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Preface

As arenewable and clean energy source, solar power has great development potential. AlImost all
the natural resources that human society makes use of are based on solar energy. Its use can be
traced back to the origins of mankind. Solar power is the most basic energy for the survival of the
human race and development of its technology to produce useful electricity is likely to determine

the future life patterns of our planet.

Solar photovoltaic (PV) technology first emerged in the 1950s. It has been booming in
recent years as a result of the global energy crisis. It is now widely used in countries such as
Germany and Japan. Driven by the international market and domestic policy, China’s solar PV
industry has also witnessed fast development. A number of leading companies, such as Suntech,
Trinasolar and Tianwei Yingli, are expanding, and driving the development of related companies

in the solar PV industrychain.

Although currently the cost of solar PV is relatively high, it is believed that, with
technology improvements and the limitations facing other forms of energy, solar PV will
become a mainstream energy source after 2030. We should therefore have enough confidence in
its future potential to invest now in basic research, technology advances and industry

development.

Because of its high cost, the development of the solar PV industry cannot be driven solely by
the market. International experience shows that government support has been the major driver
for the solar PV industry, and will have a great impact on its future development and market
demand. It is therefore worthwhile analyzing the status of the technology worldwide,
making a reasonable projection for its future in China and providing appropriate

recommendations for policy makers.

With the support of Greenpeace, the Worldwide Fund for Nature and the European
Photovoltaic Industry Association, the Chinese Renewable Energy Industry Association has
compiled this report. Written by two acknowledged experts in the field, it analyses both
global and domestic PV development and makes specific projections of future trends. As well as
educating the public about solar PV, the report will provide valuable recommendations to policy

makers and present an industrial blueprint.

Sincere appreciations go to the following experts, companies and institutions for their
contributions to the report: Zhao Yuwen, Wu Dacheng, Zhu Junsheng, Cui Ronggiang, Wang
Guohua, Xu Honghua, Lv Fang, Wang Yin, Dong Luying, Wang Zhongyin, Baoding Economic

Zone, Suntech, Jike Energy New Technology Development Company.
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1.1 The solar potential

There is more than enough solar radiation available around the
world o satisfy the demard for solar poner systems. The
proportion of the sun's rays that readhes the earth’'s surface can
meet global energy consumption 10,000 times over. On
average, each square meter of land is exqposed to enough
sunlight to receive 1,700 KWh of energy everyyear. The
greater theavailable solar resource at agiven location, the
larger the quantity of electricity generated ”

1.2 What is photovoltaic energy?

Photovoltaic technology, the term used to describe the
hardware that converts solar energy into electricity. At the
heart of photovoltaic (PV) technology is a semi-conductor
material which can be adgpted to release electrons. The most
aomon semi-condudor material used in photovoltaic cells is
silicon, anglementmostcommonlyfoundin sand.

All PV cells have two layers of semi-conductors, one
positively charged and ane negatively charged. When light
shines on the semi~conductor, the  electric field across the
junction between these two layers causes electricity o flow,
generating DC (direct cunrent). The greater the intensity of the
light, the greater the flow of electricity. A photovoltaic system
therefore does not need bright sunlight in order to operate. It
can also generate electricity on doudy days. Due to the
reflection of sunlight, days with slight doud can even restilt in
higher energyyields thandayswitha completely doudlesssky.

1.3 PV technology

The mostimportart parts of aPV sysiemare the cells which fom
the besic building blod<s of the unit, colledting the sunis light, the
modules which bring together large numbers of cells into a. unit,
and, in some situations, the inverters used to convert the
electricity generated into aform suitable for everyday use.

PV cells andmodules

PV cells are generally mecke either from crystalline silicon,
sliced from ingots or castings or from gown ribbons, or thin
film, depasited in thin layers on a low~aost backing. Most cell
production (@3%6 in 2006) has so far involved the former,
whilst future plans have a strong foous on the latter. Thin film
tedhnology besed on silicon and other materials is expected tO
gain a much larger share of the PV market. This tedhnology
offers several advartages, such as low material consumption,
lonweightandasmoothappearance.

Crystalline silicon
Crystalline silicon is still the mainstay of most PV modules.
Although in same technical parameters it is not the ideal
material for solar cells, it has the benefit of being widely
available, well understood and uses the same technology
developed for the electronics industry. Efficiencies of more
than 2026 have been dbtained wiith silicon cells already in mess
production. This meansthat 202/60f the incoming insolation can
etransferred intoelectricity.

As well as the efficiency of the solar cells, their thidkness is
also animportant factor. Watfers - very thin slices of silicon - are
the basis for arystalline solar cells. Thinner wafers meen less
silicon needed per solar cell and therefore loner cost The
average thickness of wafers hes been reduced from 0.32 mmiin
2003 o 0.18 nmby 2007. Ower the same period the average
effidency hesinareased from 142610 16%6 By 2010 theam is to
reduce wafer thickness to 0.15 nmm whilst increasing
efficiency toanaverage of 175%6.

Thin film

Thin film modules are constructed by depoasiting extremely
thin layers of photosensitive materials on to a low cost
badking sudh as glass, stainlkess steel or plastic. This results in
loner production costs compared to the more matenial-
intensive crystalline technology, a price advantage which is
ocounterbalanced at the momentby substantially lower

efficiency rates.

FIQURE 1SOIAR PV PRODUCTIONChAIN
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(EPIA, Roadmap of Solar PV Technology in Europe, 2007.



Threetypescof thinfilm modulesare commerdially available
at the moment. These are manufactured from amorphous
silicon (@-Si), copper indium diselenide (CIS, CIgS) and
cadmium telluride (CdTe). All of these have active layers in the
thidaess range of less than a few micons. A temporary
shortage of silicon has also offered the opportunity for
increasing the market share of thin film technologies. The
European Photovoltaic Industry Association (EPIA) expeds
the thin film market share t reach about 2096 of the total
production of PV modules by 2010.” Among  the three
commerdially available thin film technologies, a-Si is the most
important in tes of production and installation, with 4726 of
thetotal marketin 2006.

Othercell types

Concentrator cells work by focusing light on to a small area
using an optic concentrator such as a Fresnel lens, with a
oconcentrating ratio of up to 1,000. This small area can then be
equipped with a material made from 111V compound
semiconductors (mulltijunction gallium Arsenide type), which
have efficiencies of 3%6and in laboratories of yp to 40%6. The
o main dranbedks with concentrator systenrs are that they
cannot meke uee of diffuse sunlight and mustalvways be directed
varyexactly tonarasthe sunwitha tracking system

Modules

Modules are dusters of PV cells incorporated into a unit,
usually by soldering them together under a sheet of glass.
They can be adgpted in size t© the proposed site, and quickly
installed. They are also robust, reliable and weatherproof. In
central Europe a 3 KW\ rated solar electricity system, with a
module area of approximately 23 square metres, would
produce enough poner to meet the electricity demad of an
energy-consaous housshold.

Inerters

Inverters are used to convert the direct current (DC) powner
generated by a PV generator into altemating current (AC)
compatible with the local electricity distribution network.
This is essential for grid-connected PV systems. Inverters are
offered in a wide range of poner dasses, from a few hundred
watts through the mostfrequently usedrange of several
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KW(3-6 KW) upto central invertersfor large-scale systens
with 100 KWandabove.

1.4 Types of PV system

grid connected

This is the most popular type of solar PV system for hames and
businesses in the developed world. Connection to the local
electricity network allows any exaess power produced 1o be
sold to the utility. Electricity is then imported from the network
outside daylight hours. An inverter is used to convert the DC
poner produced by the system to AC power for running nonmal
electrical equipment.

In countries with a premium feed-in-tariff, payment for
the electricity generated (see Chapter Seven: Intemational
Bxperience) is considerably higher than the usual tariff paid by
the austomer to the utility, soall the electricity producedis often
fed into the public grid and sold to the utility. Thisis the situation
in countriessuchasgermarty orSpain.

Off-gnd
Whereromainselectricity is available, thesystemis cormnedcted to
a battery via a dnarge controller. This stores the electricity
generated for future use and acts as the main poner supply. An
inverter can be used to provide AC poner, enabling the use of
nomnal electrical appliances. Typical off-grid applications are
repeater stations for mobile phones, electrification for remote
areas (mourttain huts) or rural electrification in developing
ocountries. Rural electrification mears either small solar hare
systerTs covering basic electricity needs in a single household or
larger solar mini-grids, which provide enough power for
several homes.

hybridm systiem
A solarsystem can be combinedwithanothersourceof poner-
a biomass generator, a wird turbine or diesel generator - to
ersure a consistentt supply of electricity. A hybrid systemcan be
grid connected, standalone or grid support.

Inasingle householdor larger solar mini-grids, which
provide enouchpownerfor severalhomes.

(MEPIA, Roadmap of Solar PV Technology in Europe, 2007.
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Phaotovoltaic ponersystemsoffer manyunioLe benefitsabove
with converttional electricity generation- andmore particularty
comparison with the unit energy costs of conventional
generation - are not aways valid. If the amenity value of the
energy service that PV provides, or other nonenergy benefits,
ocould be appropriately priced, the overall economics of PV
generation would be dramatically improved in numerous

NV
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ervironmental protection, job creationandrural development
2.1 Climate change

The mostimportant feature of solar PV systenrsis that there are
no emissions of carbon dioxide - the main gas resporsible for
global dimate dhange- during their operation.

Recyding of PV modulesis possible and ravv materials can be
reused. As a result, the energy input assodated with PV will be

applications, even in same grid-connected situations. PV
alsooffersimportant social benefitsin termsof dimate and

further reduced.

Scientific Assessment of Climate Change

In February 2007 the Intergovemmental Panel on Climate Change (IPCC) released the first of a series of reports which make up its
Fourth Assessment Report. “Climate Change 2007: The Physical Science Basis™ assesses the current scientific knowledge of the natural
and human drivers behind climate change, observed changesin climate, the ability of science to attribute changesto different causes, and
projections for future climate change. This report expresses much greater conidence than past assessments that most of the obseved
warming over the past half-century is caused by human activities (greater than 90 % certainty) and concludes, from observations of
increases in global average air and ocean temperatures, widespread melting of snow and ice, and rising global average sea levels, that
warming of the climate systemis unequivocal.

Among the observed impacts detailed in the report are:
= Eleven of the last twelve years rank amongthe twelve hottest onrecord.
= global sealevelrise has accelerated.
= Mountain glaciers andsnow coverhavedecined onaveragein both the northem andsouthem hemispheres.
= More intense andlonger droughts have beenobserved over wider areas since the 1970s, particularly in the tropics and subtropics.

The report concludesthat if wetake no action to reduce emissions, there will betwice as muchwarming over the next two decades thanif
wehadstabilised heat-trapping gasesat 2000 levels.

Amongthe projections includedin the reportare:
= The range of projected temperature increase over the present centuryis 1.1 to 6.4 C.
= The bestestimate range, whichreflects the centre point of the lowest andhighest emission scenarios, is for a1.8 to 4.0 C'  increase.

= It is likely that future tropical cycones (typhoons and hunicanes) will become more intense, with higher peak wind speeds and more
heawy precipitation associated with wammer tropicalseas.

= There is agreater than 90 % likelihood that exteme heat, longer heat waves and heavy precipitation events will continue to become
more frequent.

Some of the report’s keyfindings are:
= It is likely that climate changewill induce mass extinction of specieswithin 60-70 years.

= Over the next decades the number of people at risk of water scarcity is likely to rise from tens of millions to billions. Steadily
decreasing water availability is projected for India and other parts of South Asia and Africa. Whilst the poorest parts of the world are
goingto the hardest hit, wealthy countries suchas Australia andnations in Southern Europe are also in the front line.

= Reductions in food production capaciy in the poorest parts of the world are projected, bringing more hunger and misery and
undemining achievernent of the millennium development goals. Within a few decades it is likely that we will see climate change
inducedwheat, maize andrice productionfalls in India andChina.

= Increased drought andwater scarcity are likely to lead to growing problems of hunger and human dislocation in Africa overthe coming
decades

= The loss of glaciers in Asia, latin Ametica and Europe are set to cause major water supply problems for alarge fraction of the world's
population, aswell asa massive increase in glacial lake outburst floods andotherrisks for those living in the glaciated mountains.

= huge numbers of peoplewill beat risk dueto sealevelrise, storm surge andriver flooding in the Asian megadeliassuchasthe ganges-
Brahmaputra (Bangladesh) andthe Zhujiang (China).

= Warming of more than another degree could commit the world to multi-metre sealevel rise over several centuries from the partial or
total loss of the greenland andWest Antarctic ice sheets. huge coastal dislocation wouldresullt.
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If govemments adopt a wider use of PV in their national
energy generation, solar power can therefore make a
substantial contribution towarts intemational commitments o
reduce emissions of greenhouse gases and their contribution to
dimate change.

2.2 Environmental protection
Theenvironrmentalsituationin Chinais morecritical thanin
other countries. China can daim a major share of the top ten
most polluting cities. Environmental pollution has brought
serious impadts in tenms of social and economicdevelopmaent as
well as for human health. The main causes are a  high
proportion of coal Lee in the energy mix and a large amount of
direct coal combustion (s2e Table 1). Energy consumption in
China acoounts for 1076 of the world's total, but SO, emissions
aocoount for 15196 of the total, the largest of any courtry. Ore
third of China’s land mess is poliuted by adid rain”™. According
to estimates by the World Bank, damege to the ervironment and
health induced by air pollution in Chinawill amountto 10%60f
gDP by2020°.

2.3 Space saving installations

PV is a simple, low-risk technology that can be installed
virtually anywhere where there is available light. This meers
that there is a huge potential for the use of roofs or facades on
public, private and industrial buildings. During their operation
such systenTs can also help reduce buildings’ heating loads or
assistin ventilation through convection.

Cther places where PV can be installed indude the sound
barmiers along communication links such as motorways. In
satisfying a significant part of the electricity needs of the
industrialised world there will be no nesd to exploit otherwise
undisturbed areas.

2.4 Employment

PV offers important social benefits in tems of job creation.
Significantly, much of the employment creation is att the point of
installation (installers, retailers andservice engineers),

giving a boost to local economies. Based on information
provided by the industry, it hes been assumed that 10 jaos are
created per MWp of installed capacity during production and
about 33 jabs per MWp during the process of installation.
Wholesaling of the systerms and indirect supply (for eanple in
the production process) each create 34 jobs per MWp.
Researchaddsanother 1-2 jobs per M.

PV industry is also labour-intensive. Currenttly the industry
offers employment to nearly 10,000 people. The number is
expected to reach 100,000 by 2020 and to 5,000,000 by
2050, given that the total PV installed capacity could reach
1,000gWWp.

2.5 Rural electrification

Solar poner can be easily installed in remote and rural aress,
places that may not be targeted for grid connection for meny
years. Renewable energy sources such asPV are currently ae
of the few suitable options to supply electricity in areas  of
dispersed communities or at a large distance from the grid.
Decentralised (off-grid) rural electrification besed on the
installation of stand alone systarrs in rural households or the
setting up of minigrids - where PV can be combined with other
renewable energy technologies or with IPg/diesel - enables the
provision of key services such as lighting, refrigeration,
education, communication and health, thus increasing
eoconomic productivity and creating rew income generation
opportunities. Furthermor e, the technologies whichare used to
power off-grid applications (stand alone PV systems, PV water
pumping systens and hybrids) are often both affordable and
ernvilonmentally sound. Due to their robustness, eese of
installation and flexibility, PV systems are able to adapt to
almost any rural energy demardin any part of thewordd. By the
end of 2006, there were still 11 million peaple in China, without
aooess 1o electricity. Solar PV could help achieve a  poner
supply for mostof these pecple.

2.6 Universal electricity supply
A “policy driven” scenario drannupbyEPIA and greenpeace

TABIE 1 COMPARISON OF PRIMARY ENERgy MIx In ChInA AnD ThE WORID

World China

Coal 284% 702%
Oil 35.8% 206%
natura gas 237% 2%
nuclear 58% 0.7%
hydro 6.3% 56%

(MNational Development and Reform Commission, Mid-to—long—term Energy Saving Plan, 2004.

@7Janet L.Sawin. Renewable Energy World Review 2005.



(Solar generation 1V, 2007) sonsthatby2030PV systens
ocould begeneratingapproximately 1,500 TWhof electricity
around theworid. This mearsthat enoughisolar ponenaould

e produced globally o supply more than half of the curent Eu
electricity nescs or replace 300 coal-fired poner plants
(average size 750 MWp). global installed capacity of solar
poner systerrs could reach 1,300 gWp by 2030. About tho
thirds of this would be in the grid-connected market, mainly in
industrialised countries. Assuming that 80%oof these systems are
installed on residential buildings, and their average
consumption per three person househad is 3,500 KW, the
total numbeer of pegple by then generating their electricity from a
grid-connected solar systemvwouldreach 1 billion.

Although the key solar PV markets are currently located
mainly in the industrialised world, a global shift will resultin a
significant share being taken by the rowdevelopingwordd inthe
future. There are 2 billion peaple globally wohave no acoessto
electricity. Providing electricity © all is a part of the
“millennium goal” to build a harmonious humen sodety. The
Declaration from the World Renewable Energy Conference
held in Bonn in 2004 called for the development of solar PV
to provide electricity to 1 billion pegple with no acoess t©
electricity” Thisis abig potential marketfor solar PV.

2.7 China’s energy balance

Chinais amajorenergyproducer aswell asa major energy
oconsumer. Total energy consumption in 2006 wes 2,460

Solar Benefits -

million tons of coal equivalent (toe), 93%6omare than in 2005. Of
this total, coal, oil and natural ges acoounted for 69726, 203%6
and 3orespectively, with 8>6and 0826 coming from hydroand
nudear poner. In 2006, China imported 150 miillion  tors of
crude oil, about 53%6 of the country’s total demand (see Figure
2).

Tedhnologies used for both energy exploitation and energy
utilisation in China are in urgent need of modemisation. A
large portfolio is used by the erergy intensive industries. unit
erergy Lee per gDP is the highest in the world 2 far above the
Moreover, China is the largest developing country in the wordd,
with rapid economic growth. This hes resulted in a very fast
increase in demand, making energy substitution even more
important.

The Chinese Electric Poner Research Institute mede an
analysis of expedted future poner supply development aspart of
the national Medium and long-Term Development Plan of the
111 Fve-year Plan. The resuiits soavthat evenwith thefullest
use of coalfired, hydroelectric and nudear poner, there wiill
stil be a gap in electricity supply of 64% and
10.7%orespectivelyin 2010ad2020, ®as sonnin Fgure
3. This gap nesds to befilled by renewable energy. honever, if
there is no mandatory encouragement for renevwable erergy
through the implementation of a Renewable Energy law, it
will fail tofulfill this expectation.

FIQURE 2ChInA’S PRIMARy ENERgy MIx, 2006

nuclear
hydro
natural ges

Qil

@ Coal

m Oil

[0 Natural gas
1 Hydro

m Nuclear

FIguRE3 EIECTRICITYgENERATIONMIX 1N 2010AND 2000 (ChINESEEIECTRICPOWERRESEARCH INSTITUTE)

nudear poner
O 216 @ ooal poner
640%6
| hydroponer
v ooal poner B
year 2010

[ nudearponer koo poner2320%6

nudear poner380%6 coal poner6230%
oep 107026

@ coal poner
‘:::::::~]Ililiiiiiiiii @ hydoponer
] 9P

] nudear poner
year 2020

(MDeclaration from the World Renewable Energy Conference , Bonn , 2004.

@National Development and Reform Commission, Mid-to—long—term Energy Saving Plan, 2004.

®Hu Xuehao, Report on China’ s Mid and Long Term Energy Strategy, 2004.




3Global PV Development Profile and Trends 2o




global PV DevelopmentProfile and Trends

3.1 Worldwide PV industry and market development

Increasing concem for energy and ervironmenital issues hass been seen around the world in recent yearrs. Inorder to satisfy energy demerd
and ersure sustainable development, many countries have tumed to PV power generation as ane of the aptions. The PV industry hes
therefore bbeengrowing rapidly with govermment support, reaching anaverage annual gronth rate of 336for PV cells productionoverthe
pest ten years. During the last five years, the average growth rate has even readhed 43%6, with 2,500 MWp of solar cells produced in
2006. Cumulative shipmenisofcells haveroameached 8 500 MWp.”

Chinawvesthe third largestoountry for PV cell production, after Japan andgermany, in 2006, withanannual production of

FIguRE 4 WORIDWIDE AnnuAl PRODUCTIONOFPVCEIIS

2,500

2,000

1,500 Restofworld
Euro
1, 000 —
pe
500 Japan
us
103 20 Tnt

PV cells production/ MWp

0
1990 | 1992 | 1994 | 1996 | 1998 | 1999 | 2000 | 200 | 200 | 2003 | 2004 | 200 | 2006

= 1 2 5

Restofworld 4.7 | 4.6 5.6 | 9.75|18.7 | 20.5 |23.42| 32.6 55 |83.8 | 139 302 714
t Europe 10.2| 16.4 | 21.7 | 18.8 | 33.5 40 |60.66 |86.38 | 135 |193.4 | 314 470 657
:Ja@’\ 16.8| 18.8 | 16.5 | 21.2 49 80 (128.6(171.2| 251 |363.9 | 602 833 928
l_lus 14.8 | 18.1 |25.64|38.85| 53.7 | 60.8 |74.97 |100.3 | 120 |103.2 | 140 154 202
'Total 46.5| 57.9 |69.44| 88.6 [154.9|201.3|287.7 [390.5| 561 (744.3 (1,195 1,759 (2,500

TABIE 2WORIDWIDE SOIAR CEIl SAIES AnD CuMUIATIVE PV uSE FROM 1997-2006/gWp

year 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006

Annual
2 0126 0155 0201 0287 0391 0561 0.744 1.2 1.76 25
production

Annualgronth
rate 2% 42 231 30 429 357 44 325 61.2 46.7 42

Cumulativeuse | 0791 0946 1147 1435 1825 2387 3131 |4.331 6.09 859
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369.5 MWp. Fgure 4 dons the inarease in global solar PV cell
production since 1990. Table 2 sronsworldwide annual sales of

in replacing converttional energy supply. This is evidenced by the
rapid increase of its use as grid-connected power generation,

which hes become the dominant sedtor in the PV market. Other
uses indude communications and signals, special commerdial
and industrial uses, rural distributed poner systems, casumer
products and large-scale independent power station, as hoan in
Fgure 6. Table 4 shonsthe increase of grid-connected PV poner

cells and cumulative use of PV electricity in gwWp. Table 3 dons
theworld'stop 16 manufecturers of solar cells.

Ore of the moast outstanding features of the global
development of the PV industry is the increasingly important
contributionwhich PV powergeneration hesbeenable toneke

. .@
TABLE 3TOP 16 SOLAR CELL MANUFACTURERS IN 2005 AND 2006
N o Ran | PORSN | Potertege | Rark
rer /% K /% 200
MWp MWp
200 6
5
Sharp 4280 243 1 434 174 1
QCell 166.0 94 2 253 101 2
Kyooera 1420 81 3 180 72 3
Suntech 820 47 9 158 6.3 4
Saryo 1250 71 4 155 6.2 5
Misubishi 1000 57 5 111 44 6
Motech 600 34 10 110 44 7
Schott 950 54 7 % 38 8
Solar World 97.0 55 6 86 34 9
BP Solar 830 50 8 857 34 10
Sun Poner 230 13 NR 63 25 11
Isofoton 630 36 11 61 24 12
First Solar 200 11 NR 60 24 13
nanjing 70 04 NR 60 24 14
Ersolr 200 11 NR 40 16 15
Photowatt 240 14 12 24 10 16
ROW 2520 143 524 210
World 1,760 1000 2,500 1000
FIguRE 6 WORIDWIDE PV APPIICATION BREAKDOWN By SECTOR
400
Oongrid
350 Aok
300 Rural off-grid
g 250 Communica
tion
E 200
= Commerdial
E 150 household off-grid
100 1S-PV>100 KWp
50
O 1993 1996 2000 2001 2002 2003
1997 1998 1999
TABIE 4 OVERVIEW OF INCREASINg ShARE OFgRID-CONNECTED PV
year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Market 79 213 | 235 | 209 | 417 | 504 | 514 | 555 | 9 | >70
O 1 percentag
e/%




3.2 World PV development goalsand
perspectives

germany, Japan and the united States have made the
largest contribution to the market development of PV poner
generation because of the incentives these countries have
implemented. Currertly, over 70%b6 of solar cells are wsed for
grid-connected poner generation systems. The uS, Japan
and the Southem European union have all laid doan their
respective PV development targets. Tables 5 and 6 sow cost
estimates for PV poner generation and the development routes
ofthermajoroourtries, alongside the currentt goal for China.

TABIE 5PV POWERQENERATION COSTSESTIMATES

global PV DevelopmentProfile and Trends

Table 6 Sonsthat the development dojectives for the Chinese PV
marketare notambitious.

In the long run, it is expeded that solar PV powner generation
will not only play a significant part in world energy
consumption but wiill also replace a substantial part of the
1o a projection by the European Commission’s Joint Research
Centre, renewable energy could contribute over 30%6 of the
energy mix by 2030, within which solar PV power generation
wouldsatisfy over 10%eof electricity supply.

year 2004 2010 2020
Japan (VW) 30 23 14
Southermn Europe ELIivWH) 0.25 0.18 0.10
us @MRWH) 18.2 13.4 10.0
China (Lan/kWh) 5.0 3.0 1.4
TABIE 6PV INSTAIIED CAPACITy ESTIMATES /gWp
year 2004 2010 2020
Japan 1.2 a8 0
Europe 1.2 30 a
us 0.34 21 36
China 0.065 03 18
Others 1.195 38 91.2
Worid total 4.0 14 200

FIgQuRE 7 EnERgy SuPPly PROJECTIONBY EUROPEAN COMMISSION'S JOINT RESEARChCENTRE
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@ Allen Barnett, US PV Industry Roadmap 2001, Japanese PV Roadmap Towards 2030, NEDO 2004,

Winfried Hoffmannl, EU PV Industry Roadmap 2004.
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3.3 Development trends in world
solar PV technology

Technical improvement is the key factor that reduces the
cost of PV poner generation, and encourages the PV
industry’s market development. Over the pest decades there
have been considerable achievements in terms of both
R&D and technology advances, in particular the increase

in cell efficiency, the production of thinner silicon andthe
improvementof production processes. Al thesehave playeda
dedsiverole in PV ponergeneration cost reduction.

331 Inoeaseincellefficency

laboratory cells

The laboratory efficiency of mono-crystalline silicon has
improved from 8%61in the 1950s 1o 24.7%/6 now. The laboratory
efficiency of polysilicon cells hes also reached 20.3%6. Equal
suacess hes been achieved in research into the use of thin film
cells, so that the laboratory efficiency of amorphous thin film
cells hes stabilised at 139%6, whilst that of CdTe hes reached
164%6andthat of CIS 195%6.

There hesalso been progress in the development of other new
types of cells, such as polyarystalline silicon thin film, dye-
sensitised photoelectrochemical and organic cells. These nenw
aonoepteells withhigher efficiencies haveareated considerable

interest Table 7 owsthe highest laboratory efficiency of
variouskinds of solar cells.

Commerdalised solar cells

As advanced technologies have been introduced into the
industry, the efficiencies of commerdial cells have continuously
improved. At present, the efficiency of commercial
crystalline silicon solar cells hes reached 14%6-20%%6, whilst
mono-crystalline solar cells have reached 162620%6 and
polycrystalline silicon cells 1426-16%6. Meanwhile, PV
manufacturing and system integration technologies have kept
pace, together stimulating both a decrease in the cost of PV
poner and the continual development of the PV market and
industry.

332Decreaseinthethicknessof
commerdial solar grade silicon wafers
Decreasing the thidkness of silicon wafers is an effective way to
reduce consumption of silicon and the cost of crystalline silicon
solar cells. It is therefore an important foous in the
improvement of PV technologies. The thidaess of solar grade
silicon wafers hes deaeased by more than half, falling from
450-500 pmin 1970 to 180-280 pm now. The consumption of
silicon material hes therefore been greatly reduced. This is a
useful demonstration of how technology improvement can
reduce cost. Thedecreasing trendin thethidanessof silicon
wafersis soanin Table8.

TABIE 7IABORATORyY EFFICIENCy OF VARIOUS SOIAR PVCEIIS

Type Conversion efficiency laboratory note
mono-aystaliinesilicon cell 24705 SouthWales University, Australia 4cmParea
Bad‘s‘”a"emre moe“ 26808 SurPover, US 96times concentrating
gaAs heterojunction cell 40.7+1.7 Spectrolab Concentrating solar cell
polycrystalline silicon cell 20.3:05 Fraunhofer Institute, Genmarty 1002cmParea
IngaP/gals 30.28+1.2 JapanEnergy Company 4cmParea
amorphoussolar cell ggg;’gﬁ')y;%; UssC,Us 027cmParea
Clgs 195:06 National RenewableEnergy Laboratory,US|  0410cmParea
adre 165:05 National RenewableEnergy Laboratory,Us|  1032cm?Parea
dec’ys'a“ir(‘;ﬂ"i”ﬁ'm solar 16604 Stuttgart University,Gemnarty 4017cnRarea
na-si solar cell 10.140.2 Kaneka, Japan 0.002mm film
mw" 110:05 PR 025cmRarea
hIT 215 Sanyo, Japen

Period Thidkness Am Gonsumption of silicon materials /TavvW\p
1970s 450500 >20
1980s 400450 16-20
1990s 350400 1316
Present 180280 12-13
2010 150180 1011
2020 80-100 810
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333 Inaeasssin scaleof production

The continuousenlargemernt of the scale of production, and

an increase in the degree of automation, are both importarnt
factors in the reduction of solar cell production costs. The
scale of solar cell production at a single factory hes been
increased from 1-5 MWpAear in the 1980s to 5-30 MW
year in the 1990s and then to 50-500 MWp/Aear in this
century. The relationship between the scale of production and
oost reduction can ke illustrated by the leaming Cune Rate
(IR), which predicts a dearease in production cost when the
scale of production doubles. For solar cells, data collected
over 30 years dons that IR=20%b6 (including the effect of
technology improvement), whichis the largest amongstall the
renenebte poner generation sources, and senes as ae of the
best examples of modem intensive production methods. It is
eqreded that a single factory will be able to produce an annual
capacity of 1 gWp withinthoyears.

334 DagsssssintheaostofsolarPVmodulies

The cost of PV modules has decreased by two orders of
magnitude, as shoan in Figure 8.2 In 2003, the cost of
productionbymajor manufacturers wes$2 -2.3/Wp,andthe

global PV DevelopmentProfile and Trends

selling price wes $2.5-3A\p. Recently, the price hesrisen due to
alack of ravw materials. When the relationship between supply
and demend dnanges and aosts fall again, the costwill probably
e lovwer than at the corresponding point in the last cycle. This
cyde hasoccurred previously over thelast three decades.

3.35 Advancss in crystalline ad thin-film
solar cells

Fgure 9illustrates the marketsharesof variouskinds of solar
cells in 2004. Polycrystalline silicon solar cells accournted for
56%6, mono-aystaliine silicon solar cells for 2994, hIT solar
cells (@morphous silicon (pype) mono-crystalline silicon (-
type)V hetergjunction solar cells) for 54, ribbon silicon solar
cells for 3oand thin-film solar cells for 724 The marketshare of
polycrystalline silicon solar cells hes been increasing for a long
time. It exaseded the market share of mono-arystalline silicon
solar cells in 1998. The production of various thin- film cells
hes also been increasing steadily in recent years® reflecting
progressin the technologyy.

FIQURE 8FAIllIng COSTOFPV MODUIES FIQURE 9 CEll TEChnOIOgy ShARES In 2006
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@ REDP World Bank, PV Development in China, 2005.

@ Photon International, 2007.
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Inthe Chinesedomesticmarket, solar cells are mainly usedfor
rural electrification, communicationsandindustrial purposes,
aswellasfor roed sgnsandlighting. Since the current price
is comparatively high, the marketis still under development.
The solar PV industry in China involves production of
polycrystalline silicon as a raw material, silicon wafer
production, solar cell production, module encapsulation and
other related processes such as the manufacture of spedialised
materials and egquipment, testing equipment and balance-of-
sysemaomponents.

4.1 PV Power Market in China

China started solar cell research in 1958 and the first
suacessful application of solar cells wes in a satellite called the
“no. 2 East Red Satellite” in 1971. The terrestrial application
of solar cells started in 1973. limited by high price, the initial
development of the PV market wes quite slow, with the main
application being to provide powerfor satellites.

The terrestrial application of solar cells wesat first only for
small poner systers such as beaoon lights, raivvay  signal
systems, weather stations on mountains, electric fences for
stock endosure, insect trapping lights and DC solar lights.
These hed a poner level from several watts up to a few ters of
watts. During the period of the 6" (1981-1985) and 7" (1986-
1990) Fve-year Plans, the Chinese govemmeant started  to
supportdemonstrationusesof PV applications. The PV

) ) LY
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industry wes promoted  in specialised industries and rural
areas, for ea@ample in solar ponered miconave relay stations,
military communication systems, cathode protection systenrs
for sluice gates and oil pipelines, carrier wae telephone
systemsin rural areas, small-scale solar household systens and
central powersupply systerrsinvillages.

In 2002, the national Development and Planning
Commission the Toamship Electrification Programme (Song
Dian Deo xiang), which wes aimed at solving poner supply
problems by using PV and small-scale wind electricity
generation in more than 700 townships In saven westem
provinces (Tibet, xinjiang, Qinghai, gansu, Inner Mongolia,
Sharxi and Sichuan). Total PV consumption wes 155 MWp.
This programme hes stimulated the PV industry and several
production assembly lines have been established, rapidly
increasing the annual production of solar cells to 100 MWp
(from 20 MWp in 2002). By the end of 2003, the cumulative
installed capacity of solar PV hed reeched 55 MWp.

Betiween 2003 and 2005 the European PV market, espedially
the german market, further encouraged the rapid development
of production capacity in China. By the end of 2005, total
production capacity of solar PV modules hed reached 400
MWp, of which 140 MWp wes manufactured in 2005 alone.
Most of these moduies are exported to the European market,
with only 5 MWp in 2005 and 10 MW in 2006 installed in
China. Table 9 and Figure 10 give an overview of development of
theChinesePVmarket”

TABIE 9PV MARKET DEVEIOPMENT In ChInA SINCE 1976

year 1976 1980 1985 1990

1995 2000 2002 2004 2005 2006

Amuainstalied
Capedity R\p 0.5 8 70 500

1550 | 3,300

20,300 10,000 5000 |10,000

Cumulative
installed Capedity KD 0.5 165 200 1,780

6630 | 19,000

45,000 65000 | 70,000 | 80,000

Fgure I0AnnuAl NEW AnD CuMUIATIVE INnSTAIIED PV CAPACITy InChInA
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@ Wang Sicheng,

“Research on China’ s Solar PV” .

China Energy, Vol2, 2007, pp.7-10.
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4.2 PV Market Breakdown

By the end of 2006, the cumulative installed capacity of
solar cells had reached 80 MWp. The market for PV poner
generation is mainly composad of communications, industrial
applications, rural off-grid supply, grid comneded systerrs ad
small solar products. The breskdonn is soan in Table 10 and
Flgurell.®

Amongall theseapplications, about538%6is located inthe
- ek . inclustrial applicats
and solar PV appliances), whilst the remaining 46226 requiires
support from the government (rural electrification and grid-
aonnected generation).

4.3 Current Status of PV industry

Currently, 88%60of the world market is taken by crystalline si |
icon solar cells, including mono- crystalline and

polycrystalline cells. Other types of cells, such as amophous
silicon, CdTe, CTS solar cells, have a small share. When

looking at the industrial supply chain, the main focus is
thereforeoncrystalline solarcells.

4.3.1 Status of the polycrystalline silicon
industry

TABIE 10ChInA’S PV MARKET BREAKDOWN In 2006

During the development process of PV technologiies, crystalline
silicon solar cells have always been in the mainstream of
ocommerdal production. In the global market, over 98%6 of
solar cells are mecke of high purity polycrystalline silicon. As the
basic feedstock of solar cells, the manufacture of high purity
polycrystalline is therefore the mostimportant pointin thewhoe
PV industrial chain.

With the increasing gronth of the PV industry, honever, a
shortage of polycrystalline silicon is becoming a serious
problem. lack of supply means that the price of the feedstock
has been increasing. In the period from 2001 to 2003, the
global price of polycrystalline silicon feedstock wes
gpproximately $AVg for electronic grade and $25/g for solar
grade. Since 2004, the price hes continued to increase, to the
pointwhereit has reached $60/kgin the world market andover
$100/kg an the black market. In 2006, the price wes evenmare
than$R200/g throughinformal channels.

The advanced technologies for polycrystalline silicon
feedstock production are currently controlled by eight
main manufacturers. For various reasons (manufacturers’
uncertainty about the stability of the PV industry, desire for
technical and market monopolisation, lack of industrial
expansion), the supply of feedstock has lagged far behind the
demendsofthe PV industry. This hesled to theongoing

Market sector Installed capacity M\ Marketshare /%
Rural electrification 33 413
Communication andindustrial applications 27 338
Solar PV appliances 16 200
On-gridPV systemin buildings 38 48
large scale ponerstationin desert 02 03
Total 80 100

FIguRE 11 MARKET ShARES OF PV POWER In 2006

IS-PV 0.30

On-grid PV systemin buildings 48026

Solar PV appliances 2006

Communication andindustrial 3380%6

[ Rural electrification
B Communication andindustrial
[] Solar PV appliances

2306 [ OngidPV systemin buildings

Rural
electrification H I1S-PV

@ Wang Sicheng, “Research on China’ s Solar PV™.

China Energy , Vol2, 2007, pp.7-10



shortage of polycrystalline silicon feedstockall over the
world. Itis exqpeded that this situation will last for at least

another twoyears. Production of polycrystalline silicon
feedstodk hes therefore beaome the bottienedk in the whoe PV

industrial chain, which notonly limits any increase in solar cell
Jproduction but also kegps the cost of solar cells at $34/ W,
causing severe limitations in the PV industry’s market
development

The present problems in China’s polycrystalline
silicon feedstock industry include:

1)Backward techniques: The main production techniques are
besed on an improved Siemens  process, but this is old
tedhnology and energy consumptionis about 1.5-2 times that. of
theworid'smoreadvanced processes.

2)Small production scale: Polycrystalline silicon manufacture is
an industry with a strong correlation between production scale

TABIE 11 PROJECTS In ThE POlyCRyYSTAIIINE SHICON INDUSTRy In ChinA

- . N
Status of China’s Solar PV Market andProduction O

considered to be2,000 tonsAyear; enterprises with production of
less than 1,000 tonsAyearare considereduneconomical.

In 2006, China’s annual polycrystalline silicon production
capacity wes 400 tors (luoyang Silicon 300 tons and Sichuan
Emei 100 tons), although actual production is 300 tons, which
could only meet the needs of 30 MWp of solar cells. There is a
hug gap between production and demand, hence the industry is
largely dgpendentonimports.

Both luoyang Silicon high-Tech and Sichuan Emei
Semiconductor factories are currently enlarging their
production capacities, whilst Sichuan xinguang hes a plant
under construction and will soon begin production. If these
projects can be acoomplished as scheduled, annual production
capacity will be nearly 18,000 tons by 2008 and the severe lack
of polycrystalline silicon feedstodk in China will effectively be
alleviated.

Luoyang Zhonggui 300 300
Completed Emei Semi-conductor Factory 1,000 200 S0

Leshan Xingguang Silicon Co. 1,260 1,260
Luoyang Zhonggui Phase Il 3,000 1,000
YunnanQujing Erisson 10,000 1,000
Fujian Guixing Silicon Co. 200 200

 under Chongging Wanzhou (JiangsuDaguan) 6,000 1,500 9260

implement

Eifom Yangzhou Shunda 6,000 1,500
Xuzhou (Zhonghua Silicon) 1,000 1,000
Asian Silicon(QinghaiWuxi Suritech) 6,000 1,500
Wuxi ZhongcaiGroup 300 300
Sichuan Leshan (Tongvvei Group) 10,000 1,000
Hubei Jingmen (Wuhan Jiavvel) 1,500 1,500
Hunan Yichang (ShenzhenNanbo) 4,500 1,000
Liaoning Jinzhou Longhai 1,000 1,000

Proposed Ningxia Shizuishang 4,000 1,000 9,000
InnerMongogm (Shanghai 1,500 1,500
Hunan Yiyang 5,000 1,000
Qinghai m()”“a”ghe 1,000 1,000

Total 63,560 18,760 18,760

Note: First phase production capacity could be realised by the end of 2008.
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4.3.2 Status of the Crystalline Silicon Ingot
Manufacturing IndustryinChina

Silicon ingot slicing, i.e. silicon wafer production, is the first
step in manufacturing crystalline silicon solar cells. Silicon
watfers acoount for 88%6 of the cost of a arystalline silicon cell,
whilst cell production and moduie encapsulation only represent
10%6 and 25%6 respectively. With the continual increase in
silicon feedstodkaost, silicon ingot cutting technology hes also
gained higher significance in solar cell manufacture. It hes
become a foous of concem in the PV industry to reduce silicon
waler aosts and econamise on the feedstodk through tedhnology
improverment and equipments and process adjustment (see
Fgure 12).(D

China’ s crystalline silicon manufacturing
industry hasthefollowing features:

* Rapid development Theannual averege rate of increase
hesbeenmorethan 70%cover the pastfevwyears.

* high dependence onimported feedstodk Because thereis

no polycrystalline silicon feedstodk available domestically,
China degpends an imported matenials. lack of feedstock
and high prices in the intemational market have affected
the development of domestic enterprises and resulted in
somerunning at less than their production capacities.
Thetechniquesare relatively matureand thequaality of
productionis noworsethan that of foreignenterprises.

Production of mono-crystalline silicon dominates: In
the global PV industry, the ratio of mono-crystalline
silicon to polycrystalline silicon is about 1:2.0 (2006);
but production of mono-crystalline silicon materials is
dominant in China. The major reeson is that the Cz-silicon
tedigLe is relatively mature and mono-aystaline fumaces
can be mede domestically and hence are dheap, wheress
polycrystalline silicon casting fumaces are imported and
therefore experaive. For Czsilicon the investiment required is
sraler, the construction period shorter and the funds can be
recovered faster. Therefore silicon feedstodk manufediurers
tend to dhoose a mono-aystaline fumece that aosts several
hundred thousand yuan over a  casting fumace that aosts
saveramillionyuan.

FIQuRE 12ChANgES In SIIICON FEEDSTOCK CONSUMPTION FORSOIAR CEIIS
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TABIE 12 MANUFACTURING CAPACITY AnD ACTUAI PRODUCTION OFSOIAR gRADE SHICON INChInA, 2006

Manufacturer Material Tye Annual ProductionCapacity / Tas Actual Production/Tas
hebei ningjin Jinglong Mono-crystalline
. silicon 2,250 1,126
Jinzhouhuari Silicon Material Mono-crystalline
Co. Itd. silicon 800 400
ChengzhouTrinaSolar o, Itd MO”Z_C“?'.OS:‘"'”G 180 60
QinghainewEnergy Research Mono-crystalline 270 0
InstituteCo. ltd. silicon
Jiangxi Saivwei IDK Polycrystalline silicon 3,000 100
Teneiyingli airied Polycrystalline silicon 770 260
ZhejiangSino-Italian o
i Co.ltd. Polycrystalline silicon 0 40
JiangsuShundagroup Mmosa;irg;talhre 350 100
msr;”‘:?gmm Polycrystalline silicon 132 0
Mono-crystalline
Others silicon 3,000 400
2,486
ol 10,842 (Mono-crystalline
T (Mono-crystalline silicon 6,850, Polycrystalline silicon 3,992) silicon 2,086, polycrystalline
silicon 400)
@ Cui Rongqiang, Latest Developments in Solar PV, 34 Solar Silicon Conference, 2007.




Thetotal production capacity for mono-crystalline silicon
and polycrystalline silicon castingotswesmore than 10,000
tonsin 2006. Thetable belowonly lists someof the silicon
ingotAnafer manufacturers in China. Acoording to a report in
Ireland Business Wire (May 2007) there were 58 silicon ingot
manufacturers and 38 silicon wafer ingot manufacturerswith an
estimateditotal capadity of over 15,000 tors.”

4.3.3 Status of the crystalline silicon solar
cell manufacturing industry
Crystalline silicon solar cells are mede through diffusion on
mono-arystaliine or polycrystalline silicon wafers. Commercial
crystalline silicon solar cells use similar technologies, which
canbeseenin Figure13.

IN2004, the annual production of solar cells in Chinawes over
50 MWp, whichwes four times that of the year before; in 2005,
productionwesnearly 130 MWp andin 2006 it

. ) LY
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reached 369.5 MWp. If there wes not a restriction due to the
lack of feedstodk, development would be even faster. When the
aompany Wi Suntech, for example, wes listed on the new
york stock exdhange it proved extremely popular, leading to
fresh investmentin the solar cell industry by menybusinesses. By
the end of 2006, the annual production capacity of solar cellsin
Chinahedreadhed 1.6 gWp.

Although the manufacturing process in China is beginning t
reach an advanced intemational level, most of the companies
lack their om R&D capacity and rely on introducing
equipment from abroad. As crystalline silicon solar cells
have tended to become even thinner and highly efficient, the
performance of hamemedesolar cells needsto beimproved o be
morecompetitive. Theseprobles remainto be tadkled.

FIguRE 13 TEChnOIOgy PROCESS OFMANUFACTURINg COMMERCIAICRYSTAIIINESHICONSOIAR CEIIS
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Suntech, leader in China’s solar PV industry

Suntech is involved in developing, manufacturing and selling crystalline solar cells, modules and systems. The compary was
founded by Dr. Shi Zhengrong in 2001, when he came back from Australia with knoMedge and experience in solar PV. With
continuous technology innovation, the products’ quality is still improving. Suntech is now listed on the new york Stock Exchange,

the first time for a non uS-owned hi-tech company. According to PhOTON International, Suntech was the eighth largest solar cell
producerworldwide in 2005, andin 2006 it wasamong the Top 4. Suntech’s products are exported globally, especially to Europe, the
uS, the Middle East, Africa and Southeast Asia. In the domestic market, its products are used in  communications, transport,
lighting andmilitary areas. Suntech has participated in the West lighting Project andBIPV applications.

@ DUBLIN, Ireland, May 18, 2007 (BUSINESS WIRE).
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434 Status of amordhous silicon solar cell
manufacturing industry

Apart from those listed in Table 1.3, there are anumber of other
aompanies which are about to produce amophous silicon cells.
These indude 10 MW from guangdong Zhongshan, 10 MWp
from Fujian Quarzhou, 10 MWp from Zhejiang Cixi, 5 MWp
from lanxing and 2.5 MWp from Shandong Dongying.  This
shons goad prospedts for the development of amorphous silicon
cell production.

435 Status of module encapsulation
industry

Themain processesinvolved in crystalline silicon solar cell

module manufacture are single chip connection and the
encapsulation of arystalline silicon solar cells o as to protect
electrode linking, prevent the connection line from erasion
andavoid breaking cells. The quiality of encapsulationdirectly

affectsthelifespan of the modules.

The solar cell encapsulation industry is currently the most
mature in the whole PV industry chain, with the highest level of
domestically manufactured equipment. This part of the
industrial chain also requires the lonest entry investment, so
that most enterprises are engaged in rapid production
enlargement and a high productivity rate. As the domestic PV
module market has not yet seriously started up, most of the
modules are exported to other countries, especially Eu
mamerstates. honever, there is ronsurplus encapsulation

TABIE 13PRODUCTION OF AMORPhOUS SIHICON SOIAR CEIIS In ChInA, 2005

Product Manufacturer Production (VW\p)

Haerbin Keluola 1
Shenzhen Chuangyi 5
N Shenzhen Riyuehua 2

Amorphous siicon Shenzhen Topray Solar Co. Ltd. 20

Tianjin Jinneng 75

Beijing Shihua 10

Total 455

FIgQuRE 14 ThE TEChnICAl PROCESS OF MODUIE ENCAPSUIATION
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capacity in Chinadueto thelack of upstreamsilicon feedstodk
Thustheprofit potential is small and quality varies alot. The

opportunity for competition in the intemational marketis
limited.

436 Balance-ofsystem (BOS) components

Balance-ofsystermn (BOS) camporentsmainly indude theponer
controller, inverter andstorage battery.

In manufacturing these components, China is at the same
technical level and product quality standard as foreign
producers for storage batteries, but there is still a ggp with
intemational standards for controllers and inverters, especially
in termsof industry scale, product reliability andperformance.

43.7 Status of Pvypowered agppliances ad
jponergenerating syslens

At present, the main  Pv-powered products are solar street
lights, traffic signals, garden lamps, calculators and solar
toys. Because of demand from the intemational marketand the
labour-intensive nature of the industry, meny PV appliance
manufacturers have become established in the Zhujiang Delta
and coastal regions suchasFujian and Zhejiang. China has row
become the largest producer of Pvypowered products in - the
worid.

At the end of 2006, the city of Beljing started its “lighting-
up Programme”, encouraging solar street lights in the
oconstruction of new rural developments. Beijing Municipal
Sdence & Tednology Commission has also bundhed a “Solar
lighting in 100 Villages” Project. This has invested 250
million yuan in 13 courties and districts in the rural area of
Beijng and installed nearly 40,000 lights. The project lasts for
three years. Encouraged by these projects, mery compenies
have moved into solar PV product manufadture. It is estimated
that there are now at least 200 companies involved in the
manufacture of solar street lamps, lawn lamps and other
products. With almost no solar PV product manufacturing in
other countries, Chinaexqorts a high proportion of its output.

PV power generation wes limited before 2000, and there
were only a few manufacturers, located in the northanest of the
ocourtry, with household PV systens as their main products.
Since the inception of a “China Brightness Programime”” by the
State Planning and Reform Commission, haosting companies
wereestablished in several westem provinces, including

Status of China’s Solar PV Market and Production

Xinjiang, gansu, Qinghai and Inner Mongolia. This hes gpered
Up a potentially prosperous future for PV poaer generation.
Moreover, PV’s credentials as an environmentally friendly
and fuel saving energy source are being encouraged by the
govemnment Several large companies have entered the market
successfully and China has now almost achieved a world dass
levelin technical PV systemintegration.

438 Statusof PV productexqorts

In 20086, of the 370 MW of solar PV cell modules produced,
only 10 MWp wes consumed domestically, with the rest
exported.

up to 2003, the main export products have been solar
lamps and calculators. The former indudes lawvn lamps,
yard lamps, street lamps and signal lamps for highways. The
main manufacturers are located in guangdong and Zhejiang
regions, indluding the Sherzhen Jiavwei and Sherzhen xianxing
companies. Their annual tumover is about are billion yuan.
Recently, more and maore companies are dbtaining intemational
certification andentering thewworld market.

439 Statusofthinfilm solar cell industry

There are currently three types of thin film solar cells -
silicon thin film solar cells, compound thin film solar cells and
dye-sensitized photoelectrochemical cells. Silicon thin film
is further sub-dvided into amomphous silicon thin film,
microcrystalline silicon thin film and polycrystalline silicon
thin film.

At present, thin film cells take a small percentage of the
total world cell production market; honever, they represent the
clear route forward to high-efficiency cells. The application of
multi-films and multi-p-n junction structure film cells
would enable a solar-electric conversion rate of 40%650%%.
According o the Fhg-ISE theary, a thin film cell with five pn
junctions could achieve a theoretical efficiency of 5724 Amag
all the types of thin film cells, silicon cells have the unique
properties of abundant ravw material availability and a non-
poisonous, nonHpoliuting lifecycle which encourages sustainable
development
Since the 1980s, when research wes conducted into amaphous
silicon materials and solar cells, R&D has attached great
importance to the potential for thin film.
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China’s Solar Valley: Baoding

China-Baoding Tianwei yingli new Energy Resources Co. Itd, located in the City of Baoding, designs, manufactures and sells PV
modules, and designs, assembles, sells and installs both gid-connnected and stand-alone PV systems. yingli is one of the largest
manufacturers of PV products in China, as measured by production capaciy, with an annual capacity of 200 MWp of polysilicon ingots
andwafers, 200 MWp of PV cells and 200 MWp of PV modules (as of July 2007). The company has a sales income of 2,000,000,000
yuan andaprofit of 320,000,000 yuan.

In June 2007 yingli completed an initial public offering on the new york Stock Exchange. It is currently undergoing a new phese of
expansion, with the plan to increase its capaciy to 400 MWp by 2008 and 600 MWp by 2010. yingli has completed various large
projects in Europe and China over the past few years, including the China national Brightness Project in 2002. It cooperated with Solar-
Energiedach gmbh n | in the design and installation of a 1 MWp PV system covering the roof of the Kaiseslautem soccer stadiumin
gemany, ore of the 2006 FIFA World Cup venues. At the end of 2006, yingli sgned a42 MWp contract with Acciona Energy to help
build the world’s largest solar plantin Moah, Portugal.
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5.1 Solar Resource in China
Chinais rich in solar resource. Inthe period 1971-2000, total radiation ranges from 1050-2450 R\VYm?; areawith the radiiation of over
1050 RAHmPacoounts for more than 9626, Total radiation received onland is equial t0 1.7 trillion tonsof coal. ®

FIguRE 15SOIAR ENnERgy RESOURCE DISTRIBUTION In ChInA

TABIE 14SOIAR EnERgy RESOURCE DISTRIBUTIONZONES In ChInA

Annual solar radiation Shareofthe
Colour Zore RAYITY rafional total 26 Area
Most abundant I >1,750 174 Tibet, south Xlnjllang, Qnghmii(;a'm, and West
North Xinjiang, Northeast China, EastInner
Mongolia, Huabei, North Jiangsu, Huangtu Plateau,
Veysoudat | 11 1400~-1,750 a7 EastQinghai and Gansu, West Sichuan, Hengduan
Mountain, Fujian, South Guangdong, and Hainan
1 1,050~1,400 363 Hill areasin Southeast, Hanshw river basin, West
nomal I\ <1,050 36 Sichuanand Guizhou
ote: Zones a a000 or norethan 832cof the total.

@ Li Junfeng, Review on

China’ s Solar PV Market, Chinese

Environment Press, 1999.



Chinais rich in solar energy resource. The average daily
radiationin mostareas exceeds4 KA mPandis 7 RMWVI?

at the highestareas of Tibet. Compared withother countriesat
the sae latitude, China hes a similar solar energy resource to
the uS and much better than Japan and Europe. As doanin
Table 14, Zones 1, 2 and 3 cover two thirds of the total area. of
the country, with an annual solar radiation above 5000 MV
nmPand sunlight time of over 2,000 hours. In Zones 1 and 2
especially, which indude remote areas of northrnest China. with
Jpoor transportation, there are not mery inhabitants, well soreed
out, and with a subsistence econamy. Their rich solar energy
resources can therefore be fully utilised to generate pover to
develop thelocal economy andimprove living standards.

5.2 Potential Capacity of China’s PV
Power MarketandRural
Electrification

5.2.1 Rural electrification

By 2005, there were 2.7 million Chinese houssholds (about 11
million Chinese pecple) wo did not heve aooess 1o electricity.
Electricity supply for 2 million of these households would be
solved through grid extension, small hydro and migration.
The rest of 700,000 households would be supplied with
electricity through solar PV and PV-wind hybrid systers.
given the poverty line (200W/household, and annual electricity
consumption of 200 KWV. hhousahold), it is forecast that the
installed capacity would be 140 MWp with an investment of 10
billion RMB. given the standard of cities in remote aress
(@annual electricity consumption of 1000 KW.  h/househald),
thentheinstalled capacity could reach 700MWp.

Development Potential of PV
Power generation in China

Township Electrification Programme

In 2002 nDRC launched aproject to make electricity avaiable in
the countryside. By the end of 2005, 721 sets of wind- solar
PV power stations had been completed in West China, providing
electricity to 300,000 households, or 1,300,000 people. The
investment required was 1,600,000,000 yuan to provide an
installed capacityof 15,537 kWp.

The project is the world’s largest rural electrification project
using solar PV and wind-solar combined, and has so far
operated well. N DRC is now organising discussion of follow- up
measures to maintain its long-term operation, and to clarify and
implement management methods and electricity pricing
mechanisms.

By providing an electricity service to rural areas, the
programme promotes local economic development and
improves living conditions, as well as helping to protect the
local and global environment. It also has positive impacts on
the PV industry in China by boosting both expertse and
capacity building. It has helped build up the solar industry’s
development

1,
~
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522 OngndPV sysiarsin Buildings

At present about 83%6 of the solar cells in the world are used in
grid-connected poner systerms, mainly on-grid PV systenrs in
cities. In China, such tednology is still at a relatively early
stage. It is expedcted that the building of rooftop projects will
start in China before 2010, and the installed capacity will
reach 50 MWp by then. It is also exqpedcted that there will be on-
grid PV projectsona larger scale before 2020, andthe
cumulative total installed capacity will by then reach 700
MWhp. Itis forecast that the market share for the systemwill be
21%of the total domesticPV marketlby 2010 and 33%/doy 2020.

The aurrent floor area of buildings in China is about 40,000
million M2, and the area of building rooftops is about 4,000
million M2 When south-facing facades are also induded, the
area inaresses to 5,000 million m2. If 26 of this area can be
usedfor solar cells, theinstalled capacitywouldbe 100gWp.

Several cities and busnesses heve started trials of on-grid PV
system in buildings. The city of Sherzhen (see box) hes
completed the largest grid-oonnected solar PV syslem in Asia,
with an installed capacity of 1 MWp. Other cities, incdluding
Shanghai, Beijing, nanjing, Wuxi, Baoding and Dezhou, heve
alsoinitiated on-grid PV projects.

under the Renewable Energy law, the initial capital
investment in on-grid PV systens hes to be paid for by the
developers. The poner is then sold to electricity companies. A
feedHn tariff price is determined acoording to the principle of
“‘oosts plus reasonable profits”. To accomplish the target,
appropriate feedHn tariff policies are vital. Only if sudh polides
are properly carried outwill the barrier of the high cost of on-
grid PV system be effectively eliminated and the market
enlarged further.

grid-connected system in Flower Exhibition

Park, Shenzhen

This 1 MWp power station was financed jointly by the
Shenzhen local govemment and Beijing Kenuoweiye Compary. It
was completed in August 2004 for a total investment of
66,000,000 yuan. This was the first gid-connected solar PV
power station in China, and the biggest in Asia at that time. It
wasamilestone for Chinese solarPV.

The power station is integrated into the building and
connected directly to the transmission grid. The total installed
capaciy of 1,000.322 kWp can generate 1,000,000 kwWh of
electricity annually, which is equal to the electricity produced by
384 tonnes of coal. It annually avoids the emission of 4.8 tonnes
of dust, 101 tonnes of waste, 170 tonnes of carbon dioxide and
7.68 tonnes of SO, . With the solar PV power station, the
Park saves an annual 666,400 yuan on its electricity bill.
Over its lifetime of 20 years, the power station could generate
19,600,000 kWh of electricity, avoiding the expenditure of
13,330,000 yuan.
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plants
The biggest potential solar PV market is large-scale desert
powner plants in the desert. The area of desert, desertified
land and potentially desertified land in China amounts to
2,500,000 km?, accounting for a quarter of the total land
mess. using current tedhnology, 196 of this could be used t©
install 2,500 gWp of solar power plants, generating 3,000
TWhofelectricity annually, equal to the current annual output in
China.

large-scale PV (IS-PV) desartponer

Based on the current potential and policy in China, it is
feasible to develop a demonstration IS-PV powner station
before 2010. The selection of a desert area shouid ke besed on
the following criteria: the area is not o far anay from the
main grid (within 50 km) in order to reduce the need for rew
transmission lines; the main grid hes sufficent capacity 1
transmit the poner from the IS-PV poner station without
reconstruction; it is not too far anay from a poner demard
aentre (Within 100 km) so as to reduce transmission loss; and  if
there is no poner load centre nearby, there should be large scale
hydropower capadity o as to carsume the poner from the IS-
PV ponerstationfor purped storage.

According to the Mid-long Term Development Plan of
Renewable Energy of the national Development & Reform
Commission (NDRO), it is expected that there wiill be three to
five desert power plants with an installed capacity of 1-10
MWp operating before 2010, with a total capacity of 20
MWp, in order to test the technology and its economic
feasibility. I1S-PV desert poner plants will be further promoted
from 2010-2020, and by 2020 the cumulative total installed
capacity in the desertis estimated to be200MWp.

Most of the desertified areas are located in the north-
westpart of China, with an abundant solar energy resource. The
annual total radiation is over 1,600 KV In somre north-
west deserts, the anuual radiation even reaches more  than
2,300 KWh/m2, which is considered to ke the richest solar
resource in the world. The desert provides indefinite
develogoment spece for PV poner generation, which nesck little
water. Marny desertareasare near to transmissionlines and

Development Potential of PV
Power generation in China

pownerload centreswhich heve excellent potential for tourism. 1t
is suggested that these areas should be utilised as  the
starting point for IS-PV powerstations.

With the develgoment of electricity transmission and poner
storage technologies, large areas of desert will definitely
become the future poner bese. If only 1260f the desartarea is
used o install solar cells, the total capacity vwould be 1,000
WP, which is abaut twice the current installed poner capacity
in China. IS-PV power generation would enjoy the same  grid
tariff policy as on-grid PV system in buildings. Terrestrial grid-
aonnected PV poner plants therefore have brilliant prospects in
China.

Desert power station, yangbajing, Tibet

The grid-connected solar PV power station in the desert at
yangbajing, Tibet was completed in August 2005. With an
installed capacity of 100 kWp this is the highest grid-
connecied PV power stattion in the world andiis also China’s first
PV power station to be connected directly to the high voltage
transmission grid. It marked the establishement of a renewable
enegy centre in Tibet which will camy out research into
inverters and safety control technology. It will also provide
technical supportto renewable energy developmentin China.

1,
~
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5.3 Development potential of other
PV markets

The commerdial use of PV refers to those weses of PV without
subsdies from the govermment, induding telecommunications,
industrial uses and solar PV produdts. By the end of 2006, this
category of solar PV use hed readhed a cumulative installed
capacity of 43 MW, accounting for 53.8%6 of the total
aumulative installed capacity.

There hesbeensteedy demardfor telecoms and industrial
uses of solar PV; in the most recent o years this hes Soan an
increasing trend. It is estimated that the annual installed
capacity in this category will reach about 5-10 MWp by 2010
and 15-20 MWp between 2010 and 2020. Total cumulative
installed capacity should reach 300 MWp by theendof 2020.

Solar appliance production is a mainstay of Chineseindustry,

induding solar street lamps, bwvwn lamps, signal power, solar
ponered vehides, solar ponered yadts, solar toys, indication
boards with IED, advertising boards, transportation signals and
city cameras. It is estimated that there are rno less than 200
businessesinvolved in this areaw By 2010 domesticdemarndwill e
510 MWp ad wiill increase during the period 2010-2020,
reaching a cumulative installed capacity by the end of 2020 of
200 MWp.

As a result of technology improvement and market
development, appliances in new areas and new products wiill
develop rapidly. The fast development of the intemational
solar PV market will also encourage production in China. The
cumulative installed capacity of the commercial PV market is
expected to reach 500 MWp by 2020, with an annual
productionof 30-50MWp.
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6.1 Cost analysis of crystalline solar
cells

Over 80%o0f the total cost of supplying electricity from solar PV
amesfromthe solar cells. Their current high price hes resulted
from a shortage of silicon, temporarily distorting the market
Acoording to the expected nonmal development pattem, solar
electricity will beable to compete with

convertional sourceswithintenyears. Since 83cof the solar
market is aystalline solar cells, we have concentrated here on
analyzing costsfor thistypeof cell.

1N 2006 the price of solar modulesfell from$4.06ANMp to
$360/Mp in the intemational market, compared to the year
before. InChing, the current price for moduesis 32 yuan/AWp. This
ampareswith the price in thefirst half of 2005, whidhwes ashich
as38yen/ W' .
Theoostsfor the various stages of the manufacturing process
areasfollons:

« Polycrystalline Silicon: Market purchase price is
$200-250/kg ($50-60/kg for large and long contract
purchases). Assuming the price is $220/kg, and 9.3g
silicon material will malke a 1 Wp solar cell, then 1 kg
silicon material could make 1075 Wp solar cells,
resulting in 206/ (F047-056/\Wp for large and long
oontract purdhases).

« Solar Wafers (after casting or cutting): $6.0/piecesized
125*125, 2 MpAnader, resulting in 25/\Wp

* Solar Cells: $30-31/M\Wp

= Solar Modules: $36-37/\Wp

Figure 16 shons that the cost of polysilicon material
represents the biggest proportion (56296) of the total cost, and
therefore hes the biggest impact. The current high price of solar
modues is caused by the shortage of polysilicon material. If a
sufficient supply of polysilicon material is resumed, and the
price drops to $50-60/kg (F055/\Wp), the price of solar
modules could fall to $2.2-2.5/\Wp. A reasonable system
price is below$aAp.

FIQURE 16 PERCENTAQE COST OFEACh STAQE In ThE MANUFACTURINg PROCESS

[ silicon

| Vefer
silicon [ cell
62076 [] modde

TABIE 15PRICES FORMANUFACTURINg PROCESSES AnD VAIUE ADDED INn2007

Process Polyc_rystalline Wafers Cells Modules
silicon
Salesprice /#W\p 205 25 306 365
Value added/$Mp 045 055 0.60
Percentage of total
st /% 56.16 1233 1507 1644

@ Wang Sicheng etc., Research on China’ s PV Technology and Industrial Development,

July 2007.
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6.2 Deciding factors of electricity price

Theinfluential factors of electric price are initial investment, electricity generation, lifetime, financial fees and operation costs.

621 Inital nvestment
IN2006, treinitial nvestmentforaPV systenwesaround 50,000 yuan ZRAp.

TABIE 16 INITIAI INVESTMENT FOR 1 KW gRID-CONnECTED SOIAR PV

Component/process Investment/10*yuan Percentage /%6
Feasibility Study 010 20
Project design 0.10 20
Solar modules(induding mounts) 330 66.0
Inverters 050 100
Transformer, ponermonitoringandcables 050 100
Component transportation 008 16
Installation adjustment 018 36
Feedin gridtest 008 16
Taxandother costs 0.16 32
Total 500 100

FIQuRE 17 COST BREAKDOWN OF gRID-CONNECTED PVSYSTEM

2.0%
3.20% ” 0% [ Feasibility study
1.6 % [ Projectdesion

3.6% [] Solar Modules
1.6%

] Inverters
10.0%

Il Otherappliances
10.0% W Cormponentstransportation
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6.22 Estimated PonerOutputof Different

PV Systems

[2007

Theoperatingefficiency of different systemscan beassessedas

follows:

1) System efficiency

« Stand alone PV systens can be installed at the correct

angle, facing south, so the system efficiency is about

6306 (battery efficiency 9526, voltage coefficient 85%%6,
inverter efficiency 9026 and other efficiencies 9426).
The investment cost in 2006 wes 70,000 yuarnvkKWp,

decreasing by 2annually.

- Ongrid PV ssem is limited by the installation angle so

* |S-PV can avoid losses from an incorrect angle, but a

transformer is needed and the desert arealis dustier then in
towrs. System efficency is about 826 (inverter 9524,
transformer 98%6 and others 892/6). The investment aost in
2006 wes about 50,000 yuarvKWp, decreasing by 26
annually.

3) Average annual usable hours for different PV
systems

Analysis of the annual usable hours in the 26 provinces,
autonomous regions and municipalities directly administered

by China’s central govemment dons the folloning results (not

system efficiency is abbout 74%6 (inverter 9526, loss due to
the incorect angle 1526, other effidencies 9226). The
investment cost in 2006 wes about 50,000 yuarnvKWp,
decreasing by 153cannually.

2) Solar resources and annual usable hours

induding thefour regionswiththeworstsolar resource).

TABIE 17uSABIE hOuURS In DIFFERENT AREAS OF ChInA

Area Annualsurshinehours Daily sunshinehours
north west(9 provinoes) 18284 501
East (17 provinces) 14964 410
Central andsouth (4 provinces) 12045 330
Average 15571 427

TABIE 18nATIONAI AVERAGE OFUSABIE hOuRS FORDIFFERENT PV SySTEMS

Contert Nn;alusablernurs_for Annual usable hours for Annual usable hours for
Stand Alone PV Stations BIPB IS-PV
Annual Maxadmum 16683 1,815.5 19627
Annual Minimum 896.5 975.6 1,054.7
Annual Average 10957 1,192.4 12891

Note: Annual usable hours = annual sunshine hours X system efficiency

According to the abovetable, the national average of efficiently usableannual hours for differentsystemsare:

Stand Alone PV Stations: 1,100 hours

Ongrid PV systemin Buildings: 1,200 hours

IS-PV: 1,300 hours



6.23 E sti matesofoperati onand
Mmaintenance costs

Operating and maintenance costs include repair costs,
deprediation, salaries and benefits and other miscellaneous
costs.

Annual operation and maintenance costs

rate of operationand maintenance.

The PV station doesn't consume fuel and a grid-connected
system is not complicated. Moreover, we can assune that the
operation and maintenance rate is 02%6. An IS-PV is similar,
withanassumedrate of02%%6.

Annual salary and welfare, insurance and other
operational costs

A grid-connected system only needs part-time marnagement.
This is assumed to represent 0826 of the initial investment. The
work demended by anIS-PV grid-connected PV system is also
comparatively low, but it still neecs mamagement by
specialists. This is assumed to represent 08% of the initial
cost

Repairs and overhaul

Solar cells can last for 20-30 years, sothey donotneed to ke
replaced during their lifetime. A grid-conneded PV poner
systemdoesntinvolve a storage battery, but theinverter needs to
e replaced once during its life. Replacement cost is the sare
as for the initial inverter, whidh acoounts for 8%6-126 of the
total investment.

Depreciation

Depreciation is the original value of the fixed asset multiplied by

the depreciation rate. 836 of the initial investment is
assumedto bethe fixed assetand the depredation periodis 20

Analysis of PV Poner generation Costs

years, with an annual depredation rate of 3%a Depredation of
the fixed asset is subtracted and used as a wwrite-off against the
loan’scompourd interest.

6.2.4 Fscal oosts

It is assumed that 70%6 of the initial cost is through a loan, the
restis self-financed. loan interest over a period of 20 years hes
1o be financed at an annual interest rate of 612%%6. Retum on
capital is assumedto be 102 qper year.

6.2.5 Tax

Income tax is not payable. Value added tax is paid at a rate of
6%%. urban construction tax is 3¥6 of the value added tax and
additional tax for education is 3¥wof the value addedtax.

6. Factorsaffecting PV costreductions
« Technologicalinnovations andimprovements
- Inaressing the performance ratio of PV
- Bxtensionof PV systensllifetime

* Boonomies of scale

6.3 Estimate and forward projection
of solar electric costs

The cost of generating solarelectricity is calculated as follons:
Electricity tariff (uan/kRiWh) = (@annual capital benefit +
annual loan paybadk + average annual interest+

I o

—+ annual operation cost)/electric generated.

According to intemational estimates, the initial Nvestment
will decrease at an annual rate of 1024 Table 19 dons the
current cost for solar electricity and future projections up to
2020.




TABIE 19gRID-CONNECTED EIECTRICITy COSTESTIMATES

Cost element 2006 2010 2015 2020
Initial investmentper KA 50,000 32805 19371 11,438
Self-funding @0%6) 15,000 9842 5811 3,432
loan (70%6) 35,000 22964 13560 8,007
loan payback 1,750 1148 678 400
loan interest (20 yearaverage) 1125 738 436 257
Deprediation (20 years) 2,000 1312 77 458
Compensation for loan andinterest -2,000 1,312 775 458
Operation andmeirterance (196) 500 328 194 114
Systemreplacament (05%6) 250 164 a7 57
Capital benefits (1026) 1,500 9 581 43
Eletricitycnstindudingtz;x&rd benefits 5D — B oy
Eletricity costindudingtaxandbenefits
Gen/kih)
1,000 hours 55 36 21 13
1,100 hours 50 33 19 11
1,200 hours 46 30 18 10
1,300 hours a2 28 16 10
1,400 hours 39 26 15 09
1,500 hours 37 24 14 08

6.4 Comparison with conventional
electricity costs

China’s conventional electricity prices are currently
verylow,@)tut@mdtoﬁse over the next 14 years. The
increasing trend is doan in Table 20. Together with an
anticipated rise in the PV payment tariff, it is equected that PV
electricity will be able to compete with converttional poner by
around 2030.

however, it should be pointed out that the price for
conventional electricity doesnotreflect theactual production

TABIE 20TARIFFFORCONVENTIONAIEIECTRICITY

oosts. In China, coal hes been variously subsidized for mary
years. unless financial support for renewable energy sources
such as PV is offered aon a similar basis, such a comparison is
unfair.

The external costs to sodety resulting from buming fossil
fuels are also not induded in current electricity prices. These
oosts have both a local and a global component; the former
refers  air pollution such as acid rain and dust, the latter
relates to the consequences of climate change. There is
uncertainty, however, about the magnitude of such costs, and
theyaredifficult to identify.

2010 2015 2020

Averageelectricity tariff Guen/ikN\h) 0310

0.349 0404 0469

Annualincreaserate

3%

@ Wang Wenjing, Wang Sicheng, etc., Estimation of Classified PV Electric Price , WWF research

report, 2005.
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7.1 Foreign experience

According to Energy Revolution solar PV will be able to
generate 1.6%6 of total global electricity by 2020, 8126 by
2040 (depending on overall electricity consumption), and
109% after 2050.” Europe is the leader and driving force in
renewable energy development, with an annual gronth rate of
over 2/dooth in the renewable energy marketandin the
industry.

Therelevant policies adopted in genmany, the united
States and Japan, that is, national roadmap, pricing policy,
financial subsidy, tax credit, loan subsidy, and exportation
encouragement, have helped to nake them leaders in PV
developmentworidwide.

711 gemany

Many Buropean countries, such as genmary and Spain, have
adopted a feed-in-tariff for the payment of renenable energy
generators. The german Renewable Energy law stipulates
that the main transmission grid companies (utilities) must
purdhase the output from renewvalde energy generating stations
at a premium price set by the govermment. grid compeanies are
abliged to pudhese all the electricity generated by reneneble
energy and pay the minlmum grid compensation tariff, which isa
fixed price over a specific time period. For PV this is 20 years
plus the installation period. The electricity price for a newly
built poner plant is then subjedt to a gradual percentage
reduction. For PV this is a B¥ereductioneach year. Theextra cost
of supporting renevvable energy compared to the price

paid to convertional generators is shared across all electricity
aonsUMeErs.

In gemany the price paid varies according to the type of
renewable energy. This is intended to reflect their relative
level of tedhnology development, thus encouraging a range of
renewable technologies to reach commerdial utilization. For
PV poner generation the price is 37.97—-54.21 Euro cants/
KWh. A similar medhanism is now operating in almaost 40
other countries. Inaddition, the genman bank KFW hes setup a
spedal fund for renenable enargy nvestment which aims to
facilitate the finance of renewalbleenergyprojects.

= The main feature of the Renevwweble Energy lavv introduced

in 2000 in gemmarny is the feed-in-tariff. Parts of the law
whidhrelate to PV are:

= Public utilities are obliged to purchase all the grid-

comneded electricity generated by PV at a price of 50.6
Euro eenis/Kwh

= Thefixed price is effective for 20 years
« There is a gradual peroentage reduction for newly built
ponerplants PV = 5208
= The additional cost of the tariff is shared by the four
transmission grid companies across all electricity
QoNsUMErS.
The genman Renewable Energy law wes revised in 2004,
with a differentiation mecke for different types of PV poner
generation,assonnin Table 21.

TABIE 21 gERMAN gRID-CONNECTED PV TARRIF In 2007

grid-connected systens Electricity price / Euro cents / kWh
2004 First 30KWp 30to 100KWp Above 100 KWp
Buildings/sound barriers 4921 4682 46.30
Southvertical surface of +5
building
IS-PV inruralarea 37.96

(D Greenpeace/EWEC, Energy Revolution, 2007.
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Theaooomparnying regulationsfor the RenenableEnergy lavww MWpwithinfiveyears.
allow its provisions to becombined with alowinterest loan. « Total installed capacity in germany hes reached 2,530
loan supportfromthekWhankfor aPV installation is as MWp (end 2006), with an annual market volume in 2006
follows: of approximately 7SOMWp.
* long-term lowinterest loan sutsicised by thegovermment = PV businesses profit from the sale of electricity,
= loan periodof 10, 12, 15, 20 oreven30yearsandwith no developingthePV industry.
repeymenisnecessary for fefirst 2, Sorsyears * The annual price adjustment encourages PV develgament
« Fixed interestrate for at least 10 years alongmerketlines.
It is calaulated that an average each genman housshold only » The bank loan is paidback.

spends about 2.4 Euros annually to cover the extra cost of the
feedHn law for solar PV installations. The resultis that the so-

* Approximately 20,000 jobs have been created in the

photovoltaics industry.
called “100,000 PV Roof Plan” hes been successfully
geman lawcan therefore besummarized as: solar PV boomin germany hesoontinued.

* PV ponergeneration is sucoessfully encouragedwithout
direct financial nvestment from the govermnment.

= Theproject developer gains considerable benefitrom the
saleof electricity.

« Alarge quantity of PV systemshave beeninstalled,
exceeding the planned annual installation rate of 300

FIguRE 18PV INSTAIIED CAPACITy FROM 1990 TO2004 IngERMANY

Development of the German PV-market

1991: Electricity Feed-in Act 2000: Renewable
Right of Energy Sources Act
(1) of grid acocess E=5
(2)feed-in of solar electricity Solar electricity 0 g
3refund paymentat fixed prices feed-in tariff of € 2400 %
(approx. €ct85 [$ct11] per KWh) ct51 perkWh I I c
2200
I I 2000 g
1800 E
1991 - 1995: 1995-1998:  1999- 2003: 2004: I I I
1,000 Roofs Program Consolidation 100,000 Roofs Amendment to BEEG I I I 1600 E
Progr. Feedin tariff of €ct45.7 0 g
Lowinterest Loans€ct624 per KWh I I I =
for 300 MWp I I I 1200 E
I I I 1000
I I I 800
I I I 600
I I I 400
200
e e = B EEEREER

1991 1992 1994 1995 i 1997 Fi 2000 2001 2002 2003 2004 2005 2006

== Totalinstalled PV power in MW,
e Annually installed PV power in MWp P

@ Wang Sicheng etc., Report of the European Solar PV Market, 2006.
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7.1.2 united States

In the united States, The Department of Energy hes announced
ambitious plans and develgpoment peaths for reneneble energies,
including wind, solar and biomass, in order to increase the
share of dean energy. Solar PV poner generation is forecast to
acocount for 15%6 of total increased capacity by 2020, which
wouldbe20 gWp. TheusS is expected to continueto

takealeading role in technology developmentaswell assPV
TenufactLing capacit ®

Thirty states in the uS have passed net metering laws, which
allovww PV poner generation to feed into the grid and thenonly to
be charged for the net amount consumed (the meter can be
reversed). When electricity use is more than electricity
generated by the PV system, the user pays the difference. The
“Buy Down'” policy implemented in Califormia enables direct
subsidy towards the initial investment in solar PV poner
systemswitha paymentof 4 uSHpeak watt.

In February 2007 the Department of Energy issued the SAIL
(Solar America Initiative) 2006-2010 plan, the main features of
whichare:

* Special support to manufacturing processes, products
and research projects that could reduce  costs, improve
efficiency andPV reliability.

« Investment in R&D projects targeted at reducing PV
industryto costsandenlarging production.

« Support for new solar cell companies that have the
potential to transfer from the laboratory to the commercial
stage. With investmentfrom Departmentof Energy,

technical support from NREI (national Renewable Energy
laboratory) and Sandia national laboratory, the new
generation of solar cells will be put on the market after
2011.

« Support for the elimination of non-technical barriers,
including technical standards, technical specification,
product certification andtechnical training.

= Facilitating the establishment of partnerships betiween
povwer companies in the same state to jointly stipulate
regulations and incertive policies and t© accelerate the
promotionof solarenergy use.

* Support for the tedhnology develgoment of solar themnal
poner.

« In 2007, the total solar R&D budget is $148.7 miillion, of
which $139.8 miillion is allocated to PV, with $3.9
million t ke spent an concentrating solar themal poner
generation.

The federal government of the uS has not pessed a specific
law promoating renewable energy. however, more than 20
state govemments have passed  laws which stimulate the
implementation of renevwvableenergy.

Inters of the poner price, some uS states have adopted the
avoided ocost calculation method. The avoidable aosts are
compared to those of conventional energy, therefore different
renevvable tedhnologies receive a different price. Other states
have adopted the net metering measure, which sets the
renevnable energy poner price on the basis of the sale price t©
consumers. This price medhanismis similar to thefixed price
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@ Li Junfeng etc., Report of American Renewable Energy Development, 2006.



feedHn-tariff andhesasimilareffect.

Somestates haveimplementedaquotaor trading system.

The quotasystem requiires energy companies to produce
and sell a certain percerntage of renewable electricity. The

trading system refers to green Certificates, which are issued to
renevvalde energy pover producers and can then be traded, with
the price determined by the market This fully utilizes the
oconcept of market self-regulation and improves the price of
rernevabe energy because the price is thesumof theaverage grid
electricity price plus that of the green Certificate. under this
system, the govermment stipullates the financial penalty for those
aompenies that fail to adhieve their quota, which usually
becomesthe level of renewableenergy povnertransactions.

713 Japen
Japan started implementation of the “‘new Sunshine Project” in
1993, with the aim of accelerating the development and
utilization of PV cells, fuel cells, hydrogen and geothenmal
erergy”The PV target for 2010 is 4.8 gWp. In 1997, the
70,000 Solar PV Roof Plan” wes announced, aiming to
install solar cells with a capacity of 7.6 gWp by 2010. Figure 20
dons the target (red dotted line) under the new Surshine
Project and the actual implementation status (orown solid
line). This sons that programme is ahead of schedule. South
Korea plans to implement a similar “Million Roof Plan”, with
theaim of becoming the third largestcountry for solar PV.

With government policy support, solar PV technologies
started to boomin Japan from 1990 onwards and have

Intemational Experience of Solar PV Policies

maintained a steedy gronth. By 2006, the annual production
capacity of solar cells by Sharp and Kyocera, listed asno.1 ad
no.3 in theworld, anountedto atotal of 614 MWp.

In Japan, a user subsidy policy has been implemented,
which mears that a subsidy is paid towards the capital cost of
installing a PV systemn® This subsidy is subject © dhange
acoording to the level of market development and technical
improvement. There is also an annual reduction from the
original 5326 subsidy to zero over ten years. In 2005, honever,
the subsidy for rooftop PV powner systernrs wes cancelled. In
addition to the subsidy systern, PV poweris allovwed to feed into
the grid on the basis that the poner company purdeses the
poner generated at the same electricity price as paid by the
QoNsUITEY, a situation similar to net metering in the usS. As the
conventional electricity price in Japan can be as high as 24
VR, rooftop enjoys a large market, even without subsidy
for theinitial investment

PV roadmap of Japan also s that the systemn aost of
grid-connected PV will decrease from 44,000 yuarnvKWp in
2005 t 20,000 yuarnvK\Wp in 2020. By 2020, the PV
electricity price will be0.93 yuarvK\Wh; by 2030, it will be
0.47 yuan/KWh. Such price could be quite competitive with
conventional electricity.

The progress that has been maede in the field of PV in
germany, the uS and Japan would not have been possible
without govemment support in terms  of targets, price

FIQURE 20TARQET AnD ACTuAl IMPIEMENTATION OFJAPAN'S NEW SunShInE PIAN
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@ Kazuo Yoshino, The Case of Photovoltaic Development in Japan, 2005.

@ Li Junfeng and Ma Linjuan etc., Report of Solar PV Industry Development, 2007.

N
o<



1 ~

China Solar PV Report /2007

7.2 Forecasts for World Solar PV
Development

721 1EA Forecast

The Intemational Energy Agency (IEA) hes medeanestimate of
the future development of solar PV poner generation. It
forecaststhatworld PV powergeneration will acoount for 126

of total electricity generation by 2020 and 20%doy 2040, as
donninFgure 21.

722 JRC Forecast

According o estimates by the Buropean Commission's Joint
Research Centre, renewable energy will account for over
36 of the total energy mix in 2030, with solar PV power
acoounting for over 10%6. These figures will increase to 536 and
2% respectively by 2040. By the end of this century,
renewable energy will account for over 8026 of the energy mix
and solar poner for over 60%6, according to the JRC,
indicating its potential strategic role, assonnin Table 22.

FIQURE 21 IEA FORECAST OF SOIAR PV POWER gENERATION
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TABIE 22JRC FORECAST OF FUTURE ENnERgy DEVEIOPMENT

Proportion of theenergymix /%6
2050 2100
Renawable energy 52 86
Solar energy (induding solar thermaluss) 28 67
Solar pa/\e*gereram@ldng solarthermal 4 64

723 EPIA Forecast

The European Photovaitaic IndLstry Assodation estimates” that
the world solar PV module industry wiill reach a production
outputof 28 g\Wp by 2020 under its Moderate (M) scenario and
44 gWp under an Advanced (A) scenario. Total PV installed
capecity will reach 170 (M) and 240 (A) gWp, with 225 (M) ard
320 (A) TWhof electricity generated, acoounting for 1 (M) and2
(A Yoof global electricity supply. A PV module will by then aost
$1/Wp. By 2040, PV electricity output will reach 6400 TWh
ardaooountfor 20 (M) and 28 (A) %oof the world total.

(@ EPIA/Greenpeace, Solar Generation IV, 2007.

Insummary,a highlevel of consistency canbe seenbetneen the
different estimates for renewable energy development ad
future PV poner generation, evdence of both a scentific
arserss and reliability in the projections. These projections
showthe urgency of replacing fossil fuels with renewable
energy andthestrategic role that PV ponergenerationcan
play in the future.
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8.1 Current Policy Framework

The main policy framework for renewable energy in China
includes the national development plans and the Renewable
Energy law. Development plans for solar PV are contained in
both the 11"5-year-Plan and the Mid-toHong-tenm Reneweble
Energy Development Plan. In addition, solar PV is able to
mekea hugecontribution tonards poverty alleviation and the
universal availability of energysenvices.

1. Subsidies for PV in Rural Areas

Based onthe principle of providing universal energy services, the
Chinese govermment subsidies the develgpment of solar PV in
remote rural aress in order to seaure an electricity supply. The
subsidies take the form of project subsidies, user subsidies and
oconstruction assistance. The funding mainly comes from  the
central govemment budget, local govermment budget and
intemational aid. Over the past ten years, the Chinese
govemmenthasintroduced manysuchinitiatives, induding:

* From 1996 to 2000, more than ten solar PV power
systems were built in Tibet to provide electricity for
villages without aooess to the grid. The poner produced by
PV covered lighting and other basic residential electricity
UsES.

* In 1997, the govemment introduced the “Bright Project™,
which started with pilot projects in Qinghai, xinjiang,
Inner Mongolia and other provinces. This initiative
supported the use of solar PV to provide domestic
electricity for pessants and herdsmen. Funding came from
intemational aid and the local govermment budget. The
project distributed solar PV devices to schools, hospitals
andlocal people.

= With the help of the global Environment Fund, the
Chinese govemment implemented the Renewable Energy
Development Programme through the World Bank. The
Programme wes  designed mainly to promote household
solar PV systens in the nine provinaes of Westem China,
induding Inner Mongolia, Tibet, Qinghai, gansu, Xinjiang,
Shaari, yunnan, ningxia andthewestpart of Sichuan.

* Fom 2002 to 2004, the Chinese govemment initiated the
Tonrshp Electrification Programme, which mainly used
solar PV. The Programme received 2 billion RMB from
central govemment and 1 billion from local govermment.
Electricity supply wes introduced to over 700 villages,
representing more than 200,000 households and about 1
million peaple.

There have also been meny other initiatives by provincial
govermments to subsidise the use of solar PV for peasants and
herdamen. In Xxinjiang and Qinghai, for example, every
installation of solar PV ocould receive betineen 100 and 200
RMB in sUbsidly.

The abowve initiatives have helped maintain a domestic
market for solar PV and laid doan good foundations for future
development

2. R&D Support Schemes

Thegovemmenthasalso provided various support sshemesfor
the researchanddevelopmentof solar PV. These indlude:

= Basic R&D SupportScheme, also kmonnas 973 Sdheme
This supports future solar PV technologies, including
backing for the technical and theoretical develqoment of
thin-film anddyesensitissdsolarcells.

= high-tech R&D Support Scheme, also knonnas863
Sdheme

This supports solar PV technologies which are about to
become commercialised, including basic equipment ad
materials for solar power, cadmium telluride, copper
indium genmanium selenium and thin film silicon solar
cells.

* KeyR&D Support Scheme, changedto Pillar R&D
SupportSdhemein 2006

under the 6" 5year-Plan, the govemment hes mace key
solar PV technologies part of the Pillar R&D Support
Scherme, which hes helped lay doan the foundations for
commerdialisation of solar PV in Chinau
« Commerdialisation SupportScherme
This scherme provides funding for the development of
solar industries. Among the recipients have been solar PV
manufacturers, induding Wuxd Suntech, Baoding yingli green
Energy, Changzhou Trina Solar and xinjiang new Energy, and
silicon manufacturers induding Sichuan xinguang Silicon and
luoyang Siliconhigh-Tech.
3. Pilot Projects

Pilot projects are also an important means of promoting
solar PV and support the industry technically and financially.
More than 1 million household PV systems, more than 1,000
village PV powner stations, over 100 grid-connected roof PV
systems and are large 100 KW grid-connected desert poner
station have been installed. All of these pilot projects heve
acoumulated valuable exerience for the development of solar
PV in China.
local authorities are encouraged to carry outtheir oan

solar PV pilot projects. Solar Road lighting and Solar Roof
programmes have been implemented in Shanghai, Beijing,
nanjing, Sherzhen and other cities. Mega everts such as the
Beijing Olympics and the Shanghai Expo also try to promote
solar PV by installing it in various venues. Same cities such as
Dezhou in Shendong Province and Baoding in hebei Province
are trying to build a Solar City. good exarmples of local
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initiatives include:
« Shanghai's 100,000 Solar PV Roof Plan’”: Shanghai
plans to build 100,000 Solar PV an roofs in the five years
from 2006 to 2010, with an estimated total installed
capacity of 400 MWp.

» Beijing’s “Solar Roed lighting Project””: Beijing plans to
supply roed lighting with solar PV power in rural streets
and somemain roads using govemmentfunding. Solar PV
is also being installed in someofthe Olympic verues.

» Jiangsu’s “Solar PV Promoting Plan”: The Jiangsu
provincial goverment plans to install solar PV at same
ainports andin landmark buildings in variousccities.

* Desert PV Station: The Ministry of Science and
Tedhnology hes arranged specific funding to build four
pilot projects of desert PV stations in gansu, Tibet,

To combine the central govemment’s vision with local

govemmentinitiative is very helpful for the rapid develogament of
PV tedhnologyandthe creationof adomesticPV market.

814 DewdopmentPlansandgoals
Renewable energy power generation is scheduled to play an
important role in the development of energy in China. For the
first time, planned targets for electric poaer generation using
renevvable erergy sources have been induded in China’s Five-
year Plan (2006-2010), as well as in the medium-todong-
term plans. This reflects the commitment of the govermment to
promote and direct these technologies. The expected
development of renewable under the plans can be ssen in Table
23"

Table 23 dons that solar PV power generation will play a
significant role in China’s future energy supply. Acocording to the
present plan, total PV poner installations will reach 300 MWp
by 2010, 1.8 gWp by 2020 and 1,000 gWip by 2050. According
1o forecasts mece by the Chinese Electric Power Research
Institute , renevwable energy installations will acocount for 336of
total electric poner capacity in China by 2050, of which PV
installationswill account for 2a

TABIE 23DEVEIOPMENT PIAN (UP TO2020) AnD FORECASTS (UP TO2050) FORRENEWABIE

EnERgy POWERQENERATION INChINA

Year 2004 2010 2020 2030 2050
Installed capacity /gW 34 50 75 100 200
Small £
hydropo | annualproduction /TwWh 100 1545 230 320 640
wer
Installed capacity /gW 076 5 30 100 400
Wind
Annual production /TWh 114 105 69 230 920
Installed capacity /gW 2 55 20 50 100
Biomass
Annual production /TWh 518 212 83.5 225 500
Installed capacity /0Wp 0.065 03 18 10 100
PV
Annual production /TWh 0.078 042 2.16 14 150
ReieE m% mta"*'“’}g?““" 65@3) 10(2) 16(8) 20(146) 30(225)

*note : using 1 KWh=350gcoal equivalert, large-scale hydroponer notincluded.

@ Wang Sichen and Hu Xuehao etc., Study of the Mid-to—-long—term Strategic Plan of Chinese Energy

Development, 2007.
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8.2 2006 Renewable Energy Law

The Renewable Energy law of the People’s Republic of China
wesauthorized andestablished by the Standing Commitiee of the
national People’s Congress on February 28, 2005, and hes been
in effect since January 1, 2006. Articles related to PV poner
areasfollons:

8.2.1 Articles Related to grid-Connected
PV PonerSystens

Avrticle 14: grid companies shall enter into grid connection
agreements with renewable power generation enterprises
that have legally dbtained an administrative license or for
which filing hes been made, and buy the grid-connected poner
produced from renewable energy within the coverage of their
power grid, and provide grid-connection services for the
generation of ponerfrom renewable energy.

Article 19: The grid poaer price for renevwable energy poner
generation projects shall be determined by the price authorities of
the State Council according to the principle of being
“beneficial to the development and utilization of renewable
energy and being economic and reasonable”, and timely
adjiustment shall be mede aon the basis of the development of
technology for the development and utilisation of reneweble
energy. The price for grid-connected ponershall bepublicised.

Avrticle 20: The difference between the cost for power grid
enterprises to purchase renewable poner on the basis of the
price determined in Article 19 and the cost incurred  in the
purchase of average price power generated by
conventional energy shall be induded in the selling price. The
price authorities of the State Council shall prepare  specific
medchanisTsto give effect to theseprovisions.

8.2.2 Articles Related to Off-grid PV
Power Systens

Article 15: The govermment supports the construction of
independentrenevalde poner systarsin arees notaovered by the

powner grid to provide a poner service for local industry and
households.

Avrticle 22: For poner generated from indgpendent renewable
energy poner systens which the government hes invested in or
subsidized, the dassified selling price of the sameareashall be
adopted and the excess betvween the reesonable operational and
maintenance expersesand the selling price shall beshared onthe
basis of the methodspedifiedin Article 20.

823 Inpl ementi ngRul esfor the
RenanableEnergy law

Thenational Developmentand Reform Commission (NDRC)

of the People’s Republic of China published Provisional
Administrative Measures on Pricing and Cost Sharing for
Rerewable Energy Poner generation on January 4, 2006. The
articles relevant to PV ponergeneration are asfollons:

Avrticle 9: The govemment fixed price applies to solar, wae
and geathenmal poner generation projects. The price shall be
determined by the price authorities of the Statte Council besed on
the principle of“‘reasonable aosts plus reasonable profits”.

Article 12: The incremental cost of 1) the feedHn tariff for

renewvable energy povner generation over the yardstick feed- in
tariff for desulphurised coal-fired poner generatingunits,
2) operational and maintenance  costs for state-invested or
subsidied central stand-alone poner systenrs from renevvable
energy over the average electricity sales price of the local
provincial grid, and 3) the grid connection aosts for reneweble
enargy poner generation projects, shall be settled via a tariff
surdharge levied onelectricity end-users.

4 Difficulties with implementing the
RenenableEnergy law

Framthe abovelawand regulations, wecan seethat

® Both building-integrated PV systems and large-scale
desert PV poner plants will be subject to the “feedHin
tariff” policy. This mears that develgpers will pay for the
initial investment in the poner generation system, and will
then dbtain revenue by selling the electricity generated.
Electricity companies are expected to purchase PV-
generated electricity at a reasonable feedHn tariff price
(reasonable aosts plus reesonaldle profits).

« For off-grid central PV poner plants in villages, the initial
investment will be paid by the govemment (household
systems are not induded), and the portion of the cost of
Subsequent operation and maintenance that exceeds the
revenue from electricity fees (induding the cost of
renewing the storage batteries) will beapportioned to the
nationwide electricity network by increasing the
electricity tariff.

« End-users, whether grid-connected or off-grid, will pay
for their electricity acoording o the “same network, same
price” principle: in other words, the electricity tariff paid
by PV poner users will be the same as the electricity
et paid by grid-connected ponerusersin the same

however, there still exist meny difficulties in implementing the
suppart policies for solar PV. Firstly, for grid-connected PV, a
dazen PV poner systenrs have been installed, with capacities
ranging from several KAp up to 1 MWp. honever, innocase hes
a feedHn tariff, calculated according 1o “Yeasonable costs

plus reasonable profits™, been implemented and o PV poner
systemheas as yet been permiitted by grid companies toconnect



tothegrid. no project hasasyetbeenbuitt by developers for

The Renewable Energy law is proving moredifficult to
exeaute for PV than for wind power. Wind ponersysters heve
been built by developers to gain profits for many years (without
needing investment by the state), poner companies have
aocepted thisand haveaccordingly exeauted the““tariff” policy.

For off-grid PV, although the Renewable Energy law
and regulations have mecke it clear that the cost should be
apportioned across the whole network for the  subsequent
operation and maintenance of PV plants (more than 720) that
were built under the Tomnship Electrification Programme,
the transfer of these poner plants hes not yet been completed.
Although the warranty period of three years has expired,
maintenance is still being carried out by the constructors
(systemintegration enterprises). Theannual maintenance cost is
about yuan 4,000 per K\p, ad these outlays have not been
settled 50 far. A mednaniam neads t© be urgently developed to
incorporate the renewable electricity tariff into the national
electricity network so the acoumulated funds can be used for the
operation and maintenance of rural PV plants according to the
principle of the Renewable Energy law. Otherwse these plants,
which were built with an ilnvestment of several thousand million
yuan, will become redundant. Such a problemwill also face the
phese of the Tomehip Electrification Program which is aboutto
beimplemented.

So far, PV poner has not been acoepted by grid companies,
and the completed pilot projects can only connect to the grid for
trials. To prompt these companies to accept PV poner
uneguivocally, and to purchase their output according to a
feedHn tariff price based on “reasonable aosts plus reasoreble
profits”, efforts should bemeckin thefollowing respects:

» Reasonable feedHn tariff prices need to be established (for
off-grid PV poner plants, the reasonable cost of operation
andmaintenance needsto beestimated).

= Standards for construction, metering and testing, as well
as market acoess rules that can be acoepted by electricity
companies, needto beestablished.

» Electricity companies need to be meade to accept PV
power and to purdhase it at a fullHpayout reesoneble feed-
in tariff price.

* Theexaessaostof generation needsto be apportioned
aauss thewhoeelectricity networkof thecountry.

Policy and Roadmap for Solar
PV Developmentin China

8.3 Policy Recommendations for
Solar PV in China

831 Setting Targets

Setting bold targets is an importart first step for a suocoessful
solar energy market, and it is important in terms of
encouraging local producers’ investment and redudng costs.
While huge development hes taken place in PV manufacturing
industry in China, the current govemment target is o low. It
will not help with expansion of domestic market, either further
developmentof manufacturing industry.

8.3.2 Supportive Pricing Medhanisms

A reasonable tariff and smooth gperation should be the tvo
criteria for a good pricing mednanism. honever, there is still
mudh ambiguity in the current tariff regulations for solar
energy projects in China. It is clear that a more easy-to-
Qgperate supportive tariff, such as a feedHn-tanff system similar
1o that gperating in germany, would be both easily marnegesble
and effective.

8.3.3 Prioritising Reform of the Energy
Structure

The principles for the reform of the ernergy structure set by the
Chinese government state that we should substitute traditional
energies with new energies, replacing energy from scarce
resources with energy from more widely available resources
and replacing fossil fuels with renewable energies. Inorder for
this shift to materialise, the developmentof renewable

energies, incduding solar PV, iscrucial.

8.4 Roadmap for PV Development in
China

84.1 DewopmentPathway

According to the Mid-to-long-term Development Plan for
Renewable Energy, the cumulative installed capacity of PV in
Chinawill reach 300 MWP by 2010 and 1,800 MWP by 2020.
This report condudes that the development path will more or
less follow the government's expectations up to 2010. however,
if strong supportive policies were set in place, a faster goamh
rate after 2010 could beexpected.

For 2020, both a lowv and high target have been set. The low
target of 1.8 gWP corresponds to the current govermment
goal, whilst the high target of 10 gWP coresponds to the
strong supportive messures discussed above.  The following
tables provide maredetails of theseprojections.

1,
~
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TABIE 24CuMUIATIVE INSTAIIED CAPACITY (MWp)2007-2010

FIguRE 22 PROJECTED INSTAIIED CAPAICTy OF PV POWER gENERATION In ChInA (2004-2010)

2005 2006 2007 2008 2009 2010 Year

TABIE 25CUMUIATIVE INSTAIIED CAPACITy (@/Mp) (IOW TARGET) 2010-2020

— 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

Amnalnew 012 | 0125 | 0131 | 0137 | 0143 | 0150 |0.156 | 0162 | 0170 |0.176
capacity

S;m”'at' 0.3 045 | 0575 | 0706 | 0843 | 0986 | 1136 |1.292 | 1454 | 1624 | 1.800

—e—newly inaeased

0.5

Installed capacity /GWp

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 year
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TABIE 26 CuMUIATIVE INSTAIIED CAPACITy (@) (high TARGET) 2010-2020

—* newly increased

(=}
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FIgQURE 25MARKET ShARE OF PV POWER gENERATION In 2006
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TABIE 28PROJECTION OF MARKET ShARE OF PV POWERQgENERATION In 2010

Category Cumulativeinstalled capacity/ MWp Marketshere /%6
Rural electrification 150 500
Tele-communicationand industry 45 150
Solar PV products 32 107
On-gridPV systemin buildings 53 176
IS-PV 20 6.7
Total 300 100

FIguRE 26 PROJECTION OF MARKET ShARE OF PV POWER gENERATION In 2010

¥ Rural electrification
@ Communication ardindustrial
1] Solar PV appliances

50.0% OngridPV systemin buildings
B IS-PV

6.7 %

10.7

15.0%0

TABIE 29PROJECTION OFMARKET ShARE OF PV POWERQENERATION In 2020 (IOW TARQET)

Category cumulativeinstalled capacity/MWp Mearketshere /%6
Rural electrification 400 2
Tele-communicationand industry 300 1
Solar PV products 200 17
OngridPV systemin buildings 700 39
I1S-PV 200 11
Total 1800 100

FIguRE 27 PROJECTION OF MARKET ShARE OF PV POWER gENERATION In 2020 (IOW TARQET)

m Rural electrification

0, L . .
22% 11% m Communication andindustrial
39% 179 1 SoRrPV el
0 OngridPV systemin buildings

0
11% u IS-PV
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TABIE 30PROJECTION OF MARKET ShARE OF PV POWERQENERATION In 2020 (high TARQET)

Category Cumulativeinstalled capacity/MWp Marketshere /%
Rural electrification 800 8
Tele-communicationand industry 1,000 10
Solar PV products 1,200 12
Ongrid PV systemin buildings 4,000 40
IS-PV 3,000 30
Total 10,000 100

FIQURE 28 PROJECTION OF MARKET ShARE OF PV POWER gENERATION In 2020 (hlgh TARGET)

12%

@ Rural electrification
m Communication andindustrial

84.3 OwverviewofPV DeveloomentRoadmep

] Solar PV appliances
0 Ongrid PV systemin buildings
HIS-PV

The domestic PV market is partly being driven by the rapid development of the Chinese PV manufacturing industry. For the future,
however, both energy seaurity and environmental protection, espedially concems over greenhouse gas emissions, should also provide a
strong motivation for PV development. With supportive policies in place, as well as continuing technological mprovement, it is entirely
feasible that solar PV market gronth could achieve the high target outlined here (s2e Table 30). From 2030, the price of solar PV is
exqpected to becompetitive with traditional ponergeneration (sseFigure 26).

TABIE 310OVERVIEW OFChINESE SOIAR PV DEVEIOPMENT ROADMAP

year 2005 2010 2020 2030 2050
Total national ponergeneration /TWh 2500 3000 5,000 6650 10,000
QmusteirstaledPV capecity /0N 007 03 1.8 10 100
(ow)
Qumuisthveinsialed PV capecity /g\Wp (high) 007 03 10 100 1,000
Solar PV ponergeneration /TWh (high) 00901 039 13 130 1,300
Share of nationaltotal /%6 00036 0013 0.26 20 13.0
Price of modules ZAynen/\Wp 36 25 15 10 <7
life-span of modules Zyears 25 30 35 >35 >35
Costofsystem/ALenANp 60 35 20 15 <10
Costof PV ponergeneration /yuarvkWh 42 28 1.0 06 <05
Cosle peea o 1p°’fge“e’aﬁm/ 031 035 0.47 063 1.14
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FIguRE 29 COMPARISON OF COST gENERATION FROM SOIAR PV AnD CONVENTIONAIPOWER

45 1,200

40
1,000

—®— pV Tariff
—#— Corw. Tariff

i InstElied PV

InstalledPV/ GWp

400

FeedHn Tariff yuarVkWh
N (5]
o

200

0
2006 2010 2015 2020 2030 2050 Year

At the sametime, improvemenis in solar PV technology are also stimulating the development of the industry. Over the pest 30 years,
the cost of PV poner generation has deaeased from 5 uS cents per KVhto the curent level of 0.5 uS cents. With further development
and innovation in the technology and the scaling up of the industry, the aost s set o continue to dearease to the point whereit will adhieve
competitivenesswith corventional poaergeneration by the year 2030t 2050.
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