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1. Introduction

The global financial crisis of 2008 has affecte@ tending capacity of leading financial
institutions around the world, which has in turfeafed consumer confidence and demand.
Widely believed to have originated in the advancedntries, the crisis is now being widely
felt in developing countries as well. The impantgpecific industries is only just becoming
evident, different industries will likely face diffing impacts on their performance and
prospects depending on their structural charatitrisnd dynamics. Some have theorized
that the “green” sunrise industries that manufactustainable products and competing on
the basis of continuous innovation and technicahge, and growing rapidly on the basis of
new entry and output expansion, will more easihathier the economic turmoil than their

“brown” counterpart¢Ban Ki-moon, 2008; Atienza Jr., 2009).

This paper examines how the global financial ciisis affected the wind power industries of
the two major emerging economy wind power lead€ékina and India. It begins by

examining the respective structure of the wind stduin each country, and government
policy support that has shaped the evolutions efitidustry over time. It then turns to a
survey of how the economic downturn has affectenldwiower development globally, and
what this has meant for wind turbine manufactufimgs in China and India. Looking ahead,
the paper ends with an assessment of the outlaothéowind industry in each of the two

countries, as well as providing recommendationgpiticy makers.

China and India play an increasingly important rate the emerging giants of the world
economy and international energy markets. Energyeldpments in China and India are
transforming the global energy system due to teb&er size, and the staggering pace of
Chinese and Indian economic growth in the pastyfears has outstripping that of all other
major countries. China and India together are ptefto account for 45 per cent of the
increase in demand in energy consumption globadtyvben now and 2030AEA, 2007,
OECD, 2007). China and India also play an incregigiimportant role in global wind power
development. Wind energy is the fastest growingrgnesource in the world, and an
increasing share of this growth is occurring in egitey economies. As illustrated in Figure 1,
China’s share of annual wind power installationsbglly has been steadily increasing since
2003. India’sshare has fallen recently, but has comprised a nhcjer share of annual

global installations over the past 2 decades.



Global climate change presents one of the greatestonmental challenges the world has
ever faced. Globally, the additional investmentdeekin 2030 to returmgreenhouse gas
emissions to current levels is an estimated $2D@rbiper year. Developing countries as a
whole will invest $160 billion a year in the powsector between now and 2030, and
“greening” that investment will require an addit@r$30 billion a yea(UNFCCC, 2007).
China and India are capturing increasing sharesnedéstment flows for new capacity,

manufacturing, and R&D in renewable energy.

Figure 1. Global Wind Development and the Role of Rina and India

140,000 - - 0%
" New Annual Global Capacity
120,000 - (] i
! \ B Existing Global Capacity 25%
\ .
[ )
100,000 7 , ‘ """" China Share of Annual ® .
] \ Installations : r 20%
£ == =-India Share of Annual .
£ 80,000 1 | ‘ ndia ?reo nnua . .
2 ' Installations ¢
& ! - 15% 8
8 \ 5
S 60,000 | \
' \ -
40,000 (]
20,000 5%
0%

O D DO O D DD P >
P B S P S KPS S S &
TR TN DT DT DT DT DT DT A >

N O
NS
> A A

* o
> §
) > AD

o &N &»
" & O

2

In conducting a review of the impact of the finaarisis on China and India, this study may
also illuminate broader industrial developmenttsgges for the developing world. While
many advanced, sustainable technologies werelipitlaveloped in the industrialized world,
they are increasingly being manufactured in thergmng economies. As these countries
become not just manufacturing bases but technalogyvators in their own right, it will be
increasingly important for these industries to Idok new ways to compete in the global
marketplace, and for policy makers to strategiclilster the growth of these industries for
domestic and international expansion. As the wanltteasingly addresses the causes of
global climate change, green technologies will @ayincreasingly important role in global

energy infrastructure in the transformation towa tmrbon economy.



2. China’s Wind Industry

2.1.  Origins and Status

China is now the second largest wind power markethe world after the United States,
having surpassed the annual capacity additionsuofean leaders like Germany and Spain
(and prior developing country leader India) in 200i&h 6 GW of new installations. China
now has a total cumulative installed capacity o21@W, making it the fourth largest wind
power base in the world after the U.S., Germany $airf. Chinese wind power generation
capacity, it is estimated, could reach 20 gigawatthe end of 200@nterfax-China, 2009).

Wind power technology has been particularly sudoésa China due to excellent wind
resources and rapid technological improvements himn&s domestic wind industry. The
environmental and health benefits of wind are $iggut: if China develops even one-half of
its total exploitable wind power resources estimate250 gigawatts (GW), it could generate
around 275 billion kilowatt-hours of power eachiyd22 per cent of China’s total electricity
generation in 2000). This would displace the n&sd135 million tons of coal and the
accompanying two million tons of sulfur dioxide a@@ million tons of carbon emissions
(Lew and Logan, 2001). A recent study suggeststtieelectricity that coulde generated
economically from wind in China could resultsavings of C@emissions by as much as 0.62
gigatons of C@per year, equal to 9.4 per cent of total currenuahChinese emission§6.6
gigatons of C@per year(McElroy, Lu, Nielsen, Wang, 2009). Since Chinasiabout 1400
million tons of coal per year, and emits about 2llion tons of sulfur dioxide and 900
million tons of carbon annually, wind power, evesveloped to its maximum potential, will
only begin to make a dent in reducing China’s tetalssions. It nonetheless could be a very
important part of a future energy development sdernacorporating clean technologies and

energy efficiency measures across sectors.

! Due to the fact that some of China’s wind farmstalled in 2008 were reportedly not connected to
the grid by the end of the year, one study claimas China's wind power generation capacity in 2008
should actually have been calculated as 8.94 idstdal2.15 gigawatts. Source: China State
Electricity Research CounciGhina Wind Report 20095{obal Wind Energy Council, 2008).
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Figure 2. Wind Power Development in China, 1990-2@0
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China has an estimated one million MW of total ekpble wind resources, including about
250,000 MW on land and 750,000 MW offstorastalled electric power generation capacity
in China totaled about 792.5 GW at the end of 20G& wind power capacity (12 GW)

representing just about 2 per cent of total instalpower capacity. Electricity generated by
wind turbines is estimated to have contributeddesslthan one per cent of China’s total

electricity production in 2008.

China’s best wind resources are concentrated imohtern and western parts of @untry
where there is less electricity demand. This iasirggly requires transmission to be built to
bring the power to provinces that need it. Howetiernorthern and western provinces, such
as Gansu, are less developed, and poor electuls gannot manage the fluctuations in
electricity production inherent in wind pow@t/ang, 2009) As a result, some problems with
power delivery due to grid challenges have beearteg.

2 While these are the wind resource statistics roostmonly cited in China (see e.g. Wan Zhihong,
“Wind energy, the future”China Daily, November 29, 2007), recent studies show thatze@mum
onshore wind resource potential could generate P¥h of electricity annually, more than seven
times China’s current national electricity consuimpi{McElroy et al., 2009).
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Figure 3. China Wind Resource Map (GIS analysis, 2ID)
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2.2.  Industry Structure and Key Players

When large-scale wind power development began in&Cim the early 1990s, there were no
Chinese wind turbine manufacturers in the markéte Picture has changed dramatically
since then, with over 80 Chinese wind turbine maaufrers reportedly in the market today.
While not all of these companies have produced ceroialy-available wind turbines,
several Chinese companies have moved ahead ofifieo@ined wind turbine manufacturers
in terms of Chinese market share. The evolutiothefChinese marketplace and the current
status of the wind turbine manufacturing industng avind farm development are discussed

below.



2.2.1. Manufacturers

The Chinese market is now split among the dom&ftioese turbine manufacturers, and the
large global turbine manufacturers - all of whicle aow locally manufacturing at least the
majority of their wind turbines in China. Todakgetlargest market share is held by Chinese
firm Sinovel, a relative newcomer to the industeth 23 per cent of the market in 2008. In
second place is Chinese firm Goldwind, the mosil#isthed Chinese manufacturer, with 18
per cent, followed by another relatively new Chaesanufacturer, Dongfang (DFEM), with
17 per cent. The leading global wind turbine maotufigers with a notable presence in China
in 2008 include Denmark’s Vestas with 10 per cdnmnarket share, Spain’'s Gamesa with 8
per cent, India’s Suzlon with 3 per cent, Germamtsdex with 3 per cent, Spain’s Acciona
with 2 per cent, and the United States’ GE witheR gent. The rest of the market is divided
among smaller Chinese manufacturers, including WndSEC, Xiangdian, Mingyang,
Changzhou, Beizhong, Guodian, Hanwei, Envisionywnd CSR, as well as a few smaller

foreign manufacturers like REpower (Pengfei, 2009).

Figure 4. China Market Shares: 2008 Wind Turbine Skes by Manufacturer

China Market Shares 2008

Acciona
2% _ GE

Nordex _\ 2%
3% l

Repower
0%

Suzlon
3%

While many of the leading international wind tudimanufacturers are still active in the
Chinese market, they have been disadvantaged leyadeyovernment policies which have
aimed to directly support rising Chinese turbinenafacturers (discussed in the next section).
As a result, many foreign manufacturers have comgththat theChinese market is not open
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and competitive. While many leading internatiomanufacturers still clainsizable market
shares, however, it is hard to claim that thisaspletely the case. In addition, foreign wind
farm equipment, although generally more expengige Chinese equipment, is still generally
considered to be at the forefront of technologaVvelopment and preferable in terms of
long-term cost efficiency. This is also supportgdrdicent data on wind farm performance in
China which has raised concerns about quality obmtrChinese wind turbine manufacturing.
For example, ecent studies have highlighted the fact that c@pdactors (CF) for wind
farms in China are much lower than in the Uniteatet: 23 per cent compared with 34 per
cent (and some U.S. wind farms have a CF as high8ager cenf) This isproblematic
because this is making wind energy less competikige it should be. If less power is being
generated, less electricity is sold, and the ptagmore expensive overall. If the capacity
factor in China were increased to 34 per centatrexage cost of wind power in China could
be decreased from 0.55 RMB/KWh to 0.38 RMB/kWh (eey2008).The relatively low
performance may be due to factors other than yubtrte quality, however, including the sub-
optimal siting of wind farms due to inadequate wimdource studies, limitations of the
Chinese electricity grid in handling wind’s intetteincy, and the potentially lower quality of
the domestically produced turbines deployed in €lais compared with turbines available on

the international market.

Despite some claims about turbine performance, €3leinvind turbines compete with foreign
wind turbine technology primarily based on theistcadvantage. The average price of wind
turbine technology being offered by local Chinesanlds is approximately 5500 RBM/kW
(US$805/kW) installed, compared with about 7000 RK¥B (US$1,025) for foreign brands,
or about 20 per cent lowéBoares, 2009)This ability to compete based on price is further
reinforced by the focus on low tariffs being offérdy projects competing for wind
concession and wind base projects. Developers imnaGiften focus on price, rather than the
overall IRR over the lifespan of the project, besstariff price is what typically determines
the selection of developer for a projecthe development of an indigenous manufacturing
base to support the growth of wind installation€Hina also promises to achieve significant
further reductions in generating costs. Presenthind generated power costs 0.5-0.6
RMB/kWh (7.3-8.7 U.S. cents/kWh) to produce, white cost of power from coal-fired
plants is far less, at 0.2—0.3 RMB/kWh (2.9-4.3.¢shts/kWh)Schwartz, 2009).

% The capacity factor (CF) defines the fractiortha rated power potential of a turbine that is aliyu
realized over the course of a year given expectthtons in wind speed. This represents a
difference of 2000 vs. 3000 full load hours.



China does remain largely dependent on importskéyr components, such as precision
bearings, electrical and control systems, and tev&Schwartz, 2009). For example, leading
Chinese wind turbine manufacturers Sinovel and By import electrical and control

systems technology form American Superconductop@AMSC). Parts and raw materials
used to manufacture wind turbine components argesulo a program of tax rebates

instituted by the Chinese Ministry of Finance inJary 2008.

Figure 5. 2008 China Wind Turbine Installations byManufacturer (Megawatts) (Soares,
2009)
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Key Industry Player: Goldwind

Goldwind @infeng was China’s first leading wind turbine manufaetur An investigation of

how Goldwind acquired its wind turbine technologgyides a clear example of how China is
obtaining advanced wind power technology througérimational technology transfers. While
every firm in China has adopted a somewhat diffegrategy and established different
technology partnerships, most firms have used sicgy merger and acquisition and joint

research strategies similar to that of Goldwind.



Goldwind first obtained its wind turbine technolagyyough purchasing a license from Jacobs,
a small German wind turbine manufacturer that hiasesbeen purchased by REpower, to
manufacture 600 kW wind turbines. Subsequently,d@ld also obtained a license from
REpower for its 750 kW turbine, and a license framother German company, Vensys, for a
gearless (direct drive) 1.2 MW turbine. Vensys, ikenl REpower, was not directly
manufacturing wind turbines themselves, just desgthem, and was looking for a partner
with the manufacturing capability to produce itebine designs. The Vensys gearless turbine
technology was then (and is now) still somewhat iarwind turbine designs, but is thought
to have many advantages, including less parts ¢hat become damaged and require
replacement (De Vries, 2007). When Vensys develapdow wind speed version with a
larger 64 m-diameter rotor that increased output.5oMW, Goldwind acquired the license
for that turbine as well. The company is curremityrking with Vensys to produce a 2.5 MW

gearless turbine for onshore use, and larger teshivith a view toward offshore applications.

In early 2008 when several other firms made a bigurchase Vensys, Goldwind opted to
instead purchase a 70 per cent stake in the compaimight so that it could continue its

important partnership. Becoming the controllingnewof the company gave Goldwind more
control over the direction of the research and hgweent of the Vensys, as well as less
constraints over access to its intellectual prgpe®oldwind, somewhat surprisingly, has
opted to encourage rather than discourage Vensyshgrships overseas, encouraging its
licensing arrangements with overseas companies itidtide Enerwind of Argentina

(primarily selling to the Brazilian market), ReG@&owertech in India, Eozen in Spain, a
Canadian subsidiary of Vensys, and most recentlyNkide Energo in the Czech Republic
and Slovakia. Wu Gang, Goldwind’'s CEO, believet this important to give the designers
at Vensys the creative freedom that they needpgradlowing them to directly engage in the
manufacturing process, they may improve the qualityheir designs through more direct

learning by doing

As the company has expanded, it has become inogbasable to compete for the most
skilled workers in the wind turbine industry, areportedly has been able to attract former
employees from GE, Gamesa, Vestas and SiemenswiBdlds currently manufacturing

turbines for the Chinese market almost exclusivieli,it is in the process of building a small
demonstration wind farm in Minnesota, and has pkansxpand in the United States and

Australian markets.

* Wu Gang, Goldwind CEO, in conversation with autt@ctober 8, 2009.

9



Figure 6. Goldwind’'s Market Share in China, 1991-208 (Lewis annually)
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2.2.2. Developers

Wind power development in China is quickly changasythe growing industry attracts the
interest of an increasingly wider range of investorhere are around 200 wind farm
developers currently active in China, though 91 gt of total installations in 2008 were
developed by 25 companies. These same compaei@s tlwe process of developing much of
China’s near term wind projects as well. Dominatimg mix are China’s large power utilities
that have become very engaged in wind power deweop in recent years, including
Longyuan, Datang, Shenhua, Huaneng, Huadian asa&/&@luangdong Nuclear and Guodian.

Despite the dominance of the large state-owned poeampanies in China’'s wind

development, wind farms now are increasingly beitgyeloped by private developers,
including wholly foreign owned companies. Howeuereign power sector development in
China still remains somewhat restricted by the govent.While renewable energy is not an
area that is specifically restricted, foreign firstdl reportedly have a difficult time obtaining

approval for project development.
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2.3.  Government Wind Energy Policy Support

The first major policy to specifically support wimpbwer in China came in 1994 when the
Chinese government, led by what was then the Minisf Electric Power, released
“Provisions for Grid-Connected Wind Farm Manageniefihe Provisions mandated that
grid operators facilitate interconnection of wirattrhs, and set a purchasing price for wind
power based on a pricing principle of generatiost,cplus repayment of loan and interest,
plus a “reasonable” profit (Liu et al., 2002). Iddition, the Provisions stipulated that any
incremental cost of wind power over the averagé absonventional electricity be borne by
the entire grid. This cost-plus-profit formula gisted in China for several years, encouraging
wind development in certain provinces but repostddiading to huge subsidies in many

instances where the profit margin was set relatitaeh.

A new era of policies to support renewable enemyetbpment began in China in 2005 with
the launch of the National Renewable Energy Lawe Wajor policies driving wind power

development in China today are described below.

2.3.1. Wind Concessions

Recognizing that one way to promote wind develognreChina is to provide clear policies,

release technical information and to set up meshasito facilitate government approval for
projects, the Chinese government, led by the Natibevelopment and Reform Commission
(NDRC), issued wind resource concessions for gawem-selected sites through a
competitive bidding process to potential developénom 2003-2007, 18 concession projects
were implemented. Each concession project inclagguoval to develop the selected project
site, a PPA for the first 30,000 hours of the prhjguaranteed grid interconnection, financial
support for grid extension and access roads, agignential tax and loan conditions will all

be granted to the winning bidder by the centralegoment.

The primary goal of the wind concession program teasteadily ramp up new wind power
capacity at the lowest possible cost while maimairgovernment control over development
decisions. After years of high wind electricityitis, the government hoped that introducing
a competitive bidding process for wind farm devetept would reveal the true current price
of wind power in China. Additional program goat€lude promoting the technology transfer
of advanced wind energy technology, and increakiegl manufacturing of wind energy

systems and technology components (Wind Concesaionp, 2003). Projects were usually

11



100 MW in size, and had to use wind turbines o KW in capacity that initially used 50

per cent local content, increasing to 70 per aetdter rounds of concessions.

While the concession projects are generally thdaodiave been a success, the structure of the
bidding progress led to some challenges and atitisi In 2005 concessions, the price that
potential developers bid in as their power pricetifie project was the most important criteria
used to evaluate the project, weighted at 40 pat. CEhis resulted in many developers
bidding power prices that were later found to be lww, and revised after the bidder had
already been awarded the right to develop the groJdese practices caused a lot of concern
within in the industry. As a result, the weightv@m to price in the evaluation process was
eventually reduced to 25 per cent in 2006, and0di72t was decided that the average tariff

price across all the bids should be used to determvhich project should be selected.

2.3.2. Wind Bases

China’s 2007 Mid and Long Term Renewable Energylémentation Plan first announced
the government’s plans for large-scale wind powasels across China, with plans refined
further in the March 2008 Y1Five-Year Renewable Energy Development Plan. Viimel
bases include five 1 GW wind bases in Hebei, Iiviengolia, Gansu, Jilin, and Liaoning by
2010, and an additional six 1 GW wind bases iniding, Gansu, Jiangsu, Inner Mongolia,
Hebei and Jilin by 2020. These are the provincéls same of the best-proven wind resources.
The earliest of these mega wind projects, a 10 G viiarm in Juiquan, Gansu province,

only recently received NDRC approval.

The wind bases provide a strong signal for theréutaf China’s future wind power
development. Few countries in the world are pugguigigawatt-scale wind power
development. In addition, government-announced spltor large wind bases allow for
transmission planning to occur around these bds#ter facilitating coordination between
project developers, the grid company, and the abgtsvernment. The wind bases are also
designed to promote the development of a local yeiomer industry in the area surrounding
the base. This is causing turbine manufactureshiib at least portions of their facilities to
the region near the base, though in many casesatieejyist conducting assembly at the site,
rather than building an entirely new manufacturfiagjlity if they already have operations in
place in China. For example, Goldwind is alreaelyirsg up facilities near several wind bases
including in Hebei, Guangdong, Gansu, Xinjiang,dniMongolia and Ningxia. In addition,
several of the wind base projects have set a $peiike for the turbines to be installed there
in the range of 1.5 MW to 2.MW.
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Criticisms of the wind power bases surround the mearin which they are allocated and
distributed to project developers. Unlike the poed wind concession projects which
operated a quasi-transparent, competitive biddystes, these projects are being distributed
without a bidding process. A public auction was@mced for several of the wind bases, but
the projects were allocated in a somewhat lesststied fashion than the previous wind
concession projects, reportedly being handed outdéwelopers directly by the local

governments without being based on an organizedirigdor tendering process. As a result,
the majority of the projects are being allocateth®large state-owned power companies. At
least some of the projects have been allocatedrtagh developers, however it is not yet

clear whether any wind turbines manufactured bgiépr-owned companies will be used.

2.3.3. Tariffs

While China has experimented with feed-in tarifis Wvind power over the years with various
levels of success, a July 2009 central governmembncement set four feed-in tariff levels
across the country, varying by region based on westurce class. Tariff prices range from
0.51 Yuan/kWh for wind power in regions with the shavind resources, such as Inner
Mongolia, to 0.61 Yuan/kWh for regions with the deavind resources (U.S. cent 7.5—
8.9/kwh). Setting a higher tariff in low wind resoa regions encourages wind power

development there despite less opportunity fortedsty production.

2.3.4. Mandated Renewable Energy Shares

The July 2008 Mid and Long Term Renewable Energglémentation Plan announced that
China’s share of non-hydro renewables should rdaphr cent of total power generation by
2010 and 3 per cent by 2020 for regions serveddmyralized power grids. In addition, a
specific obligation was placed on any power prodwyening a total generation portfolio of
more than 5 GW to increase its actual ownershippoafver capacity from non-hydro
Renewables to 3 per cent by 2010 and 8 per ceB0B§. This obligation falls upon the large
power companies and is one of the primarily reasbese companies have been developing

large wind projects in the last two years
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2.3.5 Industrial Policies

China has taken several steps to directly encoutagal wind turbine manufacturing,
including policies that encourage joint-ventured sethnology transfers in large wind turbine
technology, policies that mandate locally-made wintbines, differential customs duties
favoring domestic rather than overseas turbinenalsise and public R&D support. In 1997,
the SETC launched the “Double IncreasBhiangjid project that aimed at doubling the 80
MW of wind capacity that were then installed, amtauraged (but did not mandate) that a
larger share of local content be incorporated thites used. However, the future outlook for
wind power utilization in China was likely too umtan, and 80 MW too small a quantity, to
encourage local manufacturing by turbine supplérthis stage. Additionally, local content
requirements conflicted with the requirement of trfoseign government loans which were
already being used to support many wind farm vestim China. These loans were typically
in the form of tied-aid that came from various fgre governments (including Denmark,
Germany and the U.S.) to support the sales of their domestic wind farm technology to
China. However, 74 MW of wind power was succesgfutistalled under this program,
essentially meeting the targdlOST, SDPC, State Economic and Trade Commissiod2 2

The Ministry of Science and Technology (MOST) hasssdized wind energy R&D
expenditures at varied levels over time, beginnmgst notably in 1996 with the
establishment of a renewable energy fund (MOST.e2@02). In an effort to help Chinese
turbine manufacturers develop products and teclgiedp MOST funded research to develop
technologies for 600 kW machines during the NintleFYear Plan (1996-2000). A prototype
machine developed through this research was apgpravéhe national level. MOST is now
supporting the development of megawatt-size windimes, including technologies for
variable pitch rotors and variable speed generatarpart of the “863 Wind Program” under
the Eleventh Five-Year Plan (2006-2010).

In 1997 the SDPC began its “Ride the Wind Progré&@tiengfengln order to promote a
model of “demand created by the government, praoiuddy joint venture enterprise, and
ordered competition in the market” (Liu et al., 2D0OTwo joint venture enterprises to
domestically manufacture wind turbines were esshbli: one between the Spanish company
Made and Chinese company Yituo, part of China’s ylamg First Tractor Factory, a
commercial wing of the Chinese Ministry of MachinefThe technology transfers carried out
through this program started with a 20 per cenall@ontent requirement and a goal of an
increase to 80 per cent as learning on the Chisiegeprogressed (Lew, 2000). The Made-

Yituo joint venture focused on a 660 kW turbinensferred by Made, and the Xi'an-Nordex
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joint venture focused on a 600 kW turbine transfgtsy Nordex. The Ride the Wind program
experienced limited success, blamed on the fadt fireign companies were not able to
choose their Chinese partners; rather they werectsel by the Chinese government.
Companies were selected from industries that whoaight to be appropriate to wind
technology-primarily the aerospace industry-but Hétle experience, or interest, in
manufacturing wind turbines; similar to what hapgetm the early years of the United States
wind industry. Additionally, China’s target of 1008W of wind by the year 2000 was not
met by a long shot, which members of the wind itgudlamed on unclear approval

procedures and unrealistic local content requireg{&eifel, 2001).

China continues to implement local content requéets in a variety of forms. Wind farm
projects approved by the National Development aafbin Commission (NDRC) during the
Ninth Five-Year Plan (1996-2000) required that winthine equipment purchased for these
projects contain at least 40 per cent locally mamlaponents. The wind concession program
that began in 2003 includes local content requirgsthat have been growing more stringent
over time. Today, all wind farms in China are gabjto a local content requirement of 70 per
cent.

In April 2008, the Chinese Ministry of Finance isdua new regulation on tax refunds for
importing large wind turbines (2.5 MW and above)akey components. In this new
regulation, the tax revenue for the key componants raw materials for large turbines (2.5
MW and above) will be used for technology innovatamd capacity building. The tax rebate
is not returned directly to the company, but togtate, which will establish special programs

to channel the money back into the wind industry.

In August 2008 the Ministry of Finance issued &eotincentive policy on funding support
for 2008, the commercialization of wind power geten equipment. According to this
regulation, for all the domestic brands (with oBé&rper cent Chinese investment) the first 50
wind turbines over 1 MW will be rewarded with RMBO®KkW (60 Euro) from the
government. The rule specifies that the wind tuebimust be tested and certified by China
General Certification (CGC), and must have entéhedmarket, been put into operation and
connected to the grid. The regulation further rezpiithat the rewarded turbines must use
domestic manufactured components and share thedawapportionate with component

manufacturers (Soares, 2009).
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Concerns about overcapacity and an overheated wihgtry lead the Chinese government
in October 2009 to limit new entry into the windlirstry and restrict the manufacturing of
wind equipment (Dyer and Lau, 2009). This annoomar# by the State Council was part of a
plan to combat overcapacity in seven national itriegs admits concern that rising
overcapacity in the economy could hamper recovery laad to a surge in non-performing
bank loans. The government is also restrictingagperations within China of existing firms,
not allowing for expansions into other regions ihir@. Many find this policy to be
unnecessary, believing that the entry of many fimmte a new industry is natural, and most
will be weeded out in the coming months as it bez®eiear whether they are able to develop

a viable, competitive technology.

3. India’'s Wind Industry

3.1.  Origins and Status

As of 2008, India ranked 5th in the world after theS., Germany, Spain and China in grid
connected wind power installations, with 9,645 Migtalled. It was the third largest wind

market in the world in annual installations in 20@8er the United States and China, with
1,800 MW installed that year. The Indian governnieat set a target for 10,500 MW by 2012
as part of the 11th five-year plan. Wind powel stimprises less than one per cent of India’s

total electricity generation.

Figure 7. Wind Power Development in India, 1990-2G0
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The potential for wind power in India is estimat@d45,000 MW, though due to a lack of

detailed national resource assessment, many estiimat the actual number may be higher

(Parthan and Lemaire, 2007). India’s wind resagiare best in the east and southern parts of
the country, particularly near the coasts. Théadxig wind energy potential is believed to be
located in the Indian states of Kamataka (11.5 GB\jjarat (10.6 GW), and Andhra Pradesh
(8.9 GW), followed by Tamil Nadu (5.5 GW), Rajasth@.8 GW) and Maharashtra (4.5 GW)

(GWEC, 2009).

Figure 8. India Wind Resource Map(GWEC, 2009)
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Wind development in India has occurred despite ntadlgnical challenges that persist within
the country’s power sector, including frequent ktads and brownouts, fluctuations in

voltage and frequency, and a demand for electribay exceeds the supply.

India’s wind power industry began to take off iretharly 1990s, though has experienced
periods of boom and bust over the past two decddethe late 1990s in particular, the
industry experienced a slowdown, reportedly duthéoreduction in government tax benefits,
delays in processing land approval, and technicablpms related to poor installation
practices in the preceding years. In 2003, grovidintexd to take off again with the 2003
Electricity Act. Over the past few years, both gwvernment and the wind power industry
have succeeded in injecting greater stability theIndian market, encouraging larger private

and public sector enterprises to invest in wind.

3.2.  Industry Structure and Key Players

India now has a rather concentrated local wind pomdustry of relatively few but powerful

turbine manufacturers and developers.

3.2.1. Manufacturers

India has a solid domestic manufacturing basebjethdian company Suzlon, which held 69
per cent of Indian market share in 2008. While 8&uzk an Indian company, it now sells
turbines all over the world. Other key players lie indian market Vestas with 13 per cent
market share in 2008, and RRB with 10 per cent.e@dvother international turbine
manufacturers have established production fadglitieindia, including Enercon, GE, Gamesa,
Siemens, ReGen Power Tech, LM Glasfiber, WinWinen&rsys and Global Wind Power.
Overall, a dozen international companies now mastufa wind turbines in India, through
either joint ventures under licensed productionsaissidiaries of foreign companies or as
Indian companies with their own technold@WEC, 2009).
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Figure 9. Wind Turbine Market Shares in India, 2008
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The current annual production capacity of wind itues manufactured in India is about
3,000-3,500 MW, projected to rise to 5,000 MW penaryby 2015 (GWEC, 2009). This
annual production capacity includes turbines fog ttomestic as well as for the export
markets. India’'s wind power market has been dorathaktcently by Indian wind turbine
manufacturers, though many leading foreign-ownedhdwicompanies have set up
manufacturing facilities in India. Some foreigmmuanies now source more than 80 per cent
of the components for their turbines in India ardaet them around the world. Components
and turbines have been exported from India by $yAl@stas Wind Technologies, Enercon,
RRB Energy, Southern Wind Farms and Shriram EP@& adverage capital cost of wind
projects in India is about 45 million Indian Rupges MW installed, or about US$958 per
kilowatt (Mizuno, 2007).

Almost all Indian manufacturers are now lookinghet export market, where better prices can
be achieved than in the domestic market. Windineband turbine blades produced in India
have been exported to the USA, Europe, Australmn&and Brazil. Looking to the export
market is also driven in part by policy uncertaimythe Indian wind market, and competition
with local Indian manufacturers that can often ouatpete the foreign manufacturers based on
price. For example, U.S. firm GE had trouble sgllits technology in the Indian market in
2004 and 2005 and withdrew from the market forwa years. They reportedly plan to re-
enter the Indian market, with plans to build aneassly plant in India by 2010. They are
reportedly going to be sourcing 70 per cent ofrthebines in IndigForbes India, 2009).
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Key Industry Player: Suzlon

Indian company Suzlon, the world's fifth largestriine manufacturer, is now well
established in the international wind market beytmdia, operating in 20 countries around
the world and supplying turbines to projects ingdlorth and South America and Europe.
Suzlon is owned by entrepreneur Tulsi Tanti and dilidings. Tanti started in the textile
industry, and turned to a few wind turbines to poWwes business when faced with soaring
power costs and the infrequent availability of pow€his led him to establish Suzlon, India’s
first homegrown wind power company. Within fiveaye Suzlon had made the list of top ten
wind companies, and the company has remained #ieze. Co-investors include two major
American investment funds, City Group and Chrysahpeach of which injected $25 million
into the company(Windpower Monthly, 2004:25). Suzlon recently e$sied its
international headquarters in Aarhus, Denmark tesgieally selecting Denmark due to its
base of wind energy expertise and extensive netwbdomponents supplietsSuzlon has
also developed sales offices in Australia, Chind #re U.S. (as well as India) and R&D

centers in Germany, the Netherlands, and Indiawwwzlon.com).

Suzlon first obtained its wind turbine technologyai 1995 technical collaboration agreement
with a German company, Sidwind, in which Stdwinaretl technical information relating to
the manufacturing of its 270, 300, 350, 600, and K&/ wind turbine models, in return for
royalty payments. Then in 2001, Suzlon obtaindideanse to manufacture rotor blades from
Aerpac B.V, and entered into an agreement with iERvind Rotor Production B.V. in which
Suzlon made a one-time payment to acquire the sapgesnoulds, production line, and

technical support to produce another model of rbtades in India (Herring, 2005).

In 2005, the firm began manufacturing generatarsuiph a subsidiary, Suzlon Generators, of
which it owns 74.9 per cent and is a joint ventwitéh Elin EBG Motoren GmbH of Austria.
In 2006, Suzlon purchased Hansen, the second taggesbox manufacturer in the world,
expanding its access to gearbox technology andintatke second largest foreign corporate
takeover by an Indian company in any industry. &uzaélso has an arrangement with
Winergy AG, the leading gearbox supplier in Indidnich allows for the use of domestically
manufactured gearboxes, while it continues to workdvance its own technology. In May
of 2007, Suzlon acquired German manufacturer REp&avepproximately €1 billion (which

had licensed wind turbine technology to the Chimaaaufacturer Goldwind), though the two

® Placement of the international headquarters innbsrk was particularly strategic in 2004 now since
many former workers for the leading Danish wind pamies, Vestas and NEG Micon, were recently
laid off after streamlining in conjunction with tineerger of the two companies (WPM, October
2004:25).
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companies are still operating somewhat indepengarfiteach other, with little technology
cooperation or knowledge exchange, reportedly ® @arman regulations surrounding the

acquisition (Lewis and Wiser, 2007).

Suzlon currently offers wind turbines that rangesine from 600 kW to 2.1 MW. The

company’s manufacturing strategy has been to hupldn the licensing and joint venture
agreements described above with its own researdidevelopment, and to manufacture as
many wind turbine components as possible in-hodsee firm believes that increasing its in-
house manufacturing capabilities will help themawer wind turbine costs by giving them

greater control over the supply chain, and enabiekgr and more efficient assembly for
faster delivery times to customers (Herring, 2008)is strategy of developing integrated
manufacturing capability is particularly aimed apporting high-growth regions, including

India, China, and the United States. Suzlon hss edtablished R&D centers throughout the
world. One research center based in The Nethexlbadefits from local Dutch expertise in
turbine blade development, while another reseaecttec located in Germany benefits from

gearbox expertise.

Suzlon experienced a technological setback in 200&n instances of blade cracks were
discovered during the operation of some of Suzlevired turbines in the United States. In
response, Suzlon opted to retrofit its total fleetl,251 blades (India PRwire, 2009). As a
result, some industry reports indicate that redeahnology failures have led to order
cancellations, and may hurt Suzlon’s market perforoe in the coming months (India
PRwire, 2009).
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Figure 10. Suzlon’s Market Share in India, 1996-2 (Lewis, annually)
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3.2.2. Developers

Developers in India’s wind industry have been mambtivated by the tax benefits offered
by the Indian government, and as a result tene tm@an companies with large tax liabilities.
Many of the major wind turbine manufacturers inigndncluding Suzlon and Vestas, also
operate as project developers. In addition, theodhiction of many state-level renewable
portfolio standards in recent years has resultadany large utilities and independent power

producers investing in wind development.

India’s economic reforms dating back to 1991 crbat®re opportunities for Foreign Direct

Investment (FDI) which directly benefited wind paveevelopment. The Indian government
permitted and encouraged financial collaboratigoiat ventures and technical collaborations
for 35 high-priority, capital intensive and hi-texiiogy sectors, including the power sector
and renewable energy facilities. The Ministry induistry also began streamlined its approval

process for foreign investment projef¥4izuno, 2007).

3.3.  Government Policy to Support Wind Energy

The Indian Government has been supporting reseanch development in wind power

technology since the 198(QMizuno, 2007). In the 1990s, India’'s market expeded a
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significant boom as a result of various tax incasdj attractive buy-back rates, and some
preferential loans. For example, 100 per centatgation of wind equipment was allowed in
the first year of project installation, and a 54y¢ax holiday was allowed (Van Hulle and
Jansen, 1999). The national Guidelines for ClearaféVind Power Projects implemented in
July 1995 (and further refined in June 1996) maedidhat all State electricity boards and
their nodal agencies make plans ensuring grid comlig with planned wind developments,
and that they seek Detailed Project Reports (DFRs) independent consultants (for
capacities above 1 MW) on all proposed wind develamt projects to verify project capital
costs and proposed power generation against edrtfind turbine power curves and wind
data at the site, before granting approval forguigj (Van Hulle et al., 2009).

The expectations for future market growth in thdyemid 1990s attracted a number of firms
to the Indian market. However, even with extensjezernment regulations pertaining to
wind farm development, inaccurate resource datar pstallation practices and poor power
plant performance led to a dramatic slowdown dfaittesd capacity in the Indian market in the
late 1990s and early 2000s. While Indian policystpport wind power development was
somewhat unstable in the 1990s and early 2000mmsfin the last few years have resulted
in clearer signals to developers and turbine manufas and a renewed industry boom. The
Indian government has a stated target for renewairegy to contribute 10 per cent of total
power generation capacity by 2012. The Nationalthldty Act of 2003 established an
overarching framework for electricity sector resturing, including the promotion of

renewable energy development.

3.3.1. Tax Credits

Tax exemptions and accelerated depreciation up {@e8 cent of project cost in the first year
have proved successful in driving the wind powett@ein India. This tax depreciation
incentive was initially based on the installatioh wind turbines, rather than on their
electricity generation or performance, resultingha building of many wind farms that were
never connected the power grid. A revised polialled the Generation Based Incentive
(GBI) scheme, was announced by the Ministry of N&viRenewable Energy (MNRE) in
early 2009. This new policy stipulated that taxeintives will be given only for the amount of
power produced, not for the number of turbinesaillesti. In addition, a tariff subsidy scheme
was announced for investors who decided not to taltem the tax depreciation benefit,

opening the market to a broader range of developers
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3.3.2. Tariffs

In June 2008, the MNRE announced a national gapnarbtised incentive scheme for grid
connected wind power projects less than 49 MW, iging an incentive of 0.5 rupees per
KWh. In early 2009 this was expanded to all prigdo provide this incentive to investors
for a period of 10 years, provided they do notroléhe depreciation benefit. This expanded
tariff incentive was meant to provide an incenfieewind development that was attractive to
investors that because of their small size or FHdax liability cannot draw any benefit from
accelerated depreciation. In addition to the MNREentive, many Indian states have set
feed-in tariffs to support wind power developmeiitriff rates range from 3.14 in Kerala to

4.5 in Rajasthan.

3.3.3. Mandated Renewable Energy Shares

The 2003 Electricity Act 2003 stated that eachesdtould fix its own minimum percentage
for purchase of renewable energy, taking into actavailability of such resources in the
region and its impact on retail tariffs. As a fesuost states have established mandatory
renewable energy shares. One of the more aggeeRawnewable Portfolio Standards for
wind is found in Tamil Nadu, where the standardges at 10 per cent between 2008-2009,
increasing to 13 per cent between 2009-2010, add fwer cent between 2010-2011 (GWEC,
2009).

3.3.4. Industrial Policies

India has taken some direct steps to encouragévaed turbine manufacturing. For example,
India has manipulated customs duties in favor gidrting wind turbine components over

importing complete machines. There is no custoutg dn special bearings, gearboxes, yaw
components and sensors for the manufacture of tirines, or on parts and raw materials
used in the manufacture of rotor blades. Theeereduced customs duty on brake hydraulics,
flexible coupling, brake calipers, wind turbine tmfiers and rotor blades for the

manufacture of wind turbines, and the excise datyexempted for parts used in the

manufacture of electric generators (Van Hulle gt1£199).
India has also developed a national certificatiomgpam for wind turbines administered by

the Ministry on Non-Conventional Energy Sources @8Y, based in large part on

international testing and certification standards.
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4, The Financial Crisis and the Global Wind Industry

This section of the report examines how the gldipaincial downturn has influenced wind
power development in key markets around the waid] what this has meant for Chinese

and Indian wind turbine manufacturers operatingna and India, as well as abroad.

Globally, as banks have become increasingly reiidtalend, wind energy development has
felt the impacts of this constraint. Regional wmdrkets that are less reliant on bank project
finance have been less affected. For example, Turepgan wind energy market is less
reliant on bank project finance than just threéoar years ago, as an increasing share of new
installations are financed by institutional investoinfrastructure funds and from power
company balance sheets (EWEA, 2009). In addititomwind energy sector is attracting new
sources of capital that compensate for banks’ gémeluctance to provide debt finance for
projects. The cost of capital is an importantdadh any wind energy project, and banks
hiked up the interest rate spread for wind projécis1 under 1 per cent to above 2 per cent in
the late 2008-early 2009. However, rate hikes wepertedly been more than offset by the

general decrease in central bank base rates (E\EDD).

4.1. Government Responses

In response to the global financial crisis, manyegaments have implemented emergency
economic stimulus packages in an effort to boosir taconomies. Large portions of these
stimulus packages tend to focus on infrastructoogepts, and many include large amounts of

support for energy development in general, andwab& energy development in particular.

A HSBC study estimates that approximately 15 pet oéthe $3.1 trillion in fiscal measures
that have been committed by nations around thedwmgrlbeing directed towards climate-
friendly investment, including support for renewaldnergy and energy efficien¢idSBC
Global Research, 2009). Asia has the largest dyaotti‘green” stimulus, with over 20 per
cent of global stimulus spending in key climateaarded by China, Japan and South Korea.
The American Recovery and Reinvestment Act comesetond, containing the broadest-
based stimulus in terms of fiscal support for resgie, building efficiency, low carbon
vehicles, rail, grids as well as water and wadte Europe, the stimulus in general and the
green stimulus in particular is smaller than ineothegions of the world, due in part to the

existence of automatic fiscal stabilizers (HSBQ)20
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Figure 11. Green Stimulus Funding: Regional Compagons(HSBC, 2009)
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Most stimulus support is being distributed in 2@0®@l into 2010, so major economic impacts
are not expected to be felt until into 2010. Somakay in distributing stimulus funds can also
be expected. Some of the largest stimulus packages sizable portions to encourage

renewable energy development are detailed below.

4.1.1. European Union

The EU economy entered recession in the third quart 2008. In November 2008, the
European Commission tabled the European Econontovey Plan. This plan proposed a
comprehensive package of measures at both the BUhaiional levels, amounting to 200
billion Euros total, or approximately 1.5 per cehEU GDP (HSBC, 2009). The majority of
the funding is to be spent by the 27 EU membeestatxcept for about 30 billion which is to
be spent by the European Investment Bank and bizthdirectly. The final plan presented
by EU leaders in March 2009 included over 400 dmllEuros of support, along with other
economic stabilizers such as unemployment and etkeare measures. It is estimated the
total stimulus support including these measurasgsrthe European stimulus to around 4 per
cent of EU GDP, spread over 2009 and 2010 (HSBG9R0

As part of the stimulus package, the European tnvast Bank will increase annual
investments for energy and climate change-relatérestructure by up to 6 billion Euros per
year for 2009-2010. In addition, the 2020 FundEoergy, Climate Change and Infrastructure
is being established to co-invest alongside in#iial investors. The stimulus plan
specifically allocates 565 million Euros to offsharvind generation and grid connection to

support wind development (European Commission, R0BRaddition, increased levels of
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RD&D support for wind energy were proposed. Thedpaan Wind Energy Association
(EWEA) has stated that this subsidy will enablgdarvolumes of wind-generated electricity
to be integrated quickly into the existing g(EWEA, 2009).

Figure 12. European Union Green Stimulus Breakdown
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4.1.2. China

China responded rapidly to the economic downtownldynching large, economy-wide
stimulus support. Launched on 9 November 2008, &$istimulus package of RMB 4
trillion (about $586 billion) over two years is egalent to 13.4 per cent of China’s 2008
nominal GDP. China's economic stimulus plan alled&7 per cent of its US$586 billion ($4
trillion Yuan) to "greentech” sectors (China Gresft Initiative, 2009). HSBC estimates that
US$221 hillion of the overall plan, including gridater and rail infrastructure investments, is
greentech-related, making it the second largesteigistimulus” package in the word after the
American Recovery and Reinvestment Plan (Chinar@eeh Initiative, 2009; HSBC, 2009).
Additional reports have indicated that China maodhunch an additional stimulus package
worth three trillion Yuan (US$444 billion) over ntigle years focused on renewable energy

alone(Sina.com, 2009).
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Much of China’s stimulus plan is focused on boagiimvestment in railways, roads, public
housing and rural infrastructure as well as envirental protection. The priorities of the plan
are also aligned to the long-term development @fwacarbon economy. This includes the
development of more flexible and sophisticated teéleqrid infrastructure to enable the
increased use of renewable energy sources andaogntission losses. China has committed
RMB 1.1 trillion to expand power lines and buildtdwansmission over 2009-11 (China
Greentech Initiative, 2009; HSBC, 2009).

Figure 13. Chinese Green Stimulus Breakdown

RMB 4 Trillion
2% Total

4.1.3. United States

The 3.8 per cent decline in U.S. GDP experiencethénfourth quarter of 2008 was the
largest quarterly decline since the first quarterl®82. In October 2008, U.S. Congress
approved the Emergency Economic Stabilization &, centerpiece of which was the $700
billion rescue package for the financial sectotorgside the Troubled Assets Relief Program
(TARP), the Act contained $185 billion of tax cwed credits, including USD18.2bn for

clean energy (HSBC, 2009). At the last moment,Rieduction Tax Credit (PTC) for wind

and the Investment Tax Credit (ITC) for solar wertended to 2012, with a total value of
$9.45 billion (HSBC, 2009). According to estimategery megawatt of wind power deployed
results in a net reduction of 496 tons of {g@r year. Spending $1 billion on production tax
credits yields 1,466 megawatts of additional winengration capacity and cuts CO2
emissions by 727,700 tons per year. Extendindg?e through 2012, as called for in current
proposals, would result in an additional 13,400 avesfts of wind and cost taxpayers $9.14

billion (WRI and Peterson Institute for Internatibizconomics, 2009).
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The $787 billion American Recovery and Reinvestm&cit includes about $12 billion for
green spending, with the majority of the money & dpent in the first 18 months. The
Recovery Act expanded incentives available to ptemmenewable energy, most directly by
extending the Production Tax Credit (PTC) for theeters under TARP (notably wind,
biomass and geothermal) for three years, or allgvdavelopers to swap the PTC for an
Investment Tax Credit (ITC), resulting in a 30 gent capital subsidy during 2009-10, and
extending the 50 per cent bonus depreciation (HSB09). Providing developers the option
to receive cash grants from the Treasury in liethefITC was particularly beneficial to many
developers without sufficient taxable profits tdset. Furthermore, the package provided $6
billion of Department of Energy loan guarantees] artroduced a new “build in America”
manufacturing ITC, providing a 30 per cent cap#alsidy for companies wishing to
construct new plants in the U.S. (HSBC, 2009). @\t is estimated that ARRA provides
$22.5 billion of incentives for the U.S. renewaétergy sector.

Figure 14. USA Green Stimulus Breakdown
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4.1.4. India

After a period of high economic growth exceedinged cent in 2006 and 2007, the 2008
financial crisis saw India’s growth rate fall tocat 5-6 per cent in the fourth quarter of 2008-
09 (The Government Monitor, 2009). India unveitéeshodest $4.0 billion economic stimulus
package for the first four months of the economisig (Vidya, 2008). In addition, India

received several loans from the international dgwalent banks.
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A US$2 billion World Bank Banking Sector Supportdrowas provided to the Government
of India to enhance the lending capacity of pulséctor banks, which have experienced
increased demand due to private and foreign baakmdp slowed their lending and deposit
taking. This loan is expected to will help maintairedit growth levels, support social
banking and employment growth, and help strengtiieneconomic recovery ahe@the
Government Monitor, 2009). In addition, the WoBdnk made a US$1.2 billion loan to the
India Infrastructure Finance Company Ltd. (IIFCb)gupport infrastructure investments in
India’s roads, railways, ports, airports, communag and power supply. The Bank also
approved US$1 billion for the Fifth Power SystemvBlepment Project to strengthen the
existing transmission system as well as expandrti@n national grid which will help the
Government of India achieve its objective of ‘Povi@rAll by 2012’. Almost half of Indian
households (44 per cent) do not have access ttrielgc this project is designed to help
address India’s acute deficit of power by helpihg power grid strengthen five transmission
systems in the northern, western and southernmegibthe country. The Bank has supported
Power Grid since its inception, during which timee tcompany has nearly tripled its
transmission network to become one of the worldigdst electricity transmission system
operators. The Bank also approved a loan of US$iliibn for the Andhra Pradesh Rural
Water Supply and Sanitation Project, which aimprtavide piped water to 2.1 million people
and extend sanitation services to 1 million peopl® currently do not have access (The

Government Monitor, 2009).

4.2.  The Financial Crisis and Wind Development in Chinaand India

4.2.1. Impact on Domestic Markets

In China, the enormous volume of the stimulus pgelkannounced by the central government
in 2008 immediately raised hopes in the wind posector among Chinese and foreign
investors alike (China Greentech Initiative, 200®)increasingly became evident, however,
that the Chinese state-owned enterprises that alezady beginning to dominate the wind
development sector were going to be the primaréydiiciaries of government stimulus

support.

The ability of the government to directly and affittly support state-owned enterprises has
been beneficial for the industry overall in thiméi of economic downturn. Dominant market
players, particularly state-controlled entitiesydndnistorically enjoyed relatively easy access
to capital, which sometimes discouraged efficiectnemic practices. China’s four major

commercial banks, the Agricultural Bank of Chinank of China, China Construction Bank
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and Industrial and Commercial Bank of China, hageasionally been subject to policy-
directed lending (China Greentech Initiative, 200Byen though they appear to have become
more disciplined in their lending in recent yeasth non-performing loan ratios dropping
from nearly 16 per cent in 2004 to under 3 per ae2008, policy-directed lending continues,
and several market analysts suggest that thesperforming loans are currently on the rise
(China Greentech Initiative, 2009). China’s direlcteending strategy under its current
economic stimulus plan is expected to be a coresiderdriver of local renewable energy

technology markets.

Signs are emerging that stimulus packages annouaseglear, especially from China, have
started to have a material economic and indusiniphct. In China, infrastructure investment
surged by 70 to 120 per cent year-on-year, whadicgrowth rebounded to a 10-year high of
over 30 per cent year-on-year in March 2009 (HSB@)9). Another sign of the stimulus
helping recovery is the improvement in industriedgquction, which averaged 5.2 per cent in
the Jan-Feb period (11 per cent year-on-year imuaey)(HSBC, 2009). The Financial Crisis
we are facing at the moment has benefited infiacire projects, especially those related to
Renewable Energy, and State-owned enterprises mticydar have benefited from
government stimulus support. In fact, there amesgoncerns that government support has
resulted in overcapacity in wind turbine manufaictyrin China, which as previously
mentioned triggered a recent government responsestdct new entry into the industry and

new manufacturing activities.

China’s economy has been more resilient to theajlebonomic crisis than any other large
country. With the world’s largest foreign excharrgserves, the government’s four trillion
Yuan (US$586 billion) economic stimulus package whes second largest in the world.
China’s economy grew 7.1 per cent in the first lshl2O09 and is projected to grow at 9 per
cent in 2010 (China Greentech Initiative, 2009).

India hasn't fared as well as China in the econosiwenturn. The Indian Central Bank is

reiterating concerns on inflationary pressures, aadms to reflect the growing tension

between fiscal and monetary policies in India. Wbkale prices rose for the first time in 14

weeks in the latest data, with the headline irdlatiate turning up 0.12 per cent on the year in
the week to September 5 (Wall Street Journal, 20B6pnomists say the rate is likely to

breach 5 per cent as early as December 2009. emlgovernment is continuing to provide

stimulus support until signs of stronger recoveife&urope and the United States are more
apparent (Wall Street Journal, 2009).
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India is facing non-financial challenges this yaamwell. Monsoon rains, which are crucial for

around 60 per cent of the country’s farmland, dr@& cent below the 50-year average in the
summer monsoon period. There is concern that Idhen average summer crop outputs
could cause food supply shortages and prices tease further. As a result, the government
is encouraging imports of essential commodities & in short supply, such as sugar, edible

oil and pulses (Wall Street Journal, 2009).

The current economic situation in India has not mhegood news for wind power
development there. But most importantly, the stngcof the Indian wind industry makes it
more vulnerable to global economic vulnerabilitiean the Chinese wind industry. This is
because the leading wind turbine manufacturersndial are global in reach, with India

comprising smaller and smaller shares of theill twilad turbine technology sales.

This is in stark contrast to the Chinese wind itgysvhere leading Chinese firms have yet to
expand outside of China. As a result, Chinesdnartmanufacturers are much more insulated
by the sizable stimulus support being providedt® €hinese government. In addition, the
fact that most of the leading developers and manturfers are at least partially state owned
makes them eligible for direct lending from Chinesentral banks, and affords them

additional government financial support in the fapfiresearch and development funds, and

economically favorable project development oppaties

4.2.2. Opportunities for Expanded International Markets

Since the United States was the largest wind ene@¥ket in the world in 2008. The U.S.

market also represents the largest potential oasrsearket for Chinese and Indian wind
turbine manufacturers. As a result, an investigatif the current economic status of the U.S.
wind industry provides insights into opportuniti|es Chinese and Indian manufacturers in

the largest potential expert market.

In the USA, “green stimulus” funds under the AmaricRecovery and Reinvestment Act
(ARRA) have started to flow, which will mean incsea activity in renewable energy
development, as well as in other targeted greenstmi@l sectors. According to the U.S.
Department of Energy, recent allocations includel.$4 million to accelerate the
commercialization of fuel cells and more than $Bilion towards smart-grid technology
development grants, with an additional $615 millfon smart-grid storage, monitoring and

technology viability (HSBC, 2009). This repeats just 10 per cent of the money to be
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deployed in 2009/2010 under the ARRA. Howeverjkenin China, these announcements

have yet to have a sizable macroeconomic effect.

In the U.S. wind industry, there are signs of iasexd activity. New wind energy installations

reached nearly 1,650 megawatts in the third quantdped by stimulus funds for renewable

energy projects, up from the 1,210 MW of capaaistalled in the second quarter. Overall,

new wind power systems under construction this geaabout 38 per cent behind where they
were last year. As a result, China is expecteloetmome the world's top producer this year,
surpassing the United States (Isensee, 2009).

Figure 15. United States Wind Power Market Growth Fojections, 2009-2012 (Wiser,
2009)
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While is not expected that the U.S. stimulus biill iouy new 2009 wind activations
substantially, though by 2010, there are expeateblet further opportunities for large-scale
growth. While $950 million of cash grants haveealty been allocated to wind projects from
the stimulus bill, the overall health of the U.Sinav power industry is currently heavily
dependent on the return of liquidity in the U.Snevproject financing market.

5. Wind Industry Outlook

5.1. China

Overall, the outlook for the Chinese wind turbineustry is strong. An increasingly stable

and favorable policy environment for wind in Chwal continue to make China one of the
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largest markets for wind power development in tleeldy and Chinese firms will continue to
be awarded the majority of the domestic projetitsaddition, Chinese firms will increasingly
look to export markets and will likely be able tonaplete globally based on their ability to

offer lower-priced products.

5.1.1. Competitive advantages of Chinese firms

Chinese wind turbine manufacturers are well pas#itbto continue their expansion within
China for years to come. In addition, it is vakely that several of the leading Chinese firms
will begin to export their turbines for sale abrodthis is due to the increasingly crowded
market within China resulting from more and morenvnentrants, which has increased
competition as turbine manufactures vie for prgedmong Chinese companies, firms
attempt to differentiate themselves based on skfastors. Some use name recognition, as
many wind turbine manufacturers started in othdugtries in which they built a reputation.
Others compete based on their relationship to latgie-owned companies which gives them
preferential financial support. There is not mudffecence in price across the Chinese
manufacturers, so this is not a major means ofeufftiation. As Chinese firms gain
operating experience, however, the primary meanslifférentiation is likely to become
product quality. To date, so few companies hawarating experience beyond a couple years,

and few even have that.

Chinese turbine manufacturing companies have a ettiwe advantage over the majority of
international wind turbine companies when it cortmeprice. This advantage currently exists
in the Chinese marketplace, even as foreign turbtoeenpanies have shifted their
manufacturing facilities to China and have beem abltake advantage of comparably lower
Chinese wage rates. This indicates that Chineténgs may in fact be lower cost due to
inputs other than just inexpensive labor. If Chendsms begin to export their turbines
overseas, they will likely be extremely competitive other markets as well. While few
Chinese turbines have been exported outside ofeClivere are several being exported the
United States and Australia. Leading Chinese naartufer Goldwind is currently building
its first U.S. wind farm in Minnesota, and has glaa expand its manufacturing base across

the country.

® Wu Gang, Goldwind CEO, in conversation with autt®@ctober 8, 2009
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Chinese wind turbines manufacturers have and wilitioue to benefit from the largest

domestic market for wind power development in Chighina was the second largest wind
market in the world in 2008, and is projected tothe largest in 2009. This gives China-
based firms a huge opportunity to sell their pragiudevelop their technology base, and gain

operation experience.

Chinese wind turbine manufacturers have also beefireatly from government support,
particularly in recent years. While local conteatjuirements instituted in 2003 gave local
manufactures an early boost, 2008 Ministry of FaeamPrograms to directly support the
development of advanced Chinese wind turbine tdolggp along with the awarding of

concession and wind base projects that utilize €@ntechnology, have been extremely
beneficial to emerging wind turbine manufacturimgnpanies in China. These policies have
given Chinese firms a strong advantage over thaieign competitors in the Chinese

marketplace, and this may assist these firms gsetkigand into markets outside of China.

Despite an overall successful outlook for Chinesufacturers, several key weaknesses
exist as well. Very few firms in China have suffitt operating experience with their wind
turbine technology. It is very common for comparniie the early stages of developing a new
product to experience technical challenges andaskth Goldwind, one of the few Chinese
firms with several years of operating experiencgaeeienced major failures in hundreds of
their wind turbines that had been installed acf@sma, which was later traced to a material
defect. While Goldwind was able to repair the tnds and recover form this setback,
unexpected technical failures can be extremelylycastd can threaten the financial stability
of a company. In addition, technical failures danvery harmful for a firm’s reputation,
particularly if this reputation does not have yeafsuccessful performance to counter any
difficulties they may encounter. Very few Chinegead turbine manufacturers have built any
sort of reputation domestically, and this is oneaarn which the foreign turbine
manufacturers that have been in the wind industry decades have some competitive

advantage.

5.1.2. Short & Medium Term Outlook

Projections for wind power development in Chinatfo next 1-2 decades vary dramatically.
The International Energy Agency projects modesimgnofor China's wind industry, with

installed capacity reaching 27 GW in 2020 and 49 @W030. Those watching the Chinese
industry more closely, however, find those prousi to be extremely conservative. The

Global Wind Energy Council's moderate scenario ¢xt§ 101 GW of capacity installed in
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China by 2020, and 201 by 2030. Their advancesasitetays out an extremely ambitious
future for wind power in China, with over 200 GWplace by 2020, and 450 GW by 2030.

The variation in these projections is illustratedrigure 14.

Figure 16. Projections of Wind Energy Growth in Chha through 2020 and 2030
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5.2. India

The outlook for India’s wind power industry is gealty positive, though somewhat uncertain.
While the policy environment for wind power in ladhas improved in recent years, the
industry is still heavily dependent on tax inceatiwhich attract a narrow range of investors.
India reliance on foreign banks has made it pddity vulnerable in the global financial

crisis, and turned to international developmentkblrans to shore up the public banking
system. While Indian wind turbine manufacturersgess advanced technology and solid

operating experience, their global reputationilsssimewhat uneven.

5.2.1. Competitive Advantages of Indian Firms

Indian wind turbine manufacturers have several aitipe advantages compared with
manufacturers from other countries. First of &y can compete based on price, with some
Indian turbines reportedly selling for even loweices than turbines in China. Indian wage
rates are still lower compared with China, and assalt labor can be one way in which

prices can be competitive.
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Indian wind turbine manufacturers, while stillately new entrants into the wind power
industry compared with some early European and Aaerfirms, have years of operating
experience. This is something that most of thein€se counterparts lack. Within the Indian
market, there only a handful of firms competing fimeirket share, unlike in China, where the
number of firms increases daily and is reportediyater than 80. In addition, Suzlon has
developed advanced wind turbine technology throwgars of international partnerships,
mergers and licensing agreements, such that tiees aorld-class technology provider in an

industry where Chinese firms are still playing tealogical catch-up.

Indian firms like Suzlon have developed a globakte allowing them to sell their product in
leading markets all around the world, while Chinéisas have let to leave China’s boarders.
With this global reach comes market flexibility han the Indian market slows, Indian firms
can continue to sell their products to other mak&his reduces their vulnerability to one
particularly policy system. With this global reat¢towever, also comes increased risk. The

larger and more distributed the firms operatiohe,more financially extended they become.

While the Indian wind market is likely poised forogvth, fundamental vulnerabilities in the
industry remain. India has had an unstable polityirenment for wind power development
over time, and while this has improved somewhat,dhtlook is still quite uncertain. Most
support for wind in India is determined at the esti@vel, leading to a patchwork of uneven
support across the country. India is also stillarpcountry with a vulnerable economic
environment, and access to private investmentusiarto maintain the industry’s growth.
One of the largest barriers to wind power develapnie India is the fact that the Indian
power sector plagued with inefficiencies and sevethability problems. These institutional
and technical challenges in India’s power secterualikely to be resolved anytime soon, and

they create a difficult environment for wind povggowth.

5.2.2. Short & Medium Term Outlook

Projections for future growth in wind power devetggnt in India vary rather substantially.
The IEA projects 27 GW of wind capacity in India I2030: just three times current
installations. In contrast, the Global Wind Ene@puncil's most aggressive scenario projects
over 240 GW of installed capacity for India. Theiadon in these projections is illustrated in
Figure 15. Itis interesting to note that evenrtiast aggressive projections for India are little

more than half as ambitious as the projection€una.
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Figure 17. Projections of Wind Energy Growth in Inda through 2020 and 2030
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6. Conclusions

An investigation of the implications of the glolimlancial crisis on the wind power industries
of China and India provides insights to the indgiststructural characteristics, the manner in
which firms can and do respond to economic fluotumat and how monumental government

stimulus support has shaped the evolution of wienbtbpment worldwide.

6.1. Assessment and Policy Recommendations

This study finds that China and India have beer &ibdevelop strong wind power industries
which are still very much in a growth stage, andehbeen dampened but not smothered by
the global financial crisis. The Chinese wind powesdustry in particular seems to have
emerged almost unscathed from the global econoavimtlirn, and in fact is being subject to
government restrictions to slow down an overheatelistry. This is found to be due to
government policy support that directly supportsn€se wind turbine manufacturers. While
some of this support has been allocated in diesgonse to the economic crisis, the majority
of the support was already in place prior to thevmtarn, and the impacts of this continued
government support is just now coming to fruitiarthie form of dozens of new Chinese wind

turbine manufacturers entering the market. Whildid has not fared as well as China until
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the economic downturn, India’s wind industry is mestablished than China’s, and therefore
is less vulnerable to short-term fluctuations inmeéstic market demand. India’s turbine
manufacturers are also much more global in theisgmce, providing additional opportunities
for expansion, but making them that much more qi#ale to economic trends in these other

markets as well.

Currently, both Chinese and Indian turbine manui&@es can complete with the more
established wind turbines around the world on @Esof price. While India’s leading wind
turbine manufacturer, Suzlon, is having some trewampeting with Chinese companies in
the Chinese market, it has long dominated the imdimd turbine market. While Suzlon has
more advanced wind turbine technology than mogisdathinese counterparts, it has suffered
some technical challenges in recent years whicle hafluenced its global reputation. In
contrast, Chinese firms do not have much of a dglo&putation due to their very limited
experience selling wind turbines outside of Chiiiis is likely to change dramatically in the
near term, however, as several of China’s leadiagufacturers have set their sights on large

global wind markets, and primarily on the Unitedt8s.

6.1.1. India

There are still many challenges faced by both titkah and Chinese wind industries that
could be addressed by government policy reformsindia, wind resource development has
not been fully realized due to the lack of a nadlopolicy to promote renewable energy,
resulting in inconsistent implementation acrossdbentry. While some states have set high
renewable portfolio standards, other states onlye Haw or no targets, and enforcement is
insufficient (GWEC, 2009). As a result, India wolddnefit from better national-level support
to promote wind power development, which could beilitated by a national renewable
portfolio standard, and a national feed-in tanff Wind electricity. Indian wind development
has been highly uneven over time to due fluctuatiolicy support. As a result, any policies

to promote renewable energy in India should bercktable and long-term.
In addition, government procedures for the appro¥alind projects needs to be clarified and
accelerated in order to avid lengthy, costly delaysvind project development. Project

development would also be facilitated by greateeas to financing.

There are still significant uncertainties on thtufa potential of wind energy development in

India due to a lack of information on wind resoupogential and land availability. As a result,
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an updated wind resource assessment of India walfdto inform developers of the future

potential for wind throughout the country.

Wind development in India has occurred despite ntadlgnical challenges that persist within
the country’s power sector, including frequent ktads and brownouts, fluctuations in

voltage and frequency, and a demand for electribéy exceeds the supply. As a result, wind
development would benefit from broader power sect&forms to address these core

challenges as well.

6.1.2. China

In China, several policy reforms are needed to rensontinued growth in the wind power
industry. The first is improved transmission netvgoto ensure that wind projects can be
developed in areas with excellent resources but éectricity demand. An improved
transmission infrastructure in China will be cruicta fully exploiting its wind power

resources.

Wind projects in China have in many cases expeeémballenges in obtaining access to the
power grid. If wind developers cannot connectrtpedjects, they cannot meet their contracts
to supply electricity. In many cases the grid conmiea in China fear that wind energy will

threaten the stability of their entire power systeltis necessary that additional studies are
done to look at high penetration wind scenariobima’s power grids, particularly in parts

of China where a smaller, regional grid is notiot&nected to a larger network. Smart-grid
technology will facilitate the interconnection oluoh larger amounts of wind energy to the
electricity grid. As a result, policy makers in iG& should begin examining how to best

deploy smart-grid technology to maximize wind powslization.

China’s wind power technology industry is stillaglely immature. As a result, Chinese
turbine manufacturers would benefit from governrHantlitated research, development and
demonstration activities. China would benefit ggedtom a national renewable energy
laboratory to conduct independent testing of wingi@r technologies, similar to the United
States’ National Renewable Energy Laboratory ind@n] Colorado. In addition, enhance
utilization of internationally established certditon and testing standards for would help
Chinese wind turbine manufacturers improve thecht®logy by identifying technical

problems. Certification would also help to compasndifferentiate their products in the

marketplace with quality assurances.
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6.2.  Global Implications

Wind power is by all accounts a growth industrybgllly. Currently, wind power provides a
modest 1 per cent of global electricity supply.isTshare could potentially be much larger,
allowing wind power to play an important role inegnhouse gas mitigation. Wind power
offers an immediate option for reducing the carfaotprint of the electricity sector, as it is a
mature, zero-emission technology that representslatively low-cost carbon abatement
option when compared with other technologies cilyeawvailable. As a result, the demand
for wind power technologies will only increase agions around the world adopt policies to
regulate carbon emissions. While there are sombnitesl challenges to dramatically
increased deployment of wind power technology, nareéectricity transmission and grid

integration, none are thought to be insurmount@iser and Hand, 2009).

This investigation of how the dominant, locally adhwind turbine companies of India and
China acquired their ability to manufacture windbines provides a look at how two leading
developing-country firms have acquired and assteuladvanced technologies. Such insights
are crucial to facilitating international technoyotransfers, which will be an important
component of any technological leapfrogging stnatég achieve lower greenhouse gas

emissions in the developing world.

The institutional and other barriers present igéardeveloping countries such as China and
India certainly challenge simplistic notions of emeleapfrogging. Yet, as an examination of
wind turbine development in these countries hasvehaubstantial technical advances are
indeed possible in relatively short amounts of tintetook China and India less than 10 years
to go from having companies with no wind turbinennrfacturing experience to companies
capable of manufacturing complete wind turbine eyst with almost all components
produced locally. This was done within the constiaiof national and international
intellectual property law, and primarily throughethcquisition of technology licenses or via
the purchasing of smaller wind technology companiesaddition to taking advantage of

hiring skilled workers in the industry and estaliligy RD&D facilities abroad.

As technology development becomes increasinglyajateveloping-country firms can take
advantage of their increasing access to techna@bdkwow-how that was previously
developed primarily by and for the developed woflthe lessons of India and China’s
successes in harnessing global technology fordarad increasingly global-use, illustrates

new models of technology development in the devetpporld.
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