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EXECUTIVE SUMMARY

I ntroduction

In the past, China has typically met its increased demands for electricity by burning more
coal, but this has had very serious environmental consequences. The country has
abundant wind resources, and the environmental benefits of utilizing this renewable
resource are likely to be considerable. 1n order to spur its development, it has been
proposed that the wind resource be treated much like oil or natura gas—and that Wind
Resource Concessions (WRC) be established and granted to devel opers offering the most
attractive bidding prices.

This report addresses the potential use of the WRC approach within China. Both the
conventional energy business and renewable energy business are affected by WRC.
Their concerns are described, and the single most problematic aspect of wind power
development—its high cost with respect to alternatives—is then addressed. Wind power
will require governmental support, and this report describes potentia policy approaches
for providing such support, and for devel oping the WRC program.

The Power Sector in China

Chinais among the world' s richest countries in terms of absolute conventional energy
resources. Unfortunately, however, crude oil and natural gas reserves are modest
compared with those for coal and hydro. Coal’s share has been decreasing, but it still
represented 67% of the total primary energy consumption in 2001. The country has
adopted an energy strategy that relies heavily upon domestic resources, and its resource
base suggests that coal will therefore continue to be critically important.

In 1949, all electric power within the country came under state ownership and control,
and it is China s centralized planning since that period that defined the conventional
electric power sector within the country. Under centralized planning, the government
sought to achieve a balance between el ectricity supply and demand, allocating resources
to those industries, projects and regions deemed deserving of priority in order to meet
national goals. The sector became characterized by the unfortunate features of
centralized planning: chronic shortages and inefficiency.

China began its quest to adopt market-oriented reformsin the late 1970s, and shortly
thereafter it adopted a series of reforms aimed at the electricity sector. The first set of
reforms in the mid-1980s was targeted primarily at addressing chronic shortages brought
about not only by centralized planning, but also by the immediate growth resulting from
market reforms in the general economy. This reform allowed others besides the central
government to invest in new capacity, and also raised electricity rates to provide capital
for expansion.



A second round of reforms was carried out in the 1990s, a time when the country was
moving further towards a market-oriented economy integrated with international capital
flows, and began to address the question of efficiency. The country had devel oped
sufficient generating capacity (despite very high economic growthrates), and even had
surplus levels in various regions, brought about both by the development of new facilities
and the closing of older, inefficient state-owned-enterprises. This surplus offered an
opportunity to introduce economic dispatch pilot projects and other efficiency
improvements, although it also brought about reluctance to meet the financial obligations
for facilities constructed under shortage conditions.

A new round of reformsis currently underway. Following the British approach, the
reforms seek to split generation from transmissions and distribution, and make it
compatible with market-oriented supply. They aso seek to move the central government
into arole of regulator seeking to correct market failures, rather than as centralized
planner allocating power sector resources.

Wind Resour ce Concessions

Like oil and natural gas, wind resources are geographically constrained energy resources,
requiring further exploration/assessment for development. The wind resource is much
more readily accessible than oil or natural gas reserves, and the resource assessments are
both smpler from atechnical viewpoint and much less expensive in economic terms.
Both on-and off-shore sites are similarly appropriate for wind development. But other
important characteristics are very different. Petroleum products are static, storable,
fungible commodities sold in large-scale international markets,while wind power is
dynamic, generates electricity intermittently, and requires localized consumption.
Storage tends to be very expensive, and wind power typically produces electricity at a
cost well above competing alternatives—even without considering the cost of storage
technologies. Conceptually, then, while a WRC approach might be technically feasible,
whether it would work in economic terms is much more problematic.

The Policy Setting for the WRC

Wind power has flourished in recent years in many countries, in spite of its higher price,
because of specific governmental policies encouraging its development. It has been
recognized that environmental and other externaities are not fully accounted for in direct
market comparisons of power generating technologies, and conventiona technologies have
received (and continue to receive) considerable subsidies from governments.

While there are myriad forms of governmental assistance, the two most significant
governmental support policies for renewable energy systems (RES) are those which:

Offer price-based support, typically in the form of afeed-in tariff for the
RES électric power; or



Employ quantity-based obligations, which are often met through the
trading of “green certificates’ associated with RES power generation.

A similar price vs. quantity battle has already occurred within the pollution control arena.
Thisis not surprising, since both pollution control and renewable energy programs are
designed to utilize economic principles and mechanisms within a regulated environment,
to accomplish environmental goals that would not otherwise occur in an unregulated
Setting.

At the beginning of 2002, three countries—Germany, Denmark and Spain—were
responsible for about 84% of the E.U.’sinstalled capacity for wind power. Not surprisngly,
all three countries had powerful price supports designed to encourage wind devel opment.
With price-level supports, the market responded with dramatic increases in wind power
capacity. Wind developers and the environmental community obvioudy hailed such
development, but there was a downside to this mechanism as well. Many argued that such
price supports were extremely costly, and contrary to the E.U.’s idea of a liberalized,
market- oriented approach to energy systems.

The quantity-based approach, on the other hand, typically relies on an “obligation” to use
RES. Thisis usudly mandated by the government in the form of a Renewable Portfolio
Standard (RPS), or what in China has been called a Mandatory Market Share (MMYS).
Trading of green certificates associated with RES can help achieve that RPSYMMSin an
economically efficient manner. These types of quantity-based systems have been employed
successfully by individual states within the United States—but they typicaly require arather
sophisticated institutional structure to achieve such success.

Europeans have traditionally employed price-based systems for both pollution control
and renewable energy systems, while the U.S. has tended towards the quantity-based
approach. Recently, there has been a shift in Europe from price- towards quantity-based
approaches for pollution control, but a much less successful one in the renewable energy
area. Chinahas aso relied on price-oriented systems, and has virtually no experience
with quantity-based ones.

The WRC assumes that eventually the private sector development of large-scale wind
power units, backed by international financing, will lower the costs necessary to make
this renewabl e resource economically competitive. It does not, however, deal with the
short-term situation in which wind cannot compete with traditional fossil-fueled units.
Some such financial support (whether price or quantity-based) will therefore be necessary
in the short term, over and above (or perhaps as part of) the implementation of any WRC
instrument.



Current WRC Status

Based upon a number of studies, the SDPC™ issued draft guidelines for WRC pilot
projects in November 2001, and then held a workshop in Guangdong that same month.
The workshop was attended by more than 100 persons, including governmental officials,
private sector developers, consultants, multilateral non-governmental organizations, local
power officials, etc. The draft document indicated that it was applicable to wind projects
greater than 50 MW, that the concession period would last for 20 years, and that the
selection would be made through a tender open to both domestic and international
investors. It suggested that the dominating criterion in the tender evaluation was the
power tariff, but that the equipment purchasing plan, the financing plan, and the
construction plan would all be taken into account. It also noted there would be
requirements for local production, and that “purchasing equipment with a high local
production rate would result in a high score in the evaluation.”

After the workshop, Guangdong and Jiangsu projects were chosen as WRC pilot projects.
Their provincial planning commissions prepared proposals, and these were submitted to
SDPC for approval. In December of 2002, SDPC issued its approval documents for the
two projects. These documents are only applicable to the two individual projects, and
therefore do not congtitute a final issuance of the WRC guidelines. However, some
changes were made to the originaly drafted material, including a doubly of project size
(from 50 MW to 100 MW), and an extension of the concession period (from 20 years to
25 years). The approval documents also specified that the size of generator units must be
larger than 600 KW. The concessions offers were made in April 2003 for both projects,
and final bids are due in September. Panels will then have one month to evaluate these
bids, and the concessions will be granted at that time.

A Proposed Policy Approach for the WRC

This document suggests that the WRC cannot be separated from the overall need for
support of wind power, and thet the nature of that support should change over time. It
suggests that the WRC should change over time as well. The proposed policy transition
is summarized in Table ES.1.

This presents arelatively measured, “learn-as-you-go” approach for developing wind
power. It suggests that China should initially adopt a price-based support program in its
early stages (i.e., 2003-2007), fostering industrial development in wind energy and
focusing attention on capacity development within the wind power domain. This
capacity development should address multiple requirements, including the development
of policy incentives, assessments of the wind resource; formation of project development
teams; governmental restructuring; project financing; and turbine manufacturing. There
should be numerous relatively small- scale projects, designed as much to “prime the

" The State Development Planning Commission (SDPC) has recently been reorganized, and is now known
asthe National Development and Reform Commission (NDRC); for consistency over the time periods
discussed in this report, the acronym SDPC has been used throughout.



pump” for that industry as to provide cost effective wind power, but really designed to
give the country time to build up its ingtitutional infrastructure in this area.

Table ES.1 Proposed Policy Transition for Wind Power Development in China

Government Priority

2003-2007
Capacity Development

2008-2014
Market Development

Post 2015
RES Markets

Develop wind industry

Provide cost effective

Regulatory support for

wind power full scale RES markets
Wind Power Project Small (<40 MW) Larger (40-150 MW) Large (>100 MW)
Size
Wind Resource Narrowly defined, site- Broader, with Large scaletracts
Concessions specific project assessment risks taken
development rights on by bidders
Price-Based Support Extensive National Shift towards Provincial  Lesser role

Program

Governments

Quantity-Based
Policies

Participation in CDM

Participation in CDM;
Provincial level
experimentation with
RPS (with REC trading)

Participation in CDM;
Further development of
RPS (as needed) with
REC trading

A second phase (2008-2014) would move towards market development, with larger-scale
projects, more rigorously sited. The emphasis would shift from institution building
towards more cost effective power delivery. More risks would be shifted towards the
concessionaire, and in the latter stages, the government would begin to move more
towards a market-oriented quantity approach, beginning RPS-type pilot projectsin
individual provinces or regions.

In the post—2015 period, after both the industrial and institutional frameworks have been
developed and China has tapped into the experience of both European and U.S. market-
based approaches, it would move towards a fully market-oriented system, one consistent
with the rules and modalities of Clean Development Mechanism and other international
environmental markets.

Severa other salient features of such atransition are required:

The support scheme should be national in scope, with a commitment to wean the
nascent wind industry from donor and multilateral agency funding support;

The nature of the concessions granted must change over time, beginning with
narrow “project development rights’ in the initial phase, but moving towards
large-scale concession tracts similar to oil and natural gas concessions after 2015;



Wind power requires an institutional “champion,” given the task of increasing the
installed capacity of this renewable resource and charged with implementing the
WRC.

Next Stepsfor the Gover nment

Europe and America have shown that it is possible to utilize governmental supports
(whether price or quantity) to establish a significant market, and this in turn has led to
significant decreases in cost for this technology. China s view of the WRC has tended to
put cost reduction as the principal goal, envisioning that a viable market will develop
accordingly. It aims to encourage larger and larger wind farms and units, attracting
private sector financing—yet without having the regulatory, independent developers, or
manufacturing infrastructure in place to support such reductions.

Given such a situation, the WRC program should instead proceed in the following
manner:

The WRC needs an ingtitutional “champion,” and such an organizational entity
should have as its fundamental purpose the promaotion of wind power generation
within the electricity sector. Its tasks might include ensuring that existing
regulations fostering the use of wind power are enforced; developing new
regulations to foster its utilization; and developing standardized power purchase
agreements, concession contracts, bidding materials, and similar documents for
wind utilization.

Governmental targets for wind power development should alow an initial
capacity development stage, with more aggressive growth in later years, as the
markets and institutional infrastructure develop. Based on the historical
development of wind power in other countries, it would not be unreasonable to
expect an additional 1 GW of installed wind capacity in China by 2005; 8-10 GW
by 2010; and 12-15 GW by 2015.

While cost efficiencies depend upon large-scale turbines and project sizes,
China s near-term needs are more oriented towards RES market devel opment
within the power sector. Thus, the development of numerous smaller-scale
projects, in awide range of settings, from a diverse number of developers should
be encouraged. These might still be accomplished utilizing larger turbines sizes,
since the development and manufacture of larger, more cost effective wind
turbines within the country are clearly warranted. But there should be a no
project size thresholds within the WRC guidance.

In order to support project development expertise and experience, attempts should
be made to minimize risks for developers in the early stages of WRC
development. The uncertainty of the Power Purchase Agreement arrangementsin
the power sector needs to be overcome, and guarantees for wind power should



rest with the national government, not the grid company or even the province at
this stage. Recognizing the burden that this imposes on the government, a system
benefit charge or comparable mechanism could serve to help garner funds for
such purposes. Supporting numerous small wind farms should also help to
minimize the financial risks associated with any individual project.

The wind resource assessment is critical for the WRC, and should be pursued
through three different strategies during the three stages of wind power
development noted above. In the first stage, developers would rely on
government-supported data collection (as in existing pilot projects), but apricing
mechanism could be used to compensate for resource data uncertainty. The initial
emphasis in this stage is on devel oping expertise within the country to perform
such resource assessments. In stage two, organizations employing internationally
accepted standards could collect the data, but would not be alowed to take part in
the bidding. In stage three, wind developers would indeperdently be responsible
for al resource assessments.

Aside from general guidelines designed to ensure compatible bids, grid
connection issues are a bilateral technical concern and can be addressed within the
PPAS, rather than within the WRC framework.

The government obvioudy has an interest in furthering the manufacture of larger-
scale turbines within China, but this should not be a“blanket” policy applicable
for al WRC projects. Localized turbine manufacturing is a key component of
driving down wind power costs in China, and steps to encourage the market for
such turbines are better served in initial stages by fostering competitive efforts
across arange of domestic and joint venture entities, rather than a narrow subsidy
for certain selected facilities or units.

A variety of other factors affect implementation of the WRC, including the time
period needed for approvals (e.g., tariffs, local land use, etc.); penalty periods, the
role of governmental agents in the bidding process; the measurement of “local
content”; project selection criteria; etc. Most of these factors are not unique to
wind projects, but will be found in virtually any power sector devel opment project.
The key point for implementation of the WRC in its early stages is to try to
minimize uncertainty and risk for project developers. As developers (and
governmental authorities) gain confidence in the WRC process, the larger scale,
market driven opportunities will develop over time.



1.0 Introduction

The rapid economic growth rates in China require a supporting energy infrastructure, and
historically China has met increased demands for electricity by burning more coal.
Environmental concerns at the local, regional and international level have shifted
attention to cleaner, renewable energy resources such as wind energy. Wind energy was
the fastest growing energy technology in the 1990s, in terms of growth of installed
capacity per technology. By the end of 2002, more than 31,000 MW of wind power
generating capacity has been installed worldwide. By the end of that same year,
approximately 460 MW of capacity had been installed in China, alevel that lies well
below that of developed countries like Germany (>12,000 MW) or the U.S. (>4600 MW),
or even other large developing countries such as India (>1700 MW).* The Tenth Five-
Year Plan cals for more than a three-fold increase in such wind power capacity by the
year 2005.

China has abundant wind resources, and the environmental benefits of utilizing this
renewable resource are likely to be considerable. Professor Timothy Brennand of the
University of East Anglia (U.K.) therefore proposed that a Wind Resource Concession
(WRC) policy mechanism be employed in the country in order to spur its development.
The United Nations Development Programme (UNDP) provided support to analyze this
idea, and Brennand prepared a report published in 2000 entitled Concessions for Wind
Power Plants: A New Approach to Sustainable Energy Development in China.?

The word “concession” can be used to cover arather broad range of applications. At its
base lies the idea that a government or company or some other entity will grant a certain
type of “privilege”—typically the use of land, or the unigue right to sell goods or
services—to a specific “holder” (i.e., concessionaire). In practice, for wind energy
devel opment, this usually means the right to construct awind farm at a particularly
lucrative site, or perhaps the ability to sell power generated in a specific region at an
especially rewarding price. As discussed below, countries such as Argentina and
Morocco have already adopted such wind concession approaches.

What was unique about Brennand’s WRC proposal for Chinawas its ambitious scale. He
argued that large-scale wind projects were necessary to bring about the next major
reduction in wind-generation costs. He thus analyzed the economics of a 500 MW
concession bid, and argued for concession tracts of a hundred square kilometers or
more—capable of supporting a 1000 MW or more of electic power generation.

This report has a much more tractable goal. It reviews the need for renewabl energy
systemsin China, and ongoing efforts to develop a concession approach. It then maps
out a strategy for accomplishing such a“transitional” WRC program. It does so by
addressing the single most important element hindering wind power development in
China—its high price—from a policy perspective, and then provides an implementation
plan for WRC.



After thisintroductory chapter, Chapter 2 discusses the potentia role of wind energy in
China. It outlines the characteristics of the country’s coal-based system, as well as the
wind resources available to overcome the problems evident as a result of the existing
approach.

Chapter 3 lays out the findings of the Brennand report, along with that of another energy
expert retained by UNDP to analyze the WRC, Professor Ni Weidou of Tsinghua
University in Beijing. The Ni report, aso published in 2000 and entitled A New Approach
for Wind Power Development: Final Report? addressed some of the implementation
concerns associated with utilizing the WRC approach in China.

There are three principal stakeholders with interests affected by WRC: the conventional
energy business; the renewable energy business; and the so-called “political field.”
Chapter 4 tackles the first two stakeholders, while Chapter 5 addresses the political
implications of the policy issue. It is primarily concerned about the single most difficult
aspect of wind power development—its high cost with respect to aternatives. This
chapter acknowledges that wind power will require governmental support, and describes
potential policy approaches for providing such support.

Chapter 6 outlines the existing status of the WRC program, including proposed WRC
guidelines and pilot projects currently under development. Chapter 7 proposes a broad
development path for wind power in China, with three stages lasting into a post-2015
period, and including the implementation of a modified WRC program. Chapter 8 is
more specific, focuses on the near term, and lists some “ next steps for the government” to
take to implement the modified WRC. Chapter 9 presents the conclusions of the report.

While “full-scale” implementation of the WRC as Brennand initialy envisioned it may
be some years away, such an approach nonetheless offers a useful means of developing
renewable energy systemsin China. It offers an important alternative to the coal-based
future so often predicted, a future that carries ominous environmental implications for the
Chinese people and the world. Given the country’s projected economic growth rates and
energy needs, and the important environmental benefits associated with this renewable
energy technology, wind power and the WRC deserve specia attention in order to help
bring about a sustainable energy future within China.



20 Wind Energy in China

21  China’'sEnergy System

Chinais among the world’ s richest countries in terms of absolute conventional energy
resources. It ranks first in the world in hydropower resources, third in proven coal
reserves, tenth in proven oil reserves, and eighteenth in proven natural gas reserves. Its
total reserves of these four energy resources amount to 10.7% of the world’s reserves (if
measured by energy content), which puts the country in third place overall.

Degspite these apparent riches, the country faces a number of disadvantages:

The country has a huge population, and consequently its per capita energy
reserves are only at 51% of the world’s average.

The mix of its reservesis serioudy imbalanced. Crude oil and natura gas
reserves are modest compared with those for coa and hydro. The world’s oil and
natural gas reserves represent 25.3% of the total energy resource reserves, but in
China the corresponding share is merely 4%. This poses a big problem for the
energy supply and demand response, and raises important national policy
concerns about the independence and security of its energy supply;

Major energy resources are geographically distributed far away from the major
industrial centers, as well as the major population. Generally, coal reserves are
located in the northwest, oil and natural gas in the far west and southwest, and
70% of the hydropower resource is in the southwest. In the east and coastal aress
of the country, where most of the population and industrial infrastructure are
located, energy resources are relatively scarce.

Except for coal, exploitation of these energy resources has generally been quite
low and underdeveloped. Thus, for example, China has used only 6.6% of its
total exploitable hydropower resource.*

After the formation of the People' s Republic of Chinain 1949, the nation’s energy
system devel opment can be categorized into three distinct phases. before the economic
reform in 1978; 1979 to 1997; and 1998 to present.

Generally, the first two stages were characterized by a severe shortage of energy supply.
The significant difference between the two stages is that during the first stage, the
development policy and economy were strictly central planned, and the economy and
consequently energy consumption were relatively limited in scale. During the second
stage, there was a booming economy and increased energy demand, and the policy and
economy developed under a so-called “socialist market mechanism.”

The year 1997 marked a significant milestone in Chinese energy devel opment, because
for the first time the nation’s energy supply had a surplus, coupled with relatively high
economic growth. Shortly thereafter, the government declared that the economy had
departed from a history of energy scarcity.®
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At the time of the nation’s formation, total annual energy output was approximately
23.74 million tce, and this was predominantly accomplished using coal (i.e., 96.3%). Per
capita electricity use was 10 kWh/year.®

Figure 2.1 Historical Record of Primary Energy Production by Fuel Type
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Source: China Satistical Year Book, 2002.

There has been a consistent (yet arguably insufficient) decrease in the share of cod in the
total primary energy production mix, asindicated in Figure 2.1. The dightly anomalous
data around 1980 represents a failed effort to further this shift. Based upon false and
overoptimistic forecasts about the nation’s oil reserves, the government launched a
campaign to replace coal-fired boilers (primarily at power plants) with oil-fired ones. It
soon determined that both the oil production facilities and the actual levels of oil reserves
could not satisfy such an ambitious and unrealistic plan, and so a reverse campaign was
initiated, with the predictable resulting chaos and a loss of valuable capital resources.

Prior to the mid 1980’s, the most agonizing shortage of energy supplies was from the lack
of coal mining and transportation capacity. In order to relieve this pain, the government
allowed the private sector to enter the coa production and transportation business, which
quickly and effectively boosted the national coal supply. From mid 1980’s,

underdevel oped power capacity became the maor concern of national energy
development strategy (as was stated in the national guideline during the period, “take
electricity power development as the pivot in energy construction.”).” A comparable
adjustment to draw non state-owned and interretional capital investment was made, and,
asin the coal industry, power generation capacity increased significantly.

By the end of 1997, Chinese national energy supply for the first time in the nation’s

history exceeded the national energy demand, with a healthy and fast growing economy
in place.

11



Today, Chinais the world’'s second largest energy consumer (after the United States), and
the third largest primary energy producer (following the U.S. and Russia). Its energy
consumption accounts for approximately one tenth of the world' s total, and its supply and
demand structure is unique for a number of reasons:

Although coa’ s share has been decreasing, it still represents 67% of the total
primary energy consumption, afigure more than 2.5 times higher than the world's
average.®

Fully 88.6% of China's energy use is provided by the domestic resources. This
reflects the government’ s consistent emphasis on self-reliance for meeting energy
needs. Even after the adoption of economic reforms and “opening up” policies,
this strategy has not been changed. Given the country’s energy resources, heavy
reliance on coal is the country’ s sole means of implementing such a strategy. °
China has an unusually high share of industria energy use (57.9%°) in
comparison with OECD countries (29.9%) or the world average (34.7%). This
reflects both the low energy efficiency of the Chinese industrial sector and the
underdevelopment of other (i.e., service) sectors. For example, theiron, steel and
chemical industries aone require about half of total industrial fuel demand. One
of the most steel intensive economies in the world, Chinese steel makers use on
average a third more energy per tonne of output than their US counterparts.

With a huge, rapidly expanding yet low efficiency energy system, in which coal plays
(and will continue to play) the dominant role, Chinatoday faces a serious challenge of
energy related—or more precisely coal-related—environmental problems.

Five of the world's ten most polluted metropolises are Chinese.*! 1n 2001, 67% of all
citiesfailed to meet the Class |1 criteria of the Chinese National Ambient Air Quality
Standards (CNAAQS) in annual average, and 40 percent had one or more pollutant with a
concentration higher than Class I11.*? China became the world’s largest SO, producer in
1995.13 With an ongoing expansion, more than 40% of the nation’s land is suffering
from acid rain with annual levels below 5.6 pH, primarily because of coal consumption
related SO, emissions. ™

Research has been undertaken to determine the costs of national environmental damage,
including a comprehensive study conducted by the World Bank in 1995.%° According to
this study, the total damage inflicted was $44.88 billion US, eguivalent to 7.1% of the
total GDP in that same year.

The public isincreasingly concerned about the poor state of the environment. A survey
conducted in early 2001 of 15,000 persons throughout the country found that 68% were
willing to accept higher taxes for a cleaner environment, and 49% declared that
environmental protection is China s greatest problem, topping such concerns as crime,
overpopulation, unemployment, education and social insurance.®

12



A number of studies have now been done to predict the future development of China's
energy system.’ According to virtually al of the business-as-usual (BAU) scenarios,
Chinawill continue to be the world' s largest coal user throughout the first half of the
century, and the total primary energy consumption will remain second to the U.S.—but
the gap betweenthe two countries will narrow over time. Two studies analyzing the
period beyond 2030 suggest that in that decade (i.e., 2030’s), CO, emissions from
China' s energy consumption will exceed those of the U.S., and Chinawill become the
world's largest emitter. 18

These studies aso indicated, however, showed that there is great potential for mitigating
the BAU greenhouse gas (GHG) emissions, by switching the energy infrastructure from a
coal-dominated system to a cleaner one. In this evolutionary process, renewable energy
could play a significant role, especially over the long run. According to the World Bank,
renewable energy has the second largest potential (after energy conservation) in reducing
CO2 (irgpissions, and could account for 30% of total GHG emission reduction by the year
2020.

Over alonger time span, the role of renewable energy could be even more important. In
two other (government and 11ASA) studies, ecologically driven scenarios predict that by
the year 2050, renewable energy technologies such as wind, solar, and commercial
biomass could represent 30-35% of total primary energy usein China®® Together with
increased oil and natural gas consumption, these could cut coal’ s share to 27-30% of
primary energy use,?! and reduce emissions of CO,, SO,, and other air pollutants by 35-
55%.

2.2 Wind Resourcesin China

Amongst renewable energy technologies, wind power has been shown to be a practical
choice, both in terms of its technological and commercial maturity, and economic
competitiveness.?? Asone of the most promising renewable energy options, it could
therefore have an important role to play in improving the sustainability of Chinese energy
System.

In 1981, the National Meteorological Bureau of China conducted the first nationwide
wind resource investigation, and the result of its survey was publicized in the book
National Wind Resource Regional Division. Later, in 1987, the Bureau organized a more
detailed survey in the eastern coastal areas, as well as the northwestern, northern, and
northeastern regions of the country. During that project, additional monitoring stations
were employed, the data sampling methodology was refined, and contour maps of wind
energy intensity, as well as the tally of cumulative hours at various levels of wind speed,
were prepared for the major provinces and autonomous regions. Key provinces and
individual cities have also conducted more detailed, substantiated surveys, and have
composed their own local wind energy distribution maps.%

These surveys have indicated that the exploitable wind resources in China are huge.?*
Even though there is much uncertainty, it has been suggested that China has the third
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Iargeﬂzgxpl oitable wind resource in the world, following only Russia and the United
States.

In 1995, a national wind resource assessment report prepared by the Chinese
Meteorological Research Institute estimated that the total wind energy reserve at 10
meters height is 3226 GW.?® Based upon a very rough estimate, the exploitable wind
resource was estimated to be 250 GW, a figure that represents some 78% of the total
power generating capacity installed within the country at the end of 2002.

The assessment criteria and regional division of wind reserves are outlined in Table 2.1
and 2.2.

Table 2.1 National Wind Resourcesin China

Criteria Richest Sound Exploitable  Poor
Effective Wind Intensity (W/nt, &) >200 200~150 150~50 <50
Number of Hourg/a of >3m/s >5000 5000~4000 4000~2000 <2000
Number of Hourg/a of >6m/s >2200 2200~1500 1500~350 <350
Share of nationa territory (%) 8 18 50 24

Source: CNE, 2003

The richest wind resource regions are located in the eastern coastal areas and in the
isands there. Wind energy intensity is well above 200W/sg. m; 6 m/s and above wind
gpeeds occur for more than 4000 hours, and 3 m/s and above wind speeds for more than
7000-8000 hours. Fifty kilometers inland, however, the suitability of the wind resource
diminishes rapidly.?’

Well-endowed wind resource regions are found in Inner Mongolia and Northern Gansu,
where wind energy intensities are in the 200-300 W/n range; winds of 6 plus m/s speed
occur for more than 2000 hours, and 3 or more m/s speed for more than 5000 hours.
These areas cover a significant amount of the territory.

Exploitable resources can be found in the eastern regions of Hellongjiang, and in Jilin,
Shandong and Liaoning (along the eastern coastal regions), where there are 200w/nt or
more; and 3000 plus hours of 6 m/s winds, and 5000- 7000 hours of 3 m/s winds.

Another area with rich wind resources is the Qinghai and Tibetan plateau, although the
air density there is as low as 67% of the sealevel.

From Table 2.2, it can be seen that the wind resources are primarily distributed in two

large wind belts: a Coastal wind belt and a Northern wind belt stretching from Xinjiang
through Gansu to the plateau of Inner Mongolia.?®
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Table 2.2 Selected Provincial Wind Resour ces (GW)

Province Wind Resour ce Province Wind Resour ce
Inner Mongolia 61.78 Shandong 3.01
Xinjiang 31.33 Jiangxi 2.93
Heilongjiang 17.23 Jiangsu 2.38
Gansu 11.43 Guangdong 1.95
Jilin 6.38 Zhgjiang 1.64
Hebei 6.12 Fujian 1.37
Liaoning 6.06 Hainan 0.54

Source: P. Shi, 1999

To date, no national resource mapping has been conducted to determine the economically
exploitable resource and its geographical distribution, and the lack of such a database has
proven to be a problem in developing wind power projects.?® Fortunately, however, such
a resource mapping g)roject is currently underway, and the GIS database should be
completed in 2004.3

2.3  Wind Power Development

The experimental application of small sized windmills began in the country during the
1950's, and continued into the 1960's. Nonetheless, formally organized R&D of small
scale (i.e.,, < 1IKW), off-grid wind power equipment was only initiated in the late 1980’s,
under the coordination of then State Science and Technology Commission. Thiswas
followed by pilot, demonstration, and dissemination programs coordinated by the State
Planning Commission, primarily in Inner Mongolia.

During the 1980’ s, the priority was shifted to grid-connected wind development, and
attention was focused on R& D and technology transfer for larger size wind power
technologies and equipment. Later, pilot and demonstration projects of grid connected
wind farms were set up in Shandong (55 KW units), Xinjiang (100 KW and 150 KW
units), and Inner Mongolia (100 KW units), utilizing Danish and American equipment. A
national wind industry association was set up, and some large, state-owned-enterprises
(SOESs) became involved in developing domestic manufacturing capacity.

During the 1990’ s (and especially after 1994, when the then Ministry of Electric Power
issued a new policy on wind power tariffs), grid connected wind farm development
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continued to grow. Total installed capacity increased from 20 MW in 1990 to 460 MW
at the end of 2002.

In general, the development of small sized, off-grid wind power has been relatively
successful. Today, the application of small wind power generators (100W- 1.5 KW) has
been fully commercialized, and Chinais the world's largest microturbine wind market.
Approximately 156, 000 sets (with atotal capacity of 18.1 MW) are in use, mostly by
Inner Mongolia herdsmen. Given that this market has matured, there seems little
opportunity for substantial further development.*

However, the potential for on-grid applications remains relatively untapped, and thisis
the subject of the remaining chapters in this report.
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3.0 TheConcept of aWind Resource Concession

Oil and natural gas are geographically constrained resources, and certain of these
geographical areas are more “lucrative” for resource development than others.
Governments have the power to restrict access to the resource, and to allow exclusive
rights for its development. They routinely do so for oil and natural gas, issuing large-
scale tract “concessions’ (often consisting of thousands of sgquare kilometers), in both on
shore and offshore locations. Private sector entities bid for the rights to develop the
resource under such concessions, and are willing to invest additional funds in both
exploration and resource mapping as part of their developmental efforts, in order that
they might identify the best potential resource extraction arrangements. Could such an
arrange aso work for wind resource devel opment?

Wind resources are similarly geographically constrained energy resources, requiring
further exploration/assessment for development. The wind resource is much more readily
accessible than oil or natural gas reserves, and the resource assessments are both ssimpler
from atechnical viewpoint and much less expensive in economic terms. Both on-and
off-shore sites are similarly appropriate for wind development.

But while wind energy shares such characteristics with oil and/or natural gas, it also has
important characteristics which are starkly different. Perhaps most importantly,
petroleum products are static, storable, fungible commodities sold in large-scale
international markets. Wind power is dynamic, generates electricity intermittently, and
requires localized consumption. Storage tends to be very expensive, and wind power
typically produces electricity at a cost well above competing alternatives—even without
considering the cost of storage technologies.

Conceptually, then, while one might agree that such an approach is technically feasible,
whether WRC would work in economic terms is much more problematic. This has not
stopped other countries from experimenting with various aspects of the concept,
however.

3.1  Experience with Wind Concessions

No country around the world has implemented WRC of the type and/or size of the
concessions proposed by Brennand. Given the fluid nature of the term, however, a
number of countries have issued what are commonly referred to as “concessions’ that
could attract wind power development.®* These include, for example:

Argentina. In conjunction with the World Bank and GEF, Argentina has developed an
off-grid concession approach to provide RES electricity to rural areas. The project,
known as Proyecto de Energia Renovable en el Mercado Electrico Rural (PERMER), was
designed to provide electricity to about 70,000 households and 1,100 public services, and
was expected to cost about $120 million.*® This program was subsequently delayed by
the Argentine economic crisis, however, and its pressures to reduce fiscal expenditures.
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Questions were also raised about the long-term sustainability of the program, once the
initial grants and loan funding were exhausted.® A WRI study of Argentina's market-
driven electricity sector reform concluded that “federal effortsto provide rural electricity
services require greater subsidies, and concession designs that go beyond tweaking the
existing models....” %

Morocco. Morocco depends on imports for more than 90% of its energy needs, and
accordingly has developed a strategic plan to develop renewable energies.®® With more
than 3500 kilometers of coastline, and some of the best wind power development sitesin
the world, the country intends to utilize this resource. The nationa utility company
Office National de I'Electricité (ONE) plans to establish two major wind farms, one in the
northern part of the country, and another in the south. The wind farms will have a total
capacity of 200 MW. Under a production concession scheme, ONE established a list of
pre-qualified firms, and scheduled offers to be issued in early 2003. Construction isto
begin in 2004, and wind power service will be provided in 2005. The wind farms will be
developed by the concessionaire, and ONE committed that it would: &) grant 20 years of
operation to the developer; and b) offer along term PPA. At the end of this period, the
facilities will be transferred to ONE. This process is designed to introduce conpetition
into project development, and will serve to move the national utility towards a more
market-oriented position. Although labeled a “production concession,” in most respects
this development represents a power sector tendering arrangement.

Egypt. Egypt has excellent wind resource in the Suez Bay, and the government hopes to
utilize WRC to develop the wind power there. Asafirst step, an eighty square kilometer
parcel of land located north of Zafarana City has been designated for wind power
development. The total capacity is estimated to be 600 MW. The national public utility
company has built atransmission line to the center of the area, and the area will be
divided into severa blocks that will be opened for bidding. The first phase is proceeding
with two projects under development, using bilateral funding from Denmark and
Germany. As above, this project currently represents a move towards introducing
competition into wind power development, rather than a full-scale WRC as envisioned by
Brennand.

3.2 TheBrennand Report
Brennand noted in the preamble of his report that it had three principal aims:

To bring a new policy instrument capable of accelerating the development of
renewable energy to the attention of energy authorities;

To get large scale investors to consider much larger projects than had been the
norm to date; and

To encourage a mechanism that could exert strong downward pressure on wind
generation costs.

Although Brennand noted that concessions are routinely employed in other energy and
mineral sectors, he was very careful to note the distinctions. “ The parallels drawn with
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the petroleum and natural gas sectors are not to be taken too literally since the economic
driving forces are entirely different in magnitude and the markets cannot be compared.” 3’

His WRC approach would encourage private sector investment in a manner that would
help to address the biggest hurdle associated with wind power—its high cost relative to
coal-based production. Wind power generation costs are highly dependent upon two
factors. First, since the energy in the wind is afunction of the cube of its speed, small
differences in average wind from site to site can nevertheless trandate into significant
differences in power production, and thusin costs. Second, the size of the production
system also plays a key role in wind power, with significant economies of scale evident
in production costs.

His report suggests that it will be necessary to move towards very large power plants, in
order to make the approach economically viable. As noted earlier, he analyzed the
economics of avery large (0.5 GW) facility, and showed that even that would not be
competitive at the present time. The report encourages the development of policies to
foster even larger (i.e., 1.0 GW) plantsin individual concession areas.

Brennand’'s WRC approach might thus be summarized as a prospective policy

mechanism that would encourage private sector firms to put very, very large wind units
in exactly the best locations. By doing so, it would enable them to drive down costs, and
thus make this type of renewable energy investment a viable alternative to coal-based
production. If private sector spending for very, very large units in exactly the right places
represents what one might consider an “idea” situation for wind development in China,
then one might consider:

A. Where arethe“ right places’ ?

As noted earlier, China has “world class’ winds along the coastal regions of Guangdong
and Fujian, and excellent sources in parts of Inner Mongolia, Xinjiang, Shandong,
Liaoning and Zhejiang provinces. The country’s wind energy potentia ranks among the
world’ s best, with approximately 250 gigawatts of exploitable resources available at the
10-meter level. Since the wind profile typically increases with height, and larger
facilities target winds at 50 meters or higher, the real potential resource base is probably
much larger. The status of the country’s general resource base is thus reasonably well
known. UNDP currently has a project underway that will provide a GIS database for this
information, and the overall resource data will be readily accessible.

As one moves from the country level to WRC tract and then facility levels, however, the
data becomes much less adequate for the tasks at hand. The resource surveys necessary
to establish tracts appropriate for WRC have not yet been accomplished. At the facility
level, there has been some individual site data collected for various specific site
evaluations, but¥z as noted earlier¥. it is assumed that those operating within the WRC
would still have to thoroughly explore facility siting characteristics within the concession
areas. The site selection process also depends upon factors other than the wind resource
(e.g., the proximity to transmission lines, other development in the area, etc.).
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Thus, from the developers viewpoint, Chinalooks like it has a promising wind resource,
and the general areas for potential development are known. But given the key
importance of even small differentials in wind speed, the specific “right places’ are not
yet known.

B. What isthe “ right size” ?

The WRC envisions very, very large facilities, but China's wind power has not yet
developed in this manner. As suggested above, there are approximately 140,000 small
turbines in the country, and China has been the world leader in the manufacture of these
units. Most are in the 100 to 3000 watt range, and are used in households and small
commercial and village applications. Only in the last severa years has China begun to
manufacture medium size units (in the 600 to 750 kW range), usualy in conjunction with
foreign licensing or joint ventures. These require relatively few outside components, but
demand has been low because imported units range have a reputation for higher quality,
and tend to be more cost effective.®

Even larger units are now being installed in Europe and the U.S., and 1500 kW units
currently represent the state-of-the-art.3° It is these larger units that are driving the on
going reduction in wind energy costs. The cost of producing electricity from wind has
dropped by more than 80% in the past two decades, and a wind energy trade association
clamsthat alarge plant (50 MW and up) at an excellent site (20 mph average wind
speeds) could now deliver power for about 3¢/kWh. *°

The Brennand report is not quite as optimistic, and its evaluation of a very large wind
concession (0.5 GW) in China found that positive cash flows would require an electricity
price above 6¢kWh, and that commercial rates of return would require at least 8¢kWh.
The report noted: “these outcomes would not generate bidding interest.” * However, it
was nevertheless sanguine about future projects within China for two reasons. 1) costs
should continue to drop over time; and 2) when Chinais able to manufacture the larger
turbines that meet international quality standards, it should be able to reduce turbine
production costs by afurther 25-30%.

C. Where isthe private sector investment?

Given its high costs, private-sector investment in wind power has not played a significant
role to date. Governments around the world have determined that environmental and
other characteristics associated with this renewabl e resource deserve consideration,
however, and wind power hasflourished in other countries because of policies
encouraging its development. There are myriad forms of governmental assistance,
including research and development funds, tax credits or rebates for turbine purchases,
favorable terms for grid access, etc.

The WRC itsdlf is a policy mechanism that would appear to require little in the way of
governmental spending. But Brennand’s determination that even a 500 MW facility
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would not be cost-competitive suggests that the WRC policy alone would not increase
wind power production at the present time. He s clear about this economic picture, and
recognizes that the WRC will also require other levels of governmental support. His
conclusions lead off with a series of statements including the words “government-led,”
“political will,” “charge on all consumers,” “price support,” etc. Theseissues are fully
addressed in the following chapter.

3.3.  TheNi Report

While the Brennand report presents the “big picture” about WRC, it also recognized that
the proposed policy would raise a number of implementation issues within China. The
Ni report was designed to address a number of these concerns. It, too, presents
information about the country’s wind resources and foreign wind power development
experience, as well asa cost assessment and a discussion of WRC barriers and market
concerns.

The Ni report covers awide range of implementation issues, but Chapter 3 summarizes
concerns in several aress:

The high price. China swind power is even more expensive than that in foreign
countries, since much of the equipment isimported, and a lack of adequate
personnel for management and maintenance has increased O& M costs.

Availability of capital. Virtually al financing is coordinated through the power
corporations, and there are very few sources of capital not associated with either
the government or international donors.

Manufacturing and service capabilities. Low levels of demand for domestic
turbines and poor response from domestic R& D have hampered the industry’s
development.

Institutional arrangements. A “balkanized,” decentralized governmental
responsibility for wind power hinders its development.

Lack of private-sector competition. The above factors, and equipment selection
dictated by donors, has limited private sector competition in this industry.

The report aso cites the novelty of the WRC, and a lack of institutional support for wind
power development within the country. The following chapter focuses on the principal
stakeholders who will be affected by WRC, and their role in wind power development in
the country.
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4.0 TheConcernsof Principal Stakeholders

A recent Energy Policy paper which addressed the evaluation of policy instruments
designed to foster wind energy development projects (such as the WRC) suggested that
analysts have tended to ignore and neglect the interests of important stakeholder groups.*?
The authors proposed a “more integrated evaluation approach” which would take into
account interests in three broad areas: the conventional energy business; the renewable
energy business; and the political field, as outlined in Figure 4.1.

Figure4.1 Principal Stakeholder Interestsin RES Policy I nstruments
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This chapter addresses the first two elements within this framework. The “political field”
aspects of the policy instrument devel opment are then addressed within the following
chapter.

4.1  TheConventional Energy Businessin China

The power sector has an extensive history, going back to the establishmert of the first
power generation station in Shanghai in 1882. In 1949, when the People’ s Republic of
Chinawas born, the country had only 1.85 GW of generation capacity and an annual per
capita power use less than 10 kWh.*® At the present time, China has the world’s second
largest electricity system, with 338 GW installed capacity and 1478 TWh generation in
2001. The power industry has been growing at an average annual growth rate of 11.5%

(in terms of increased capacity), although much of this growth has occurred within recent
decades.
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Like its general energy system, the power sector in China is dominated by coal- fired
power plants, which accounted for 78% of the total generation in 2000 (see Table 4.1).*
According to the Tenth Five Y ear Plan, however, development priorities will be shifted
in the future from the construction of coal fired generation plants to hydro power, gas
turbines, and grid extension.*°

Table4.1 Mix of Power Generation in 2000

Electricity (TWh) %
Coad 1081 78
Oil 46 33
Natural Gas 19 14
Nuclear 17 12
Hydro 222 16
Other Renewables 2 0.1
Total 1387 100

Source: CERS, 2002

In 1949, there were only 6,500 km of transmission lines. Today, the grid covers all of the
cities, townships, and most rural areas. By the end of 1999, the 220kV transmission lines
extended 495,123 km, and at the 500kV level, transmission lines (including DC lines)
covered 22,927 km. *®

There are 16 power networks in Chinalisted in Table 4.2 below, and shown in Figure 4.2
above, although these have undergone considerable reorganization in recent years. In
May 1990, the then Ministry of Energy decided to build the China Southern Power
Corporation, which included YNPN, GZPN, GXPN, and GDPN; later, when Hainan
Province was formed, HNPN was added. Also, later in the decade, Chongqing was
separated from Sichuan Province. In early 2003, the grids from the above five southern
provinces noted above were merged into the China Southern Power Grid Corporation.
Thus, the sixteen networks listed have now been consolidated into six inter-provincid
grids and six independent provincia grids.

4.1.1. Institution and Administration

In 1949, when the power industry was nationalized, it became a vertically integrated
entity in terms of both administration and business operation, and was exclusively state-
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Figure 4.2 Power Networksin China

owned. The power administration agency within the central government simultaneously
played multiple roles, serving as decision maker for all aspects of national strategies,
policies, planning, and regulations; sole investor for system expansion; and director of all
system operations. The local electric bureaus (i.e., the local branches of the state’s power
administration) functioned in a similar manner, performing both governmental and
business operations functions. Despite numerous rounds of reshuffling and restructuring
undertaken within the industry, this fundamental feature did not change until the first
serious reforms were undertaken in the mid-1980s.*’

Until very recently, governmental control within the sector occurred through a highly
centralized decision process, utilizing a supply and demand balancing mechanism. Prices
of electricity, like those for most other products in the nation, were only utilized for
accounting purposes, and did not reflect the real variation of supply and demand in the
marketplace. They did not affect the allocation of resources.

The power sector was divided into planning units featuring both vertical (industrial) lines,

and horizontal (geographical) blocks. The national development plan was made
incrementally in five-year segments. During the planning process, economic growth and
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Table 4.2 Characteristics of China’s Power Networks

Installed Electricity
Abbrevi Capacity Production
ation Name L ocation (MW 1999)  (bkWh 1999)
Heilongjiang, Jilin, Liaoning Province
NEPN Northeast and east part of Inner Mongolia 39543.9 144.892
Autonomous region
. Beijing, Tianjin,Hebei,Shanxi, & west part
NCPN  North China of Inner Mongolia Autonomous Region 40716.2 192.235
NWPN  Northwest  Shanxi, Gansu, Qinghal & NinxiaRegion  18021.9 73.614
: Henan, Hubei, Hunan and Jiangxi
CCPN  China Center Provinces. 43365.4 167.322
. Shanghai city , Jangsu, Zheijiang and
ECPN ~ East China Anhui Provinces 519864  226.890
SDPN Shandong Shandong Province 18017.8 91.205
FIPN Fujian Fujian Province 9657.4 35.600
SCPN Sichuan Sichuan Province 14670.1 44,953
CQPN Chongaing Chongging City 3182.3 13.218
Xinjiang
XJAR Autonqmous Administered by NCPN 2144.0 11.492
Region
HNPN Hainan Hainan Province 1663.6 3.865
GDPN Guangdong Guangdong Province 30333.7 114.004
GXPN Guangxi Guangxi Province 5953.0 24.423
YNPN Y unnan Y unnan Province 6340.8 26.805
GZPN Guizhou Guizhou Province 5518.8 27.063
XZAR Tibet Tibet Autonomous Region 159.0 305
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electricity demand were projected for the next five years, and based upon these
projections, SDPC and its local branches determined new generation and transmission
projects. SDPC then coordinated with other relevant governmental agencies to site the
new projects, alocate capital funds, determine equipment specification and
manufacturers, fuel types and suppliers, supervise the construction and appoint
management. Once completed, the project would be transferred to SETC, which worked
as the management of day-to-day operations, allocating annual and quarterly quotas
among power plants, and controlling the dispatching of generated electricity. When
electricity was in short supply, SETC also allocated consumption quotas among end
users. Hence, the government controlled and operated everything from long term
planning, progect development and construction, down to the daily power generation and
dispatching.*

A. First Phase of Reform (1985~1997)

One of the chief characteristics of the centralized planning period was a chronic shortage
of electricity supply. In order to draw sufficient investment to tackle the severe ongoing
shortages, the State Council issued the Provisional Regulation on Encouraging Fund
Raising for Power Construction and Adopting Multi- Rate Tariff in 1985. This alowed
local governments, the private sector, and foreign entities to provide investment capital
for power generation. In order to encourage such investment, a so called “new e ectricity
new price” (or rate of return tariff) was set forth, giving a guaranteed 12-15% rate of
return. The government tried to transform its inter-provincial and provincial power
bureaus into modern, market-oriented businesses by introducing western accounting
systems and by requiring the bureaus to become financially self-supporting. By 1997, a
number of Chinese power generation companies were listed in the New Y ork Stock
Market and in other international stock markets.

Through this period of reform, the previoudy state owned power sector underwent
considerable change, and some 50% of its generation capacity was owned by non-state
investors by 1997. The reform successfully channeled badly needed financial resources
into the industry, and as aresult, the chronic nation wide power supply shortage was
eliminated. In that same year, power supplies exceeded demand for the first time.

However, the reforms during this period did not solve al problems. The state monopoly
was broken, but the state still controlled half of the generation capacity, and the entire
transmission grid. It still served as both regulator and business operator, and was able to
inflict various kinds of discriminatory treatment upon the 1PPs, especially in the surplus
market environment. Since many of the IPPs were owned by local governments, the
reforms gave rise to serious regionalist favoritism, which hindered inter-provincial
electricity trading and the economic optimization of power sector resources. The reforms
also did not change the fact that pricing was predetermined by the government, did not
reflect market conditions, and was not representative of the true costs of power
production.
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B.  Second Phase of Reform (1997~2002)

The major objective of the second phase of reform was to sever the intertwined elements
of regulation and business operations. 1n 1997, the then Ministry of Power was
dismantled, and its business operational responsibilities were given to the newly
established State Power Corporation (SPC). After this reshuffling, SPC became areal

and pure power company, comparable in many respects to governmentally owned utilities
in many other countries.

The other governmental responsibilities were assigned to SETC, SDPC, and the Ministry
of Finance (MOF). SETC became responsible for setting the industry’s planning
regulations, as well as economic and technical policies and standards; supervising the
industry’ s operations and management; and ensuring the balanced dispatch and
distribution of electricity. SDPC was responsible for stipulating the devel opmental
strategy and the geographical distribution of large-scale construction projects; allocating
the national fiscal budget on infrastructure; and regulating electricity prices. MOF
became responsible for stipulating financial management regulations; supervising their
proper implementation; and managing state- held equity to ensure its optimal return. *°

However, even after these reforms, a number of lingering issues remained unresolved:

Underdevel oped market mechanism: The government still employed its
administrative command and control measures as the major instrument of
regulating the industry (project approval, predetermined price, etc.), distorting
market signals and resulting in inefficient practices. Even after the formation of
SPC, its undisturbed vertical (generation, transmission, distribution and retail)
operations and monopoly continued to impede the formation of fully developed
competition.

Market division and regionalism: The electricity market in Chinais basically
divided by administrative region, which makes inter-provincial trade extremely
difficult. Given the distance between primary energy sources (in north-west
China) and the principal power load (in south-east China), this issue continues to
be significant. It isaso one of the principal institutional barriers impeding the
use of clean and renewable energy resources within the country.

Ineffective investment incentive and price regulation: Long term PPASs based upon
tariffs guaranteeing high rates of-return were very successful in drawing
investment to aleviate supply shortagesin the late 1980's and early 1990’s.
These PPAs presented a problem, however, in an era when supply exceeded
demand.

C. On-going Reforms
At the national level, SETC has recently been dismantled, and many of its

governmental/regulatory functions have beentaken over by the former SDPC. (As noted
earlier, SDPC itself has been reorganized as well, and is now known as the National
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Development and Reform Commission [NDRC]). Other portions of SETC have become
corporate entities.

Within the power sector, other on-going reforms are designed to address the above noted
and other sectoral concerns. At its base, a general policy of the reform is to separate
generation from transmission and distribution, in order to break an existing monopoly
and encourage competition. This should both improve efficiency and reduce costs. A
related goal of the reform is to expand the role of electric power within the economy, and
serve to integrate the grid throughout the country. Furthermore, the reform is expected to
address environmental externalities. Within the national power system, an equivalent
environmental “price’ for emissions from power generation should be established, and it
is anticipated that mechanisms encouraging the development of clean (renewable) power
sources will be introduced. Electricity will be supplied directly to large users by power
generationenterprises under certain pilot projects, changing the monopolistic pattern of
the past.

According to the reform program: both generation and network enterprises will be
restructured; feed-in price competition will be practiced; operating rules for the power
market will be established; governmental oversight and regulatory mechanisms created,;
regional power markets instituted; and new power pricing mechanisns put into place.
Because the government is extremely wary about causing disruptions within the power
sector and the overall economy, no timetable has been publicized. However, utility
policy analysts believe that the transitional phase will take at least 5-7 years.®® The
resulting power market system, although remaining under the supervision of the
government, should operate independently of it, in afair, competitive, open, orderly and
Vigorous manner.

4.1.2 Restructuring

In December 2002, portions of the state owned generation capacity were divided into five
companies, each with an average generating capacity of approximately 30,000 MW. The
five companies are: the Huaneng Group; Huadian Power; Guodian Power; Datang Power
Group; and the China Power Investment Company. Four other design and construction
entities were also created during the restructuring.

Before the power sector reform, all sixteen power networks were administrated by the
SPC. Afterwards, the national grid system was divided into two grid companies. the
State Power Grid Corporation and the Southern China Power Grid Corporation.

The State Power Grid Corporation will be a national venture, and will represent investors
of the power networks originally administered by the SPC. It will be responsible for
forming five regional Power Network limited companies (or incorporated companies) in
Northern (including SDPN); Northeastern (including east Inner Mongolia);

Northwestern; Eastern (including FIPN) and Central China (including CQPN and SCPN).
The Power Corporation of Tibet will also be administered by the State Power Grid
Corporation. The Southern China Power Grid Corporation will be composed of GDPN,
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HNPN, YNPN, GZPN and GXPN. This Corporation will be founded with shares
accorded by the ratio of net assets of each of the individual power networks making up
the new corporation.

A State Electric Regulatory Commission (SERC) was also set up in March, 2003. Itis
anticipated that reform will now focus on developing a market mechanism and regulatory
system, gradually set up price competition for dispatching and operations, establishing a
new pricing system, and stipulating how environmental factors will affect electricity
pricing.

4.1.3 Pricing

Ameliorating the power pricing mechanism is akey element of the power system reform.
Under the new pricing mechanism, the power price will have three components: a feed-in
price, a transmission/distributionprice, and a sales price. Competitionwill be introduced
into the generation sector to establish the feed-in price. Then, considering such factors as
efficiency, cost restrictiors and system development, the government will determine price
rules for transmission/distribution pricing. Given these factors, arealistic and appropriate
final sales price will be determined. As the keystone of the reform package, the
transformation of the pricing system is receiving special attention.>?,

The feed-in tariff will itself consist of two components (an electricity price and a capacity
price), and a series of issues including price correlations, trading systems, price system
designs, etc. are currently being analyzed to determine how such areform might be
implemented. It is anticipated that prices based upon rate of return calculations will
continue to be used in competition for connections during the transitional period, before
the two component feed- in tariff is adopted.

4.1.4 |mpact of Power Sector Reform on Wind Projects

The construction of Chinese wind farms was started by the mandate of the then Ministry
of Electric Power with the objective of promoting adoption of clean power technologies.
Pushed by the ministry, the local utility administrations had to set up wind power
development companies within their administrative framework, and this gave rise to (still
existing) monopoly ownership. Most of the wind farms were built by using

governmental grants and international bilateral loans, which meant that the feed-in price
was relatively low in the beginning. For example, the wind farms’ feed-in tariff was as
low as 0.2 RMB/kWh in Xinjiang. There was no regulation in place to control the
pricing process between the grids and the wind farms, as wind farms were preponderantly
owned by the utility companies.

As shown in Figure 4.3, the current power price system consists of afeed-in tariff, agrid
sales price, and an inter-grid supply price.>? The feed-in tariff is the price paid by
provincial or larger than provincial power companies to independent power plants
(including joint venture, raised fund plants, etc). The price is determined on a plant-
specific (or even unit specific) basis, at the “new electricity, new price” (i.e., the “rate of
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return price”). For those plants dispatched by the provincia (or larger than provincial)
grid, the price is approved by SDPC; for those plants dispatched by the grid beneath the
provincial level, the price is approved solely by the provincia price bureau. The PPA
sets the feed- in tariff, and represents the legally binding relationship between the power
plant and the grid.

For those plants built by the state before 1985 (as well as those built by the state between
1985-1992), there is no independent feed-in tariff. These plants collect the direct
operational cost (i.e., without investment payback) according to the catalogue price
published by the state.

Theretail priceis the price charged to end- users when they buy electricity from the
provincial power company (or an independent distribution company), and is uniform
within each province. The wholesale price is the price charged to the independent
distribution company when it purchases electricity from the provincia power company,
and thisis also uniform within one province. These retail and wholesale prices are called
the “catalogue” price, and are stipulated and published by SDPC. Catalogue price
adjustments can occur only after the provincial power company submits a proposal to
SDPC, and SDPC can approve al or part of the price adjustment.

In 1994, the then Ministry of Electric Power issued Regulation of Wind Power Grid
Connection and Operation, which stipulated that:>®

The ministry was in charge of al aspects of the administration, supervision, and
direction of wind farms’' planning, construction, management, and operation;
Grids should allow wind farms to connect near the project site, and should
purchase the project’s total generation output. The wind farms should sign a
connection contract with the grid;

Feed-in tariffs should be determined based upon: generation costs + interest
payments + rational profit.>* Cost differences above the grid's average feed-in
tariff should be covered by the whole grid.

This has been the major regulation followed by utility companies and wind developersin
making the feed- in tariff arrangement, and it did play a positive role in increasing wind
power capacity from 29 MW in 1994 to more than 400 MW in 2002. Nevertheless, the
regulation hes some serious problems.

First, the regulation did not specify the exact scope implied by the key word “grid”.
Accordingly, local administrations (e.g., utility companies in charge of grid connections
and the purchase of generation; planning commissions in charge of project approval;
provincial price bureaus in charge of the electricity sales price; etc.) could explain it at
will as referring to the district, or provincial, or regional-level grid. This made it
extremely difficult for wind farms (especially larger sized ones) to be built in locales
where there might be a sound resource, but the local grid was relatively small and could
not solely afford the price difference. Provincia price bureaus tend to control the sales
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price quite tightly, and have not allowed price recovery at and above provincial level
grids.

Second, the rate of return pricing is atypical case of decision making under asymmetric
information, in which the government has insufficient information to determine the “real”
costs and rational profits of the wind farms, and the wind farms themselves have no
incentives to reduce their costs. In order to address this problem, the government can try
to make the approval process more strict and difficult for newcomers. But, as
comparable experience with conventional power plants construction has shown, the
government’s effort are usually in vain, and result in a so-called “ backward price driven
phenomena” (i.e., the government loses control of capital and operational costs, and the
resulting feed-in tariff). The required annual renewal of the feed-in tariff also increases
market risks for potential outsiders.

It seems likely that today’s on-going reform will also inflict certain transitional pains
upon wind power development. As the grid is separated from generation, the chronically
underdevel oped and financially unhealthy grid will have to increase its profitability. The
experience of the pilot phase suggests that it is unlikely that the grids will attempt to
cover the extra costs associated with wind power, as they sometimes did before.
Ingtitutionally, there are many critical policy issues that have to be addressed during the
reform, and wind power development may not be a high priority during this transition.

However, over the longer run, the inclusion of environmental considerations in power
sector decision-making should play an important role in the development of wind power
within the country.

4.2  TheWind Energy Businessin China
421 Current Status

China swind farms at the end of 2002 reflect the resource conditions noted earlier, with
wind power facilities distributed primarily within the two major wind belts (i.e., a
Northern/Western belt with approximately two-thirds of the nation’s installed wind
capacity, and an Eagern Coastal belt with the remaining third).

Despite the country’ s abundant resources and more rapid development after 1994,
Chinese wind farms only compose a very modest percentage in the world' stotal. Its
share only changed from 1% in 1995 to 1.7% in 2001, arelatively insignificant
improvement. Its growth rate does not match that of Europe, ands also lags behind India,
which had a significant increase in the mid 1990’ s during the so-called “India Boom”.

4.2.2 Size of Wind Farms and Turbines
Even though the average unit size of wind turbines in China cannot match levels found in

Europe (1278 KW in Germany in 2001, for instance), it has nonetheless increased
significantly in recent years. In 2001, the average unit size in China was 492 KW, which
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iswell above the outside world’s general impression about the unit sizes being employed
in Chinese wind power development.®®

However, the scale of wind farmsin Chinais relatively small. By 2001, there were
twenty-seven wind farms in the country, with an average capacity of 14.8 MW. More
than half of these wind farms had an installed capacity less than 10 MW, whilein
Germany, the typical size was 20-50 MW, and in U.S. it was even larger (i.e., 50 MW
and above).®® These small sizes contribute to poor economic ratings in China when
compared with E.U. and U.S. facilities.

It can be seen in Table 4.3 that the actual installed capacities of wind power are typically
avery small fraction of the total installed capacity within the power network. The largest
percentage of wind power (at 3.4%) is located in the Xinjiang Autonomous Region. The
carrying capacity of the power network does not appear to be a barrier to the
development of wind power in China at the present time, or within the foreseeable future.

After the recent restructuring, all but one of the formerly SPC-owned wind farms (which
account for more than 50% of the nation’s current wind power capacity) were assigned to
Longyuan, a renewable energy developer under one of the five generation companies, the
remaining SPC-owned wind farm went to Huaneng, another one of the five generation
companies.

4.2.3 Ownership and Turbine Market Share

Chinese wind farms have been overwhelmingly developed and owned by the nation’s
power sector, i.e., the state owned electric power companies, power administrative
bureaus, power distribution companies, and the wind power development companies set
up by those companies and bureaus. Most of these owners are provincia level and local
level companies. Nevertheless a new trend occurred in the late 1990s, encouraged by the
SDPC'’s “Ride the Wind” Program. More and more foreign commercia investment
entered the market in the form of joint ventures with local counterparts, athough this has
not yet captured a significant share of installed capacity.

Despite years of efforts put into the promotion of domestic manufacturing capability,
Chinese wind farms primarily use equipment from abroad, especially turbines
manufactured in Denmark and Germany. In 1998, Danish turbines accounted for more
than three-quarters of total installed capacity; and less than 1% was manufactured
domestically (see Table 4.5). Even after the push of the “Ride the Wind” Program,
Chinese turbines (and joint venture units, or turbines with domestic components) only
represented 5% of installed capacity in 2001.°’
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Figure 4.3 Current Power Pricing System
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Table 4.3 Wind Power Capacities and Availability in Power Networks

Total Installed Percentage of
Installed  capacity of ~ wind power Per centage of
Power  capacity wind power in power Availablewind wind resource
Network — (MW) (MW)  network (%) energy” (MW) utilized (%)
NCPN 40716.2 60.3 0.15 71756 0.084
NEPN 39543.9 82.5 0.21 29661 0.278
w ECPN 51986.4 30.4 0.06 6516 0.467
o
% CCPN 43365.4 0 0. 12568 0.000
CER NWPN 18021.9 12 0.01 39470 0.003
zZ
SER FIPN 9657.4 13.1 0.14 1372 0.955
o
g SDPN 18017.8 5.7 0.03 3936 0.145
s
§ COPN 31823 0 0. - -2
S scPN 146701 0 0. 4358 0
XJAR 2144.0 73.0 3.40 38255 0.191
XZAR 159.0 0 0 40008 0
GDPN 30333.7 70.0 0.23 1950 3.590
g GXPN 5953.0 0 0. 1681 0
5=
2% HNPN 16636 8.8 0.53 640 1.375
~ 8
SER GZPN 5518.8 0 0. 1006 --
YNPN 6340.8 0 0 3666 --
344.8 256843 0.134

8CQPN isincluded in SCPN in the final two columns.
bSources: http: //www.xjwind.com



Table 4.4 Installed Wind Capacitiesin Selected Years (MW)

1995 1999 2000 2001
Eurape 2518 16362
Germany 1136 8100
Denmark 619 2417
Spain 145 3175
Holland 236 483
UK 200 477
Sweden 67 264
Italy 25 560
Greece 28 273
North America 1676 4440
us 1655 4280
Canada 21 200
South America 11 2162
Asa & Pacific 626 1403 1795 2162
China a4 361 399.9%°
India 565 1426
adle East & 13 203
World Total 4844 13455 17706 23309

Source: Ackermann, 2002

4.2.4 Technology and Operational Performance®®

Two types of wind power unit are being used in Chinese wind units: @) adjustable blade
span units; and b) fixed blade span units. The former are lighter, more efficient in
making use of wind blow, but are more expensive and require more sophisticated
construction, installation, and maintenance techniques. The latter ones are cheaper,
simpler in structure, but are heavier and have a lower utility.®® Generally, Chinese wind
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Table 4.5Wind Turbine Market Sharein China (by capacity)

Country Manufacturer Share (%)

Denmark
Vestas 24
Micon 23
Nordtank 15
Bonus 14

Germany
Nordex 5
HSW 3

us

Zond 10
China all 1
Other countries 5

Source: H. Zhou et al, 2003

mills have relatively poor technical and economic performance characteristics. The
average capacity factor for Chinese wind farmsis below 20% (i.e., less than 1750
hours/year).

Although there are some cases of good performance (e.g., Dabancheng Il in Xinjiang
Autonomous Region has the nationally highest capacity factor at 36~39%, and its annual
tally of hoursin operation is 3200~3400°%2), most of the other units are performing at
much lower efficiencies in terms of capacity factor and operating time.

A typical caseisin Inner Mongolia. That region has the largest number of wind farms,
and the second largest capacity among all the provinces and autonomous regions. In
1996, the average capacity factor was 17.8%, while the world’ s advanced operations are
as high as 50%. Reasons for thisinclude: a) the resource condition, which reflects poor
mapping and siting practices; b) poor operations and maintenance practices; c) low
turbine generation efficiency; and d) the grid’ s inability to accept electricity generated by
the wind farms.®® These poor performance characteristics occurred in both domestic and
imported units. The relative contribution of these factors is not known, athough one
might sur mise that the contribution of items ¢) and d) should be relatively low (the
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imported units, primarily from Denmark, have enjoyed a solid reputation for stable and
efficient performance, both in China and abroad; and wind power represents only 0.094%
of capacity in the Inner Mongolia power grid, which should pose no challenge for the
power dispatching center and transmission lines).

For most domestic units, the situation appears much worse. Many sources have
acknowledged the common disadvantage of domestic units, primarily due to the high
frequency of breakdown, instability and unreliability of performance, and high
maintenance. Many simply cannot be put into operation on areliable basis.** However,
at least one domestic manufacturer®® suggests that the newly developed 600KW units
have already improved in this respect. Though there are some operationa records to
support this statement, the time period has not yet been long enough to fully verify it.

4.25 Financing

It has been stated that “ Chinese wind farms were predominately driven by international
aid programs, despite government programs to promote wind energy” ®°, but both forms
of support have in fact played an important role. By the end of 1997, 1.75 billion RMB
was spent on wind farm construction, resulting in 166.5 MW of installed capacity. Of
that total, 41% was obtained from abroad in the form of bilateral soft loans and grants,
and the remaining 59% was from the Chinese government, through its renewable energy
development programs (i.e., the “Double Plus’ preferable bank loans from SETC; SDPC
“Ride the Wind” bank loans executed by the China Energy Conservation Investment
Corporation; pilot and demonstration funds from SDPC; and R&D grant provided by
MOST).®” Noticeably absent was private sector funding, from China or abroad. This
was undoubtedly due to the high financial risks, the institutional uncertainty, the poor
economics of wind power generation, and the lack of policy incentives designed to
encourage private sector wind power development.

4.2.6 R&D and Domestic Manufacturing

China has long been aware of the importance of developing its domestic manufacturing
facilities in order to make wind power cost-effective and competitive with conventional
power technologies. While efforts has been made to further such objectives, the outcome
has neverthel ess been disappointing.

In the Seventh Five Y ear Plan Period (FY PP 1986 - 1990), China began to fund wind
power equipment R& D through the then State Science and Technology Commission.
Three million RMB in grants were provided to assist in developing what were then
world-class 200 KW and 300 KW units. An additional seven million RMB were
provided in the Eighth FY PP, and another 10 million RMB in the Ninth FYPP.®® Units
developed by the Zhegjiang Mechanical and Electrical Research Institute (ZMERI) and the
Nanjing High Speed Gear Box Manufacturer (NHSBM) remain in the experimental and
pilot phase, and the first batch of five units (two 300 KW units by NHSBM and three 250
KW units by ZMERI) were sold for project development as late as 2000. These units are
still not in full operation because of frequent operational failures.®® Meanwhile,
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commercially employed units elsewhere in the world are now typically in the 1500 KW
range.

Learning from this, the government changed its strategy, and two new approaches were
introduced. Inthe Ninth FY PP, SETC began to fund (through its “Double Plus’
Program) the purchase of manufacturing technologies from abroad. Chinese R&D
institutions and manufacturers have bought 600 KW manufacturing technologies from
Austria (Pier) and Germany (Jacobs), and the resulting products have been sold to some
wind farms. The results of this approach have been controversial. The manufacturers
have declared it a success, though they have acknowledged that improvements needed to
be made in quality control and computer software (e.g., AUTOCAD). Others have
suggested that this approach has not proved satisfactory, and that integrated design is the
weakest link. "

A second idea emerged in SDPC’s “Ride the Wind” Program, which basically supported
joint ventures between foreign manufacturers and Chinese integration factories through a
public bidding offer. Asaresult of this effort, the German company Nordex Black-Durr
and Spanish MADE were chosen from abroad, and the Xian Aero-Motor Company and
China First Tractor Machine Manufacturer were identified within China. The products
from these two (respective) joint ventures have been sold to newly built wind farms.

4.2.7 Economics

A number of studies have now been undertaken to determine the economic viability of
Chinese wind farm projects.”? In 1996, the World Bank conducted a comprehensive
analysis, and addressed costs at Huitengxile in Inner Mongolia and at Nanao Island in
Guangdong Province.” Base load least cost options were identified through optimization
planning for the North-Eastern China Grid (where Huitengxile was to be connected), and
the annualized costs (including capacity, energy, and transmission/ distribution extension
costs) were calculated to be 0.32 RMB/kWh there. This was assumed to be the avoided
cost of the wind farm, and represented the potential feed-in tariff for awind project
located there. Assuming arelatively high capacity factor (i.e., 38.6%) and full operation
in the first year, the financial IRR for total investment was calculated to be 10%. A
comparable analysis for Nanao Island resulted in an IRR of 7%. Another analysisby Liu
et a showed that the unit cost of wind 7power isalmost twice as high as that of coal fired
power (i.e., 0.56 vs. 0.30 RMB/kWh).” Given the factors discussed above, the true cost
of wind power in Chinais clearly well above international norms, and prospective
developers face many potential concerns.

4.2.8 The Developers Perspective
From the perspective of awind power project developer, the situation in China has
several important characteristics. @) the assessment of the wind resource; b) project

development criteria; ¢) agreement negotiation; d) financing; €) equipment purchases; f)
operations and management; and g) electricity sales.
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A. Wind resour ce assessment

The wind resource is clearly the most important physical parameter for awind farm, and
it is assessed on the basis of yearly speed, monthly speed, functiorel density, etc. For a
wind farm, the most important parameter is the annual blowing hours of effective wind
speed. Wind resources have a great influence on the economics of wind farms, as Table
4.6 suggests.

Table 4.6 Influence of Wind Resour ce on Power Price’®

Annua blow hours
of effective wind 2000 2200 2400 2500 2600 2700 2800 2900 3000
Speed

Power cost

(yuarykWh) 0.650 0.591 0.542 0.520 0.500 0.481 0.464 0.448 0.433

At present, China lacks complete and accurate data about its wind resources, which are
important to wind developers. Existing resource data have been determined from
approximately 900 weather stations located across the country. These data are important
for the development and strategic planning of wind resources, but they are not sufficient
for the construction of wind farms on acommercial scale. Two facts make the situation
even more dire: @) There are no clear requirements for anemometry standards in China.
Anemometers are not certified, and there are no definitive stipulations about the location
or the number of metering points, nor of the necessary data collection period. The
reliability of existing data cannot, therefore, be guaranteed. b) The annual blowing hours
of effective wind speed that are reported are sometimes higher than actual, in order to
foster project development. Given such situations, data about wind resources are usually
not credible.

A first important consideration for wind developers is therefore to gain reliable
anemometric data concerning the wind resource. Asdiscussed in alater section, this
might be accomplished under the WRC by: @) relying on existing data, but using apricing
mechanism to compensate for resource data uncertainty; b) entrusting anemometry data
collection to an internationally accepted organization that did not take part in the bidding;
and c) allowing wind devel opers themselves to collect the data.

Each of these approaches has advantages and disadvantages, but the approach employed
under the WRC might change over time, as devel opers and data collection organizations
gain experience and confidence in the resource assessments.

B. Project development criteria

In the past, the price of wind power has been determined according to the principle of a

“pay back” price. That assessed price was merely submitted to the government in order
to obtain project approval. Under that rule, the investors’ revenue rate was fixed, and
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wind developers faced no risk. Such a pricing mechanism contributed nothing to cost
reduction, because the wind power developers had no incentive to do so.

Under the WRC, however, the assessed price will be used for bidding purposes. Each
individual developer will estimate its bidding price, and this in turn will depend upon the
criteria specified for project development. The government (or organization representing
the government) will have a*“ceiling” price, and tenders above that ceiling will not be
considered. Since there is competition, wind project developers will try to reduce their
costs in meeting the development criteriain order to win.

Potential wind developers will want to ensure that the tender process under the WRC is
open, just, and equitable. They will also be concerned that the selection process rules are
followed. China has formulated some laws, such asthe “Law on Tender Offer and
Bidding of the Peopl€’ s Republic of China’ on January 1, 2000, which are designed to
provide such guarantees. Developers are also concerned that all necessary approvals be
made in atimely manner, and the SDPC has promised that all approval processes will be
finished within 45 working days. But developers will nonethel ess want assurances that
such laws and regulations will be fully implemented.

C. Agreement negotiations

When a developer has won the bid and the final price of wind power has been approved
by the government, a number of agreements must be signed. Under the WRC, these
would typically include the concession contract and the power purchase agreement (PPA).
Other contracts may also be negotiated with local governments concerning land use, site
access, etc.

In the concession contract, the developers’ obligations must be determined and specified.
For example, wind resource assessments; the size of the development; devel opment
implementation plans; etc. should be included. Issues relating to project administration,
project cost and recovery, ownerships of assets, taxes, etc. are also usualy stipulated
within the contract. Furthermore, the devel oper’ s resource assessment and operational
risks are also spelled out. On the other side, devel opers must be assured that the
governmental or power sector signatory body, whether a functional section of the local
government or a company (or agent) authorized by the local government, is able to
represent that entity, and uphold the guarantees included in the concession contract. A
significant level of discussion in meetings addressing the WRC focused on the question:
“Who is standing behind the contract?” A draft WRC concession contract has already
been prepared, and is included within the Ni report.

One question raised in discussions about the WRC in China concerns “ ownership” of the
wind resource, and whether devel opers might be required to pay fees or royalties for it.
Since wind power is not currently economically viable, and requires government support,
such discussions are currently moot. In the future, however, if production costs were
significantly reduced, then such a discussion might theoretically become relevant—
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although there are no documented cases of any such arrangements, and such additional
costs would act as a deterrent to the development of renewable energy systems.

For wind devel opers, the power purchase agreement (PPA) isacrucia document. Itisan
agreement between the devel opers ard the power network companies, and specifies the
pricing arrangement and conditions for power sales. The power grid company must
guarantee that all electricity produced by wind power is purchased, and the term of the
PPA isusually 15-20 years. The WRC pilot agreements specified a 25 year period for
wind purchases. Asdiscussed in alater section, developers experience with PPAsIn
China has not aways been positive. If China seeks private sector financing and
development for wind power within its power sector, then the implementation of PPAs
plays a centra role in providing the necessary assurance of afinancia return on such
investment.

D. Financing

Financing has been one of the principal problems hindering the development of wind
power in China. The initial investment required for a wind project is typically about
8000 yuan/kW, and the development of wind power on a large scale would therefore
require considerable sums of capital investment.

In the past, wind developers have been wind power conmpanies that were subordinated
directly to (or controlled by) the State Power Company. SPC has had relatively little
interest in this type of generation, and its investment history reflects that fact. Thus much
of the investment in wind power has come from loans from foreign governments or
international organizations. Such investment would not be sufficient for large-scale
development of wind power in China, however, and it will be necessary to widen
financing channels for that to occur.

Under the WRC, developers can seek financing from any domestic and/or international
source. Only a small part of the investment (typically 20-30%) is in the form of equity
capital; the remainder will be borrowed. But wind developers encounter a number of
problems in arranging such financing. Banks tend to believe that the wind power
industry has a high level of risk, while the revenue stream isn’t particularly large. They
are therefore often reluctant to provide loans to wind power projects. Second, even if
loans are provided, such loans often have high interest rates and relatively short
repayment periods (i.e., much shorter than for therma and hydro power plants). It has
been estimated that the cost of wind power could be decreased by about 20% by
extending the repayment term from 5-8 years to 15 years. Third, the banks usualy have
other (better) investment aternatives than wind project developments, and have
historically been reluctant to provide such financing to devel opers.

E. Equipment Purchases

Wind turbines, the principal equipment in awind farm, can be imported or produced
locally. The wind turbines in existing power generation wind farms in China are
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typically foreign products, particularly in those cases where the investment was provided
by foreign governments. The level of technology in domestic wind turbines currently
lags behind that in the developed world, and Brennand considered localized wind turbine
manufacturing essentid to its large-scale development in the country.

WRC could accelerate local production of wind turbines, since devel opers would prefer
to buy less expensive units. However, developers are also very concerned about
performance as well as price, and here (as noted above) the domestic product cannot
match foreign products. Historicaly, the better performance of imported wind systems
has more than offset their higher price. This creates a vicious circle, since without orders,
local manufacturers cannot improve their performance. In order to overcome this
problem, it has been suggested that the government could:

Protect locally produced equipment through customs duties and value added tax
(VAT);

Prescribe that certain parts of the units (e.g., generators) must be locally made;
Prescribe alocal production rate (e.g., 40%) for the number of whole units.

These latter two approaches could encourage localized production, but they might
conflict with the rules of WTO and do not follow “market-oriented” thinking.
Concession projects are often designed to achieve specific (i.e., non market) purposes,
however, and one of these purposes could be the development of local manufacturing for
this product.

F. Operations and management

Once the wind farm has been constructed, there are both operational and operating cost
concerns. Given a specific wind resource, e ectricity production is first determined by
the operating condition of the wind turbines. In this respect, most of the existing wind
farmsin China are not operating very well. It often takes along time to diagnose wind
turbine problems, and since most wind turbines are imported, spare parts are often not
available. There are often long waits for foreign experts to perform repairs.

The attitude of the power network is also a factor influencing the actual amount of
electricity sold. If developers are required to dispatch power according to load peaks and
valleys, they cannot generate their maximum levels. Although the government has
regulatory measures promising that all of the electricity generated by wind power
developers will be purchased, the power network may reject doing so (especialy since
deregulation has now increased the focus on costs).

There is no fuel cost for wind, so the principal components of operating costs include
labor, maintenance and management costs. These should decrease under the wind farm
scales envisioned under Brennand's WRC proposal. Improving the management of
Chinese wind farmsis a key task. In the past, wind farms have depended upon state-
operated power companies, and management techniques were more often based upon
administrative requirements than market-oriented price signals.
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G. Electricity sales

Existing wind farms can sell electricity to the power network, since the current owners of
most exiting wind farms have been linked to the SPC, and typically have relatively close
relations with the power networks. However, for new independent developers, there may
be a problem because of the higher price.

The price of wind power is higher than that of coa fired thermal power throughout the
country, and this price burden has usually been shared throughout the local provincial
power network. Given the very small installed capacity of wind power at the present
time, this hasn’t presented much of a problem. Asthe installed capacity increases,
however, the issue of burden sharing becomes a more significant policy concern.

In Inner Mongolia, the total capacity of the power network is quite small, and burden
sharing has already become an important issue. Inner Mongolia has rich wind resources,
but localized burden sharing acts as a considerable constraint on its development. The
cost of coal-fired power there is about 0.20 yuan/kWh, while the cost of wind power is
more than 0.50 yuan/kWh. This gap is too large to be met within the limited power grid
capacity in Inner Mongolia, and arise in price could subsequently influence the region’s
economic development.”® Loca governments are therefore not active in promoting the
development of wind power.

Similarly, in Zhangbel, the price of wind power was as high as 1.04 yuan/kWh in 1997,
but is0.65 yuan/kWh now. That wind farm was developed under the SPC, but given the
restructuring and such prices, there appears to be little interest in further development at
that site at the present time.

4.2.9 Impact of Reform on Wind Power Developers

The ongoing reforms could present further transitional difficulties for wind power
developers.  When the grid has been separated from generation, the chronicaly
underdeveloped and financially unhealthy grids will have to increase their profitability.
During the pilot phases of reform, cutting the feed-in tariff through competition was
found to be difficult, and there seems little likelihood for the grids to assume the extra
costs of wind power by themselves (as was sometimes done before).

Ingtitutionally, the regulatory system is far from developed, and the roles of the State
Electricity Regulatory Commission and the newly reorganized SDPC (i.e., the NDRC)
are not yet clearly defined. Under such conditions, issues of financial and political risk
loom large for project developers, regardiess of new wind power policies. Even when
the regulatory structure has been defined, there are many critical policy issues that have
to be tackled during the initial stages of reform. Wind power development will face
considerable competition in terms of regulatory priorities.
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Over the longer run, however, the consideration of environmental factors and the
development of a more rigorous, institutionally strong power sector will ultimately bode
well for wind power developers.



50 ThePolicy Setting for WRC

51 Administration

In China, the administration of wind power development has been conducted at three
levels: @) the central government, b) the provincial government; and c) the county
government. Amongst these three, the central government has played the dominant role.

At the nationa level, under the State Council, which is the executing branch of the
government, severa commissions and ministries work together to take the major
responsibility of wind power administration.”’ In addition to the power sector reforms,
the national government arrangements have aso undergone very recent change, which
makes the descriptive aspects of administration rather difficult to convey.

In principle, the State Development Planning Commission (SDPC) was in charge of the
national macro economic planning, and large sized infrastructures construction. Under
its Department of Infrastructure, wind power development was managed by means of
national development planning, project approval, and budget allocation. The Price
Bureau was in charge of wind power feed-in tariff approval. SDPC also supervised
project financing and international cooperation. The recently reorganized SDPC will
continue to perform these functions.

The State Economic and Trade Commission (SETC) was responsible for national
industrial operations and technical renovations. Under the Department of Resource
Conservation and Integrated Utilization, SETC supported wind power development in
terms of commercialization and fostering domestic manufacturing capabilities. SETC
was recently abolished, and it is anticipated that most of these activities will be assumed
by the newly formed State Electricity Regulatory Commission.

The Ministry of Science and Technology (MOST) isin charge of the administration and
planning of R&D activities, as well as technology transfer from abroad. It has been
involved in wind power development primarily through the provision of venture capital.

The State Electricity Regulatory Commission (SERC) was formed in March 2003 to
supervise market competition within the power industry, and also to issue licenses to
environmentally qualified operators. It expects to launch a pilot power pooling
arrangement in two regions, and will also oversee the distribution of power from energy-
rich to energy-poor regions. Many anticipate that thisis the first public utility regulatory
body, and that comparable institutional arrangements will be developed for oil, natural
gas, and water.”®

Each of these agencies has branches at the provincial and county level, carrying out the

duties of organizing specific projects and developing supplementary policies and
regulations within their authority.
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The actua inter-relationships and coordination amongst these agencies are far from being
clear-cut, even though they are officially stipulated. Though some observers believe that
the agencies have collaborated with each other in an effective manner,”® the
overwhelming opinion is that the situation is far from ideal in terms of efficiency and
effectiveness of decisionr making. The agencies themselves have concurred with this
|atter opinion. &

52  Overview of China'sWind Power Development Strategies

In terms of their scope of magnitude, geographical coverage, as well as degree of
applicability and implementation, the strategies and policies concerning wind power
development can be categorized into three hierarchies: a) directives and guidance; b)
programs, plans and regulations; and c) specific incentives.®!

5.2.1 Directives and Guidance
These include:

Ten Measures to Chinese Environment and Devel opment, State Council, 1992;
China Agenda 21, State Council, 1994;

1996-2010 New and Renewable Energy Development Guideline, SDPC, SSTC
and MOST, 1995;

Electric Power Law; and

National Energy Development Plan for the Tenth Five-Y ear Plan Period, SDPC,
2000

Among these laws and guidance documents, it was stressed that renewable energy will be
“the base for future energy system”, and “will prioritize the exploitation of renewable
energy in national energy development strategy”. In 2000, SDPC, for the first timein the
nation’s history, included bio-environment protection into the national energy strategy,
and declared “the optimization of energy system will be the top priority for future energy
development”.

In the above- mentioned 1995 guideline (which many believe to be the most
comprehensive policy document by the GOC on renewable energy development to date),
grid-connected wind power was listed as one of the three top priority renewable energy
technologies for support.” The Electric Power Law provided some legal basis for wind
power grid connections. Provision No. 5 states that the “ government encourages and
supports renewable power generation”; Provision. No. 22 that “utilities should allow |PPs
to operate’; Provision No. 37 that “the power plants with the same quality of electricity
will be treated equally regarding feed-in tariff’; and Provision 47 that “GOC will provide
favorable treatment to rural electrification.”

5.2.2 Programs, Plans, and Regulations

" The other two are photovoltaics and biomass.
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These include:

Ride the Wind Program, SDPC, 1996;

Regulation of Wind Power Grid Connection and Operation, SPC, 1994;
1996-2010 Renewable Energy Prioritized Projects, MOST, 1995; and

The Tenth FY PP Renewable Energy Commercialization Plan, SETC, 2000

SDPC initiated its Ride the Wind program in 1996. 8 Its main objectives were to draw
foreign investment in order to establish joint ventures, introduce new technology, and to
make the domestic components share as much as 60% of the large sized turbines. It used
some 200 MW of prospective project development as leverage to attract such foreign
investment. The program was also designed to support domestic R& D capabilities,
focusing these projects on manufacturing issues associated with the production of large-
sized turbines.

Program activities included determining the major models of future large-sized wind
turbine manufacturing in China, based upon an evauation of the existing situation and
the country’ s products and comparative advantage; screening and identifying two
assembly factories for national recognition and assistance; helping these factories master
the core technologies for making the large-sized units (and supported by the national
R& D budget); and establishing joint ventures, while requiring the foreign partners to
provide manufacturing technologies. To date, the two joint ventures have been
established and put into operation, but their products are still not providing steady and
reliable performance. The economic performance of the two joint ventures has also been
unsatisfactory.

In addition to such development programs, the regulation of feed-in tariff for power
plantsin Chinais determined by governmental authorities addressing price
administration. The electricity pricing system is arather complicated and convoluted
one. The feed-in tariff varies from plant to plant (or even unit-by- unit within the same
plant), depending upon geographical location, ownership, age, source of investment, etc.

In 1994, the then Ministry of Electric Power (with SDPC and MOST later concurring)
issued Regulation of Wind Power Grid Connection and Operation, discussed in Section
4.1.4. Until very recently, this has been the major regulation followed by utility
companies and wind developers in making the feed-in tariff arrangement.

5.2.3 Specific Incentives
This category includes specific incentives (offered by both the central and local
governments) to provide financial aid that would offset the high costs associated with

wind power projects. These have included:

Subsidies. Subsidies have long been one of the major measures adopted by GOC
to support wind power applications. Currently applied subsidies include: a)
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Overhead subsidies. In order to promote and disseminate renewable energy
technologies, a specia management network was established throughout the
country, and administrations at different level provide overhead budget support as
well as funds to conduct such activities as programming and planning, assist pilot
and demonstration projects, etc.; b) R&D subsidies. A mgor channel for wind
power R&D funding is through SDPC’s and MOST’ s annual specia budgets.
MOST typically input some 15 million RMB annualy. The government also
provides financia aid to other academic and research ingtitutions to conduct wind
technologies R& D activities; and ) Loan interest subsidies. From 1996, the
central government began to subsidize 50% of the interest cost of the commercial
bank loan for renewable energy projects.

Lower Taxes: In the past, some wind power projects have had aVAT aslow as
6% (by qualifying as a small-scale taxpayer), but currently the rate is 8.5%, half
of the normal rate of 17%.

Tax Credits. Wind power developers have a number of potential tax credits
available, including: @ Income Taxes. The base line income tax rate in Chinais
33%, but businesses can receive favorable tax trestment if: 1) it islocated in a
minority autonomous region; 2) it is a high tech business (15%); 3) it is located
within a poor region; 4) it isajoint venture (i.e., these are free of tax in the first
two years, and are taxed at 50% of the base line rate for the following 3 years). b)
Tax Credit for Imported Equipment. The tax levies on imported equipment are
custom tariffs, value added taxes (VAT), and the VAT annex (i.e., the VATA,
used for city construction and education funding). The custom tariff is 3% on
wind turbine spare parts, and 6% on a complete wind turbine (i.e., much lower
compared with the average levy on imported goods of 23%). There are no tax
creditson VAT and VATA for imported equipment.

Low Interest Bank Loans. Beginning in 1996, the central government set up an
annual 120-130 million RMB bank loan quota, especialy designed for rural and
renewable energy investment. Through SETC, the government also provided
subsidies for 50% of the loan’ s interest costs. To date, ailmost 1 billion RMB of
this low interest bank loan has been utilized in the construction of wind farms and
domestic manufacturing plants.

The impacts of avariety of preferential financing incentives, preferential taxation
incentives, and various mixtures of such measures for wind power development in China
were recently analyzed in a report funded by the Energy Foundation.®® MOST, SDPC
and SETC all participated in this report, which was designed to evaluate incentive
policies to promote the development of China s wind industry, and its commercialization.
The report determined that “there is no single [incentive] policy that has prominent
influence” except for a“preferential pricing policy.”®* It suggested that such apricing
policy “appears to be very effective and certainly merits further discussion.”® Given the
key role that such pricing measures have played in other countries, and their potentially
significant role within China, the following sections of this WRC report focus on the
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economic framework of such a pricing approach, along with the principal aternative
means of providing such support.

5.3  Pricevs. Quantity Policy Mechanisms

As noted earlier, wind power energy currently costs about twice as much as coal-based
capacity in China, and it ssimply cannot compete with fossil fuel alternatives at the present
time. Thisisalso the casein the rest of the world, where conventional technologies
typically have lower costs than wind power. Y et more than 6,000 MW of wind power
were installed worldwide in 2001, a one-year increase of 31%. By itsdlf, the U.S. state of
Texas was responsible for 915 MW, more new wind capacity than had ever been added in
the whole United Statesin any single year.

The seeming discrepancy between these cost and growth statements arises from the fact
that governments around the world have determined that environmental and other
characteristics associated with this renewabl e resource deserve consideration. Wind
power has flourished because of governmental policies encouraging its devel opment.

While there are myriad forms of governmental assistance noted above (and further
discussed in another Packard/Energy Foundation report addressing renewable energy
development in China®®), the two most significant governmental support policies for
renewable energy systems (RES) are those which:

Offer price-based support, typicaly in the form of afeed-in tariff for the
RES €electric power; or

Employ quantity-based obligations, which are often met through the
trading of “green certificates’ associated with RES power generation.

A similar price vs. quantity battle has occurred within the pollution control arena. The
former mechanism is similar in many respects to a price-based tax on pollution (i.e.,
Pigouvian taxation), and the latter to a quantity-based constraint on emissions, with
market trading employed to reach the goal (i.e., emissions trading). Thisis not
surprising, since both pollution control and renewable energy programs are designed to
utilize economic principles and mechanisms within a regulated environment, to
accomplish environmental goals that would not otherwise occur in an unregulated setting.

The remainder of this chapter first examines that pollution control experience, and then
renewable energy program experience, in a numbers of other countries around the world.
The two programs are inextricably linked, since the similarity of their goals may result in
overlap. For example, the design of markets in renewable energy credits (REC)
established to support wind power could have implications for the greenhouse gas
markets established under the Kyoto Protocol’ s “flexibility mechanisms,” depending
upon whether the carbon dioxide is bundled or unbundled within the definition of the
REC.
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With the fundamentals of such governmental support programs established, it then
addresses price vs. quantity mechanisms under the WRC, followed by a discussion of
their utilization within a Chinese context. The chapter concludes with an analysis of the
linkages to other broader market-oriented policies (e.g., the Clean Development
Mechanism and carbon markets), which could play an important role in wind power
devel opment.

5.3.1 Pricevs. Quantity for Pollution Control

Societies have traditionally developed pollution control regulation based on an approach
very compatible with an engineering worldview: governments set environmental goals,
typically in the form of environmental quality standards setting ambient pollutant limits, and
then accomplishes them by ingtituting prohibitions and/or technology-oriented requirements
(i.e, emisson standards, design standards, etc.) to achieve and maintain the desired
pollutant levels. Thisis often called the “command/control” approach to pollution control.

Economists have offered an aternative regulatory approach in recent decades, however.
Instead of employing environmental quality standards, governments would ideally set
environmental goals at the point where marginal costs (MC) equa marginal benefits (MB).
All of the concerns about public health, ecosystem damage, visbility, etc. could
theoretically be incorporated into these curves. And since there is no "invisible hand" that
guides society to the point where MC=MB, economists have also developed dternative
regulatory means to achieveit.

Instead of technology-oriented approaches, economists offer two aternatives. A price-
based mechanism was developed by the English economist Arthur Pigou in his classic text
The Economics of Welfare in 1920, and pollution taxes are therefore referred to as Pigouvian
taxation.®” A quantity-based approach was suggested by Professor John Dales of the
University of Toronto in 1968, in his book entitled Pollution, Property and Prices®
Although from an efficiency viewpoint these price and quantity mechanisms are different
Sdes of the same coin, there are important differences in their application—particularly
within the political arena.

Over recent decades, much of the world has garnered experience with the price-based tax
approach for pollution control. This has occurred primarily in the wastewater/water
pollution control area, and much of the initial experience occurred because of the favorable
revenue collection characteristics of such atax. Governments initially collected revenues at
relatively low tax rates — too low to affect pollution behavior. Over time, however, as the
tax rates rose, they began to have an effect on the levels of pollution emitted. There has
never been political support for such mechanisms in the U.S,, dthough they have smilarly
been employed (at very low tax rates) to collect revenue. The American politica
characteristics of property rights, markets, and minimizing wesalth transfers to the public
sector have led to afocus instead on quantity-based regulation.

The first move towards quantity-based program occurred in the mid-1970s, when the U.S.
EPA adopted its Emissions Trading Program (ETP). This approach grafted an economic
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mechanism allowing marginal cost thinking onto the traditional command/control system. It
did not abandon the environmental quality goals originally set, nor the command/cortrol
requirements employed to reach those goals; rather, the ETP allowed emission sources to
utilize less expensive methods for meeting those same environmental goals. Then, in 1990,
Congress moved closer to Dales' economic thinking, by adopting a quantity-based approach
to control acid rain. In the late 1990s, the same quantity-based mechanism was employed to
tackle the problem of tropospheric ozone, through the NOx Budget and similar city and
regional markets.®

Most European and other industrialized countries were initially skeptical of Dales quantity-
based approach, and even environmenta economists displayed a preference for Pigouvian
taxation.”® A major international shift, however, occurred in COP 2 in Genevain 1996,
when the U.S. laid out apostion caling for “redlistic, verifiable and binding” targets for
greenhouse gas pollutants, but noted that “international emissions trading must be part of
any future regime.”®* This subsequently laid the groundwork for the quantity-based
approach adopted in the Kyoto Protocol the following yesr.

Since that time, the European Union and numerous price-oriented countries have become
enthusiastic proponents of the Kyoto quantity-based approach. The EU has introduced
plansto start a carbon-trading scheme in 2005, and individual European countries such as
the U.K. and Denmark have already adopted emissions trading programs.®> Othersare
closdly studying the idea.

There is now a nascent market in carbon credits, with more than a dozen organizations
acting as “brokers’ and/or exchanges; other entities willing to “certify” the credits (even
before Kyoto Protocol rules are firmly established); and individual firms specializing in
carbon sequestering and “sink” credits. Deals worth more than $100 million have been
transacted since 1996, and more than 65 of these trades have been for quantities greater
than 1,000 metric tonnes of CO, equivalent.”® The credits themselves typically sell for
between $0.60 and $3.00 per metric tonne of CO, equivalent.

5.3.2 Pricevs. Quantity for Renewable Energy

A comparable policy debate is evident in the title of a recent article in the journa New
Energy: “Political Prices or Politica Quantities? A Comparison of Renewable Energy
Support Systems.” % Renewable energy systems are not yet able to directly compete on an
economic basis with conventional energy systems in most parts of the world (although they
can sometimes do so in remote, outlying areas not connected to the grid). Nonetheless, it is
recognized that environmental and other externalities are not fully accounted for in such
direct comparisons, and conventiona technologies have received (and continue to receive)
considerable subsidies from governments. If new, environmentally promising renewable
energy technologies have qualities that deserve societal support, then a policy question
arises how governments might provide it in an economicaly efficient manner. Not
surprisingly, the debate occurs aong price vs. quantity lines.
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The European Wind Energy Association noted that in the year 2001, 4,500 MW of wind
power capacity was added to European eectricity grids, an increase of more than 35% for
this type of energy. Germany topped the list, adding approximately 2,650 MW, bringing
total German wind power capacity to 8,750 MW. Fully haf of al European wind power
capacity in Europe at the beginning of 2002 was located in that single country. Spain was
the second largest market in 2001, ingtalling more than 1000 MW. That country is now the
second largest European market for wind power, with more than 3,300 MW of tota capacity
installed. Denmark dropped from second to third, with a total installed capacity of more
than 2,400 MW. Together, these three countries are responsible for about 84% of the E.U.’s
installed capacity for wind power.*®

Not surprisingly, al three countries have had powerful price supports designed to encourage
wind development. Germany’s Electricity Feed Law, first introduced in 1991, required
electric utilities to purchase renewable energy at guaranteed prices equal to 90 percent of
retail prices. In 1997, wind units were obtaining 0.1715 Deutsche Mark ($0.105) per
kilowatt-hour for the life of the plant—obviously a significant incentive for development.®®
Denmark’s Windmill Law required that its electric utilities purchase output from private
wind turbine owners at 85 percent of the consumer price for eectricity, with a comparable
1997 figure of 0.62 Kroner ($0.09) per kWh.®” The Danish wind market has aso been
strengtr;gned by a combination of production subsidies, a carbon tax, and various tax
credits.

In Spain, under a 1997 law, al RES are paid a guaranteed price set between 80 and 90% of
the average sde price of eectricity. Spanish wind units have two means of receiving
payment: one varies each year according to a government decree, and a second is based
upon the average market “pool” price of eectricity, with an added variable environmental
premium (again determined by the government). Wind producers can choose between the
two.

The recent growth figures indicate the success of such price-based supports, but even they
do not convey dl of the on-going activity. A ministerial order published in France in April
2000 imposed an obligation on EDF and independent distribution system operators to buy
electricity generated by renewable energy systems, and a December 2000 order established
size criteria for the obligation. The purchase conditions for wind power plants were issued
in June 2001, with an attractive feed-in pricing structure (83.8 EurosMWh for the first five
years, and an operationtime-dependent price for the next ten years), and the results have
been impressive. The French government had an objective of establishing a base of more
than 5,000 MW of wind power in 2010, but by October 2001, it had already received offers
for 13,000 MW. Project offers have continued to come in since that time, and limited grid
capacity is now amajor factor affecting wind power development in the country. %°

While such feed-in tariffs are not necessarily “fixed,” the price-level supports are
nonetheless quite high, and the market has therefore responded with dramatic increases in
wind power capacity. Wind devel opers and the environmental community obviously hailed
such development. But Denmark’s wind production subsidy alone was costing more than
0.5 hillion Kroner ($80 million) by 1998, and was rapidly increasing as new capacity was
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being brought ortline. Many have argued that such price supports are extremely costly, and
are contrary to the E.U.’s idea of a liberalized, market-oriented approach to energy systems.

In such a setting, attention has begun to focus on the aternative policy mechanism, the
guantity-based approach. The Netherlands introduced a “green certificate” system in
January 1998. It was developed by the eectricity sector (not the government) within the
framework of their Environmental Action Plan. It set a voluntary target of producing 1,700
GWh for the year 2000, and Green Labels were produced to match voluntary demand in the
market. In 2001, a Green Certificates Body (GCB) was established (by government decree)
in the Dutch transmission system operator. The GCB ensures that a corresponding quantity
of electricity has been generated by renewable sources. Certificate holders are then
exempted from the regulatory energy tax. Since that initial European effort, green certificate
schemes have aso been established, or are under development, in Austria, Belgium,
Denmark, Italy, Sweden and the UK.

One key policy question n such schemes is the source of the “demand” for the green
certificates.  As noted with the initial Dutch program, one source can be the voluntary
actions of consumers who wish to purchase environmentally attractive energy. Such an
approach has been adopted in many places around the world, often under the title “green
electricity” or “green power.” As an example, consumers can choose their eectricity
supplier at the retail level in a number of U.S. states, and many have chosen to purchase
electricity gererated from renewable sources. One such retail supplier, the Green Mountain
Energy Company, has 500,000 customers in six U.S. states. It sells power a a premium
price, and ensures its customers that their purchases were indeed generated by renewable
energy sources through a “Green-€' certification system operated by the Center for
Resource Solutions (CRS) in Cdlifornia. In another example, one can aso go to the Internet
and purchase Pure Wind™" Certificates, issued by the PG& E National Energy Group. For
$40, the purchaser can acquire al of the environmental attributes associated with the
generation of one MWh of dectricity generated by the firm at its 11.5 MW wind facility in
Madison County, New YorkX?° Such voluntary schemes can work, but they usually do not
produce the quantity of power generation sought by governments and RES advocates. In
the U.S,, there are about 160 green-pricing programs run by utilities, and they have a market
share of about 1%.*

Governments can increase the quantity of RES in the marketplace by ingdtituting a
Renewable Portfolio Standard (RPS), or what in China has been labeled a mandatory market
share (MMYS). In such a program, the RPS/IMMS (or “quota,” or “obligation™) constitutes
the demand in the renewable energy market, while the projects employed to create the
certificates/credits generate the supply. These markets are just as artificial as that for
pollution allowances or credits. In both cases, the marketplace demand is created by
governmenta fiat.

In the U.S., the Senate passed a bill in April 2002 calling for afederal RPS calling for ten
percent of electric power in 2020 to be generated by renewable sources.®®> The
Department of Energy predicts that the 10 percent RPS would lead to a fivefold increase
in wind power generation than a reference case (i.e., without the RPS). Coal utilization is

53



expected to decrease by 5%, as firms shift to co-firing biomass in their existing coal-fired
units'®® to meet the mandated target.

While such a federal RPS has not yet been filly adopted in the U.S., such efforts are
nonetheless proceeding in individual states. Eleven states have developed state-level RPS
through January 2003, and three have developed renewable portfolio “goas” ®* Most
attention has been focused on the state of Texas, because, as noted earlier, that one state
added 915 MW of wind power in 2001. It did so through an RPS in the Texas Public
Utility Restructuring Act, mandating that 2,000 MW of new renewable capacity be added
in the state by the year 2009. This new demand would be met through a quantity-based
Renewable Energy Credit (REC) market program, to ensure that the capacity was added
in an economically efficient manner. Texas thus offers an example of a successful
quantity-based approach, comparable to the successful price-based systems in Europe
noted earlier.

In order to determine why the Texas program was such a success, the Lawrence Berkeley
Lab (LBL) examined the state's approach in a preliminary assessment. It found that
several components of the Texas RPS contributed, including: a) strong political support
and regulatory commitment; b) predictable, long-term purchase obligations; c) credible
and automatic enforcement; d) flexibility mechanisms (i.e., along “true-up” period, REC
banking, etc.); d) certificate (REC) tradin%; e) favorable transmission rules and siting
processes; and f) the production tax credit.1"® The LBL determined that some of the other
state RPS programs do not exhibit such characteristics, and thus “may do little to ingtill
confidence in the renewable energy industry.” 1%

Approximately four years ago, the European Parliament also called for such binding
RPS-type targets for all European countries. In the final negotiated compromise, these
mandates instead became “National Indicative Targets’ for renewable energy in 2010.1%7
Individual country targets range from 5.7% in Luxembourg to 78.1% in Austria, with a
European-wide goal of 22.0%. While the full-scale RPS has not been adopted for Europe
as a whole, a number of individual countries are nonetheless proceeding in such a
direction.

The Renewables Obligation and the Renewables Obligation (Scotland), introduced on 1
April 2002, place such a legal obligation on all licensed electricity suppliers in the
U.K.2%® They will have to provide 3% of their sales in such a manner in the period to
March 2003, rising to 10.4% for the year ending March 20