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Executive Summary

1 Overview

. At the end of 2008, the total installed generating capacity in China was 792.53 GW, a 10.34
per cent increase from 2007.

. The country has a good macro environment for investment in the renewable electricity
sector. There will be a large shortage in meeting future electricity demand. It is projected
that by 2010 demand will be 6.4 per cent above supply, with this gap rising to 10.7 per cent
in 2020. In addition, the Chinese government has set targets for renewable energy to have a
10 per cent share of total electricity generation by 2010, rising to 15 per cent by 2020.

. The Chinese solar PV market is expanding rapidly, mainly in the silicon producing and the
cell and module manufacturing markets, but the PV installation market is still small and has
not been commercially developed. In 2008, the production of polycrystalline silicon in
China was around 4,110 tons, a 263.7 per cent increase from 2007. Meanwhile, the total
production of solar PV cells in China reached 1,180 MW in 2007, nearly three times larger
than that in 2006, accounting for a quarter of all solar PV cells produced in the world. It was
projected that the solar cell production in 2008 surpassed 2 GW. However, with a total
installed capacity of only 100 MW at the end of 2007, most of the cells were destined for
export.

. Chinese government has set an operating incentive similar to a feed-in-tariff (FIT) and
investment incentives to support the development of the solar power sector. However, these
support schemes have so far only been provided to only to a few commercially operated
projects.

2 Silicon and Cell/Module Production

o Chinese silicon producers do not use the most advanced and efficient production
processes, but companies are starting to invest in new equipment and many new factories
are being built. Silicon manufacturers could face fierce competition among themselves as
well as shrinking profitability because of oversupply in the future silicon market in China
given the large growth in manufacturing capacity.

e Chinese solar PV cell and module manufacturers rely largely on the international market
for both a supply of raw materials and for a market. Over 90 per cent of the raw materials
used by cell and module manufacturers are imported and likewise over 90 per cent of
their products are exported at present. But the current dependency on foreign supplies of
silicon will decline because domestic silicon production is expected to improve and
increase.

London Research International Ltd 2 March 2009
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3 Development and Installation

o Although only three commercially operated solar power plants have been approved in
China, the development and installation segment of the solar power market has great
potential in the future because of decreasing costs and potential of an increasing subsidy.
The levelised generation cost of solar power remains high, around 585 USD/MWh, eight
times as high as the cost of conventional thermal generation, but generation costs are
projected to decline.

e Foreign companies, such as Colexon Energy AG from Germany, and domestic companies,
mostly the large state-owned energy companies and solar cell/module companies, such as
Suntech, have great interest in the solar power development and installation market in
China.

e The national as well as the regional Development and Reform Commissions are in charge
of approving the installation of solar power projects. The development permits are given
by local authorities through organisations such as the Urban Planning Bureaus,
Environment Protection Bureaus and Real Estate Bureaus.

e It can be difficult for solar power developers in China to get permission to connect their
project to the power grid. Also, a solar PV tariff has not been converted from the mere
statement of ‘reasonable costs plus reasonable profits’ into concrete fixed figures. Up to
now, the National Development and Reform Commission has ordered grid operators to
purchase the power from solar PV installations at 585 USD/MWh.

e ltis said that the Chinese government is considering some detailed regulations to help
solar power developers, such as forcing the grid operators to purchase generation from
solar PV at 585 USD/MWh.

London Research International Ltd 3 March 2009
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1. Overview

1.1 The Chinese Electricity Market

The Chinese electricity market is the second largest in the world behind the US. At the end of
2008, the total installed generating capacity in China was 792.53 GW, a 10.34 per cent increase
from 2007." The total electricity consumption in China was 3,426.8 TWh in 2008, a 5.23 per cent
increase from 2007 (see Figure 1). Because of the global economic downturn and other factors,
the electricity consumption in China declined in the second half of 2008 with consumption
decreasing 8.14 per cent in November compared top the previous month. However, overall growth
is projected to continue.?

Figure 1: Growth in electricity consumption in China from 2004 to 2008
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Source: 79253 (The Total Installed Capacity has reached 792.53 GW), 14 Jan. 2009. Available at

<WWW.serc.gov.cn>.

Of the total generation in 2008, over 85 per cent came from coal and nuclear power, with
hydropower being the only other large source of renewable electricity (see Figure 2)

To meet the rising demand for power, in total USD42.11 billion was invested in new capacity in
2008 alone.® Also, the length of the power grid over 220 kV was increased by 11.10 per cent in
2007 to 364,800 kilometres. In 2008, an additional USD42.20 billion was invested in the grid, a
17.69 per cent increase from 2007.*

! Information on SERC News Jan 6, 2009 from Chinese State Electricity Regulatory Commission. Available at
<WWW.SErc.gov.cn>.

2 Information on 2008 1-11 (Summary of the Electricity Industry from Jan.
2008 to Nov. 2008) from Chinese Electricity Council. Available at <tj.cec.org.cn>.

% The exchange rate is 6.836 based on the rate of Feb. 5, 2009. The statistics in the following report is based on this
rate.

# Information on SERC News Jan 14, 2009 from Chinese State Electricity Regulatory Commission. Available at
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Figure 2: Generation mix in China in 2008 (3,433.4 TWh in total)
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Source: 79253 Jan 14, 2009. Available at <www.serc.gov.cn>.

Despite these investments, in 2008 there was already a supply shortage in southern and central
regions of the country. For example, in Shandong Province, peak demand was 10.22 GW above
installed capacity. This capacity shortage is projected to become more widespread and to get even
worse as generation is projected to be 6.4 per cent below demand by 2010. The supply shortage
will rise to 10.7 per cent below demand in 2020 (see Figure 2).°

Figure 2: Projected generation mix (against demand) in China in 2010 and 2020 showing
projected supply gap (shortage)

2010

Nuclear Gap, 6.40%
power,

2.10%

Hyd ro_/
power,
23.10%
Coal
power,
68.40%

<WWW.Serc.gov.cn>.
® Hu Xuehao Report on Chinas Mideum and Long Term Energy Strategy. 2004.
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1.2 The Renewable Market

As of December 2007, the total installed generating capacity of renewable electricity systems in
China was around 154.94 GW, including large hydro power, accounting for 21.6 per cent of the
total installed capacity. A total of 48.25 TWh of renewable electricity was produced, 14.8 per cent
of total electricity generation.

During the two years between 2005 and 2007, the installed generating capacity of renewable
electricity increased by 36.31 GW, or by 30.6 per cent. But the renewable energy’s proportion to
the installed electricity capacity decreased by 1.37 per cent due to conventional generation
expanding more rapidly.®

The government had set a target for renewable electricity to comprise 10 per cent of total
generation by 2010, rising to 15 per cent by 2020. The 2010 target was reached three years ahead
of their schedule. However most of this generation was from large hydropower, with other sources
of renewable electricity only accounting for 0.4 per cent of the total electricity generation in 2007.

1.3 The Solar Power Market

1.3.1 Statistical Review of the Solar Power Market

The solar power industry in China consists of three segments, the material production (mostly
silicon), the solar PV cell/module production, and solar power development and installation. All
three segments are growing rapidly, especially the first two.

® Information on the 2008 7 (Report about
the Electricity Generated by Renewable Energy) from Chinese State Electricity Regulatory Commission.
Available at <www.serc.gov.cn>.
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In 2008, the production of polycrystalline silicon in China, the main raw material used in the
production of solar cells in China, was around 4,110 tons, a 263.7 per cent increase from 2007.’
Because of the world economic turmoil and other related factors, the price of polycrystalline
silicon fell from the peak price of over USD400 per kilogram to around USD100 in 2008.°
Therefore, the Chinese silicon market could soon face shrinking profitability. The production of
polycrystalline silicon in 2009 is expected to continue to expand because the manufacturers cannot
act quickly to market changes and many silicon producers have long-term contracts with cell
manufacturers. However, the industry’s expansion will slow down to a certain extent, as most
manufacturers have already lowered their production goals.

There are varying estimates of China’s solar cell and module production in 2007, with numbers
varying between 1,180 MW?® and 1,600 MW."® Regardless of the total number, in 2007 production
tripled and China now accounts for a quarter of the world’s production capacity. It was projected
that the production of PV cells in China in 2008 probably surpassed 2 GW.*! However, the rate of
the increase slowed down due to the recent economic turmoil (see Figure 4).

Figure 4: Production capacity of solar PV cells in China from 2004 to 2008 (MW)

2,500 400%
-+ 350%
2,000
-+ 300%
1,500 T 250%  wmm production
2 -+ 200%
=
1,000
1 150% Rate of
Increase
-+ 100%
500
. -+ 50%
o mm , W : : - 0%
2004 2005 2006 2007 2008
Sources: Information on from the Newenergy Dec.18 2008. Available at <www.newenergy.com.cn>. It
is the latest information available; Information on the Windosi from the 2008 Jan

21, 2009. Available at <www.windosi.com>; Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental

Press. It is the lastest information available.

" Information on the 2008 4110 Jan 17, 2009 from . Available at
<www. mechnet.com.cn>.

8 Information on the Dec.12, 2009 from . Available at
<www.ch.com.cn>.

® Information on from the Newenergy Dec.18 2008. Available at

<www.newenergy.com.cn>. It is the latest information available.

0 PHOTON International world’s market survey, PHOTON International, March, 2008 p140.

1 Information on the Windosi from the 2008 Jan 21, 2009.
Available at <www.windosi.com>.
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Despite the growth in silicon production, the cell and module manufacturing industry continues to
depend largely on foreign suppliers for silicon. In 2008, over 90 per cent of the polycrystalline
silicon used in the cell and module manufacturing was imported. This dependency on foreign
suppliers of silicon in mirrored in the destination of the finished cells and modules as nearly 90
per cent of the PV modules produced in China were sold overseas.*? Because of the world
economic recession, the cell and module industry in China is projected to slow down in 2009.

The project development and installation segment of the solar power sector in China has much
room for future growth. Although a large number of solar cells and modules were produced in
China, only a very small portion of them were installed in China. The installed volume of solar PV
in 2007 was around 20 MW (see Figure 5), a 20 per cent increase from 2006, which resulted in a
cumulative installed capacity of 100 MW at the end of 2007. This accounted for merely 0.8 per
cent of the total installed volume of the world.

Figure 5: Growth in installed capacity of solar PV in China from 1976 to 2007 (kW)
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Sources: Wang Sicheng, “Research on China’s Solar PV”. China Energy, Vol2, 2007, pp.7-10. And the Information on the
Newenergy from . Dec.18 2008. Available at <www.newenergy.com.cn>. It is the latest information
available.

Almost three-quarters of solar PV installations are for off-grid applications, primarily self-
contained systems for rural electrification (see Figure 6).

The government is not yet promoting solar PV as a commercial source of power. Most of the solar
PV installations are small off-grid generation projects. In 2002, the government started the
Township Electrification Program which mainly used solar PV system to supply electricity to
remote areas. The program received USD292.6 million from the central government and
USD146.3 million from the local governments in the western provinces. By June 2008, electricity

12 |nformation on 2008 (the Outlook of the Solar PV Module Market of China
in 2008) Jan 21,2009 from (World of Electric Production). Available at <www.tyn.cc>.
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supply was introduced to over 800 villages.*®
Figure 6: Different applications of solar PV system in China in 2008
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Source: Information on interview with Wu Dacheng, Executive Director of Development and Project Office of Renewable

Energy, Dec 26, 2008 from . Available at <www.solar-pv.cn>.

For the 2008 Beijing Olympic Games, a solar PV system was installed in the Beijing Olympic
National Stadium and was used as the main lighting source. Solar PV systems were also installed
in various venues for other events like the Shanghai Expo, mainly to promote solar power. In 2006,
Shanghai started the “100,000 Solar Roof Plan”, which aimed to build 100,000 solar PV systems
with an estimated total capacity of 400 MW on building roofs from 2006 to 2010, although by the
end of 2008 the project had not yet been implemented, casting some doubt over the feasibility of
the targets. Meanwhile, Beijing local authority brought out a plan called “Solar Road Lighting
Project”, which is designed to supply electricity for street lighting. One of the richest provinces in
China, Jiangsu Province, has announced a “Solar PV Promotion Plan” to install solar PV in
airports and some buildings in major cities.**

1.3.2 Future Expansion of the Solar PV Sector

The government has an ambitious target of installing 300 MW of solar power by 2010 and 1.8 GW
by 2020. The government has developed specific plans for 250 MW of the 300 MW (see Table
1), with the remaining 50 MW for other non-specified uses.

13 Information on the from July 3, 2008. Available at
<WWW.newenergy.org>.

4 Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press. It is the lastest information
available.

15 Mid-to-long-term Renewable Energy Development Plan, National Development and Reform Commission, Aug.
2007. Available at <www.sdpc.gov.cn>.
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Table 1: Key 2010 objectives for solar power promotion

Target .
Type Key Regions

yp (MW) y Reg
Grid-connected . - . . .
rural electrification 9 - 2injiang
Solar PV on roofs in 50 Beijing, Shanghai, Guangdong Province, Jiangsu Province and
urban areas other urban areas
Utility-sized solar PV 50 Lhasa, Dunhuang, Erdos and other areas of high solar irradiation
power plants
Concentrated solar- - - . L
thermal power plants 50 Inner Mongolia Province and other areas of high solar irradiation

Source: the 11th 5-year-Plan for the Renewable Energy, National Development and Reform Commission, March, 2008. Available
at <www.sdpc.gov.cn>.

According to Li Junfeng, general director of the Chinese Renewable Resources Industries
Association and deputy director at the Energy Research Institute of the National Development and
Reform Committee, 100 MW of PV is expected to be installed in 2009 and perhaps 150 MW in
2010. If true, this means China will slightly exceed its current goal of a total of 300 MW to be
installed by 2010. To meet the goal of installing 1.8 GW by 2020, 150 MW would have to be
installed annually from 2010 (see Table 2).*®

Table 2: Estimation of the future solar PV power

Description 2004 2010 2020 2030 2050
Cumulative installed capacity (GW) 65 300 1,800 10,000 100,000
Annual electricity generation (TWh) 0.078 0.36 2.16 14 150

Source: Wang Sicheng, “Research on China’s Solar PV”. China Energy, Vol2, 2007, pp.7-10
In the future, grid-connected installations, either on roofs in building-integrated PV (BIPV) or
ground-based large-scale PV power plants (LS-PV), are expected to play an increasingly

significant role (see Figure 7).

Figure 7: Estimated market share of different applications of solar PV in 2010 and 2020
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Source: Wang Sicheng, “Research on China’s Solar PV,” China Energy, Vol 2, 2007, pp. 7-10.

18 Information on the More than just sheep units from PHOTON International October, 2008.
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2. Government Incentives for Solar PV Generation

2.1 Operating Incentives

The Chinese government has issued several laws and regulations to support the solar power sector
in China, namely, the Renewable Energy Law, the Provisional Administrative Measures on Pricing
and Cost Sharing for Renewable Energy Power Generation (generally abbreviated to PAM), and
other related regulations and measures (see Table 3).

Table 3: Main points of the solar power regulations

Regulation Article Type Main Points

The Renewable | 14 For grid- | Grid operators shall enter into grid connection agreements with

Energy Law connected | renewable power generation enterprises that have legally obtained an
solar administrative license or for which filing has been made, and buy the
systems grid-connected power produced from renewable energy within the

coverage of their power grid, and provide grid-connection services
for the generation of power from renewable energy.

The Renewable | 19 For grid- | The grid power price for renewable energy power generation projects

Energy Law connected | shall be determined by the price authorities of the State Council
and off- according to the principle of being ‘beneficial to the development
grid and utilization of renewable energy and being economic and
systems reasonable’, and timely adjustment shall be made on the basis of the

development of technology for the development and utilization of
renewable energy. The price for grid-connected power shall be
publicised.

The Renewable | 20 For grid- | The difference between the cost for power at which the grid

Energy Law connected | operators purchase the renewable power is based on the price
and off- determined in Article 19 and the cost incurred in the purchase of
grid average price power generated by conventional generators. The price
systems authorities of the State Council shall prepare specific mechanisms to

give effect to these provisions.

PAM 9 For grid- | The government fixed price applies to solar, wave and geothermal
connected | power generation projects. The price shall be determined by the price
and off- authorities of the State Council based on the principle of ‘reasonable
grid costs plus reasonable profits’.
systems

PAM 12 For grid- | The extra costs in running solar power, in comparison to coal-fired
connected | plants, and the extra grid charges shall be settled via a tariff
and off- surcharge on all electricity users.
grid
systems

The Renewable | 15 For off The government supports the construction of independent renewable

Energy Law grid solar | power systems in areas not covered by the power grid to provide a
systems power service for local industry and households.

The Renewable | 22 For off Similar to articles 19 and 20 in the Renewable Energy Law, power

Energy Law grid solar | generated from government-subsidised systems will be sold at the
systems same price as power generated from other generating systems.

Source: The Renewable Energy Law and Provisional Administrative Measures on Pricing and Cost Sharing for Renewable
Energy Power Generation. National Development and Reform Commission. Available at <www.sdpc.gov.cn>.

In summary, all solar PV installations can connect to the public power grid if they obtain a licence
from the government. Secondly, the compensation received by the solar PV generators is decided
by the State Council based on the principle of “reasonable costs plus reasonable profits”. And third,
end-users of electricity will pay for their electricity according to the “same network, same price”
principle.
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2.2 Investment Incentives

Off-grid solar PV systems that are used to provide power to non-grid-connected villages are
completely funded by the government. The users pay only the national average electricity tariff.
However, for grid-connected solar PV systems, the government has not established any specific
policies for subsidising investments apart from the operating incentives mentioned above. Some
solar PV projects are given investment subsidies by the government, but this is done on a case-by-
case basis. This is unlike wind power, where investment incentives are more prevalent.*’
Corresponding measures in solar power sector are still under discussion.*®

3. Players in the Solar Power Sector

3.1 Overview

The solar PV value chain in China can be divided into the three parts (see Figure 8):
e the production of the raw material
o the production of the cells and modules
e the development and installation and of solar power systems.

Figure 8: The three parts in the solar PV value chain

Production of raw Production of cells and System installation
materials such as ”| modules v
silicon

3.2 Suppliers in the Solar Power Sector

3.2.1 Silicon Suppliers
3.2.1.1 Overview

China’s solar power sector mostly uses polycrystalline silicon cells. The production of
polycrystalline silicon in 2008 was around 4,110 tons, a 263.7 per cent increase from 2007. As 1
MW of solar cells requires around 13 tons of silicon, and around 2 GW of solar cells were
produced in China in 2008, the domestic supply was to meet domestic demand.

However, this has not happened and over 90 per cent of silicon used in the cell and module
manufacturing in China was imported from the seven largest international silicon producers such

7 Information on the 2008 7 Jan 20, 2009
from Chinese State Electricity Regulatory Commission. Available at <www.serc.gov.cn>.
18 |Information on from . Dec 9, 2008. Available at

<Www. .com.cn>.
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as Hemlock, Wacker and Tokuyama, due to their lower cost and higher quality silicon."

There are two reasons why Chinese silicon producers cannot compete with their foreign
counterparts. First, the main production techniques used in China are based on an improved
Siemens process, a relatively old and energy intensive process. Second, most silicon
manufacturers in China have a capacity of around 1,000 tons a year. However, it is only when a
producer’s capacity reaches around 2,000 tones a year does the economy of scale reduce operating
costs.?’

The Chinese government and silicon producers are trying to expand and improve their production.
On 21 January 2009, the National Development and Reform Commission approved the
establishment of a national laboratory of silicon production in Luoyang, Henan Province with a
government subsidy of USD2.19 million. Several days before this news, LDK, one of the leading
Chinese companies in solar PV power market, announced a plan to produce 16,000 tons per year.
Importantly, LDK will use the improved the Siemens process with complete closure cycling, one
of the most advanced systems in the world. This will bring a significant change to silicon
production in China.?*

Foreign companies generally invest into an existing silicon producer or create a joint venture with
a Chinese company instead of building their own manufacturing facilities (see Table 4).

3.2.1.2 Domestic Suppliers in the Solar Power Sector
As of March 2008, there were 33 polycrystalline silicon producing projects in 16 provinces, many
still under construction. If all are implemented as planned, the total production of polycrystalline

silicon in China could reach 146,750 tons in 2010 (see Table 4).

Table 4: All polycrystalline silicon projects in China (* indicates a foreign company)

Name of . Annual Investme
Project Location Output Developer nt value Notes
(UsSD)
Yuguang, 6,000t in 2009 | LDK 1 billion Completed at the end of
Jiangxi 15,000t after 2008
Province 2009
Xuzhou, 1,500t in 2007 | China Sunergy 1 billion
Jiangsu 3,000t in 2008
Province
Nanjing, 1,200t in 2010 | Jiangsu 40 million | Jiangsu Xinshuanglong
Jiangsu Xinshuanglong Investment and
Province Silicon and Insurance Company/
Electronics Co., Hongkong Lianzhong
Ltd. ( Company (
/
) )
19 Information on Jan 22, 2009.from (Chinese New

Energy ). Available at <www.newenergy.com>.

20 5olar Generation V-2008-Solar electricity for over one billion people and two million jobs by 2020, EPIA, 2008.
2L Information on Jan 22, 2009.from (Chinese New
Energy ). Available at <www.newenergy.com>.
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Yangzhou, 1,500t in 2008 | Jiangsu Shunda 300 Affiliated to Shunda
Jiangsu Semiconductor million Group and Invested by
Province Develop Co., Ltd Actis* and Golden
Sachs* for USD 100
million
Lianyugang, 10,000t TRINA SOLAR 1 billion
Jiangsu LIMITED
Province
Sugian, Production Sugian Maoli 29.9 Wholly owned by
Jiangsu value will be Solar Power Co., million Maoligiusitaitan Solar
Province uUsD 150 Ltd ( Power High-tech Co.,
million. ) Ltd*
Wuxi, Jiangsu | 3,000t Wuxi Zhongcai 300
Province Group Co., Ltd million
( )
Yichang, 5,000t Yichang CSG 877.7 Affiliated to CSG
Hubei Silicon Co., Ltd million Holding Co., Ltd
Province (
)
Xiaogan, 600t Shanghai Guangji | 11.7
Hebei Silicon Co., million
Province Ltd(
)
Mudanjiang, 3,000t in 2010 | Shanghai 365.7
Heilongjiang Industrial million
Province Investment
(Group) Co Ltd
/Shanghai
Industrial
Investment
(Holding) Co.,
Ltd/China
National Building
Material Group
Corporation
Yiyang, 5,000t Jingxin New 438.9 Hongkong Hongda
Hunan 2,000t mono Energy High-tech | million Technology Co., Ltd(
Province c-Si Co., Ltd( )
)
Yiyang, 2,500t Xiangtou Holding | 300
Hunan Group Co., Ltd. million
Province (First
phase)
Luoyang, 2,000t in 2008 | Zhonggui High- 204.8 Luoyang Single Crystal
Henan tech Co., Ltd ( million Silicon Co.,
Province Ltd/Luoyang Jinfeng
) Electronics Co., Ltd(
)/China Enfi
Engineering Corporation
Nanyang, 1,000t Henan Xuntianyu | 248.7
Henan completed Pro Tech (Henan) | million
Province 6,000t Co., Ltd
planned
Jining, 15,000t Sinosteel Scie- N/A Invested by Sinosteel
Shandong Tech Corporation and
Province Development Sinosteel Investment
Company Company
Quijing, Yunan | 10,000t in Yunnan 1.56
Province 2010 Metallurgical billion
Group
London Research International Ltd 14 March 2009
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Xianyang, 3,750t Shaanxi Tianhong | 541.2

Shanxi Silicon million

Province

Tangshan, 1,000t Tangshan Silicon 102.4

Hebei Co., Ltd million

Province

Wanzhou, 6,000t in 2008 | DAQO Group 585.1

Chongxing Co., Ltd million

Liancheng, 2,000t in 2010 | COSCO Group 102.4

Fujian Co., Ltd million

Province

Qinghai 6,000t (2010) | Asia Silicon 585-878

Province 1,000t (2015) | Co., Ltd* million

Ningxia 4,500t (2011) | Ningxia Solar 585 Invested by Jiangsu

Province Silicon Co., Ltd million Sunshine Co., Ltd/

( Ningxia Power
) Investment

Corporation/Ningxia
Orient Tantalum
Industry Co., Ltd

Huhehaote, 1,500t (2009) | Inner Mongolia 263 Invested by China

Inner Shenzhou Silicon | million Aerospace Science and

Mongolia Co., Ltd Technology Corp., using

Province Russian technology for
aerospace Use.

Baotou, Inner | 1,200t in 2010 | Beijing Zhongjing | 184

Mongolia Huangye million

Province Technology Co.,

Ltd

Tuoketuo, 18,000t N/A 2.63 Invested by DALU

Inner (2010) billion Industry Investment Co.,

Mongolia Ltd/ American PPP

Province Company*/ American
Scc Company*/
CH2MHILL*

Meishan, 3,000t N/A N/A Invested by Beijing

Sichuan Taiwan International

Province Co., Ltd and etc.

Meishan, 5,000t N/A 1 billion Invested by British

Sichuan 4,000t mono Green Energy

Province c-Si company*/Chengdu
GAOFEI Industrial Co.,
Ltd

Ermei/Leshan, | 2,000t EMB 598

Sichuan million

Province

Xinjin, 1,500t (2009) | CIC 731

Sichuan 5,000t (2012) million

Province

Leshan, 1,000t Tongwei Group N/A

Sichuan 10,000t Co., Ltd

Province (2010)

Chengdu/Lesh | 800t (800t) Xinguang Silicon | 731

an, Sichuan 6,800t (plan) Co., Ltd million

Province

3.2.1.3 Summary

If all the expansion plans are completed, China will become one of the world largest silicon
suppliers. However, because of the economic slowdown, supply is projected to surpass demand in
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2009, potentially reducing prices.? Because silicon producers market can only react relatively
slowly to market changes, the future Chinese silicon market will face fierce competition and
shrinking profitability. As a result, in 2009, many silicon producers are expected to have a tough
year and many may be eliminated.?®

3.2.2 Solar PV Cell and Module Suppliers
3.2.2.1 Overview

As mentioned above, Chinese solar cell producers rely upon imported silicon for their production.
As silicon accounts for around 60 per cent of the production cost of a module, the international
silicon market can highly affect cell and module producers’ profitability.

In 2008, Chinese solar cell manufacturers produced a record of 2 GW of cells and the domestic
market for modules is still expanding despite the global economic downtown.?* As cell and
module manufacturers in China are cutting their manufacturing costs while increasing the quality
of their production, there is still plenty of opportunity for them supplying their production to
domestic developers.”®

3.2.2.2 Players in the Solar PV Cell and Module Market
Up to now; foreign companies, except Suzhou Canadian Solar,?® have invested only into domestic
cell and module producers instead of setting up their own manufacturing base. This is because it is

very difficult for foreign companies to start their own factories in China.

Following are established and operating solar PV cell and module producers in China (see Table
5).

Table 5: Major solar PV cell and module producers in China in 2008

. Solar cell Revenue
Company Contact Information production (USD) Notes
Suntech 17-6 Changjiang South Road, 493 MW to 496 | 405-420 | Reduced 800 employees in
New District, Wuxi MW million 2008
WwWw.suntech-power.com
Yingli No0.3055 Fuxing Middle Road 270 MW to 280 | 1,053 — Signed sales contracts for
Green National New&High-tech Industrial | MW 1,106 delivery of about 120 MW in
Energy Development Zone, Baoding,China. million 2009
(YGE) www.yingli.com
JAsolar No0.36, Jiang Chang San Road, 250-260 MW 124
ZhaBei, Shanghai, China 200436 million
www.jasolar.com (Q4)

22 Henning Wicht, senior director and principal analyst of iSuppli. iSuppliJapanSeminar2008. Oct. 28, 2008.
2 Warning in the Multi-crystalline Silicon Market Sep 22, 2008. The Economy Observer On-line. Available at
<WWW.ee0.com.cn>.

24 Information on 3 09 Dec 9,2008 from . Available
at <www.ofweek.com>.
% Information on Jan 22, 2009.from (Chinese New

Energy ). Available at <www.newenergy.com>.and Wang Sicheng Study of Chinese Solar PV. Chinese Energy Feb.
2007.
% While Suzhuo Canadian Solar is registered in Canada, it conducts all its operations in China.
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Solarfun 218 Wusong Road 26th Floor 175t0 190 MW | 187.8 Reached an agreement with
BM Tower million Q-Cells AG. Q-Cells will
www.solarfun.com.cn (Q3) purchase 100 MW of modules

a year for three years.

China No. 123, Fochengxilu, Nanjing 34.1 MW(Q3) 1134 1.Signed Sales Agreement

Sunergy Jiangning Economic & Technical million With Ajit Solar(India) in Dec.

(CSUN) Development Zone, China (revenue | 2008 to supply and deliver a
211100 from total volume of 12 MW of
www.chinasunergy.com solar cell | polycrystalline solar cells

sales in 2.China Sunergy high

Q3) efficiency solar cell
production lines were put into
commercial production in Dec
2008

Ningbo No.80 Qianfeng Street NingBo, N/A N/A

Solar China. 315012
www.nbsolar.com

Jiangyin No. 1011, Zhencheng Road, 65.3 MW(cells) | 9.7 Named in Deloitte

Jetion Shengang, 43.3 MW million Technology Fast 500 in Asia
Jiangyin Municipality, Jiangsu (modules) (first half | Pacific in 2008
Province 214443, year)
http://336460.ctc-w142.dns.com.cn

Shanghai Shanghai JianChuan Road951# N/A N/A Became the first PV

Topsolar Shanghai, China 200240 manufacturer in China to
www.topsola.com obtain the certification of

IECQ QC080000: 2005
Hazardous Substance Process
Management (HSPM)

Trina Solar No.2 TianHe Road, New District, 200MW to 206 800 Entered into a sales agreement
Electronics Park, Changzhou MW million with Spanish customer
231031 to 850 Gestamp Asetym Solar to
www.trinasolar.com million supply GA Solar between 20

to 36 MW of PV modules for
one year at pre-determined
prices

Suzhou 675 Cochrane Drive 60 MW (Q3) 650-750 | Announced the official

Canadian East Tower 6 Floor million opening of its new PV Cell

Solar Markham, Ontario Research Center on Feb.
Canada, L3R 0B8 20009.
www.csisolar.com Also, postponed further

expansions of its cell plant.

Zhejiang Sanjiang Road,Paojiang Industrial N/A N/A National Premier Wen Jiabao

Sunowe Zone, Shaoxing, Zhejiang 312071 and other governors visited

Photovoltaic | www.sunowe.com the company on 21 Nov 2008

Jiangsu No.1 Guoxiang Road, Economic N/A N/A Invested by ShanShan Group

Tianbao PV | Development Zone, Yizheng, and Shanghai Ulica Solar
Jiangsu Company
www.tianbao-pv.com

Shenzhen 9th & 10th Blocks, Nangang 1 N/A N/A

Topraysolar | Industrial park, Songbai Road, Xili,

(Non C- Nanshan, Shenzhen, China 518108

Si+C-Si) www.topraysolar.cn

Yunnan No0.295. Jianshe Road Kunming N/A N/A Passed the UL1703 Detection

Tianda 650033 of UL Lab. USAon 6 Aug.

Photovoltaic | www.ynsolar.cn 2008, which means it can now

enter the US market.

Chinalight No. 3, Xingguangsan Street, Opto- N/A N/A China National Light

Solar Mechatronics Industrial Park, Industrial Products Imp. &
Beijing Exp. Corp. directly under the
www.chinalightsolar.com state-owned Assets

Supervision and
Administration Commission
of the State Council, owns the
company
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Ningbo UL | www.ulsolar.com.cn 100 MW N/A Succeeded in constructing the
Solar Guangzhou —Huizhou
Freeway solar lighting
project.
Tianjin Tianjin JINNENG Solar cell 10 MW (2007) N/A Thin-film manufacturer
Jinneng CO.,LTD. 30 MW/ 20 MW
Solar (A-Si) | No.20, Ziyuan Road, HI-TECH (cells/modules
INDUSTRY PARK, Tianjin 300384 | in 2008)
WWW.jns.cn
Shanghai www.ssec-china.com N/A N/A Built 42 PV stations in Tibet
Solar for villages without power.
Energy S&T Supplied Olympic athletics in
Co.Ltd Beijing with a PV water
pump.
3.2.2.3 Summary

At present Chinese solar PV cell and module manufacturers rely largely on the international
market both for a supply of silicon and a market for the cells and modules they produce. In the
future, they should be able to reduce their dependency on foreign suppliers and markets. They are
starting to explore the domestic development and installation market. Fore example, Suntech is
bidding on a solar power development project in Dunhuang.?’

3.2.3 Developers in the Solar Power Sector
3.2.3.1 Overview

By 4 February 2009, only two large utility-scale solar power projects had been constructed and
allowed to connect to the power grid in China, the Chongming Island Project, and the Erdos
Project. Another project, the-Dunhuang Project, has been issued with the necessary licences but
construction is not expected to start until late 2009 (see Table 6).2% All three projects will receive
585 USD/MWh for their output. In addition, some provincial governments have brought out their
own plans to build solar PV power stations. Yunnan Province has announced a plan to build the
largest grid-connected solar PV plant in Asia with a total installed capacity of 166 MW. Qinghai
Province has brought out a much bigger plan to construct a solar PV station with a total installed
capacity of 1 GW, which would make it the largest solar PV plant in the world. However, work
has not started on these projects.”

3.2.3.2. Developers

The Dunhuang Project is still in the bidding process and 38 companies in total are involved,
including two foreign companies, Colexon Energy AG from Germany and an undisclosed Danish
company. The domestic companies interested are the conventional energy utilities such as China
Power Investment Corporation and China Huaneng Group, and new solar power companies such
as Suntech.

27 Information on Chinese Biggest PV Project Begins on Feb 4, 2009 from 21 Century Business Herald. Available
at <www.21cbh.com>.

28 |nformation on National Development and Reform Commission. Available at <www.sdpc.gov.cn>.

2 |nformation on Chinese Biggest PV Project Begins on Feb 4, 2009 from 21% Century Business Herald. Available
at <www.21cbh.com>.
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Table 6: Three solar PV projects in China
. Cell/ Devel op Devel o
Operational . total assets
Name d module Size Developer revenue Notes
ate - (USb
provider 2007) (USD 2007)
Chongming | Sep. 2007 Solarfun 1MW | Shenergy 7.66 billion 492.98 The project was
Island Power Group Co., million developed by a
Project Ltd state-owned
(Shanghai) company.
Erdos Sep. 2007 USTC 255 Yitai Group 2.34 billion N/A The developer is
Project kw Co., Ltd part of a large
(Inner conglomerate
Mongolia that is heavily
Province) involved in coal.
Dunhuang Decision will 10 38 companies Two
Project be made in MW are bidding international
(Gansu spring 2009. companies and
Province) 36 domestic
companies are
bidding.

3.3 Project Costs Estimation

3.3.1 Estimation of Initial Investment Cost of a Grid -connected Solar Power

Project

The initial investment of a grid-connected solar power project is divided into two parts, the cost of
the solar modules, and the cost of installing the modules and the related equipment. The latter cost
is known as the balance of system (BOS) cost. The solar modules generally account for around 60
per cent of the initial investment cost, depending on the market purchase price and the contracts

the installer has with suppliers. The BOS cost contains many components such as feasibility study,
design, grid inverters, transformers, cables, monitors, transportation, installation, construction, and

tax.

Because polycrystalline silicon solar cells are generally used in the Chinese solar power market,
the price of these modules was used in analysing investment costs. The price of polycrystalline
silicon is around USD60 for large and long contracts, such as those provided by LDK to large
manufacturers.® It is projected that this price will be stable in 2009.*' Assuming that 9.3 g silicon
will produce a 1 watt (W) solar cell, the price of a cell in 2009 is projected to be around 0.558
USD/W, leading to production costs of 2.35 USD/W for module manufacturers.®® Silicon modules

were sold on the international market for around 3.99 USD/W on 5 February 2009.%

There are two types of utility-scale grid-connected projects: systems integrated in the building,
usually on the roof, known as building-integrated PV (BIPV), and ground-based large-scale power
station (LS-PV). Although the construction of both are different and investment costs of both
types turn out to be very similar.

Grid-connected BIPV systems generally require less investment in grid enhancements because

%0 |_j Zisen Insights about the Chinese Solar PV Power Sector 2008. Market Observation.
3 Warning in the Multi-crystalline Silicon Market Sep 22, 2008. The Economy Observer On-line. Available at
<WWW.ee0.com.cn>.
%2 |_j Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.
3 \www.solarbuzz.com

London Research International Ltd

19

March 2009

and

t

h



The Solar Power Sector in China

they are generally slightly smaller than LS-PV and because they tend to be built urban, near grid
access points. As LS-PV projects are generally located outside of built-up urban areas, the grid
access point can be farther away from the development. LS-PVs also require more work on
protecting the system from sand or other environmental hazards. However, the labour costs for
BIPVs are much higher due to higher wages in urban areas and more labour required installing a
system on a roof.

It turns out that the extra costs for both LS-PVs and BIPVs cancel each other out and that initial
investment costs for both systems are around the same. For example, in 2006 the initial investment
costs for a 100 kW BIPV and a 100 kW LS-PV system were both around USD8,800.* Table 7
shows the estimated initial investment cost for a 100 kW BIPV system in 2006 and projected costs
in 2009. Note that the price of the solar modules is the market price. Prices would be lower if a
developer has a long-term contract with a supplier.

Table 7: Estimated initial investment cost of a 100 KW BIPV project (USD)

Projected cost in
Component Cost in 2006% m'jﬁ;f:ggig%g ) 2009 (market Percecnc;c;gg)/g;‘ total
purchase price)
Feasibility Study 15,000 2 15,000 2
Project Design 73,000 9.5 73,000 115
Solar Modules 526,000 67 399,000 61
Solar Panel Bracket 600 =0 600 =0
Grid Inverters 10,000 1 10,000 15
Transformer, cables,
monitors and other 30,000 4 30,000 45
equipments
Installation and 73,000 9.5 73,000 115
Adjustment
Transportation 14,000 2 14,000 2
Others such as tax 40,000 5 32,000 5
Total 781,600 100 646,600 100
Cost/kwW 7,816 N/A 6,466 N/A

Source: a Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.

The investment costs for BIPV systems are expected to decline by 15 per cent a year as developers
learn better techniques; investment costs for LS-PV systems are projected to decline at a smaller
rate of 7 per cent a year.*® Also, the final total would depend on the location of the project and the
module contracts the developers secures.

3.3.2 Estimated Output

LS-PV systems are generally more efficient and have a higher output than BIPV systems. A BIPV
system is limited by the installation angle on the building and total efficiency is about 74 per cent
(due to the inverter being 95 per cent efficient, loss due to the incorrect angle 15 per cent, other
equipment inefficiencies 92 per cent). LS-PV can avoid losses from an incorrect angle, but a
transformer is generally needed and as the installations in China are usually constructed in drier
desert areas, it can be dustier than in towns. Therefore, total system efficiency is about 80 per cent
(due to the inverter being 95 per cent efficient, transformer 95 per cent efficient and other

% Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.
% Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.
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inefficiencies 89 per cent).®® This is before the efficiency of the solar cell is considered. The power
output for any given installation will also vary depending on the number of usable sunlight hours

in the area (see Table 8).

Table 8: Solar resources and annual usable hours in different areas

Region Annual usable hours Daily average usable hours
Northwest (9 provinces) 1,828.4 5.01
East (17 provinces) 1,496.4 4.10
Central and South (4 provinces) 1,204.5 3.30
Average 1,557.1 4.27

Source: Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.

3.3.3 Generation Costs Estimate

Table 9 shows the levelised generation cost of a 100 kW project in China, based on the figures
used in Table 7 above. In projecting levelised generation costs, the following assumptions were
used:

e Operation and maintenance is 1 per cent of total investment costs as PV stations do not
consume fuel nor require constant monitoring.

e Repair and replacement costs of the PV panels account for 8-10 per cent of the total
investment in the 25 years of a solar module’s working life. Hence, the annual repair and
replacement cost for the panels is assumed to be 0.5 per cent.

o 80 per cent of the initial investment is assumed to be fixed assets with an annual
depreciation rate of 5 per cent. 70 per cent of the total investment is from a loan with an
annual interest rate of 6.12 per cent for 20 years.

e Return on capital is assumed to be 10 per cent per year.

e Value-added tax is paid at a rate of 6 per cent. Urban construction tax is 5 per cent of the
value added tax and additional tax for education is 3 per cent of the value added tax.*’

Table 9: Estimate of levelised generation cost for a 100 kW project

Cost Element Cost in 2006 (USD/KW) Cost in 2009 (USD/KW)
Initial investment 7,816 6,466
Self-funding (30%) 2344.8 1939.8
Loan (70%) 5471.2 4526.2
Loan payback (5%) 273.56 226.31
Loan interest (20y) 175.789656 145.42681
Depreciation 312.64 258.64
Compensation for loan and interest -31.26 -25.86
Operation and maintenance (1%) 78.2 6.47
System repairs and replacement (0.05%) 39.1 3.23
Annual return to investors (10%) 781.6 64.66
Capacity cost including tax™ 1493.9 12.05
Levelised BIPV (1,200h) 1.245 1.030
generation cost
(USD/KWh) LS-PV (1,300h) 1.149 0.951

% i Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.
3 Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.

% Capacity Cost including Tax= Loan Payback+ Loan Interest+ Operation and Maintenance+ System Repairs and

Replacement+ Annual Return to Capital Investors+ tax
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The levelised generation cost shown above is much higher than the average electricity price in
China of 60 USD/MWh, or 0.06 USD/kWh.

The levelised generation cost above would change if the project was bigger than 100 kW due to
economies of scale. Also, the loan would play a large part in final costs. If the loan accounts for 50
per cent of the total initial investment cost, the generation costs for BIPV system and LS-PV
system will be around 0.59 USD/kWh. As the government has given a tariff of 0.585 USD/kWh to
the two projects currently in operation, the government tariff would be close to projected
generation costs.*

The economics of solar PV is changing rapidly. Projected future improvements in module
production efficiency leading to lower-priced modules will significantly affect the economics of

solar PV (see Table 10).%

Table 10: Projected levelised generation cost for a 100 kW solar project (USD/KW)

Cost element 2010 2015 2020
Initial investment 4,798.86 2,833.68 1,673.20
Self-funding (30%) 1,439.73 850.06 502.05
Loan (70%) 3,359.27 1,983.62 1,171.30
Loan payback (5%) 167.93 99.18 58.51
Loan interest (20y) 107.96 63.78 37.60
Depreciation 191.93 113.37 67.00
Compensation for loan and interest -191.93 -113.37 -67.00
Operation and maintenance (1%) 47.98 28.38 16.68
System repairs and replacement (0.05%) 23.99 14.19 8.34
Annual return to capital investors (10%) 143.94 84.99 50.18
Capacity cost including tax** 525.89 310.56 183.44
1,000h 0.53 0.31 0.19
Levelised 1,100h 0.48 0.28 0.16
generation cost 1,200h 0.44 0.26 0.15
including tax*? 1,300h 0.41 0.23 0.15
(USD/KWh) 1,400h 0.38 0.22 0.13
1,500h 0.35 0.20 0.12

Source: Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.

39 Information on 1/ on Feb 6, 2009 from 21%
Century Business Herald. Available at <www.21cbh.com>.

“0|_j Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.

4 Capacity Cost including Tax= Loan Payback+ Loan Interest+ Operation and Maintenance+ System Repairs and
Replacement+ Annual Return to Capital Investors+ tax

#2 Capacity Cost=( Loan Payback+ Loan Interest+ Operation and Maintenance+ System Repairs and
Replacement+ Annual Return to Capital Investors+ tax)/ Usable Sunshine Hours
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4. Potential Concerns and Risks of the Solar PV Sector

As of February 2009, the central government had not issued any detailed measures for solar power
development. The department of the government that is in charge of renewable energy, including
solar power, is the National Development and Reform Commission. Every project related to the
solar power has to submit a feasibility study report or application report to obtain the approval
from this commission. A project is also required to obtain administrative licenses from local Urban
Planning Bureau, Environment Protection Bureau and Real Estate Bureau, and the agreement of
the land owner. Finally, for grid-connected solar PV developers, the relevant grid operators have to
give their approval (see Figure 9). Only two developments (Chongming Island Project and Erdos
Project) have successfully connected their system to the national or local grids to supply electricity,
with another having secured approval but not yet completed.*

For small distributed solar PV systems, the required time to obtain the approval varies. In a few
cities, such as Xinyu, approval is issued quickly because of local policies to support solar power.*
However, even in some large cities which have policies promoting solar power, it can still take a
long time to get the necessary approvals. The Shanghai government has spent more than two years
just in planning the 100,000 PV roofs program.*®

Another concern is the clarity of the legislation where the tariff solar developers receive is based
upon “reasonable costs plus reasonable profits”. While the two grid-connected projects have
received a fair tariff, there is no set amount to be awarded and thus uncertainty. As for off-grid PV
projects, although regulations have made it clear that the costs of operation and maintenance for
those projects built under the Township Electrification Program should be apportioned across the
whole network, the final legislation detailing how this will work has not been completed.*®

The future of the solar PV power remains unpredictable. If the government is determined to
support solar PV power development, the market should grow as dramatically as the wind power
market has done in recent years. The government has indicated that it is considering more detailed
regulations, with a fixed tariff of 585 USD/MWh and rules to assist in connecting projects to the
grid.*’ If these regulations become reality, they could significantly affect the solar PV market.

*3 Information on (Shanghai’s Temporary Administrative
Measurements about Solar PV Projects) 9 October 2008 from Shanghai Development and Reform Commission.
Available at <www.shanghai.gov.cn>.

* Information on (New Tax Reduction in Xinyu to
Support Solar PV Power) from Solar-PV News, 23 December 2008. Available at <www.solar-pv.cn>.

45 PHOTON International October, 2008.

% Li Junfeng, Wang Sicheng. China Solar PV Report 2007. China Environmental Press.

47 Information on from . Dec 9, 2008. Available at
<www.com.cn>.
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Figure 9: Development approval process of solar PV projects in China
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