operational Performance

Task 2 deals with the subjeerformance, reliability and
analysis of photovoltaic systenEhe overall objective of
Task 2 is to improve the operation, sizing, eleairiand
economical output of photovoltaic power systems and
subsystems by collecting, analysing and dissemmgati
information on their performance and reliability,
providing a basis for their assessment, and deiredop
practical recommendations.

Most recently, Task 2 has set up a survey on ljfdec
costs of photovoltaic systems; the survey can lsessed
through the websitbttp://www.iea-pvps-task2.org

3.3 Task 3 — Stand-alone systems

Task 3 dealt with the subjetitse of photovoltaic power
systems in stand-alone and island applicatiamsl was
concluded in 2004. The Task focused on two maiasre
quality assurance, and technical issues, in péaticu
concerning load management, appliances and energy
storage. The Programme is presently developingva ne
Task (11) with the provisional titiBustainable PV-hybrid
minigrids This Task will follow-up on the work of Task

3, focusing its efforts on the design and contoP¥-
hybrid minigrids. It further addresses interconr@ttand
penetration issues of such systems. The Task should
become operational in 2006.

3.4 Task 5 — Grid-connected systems

Task 5 dealt with the subjeddrid interconnection of
building integrated and other dispersed photovaltai
systemsand was concluded in 2002. The overall objective
was to develop and verify technical requirements as
guidelines for grid interconnection with building-
integrated and other dispersed power systems. The
development of these include safety and relialkalge

to the electric grid at the lowest possible costidG
connected systems largely dominate the presenagf
market, making up for more than 80% of the insthlle
capacity in IEA countries in 2004. A broad range of
technical reports on these subjects are availdatiteed EA
PVPS website.



3.5 Task 7 — Building-integrated systems

Task 7 dealt with the subjePhotovoltaic power systems
in the built environmeng&nd was concluded in 200The
objective was to enhance the architectural andnieah
quality and the economic viability of PV systems in
buildings, and to assess and remove non-technécakbs
for their introduction as an energy-significant iopt
The primary focus of the Task was on the integratd
PV into architectural design (roofs and fagades) atier
structures. Hong Kong was represented by Hong Kong
University as an observer in several of the ada#igit

The Task put important emphasis on interaction it
world of architecture and building design. This twor
resulted in training material (CD-ROM) for archite@nd

a recent book on design with solar power [Pras@d5R

3.6 Task 8 —Very large- scale systems

Task 8 deals with the subject dfery large-scale
photovoltaic power (VLS-PV) generation systems in
remote areasThe objective is to examine and evaluate
the feasibility of VLS-PV in desert areas, whichvéaa
capacity ranging from over multi-megawatt to gigdwa
and develop practical project proposals for dematise
research toward realisation of VLS-PV systems ia th
future.

Task 8 looks more into the future of PV as a means
large-scale power production. Indeed, it can eabiy
shown that arid regions in desert areas aroundylitise
bear sufficient surfaces to cover substantial anowf
the worlds electricity supply. The Gobi Desert in
Mongolia has been used as a model for case studies
[Kurokawa, 2003].

3.7 Task 9 — Developing Countries

Task 9 deals with the subject Bhotovoltaic Services for
Developing Countries (PVSDC).The objective is to
increase the rate of successful deployment of Ptegys

in developing countries. PVSDC is an outreach agtif

IEA PVPS, both in looking beyond the IEA constitagn
countries as well as regarding the technologies ek
This is being promoted through enhanced co-operatio
and flow of information between the IEA PVPS
Programme and the other international development
stakeholders. PVSDC has drawn upon the experiehce o
the participating countries aid and technical asste
programmes, as well as the work of agencies, ss¢ha
Global Environment Facility (GEF), World Bank and
United National Development Programme (UNDP). The
work is led by IT Power (contracted by DTI, and
supported by the REEEP).

PVSDC’'s work with PV also takes account of other
renewable energy technologies, such as micro-hgdcb
wind. The team advocates use of the most apprepriat
technology in particular circumstances and does not
simply promote PV [McNelis & Arter, 2005].

A series of recommended practice guides on a nuwiber
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non-technical issues of rural electrification pram@mes
(such as quality management, financing, capaciiygling
and programme implementation) have been publishdd a
are accessible through the IEA PVPS website. litiadd
objective and impartial information is publisheddan
disseminated through workshops and seminars heddl in

five continents, as illustrated in
figure 3.
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Figure 3: Dissemination activities around the wdrjd
IEA-PVSDC

More recently, PVSDC has increased its focus onaBV
an energy source for basic services, such as fighti
drinking water and power for income-generating wadok

the people without access to electricity. PVSDC has
adopted the primary mission of increasing the $naide
use of PV in developing countries in support of timge
the targets of the Millennium Development Goals.

3.8 Task 10 — PV in cities

Task 10 is the most recent IEA PVPS activity andlsle
with the subject obirban scale photovoltaic applications.
The objective is to enhance the opportunities fadew
scale, solution-oriented application of PV in thdan
environment as part of an integrated approach that
maximises building energy efficiency and solar ithair
and photovoltaics usage. Value analysis, policy
incentives, analysis tools as well as system deaiggh
integration that have proven successful in theigpating
countries will be developed to the extent possibte a
uniform international set of tools for the globahiket.
The Task has taken the challenge to move this subje
further and to provide a global network of expecero
build upon.

Most recently, Task 10 has launched a new comgaetiti
[Lisbon Ideas Challenge, 2005]. This is an intdowtl
design competition aimed at fostering innovativeasl
relevant to the development of urban structures
integrating photovoltaic systems and technologiEse
main novelty compared with earlier initiatives (eRy/PS
Task 7 Design Competition) is that the ideas shodtl



only have a technological potential but also bussne
potential; the latter should be demonstrated thnoag
business plan.

4. PV inthe UK

Despite the usual jokes; “the sun never shinesritaiB”,

the UK has had a small but effective involvemenPii
development and application for the past 25 years.
University researchers, leading international ctinsts
and major industry (BP Solar) together formed thigidh
Photovoltaic Association (PV-UK) in 1991. The
Association developed a Strategy [PV-UK, 1999] and
lobbied government to provide support for reseanoth a
demonstration/market enablement programme. The UK’s
Major Demonstration Programme was launched in 2002,
with a budget of €30 million, later increased to5€4
million, available as capital grants, typically 50%he
effect of this has been to stimulate the market, as
illustrated in figure 4. This shows cumulative taiked
capacity reached 8.2 MWp in 2004. A total of 2.3vigl
was installed in 2004, an increase of 28% compaidd
2003 [IT Power, 2005].

Cumulative installed generation
capacity (MWp)
L B B L AN R

O stand-alone domestic
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Figure 4: Cumulative installed PV capacity in thi€ U
1992-2004

There is one indigenous PV manufacturer, ICP Global
Technologies (previously Intersolar, previously @far
UK) which produces amorphous silicon plate (1.5 MWp
in 2004), while Sharp opened its European PV module
plant in the UK in 2004. This is a capacity of IQVp/y

and will increase to 40 MWpl/y. Romag, a specialass
company produces glass/glass modules to order, avith
lamination facility with a capacity of 6 MWp/y. €h
British company, Chrystalox, produces multi-crykte!
silicon for wafer and cell manufacture, exporting
sufficient material to produce 185 MWp in 2004.

The UK's largest PV System of 391 kWp is currently
nearing completion on the Co-operative Insuranage®p
(CIS) Tower in Manchester, as illustrated in figbreThis

is a 'listed building', as it was the UK's firstyscraper',
built more than 40 years ago, and now in need gdda
refurbishment. The project is undertaken by Solar
Century using Sharp PV modules.
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Figure 5: PV being installed on the CIS Tower in
Manchester, using the UK’s largest crane (July 2005

The current government programme will end in March
2006. A new low-carbon buildings programme is
currently under development for 2006, and it isextpd

to include PV.

5. PV in China

China has a uniquely diverse economy comparedatliter
(so called) developing countries. It has remaimedfastest
growing economy in the world for the last 15 yearish an
average annual GDP growth rate of 8%. More than 80%
China’s total population still live in rural areasjpplying
130 million migrant workers for the labour markss, that

its labour costs remain among the lowest in theldvor
There are about 28 million people in around 7 onilli
households in 23,000 villages without access totritéy.
China not only presents significant potential mafee PV,

but also offers a cost-competitive opportunity BV
manufacturing.

Statistics on PV installed in China are not considevery
reliable. One estimate is that 75 MWp was achieve
cumulatively in 2004, as illustrated in figure 6h(Z
2005a). The PVPS Trends Report quotes 65-75 MWp.
China is becoming increasingly open with market datd
experiences, and welcoming co-operation with theldvo
PV community. For example, the Chinese technical
standard for PV modules was changed to be in litte thhe
International Standard set by the International
Electrotechnical Commission (IEC), and China hogtexl
last IEC PV meeting in Beijing in May 2005.
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Figure 6: Installed PV capacity in China

5.1 Rural Electrification

The Chinese PV market is dominated by rural
electrification projects. The biggest market dribas been
the National Rural Electrification Programme, tbecalled
Song Dian Dao Xiang; ‘Sending electricity to towipsh
[Zhu, 2003]. So far, this is the largest and mastmpt
vilage power Programme in the world, as ¥2 billion
(US$242 million) has been provided by the central
government for a total investment of ¥4.7 billidsS$560
million)  for the electrification of nearly 1000 nal
townships in north-western provinces over two years
Rural electrification now accounts for more thar/60f
the total PV market in China. A more ambitious tura
electrification programme, the so called Song Dizao
Cun; ‘Sending electricity to villages’ being preedrby the
Chinese Government, with the aim of installing 1085
MWp of PV village power systems in the period 2005—
2010. The total investment could amount to US$5hill
over 10 years [Wallace, 2005].

5.2 PV manufacture

PV manufacture in China began in the early 1970s bu
technology and output was a long way behind other
countries until recent years. By 2000, there wekes PV
manufacturers with a total production capacity & 1
MWply for cells and modules. All of the productitines
were financed through government R&D schemes or
international aid programmes for technical demautistn,
and all were small in scale. The largest of thedihad a
capacity of only 2 MWply.

Wuxi Suntech Power is the largest PV manufactuner i
China. By 2004, the module production capacity had
reached 50 MW. After a recent investment of US$75
million, by the end of 2005, the new productioreliwill

be in operation bringing the total capacity to M/ply.
Suntec is becoming a major world supplier. Kyodstthe
first Japanese company to produce PV modules in&Chi
The company recently announced the 12 MWp/y module
production line in Tianjing City. [Zhu 2004, 2005a)

5.3 Renewable Energy Law
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After 18 months in preparation, the Chinese Renéavab
Energy Law was formally endorsed by the Standing
Committee of the National People’s Congress offl 28
February 2005. Renewable energy development inaChin
has been at its highest level on the political dgeever.
This shows the government’'s commitment to renewable
energy development and its desire to tackle enwiantal
problems and the emerging concerns of energy supply
[Zhu, 2005].

The law includes provision for various types ofdgri
connected renewable energy power generation and
stipulates that grid enterprises must purchasegtic:
connected electricity generated from renewable casur
and provide grid-connection services. The price of
renewable electricity power generation will be deti@ed

by the price authorities and the excess sharédtkipower
selling price within the coverage of the grid. Thaw

will be effective in January 2006. Wind and hydro
systems are already being developed in anticipatibn
attractive payments to be received as a resuhlieofaw.

Along with passing of the law, the Chinese govemime
also set up a target of renewable energy, which wil
increase to 10% of the country’'s gross energy
consumption by 2020, from the current 1%. Seemg t

as a future key market driver, the Chinese, and
international businesses are excited, and expect a
tremendous growth in the next 15 years.

5.4 Building-integrated, grid-connected systems
Shanghai, Beijing and Shenzhen, are the beacons of
prosperity in China. These richest cities are fa@nergy
supply and environmental problems. Housing constmc

in medium and large cities is growing at 50% aniyual
China will need 1 billion square meters of new lings
for the next decade. Will China join the trend of
supporting/subsidising building-integrated grid-neoted
PV through the Renewable Energy Law? It is difficol
predict when China will issue a clear policy onlding-
integrated or large-scale PV systems.

The National Development and Reform Commission
(NDRC) is overseeing the implementation of the
Renewable Energy Law, and while it has set targe2)
GW of wind and 20 GW of biomass by 2020, thererare
targets for PV electricity generation. It may battthe
hard-nosed Chinese economists will decide PV is too
expensive. The world PV community is observingely
[Hirshman, 2005]. The government, through the Migis
of Science and Technology, has started to spenceynon
on demonstrations and R&D. A 1MWp installation was
recently completed in Shenzhen, as illustratedguaré 7.
PV was supplied by BP Solar. The new Capital Moseu
in Beijing is scheduled to be opened in October5200
This includes 300 kWp of PV supplied by UniSolartba
roof. The Building, as seen from Chang’an Jiehisven

in figure 8. Unfortunately, the rooftop PV will hde
visible.



Figure 7: PV installation on main hall of Interratal
Garden Expo in Shenzen, part of 1MWp system,
Guangdong Province
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Figure 8: Beijing Capital Museum
under construction (July 2005)

6. Conclusions

PV manufacture and applications are expanding
exponentially, driven by market enablement prograsm
as a result of government policy in several coestri
varying from very large (e.g. Germany ~600 MWp/g) t
very small (e.g. UK ~2 MWply). China has a clealiqy

for PV for electrification of remote towns and aijjes,
which is part of the largest such rural electrifica
programme in the world. Manufacture of PV in Chiga
attracting serious investment, and there are claimas
China will become the PV supplier to the rest &f world
(like it already supplies toys, garments etc.).in@hs just
starting to demonstrate and experiment with bugdin
integrated grid-connected PV. There is no progranes

in Germany, UK and elsewhere, but the new Renewable
Energy Law, which will lead to mechanisms to pay a
price realistic for the cost of electricity genedhtfrom
renewables (like hydro, wind and biomass), cout dde
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applied to PV, if the government is prepared to pay
price. This would be exciting news for the PV istiy in
China, and the rest of the world. China may beaurse

to become the world's largest PV producer. Chmad:
also become the only country in the world to haethb
rural electrification and building-integrated PV mkets.
There is also scope for VLS-PV in the desert areas.
Participation by China in the IEA PVPS Programme
would be very welcome and would be beneficial tatad
stakeholders in the global PV community.
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