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Preface

In the 21st century, energy security, together with environmental protection has
become the global hop topics concerns. The governments attach great importance to
developing renewable energy ( RE ), regarding it as an important measure to mitigate
energy supply pressure, recover economy, reduce greenhouse gas emissions and
address climate change issues. In this respect, a series of ambitious development
goals and incentives have been developed to guide and encourage the RE
sustainable development.

The promulgation of “China Renewable Energy Law” in 2005 greatly promotes
Chinese’s RE industry’s development. Especially the generation technology, among
which the wind power, solar photovoltaic, biomass power generation have already
gone through the starting period, providing sound guarantee for the development of
China’s large—scale RE development. Even encountering the global financial crisis,
China’s RE industries and the market still keep a steady development, with the wind
power installed capacity doubled for the fourth consecutive year, the production of
solar cells ranking first in the world for the third consecutive year and the
diversified biomass power generation markets have steadily expanded. These
achievements mark the beginning of large—scale development of RE industry.

Despite all these achievements, the realization of massively supplementing and
substituting conventional fossil energy remains facing with many technical, industrial
and economic challenges, especially towards the 2020 goal that the non—fossil
energy meets 15% of the energy needs and the carbon dioxide intensity should be
reduced by 40% ~ 45%. On the one hand, RE development highly depends on the
national policy support, which restricts its further application. On the other hand,

RE’s “environment—friendly” benefits haven’t been incorporated into the cost and
pricing system, which in turmn affects the real economic evaluation of the RE
products, and therefore further affects the behavior of market players.

The book “Techno-Economic Evaluation of China’s Renewable Energy Power Tech—
nologies and the Development Targets” analyzes in—depth the generation costs of
China’s various types of renewable energy. Based on the evaluation of the
environmental externalities of fossil fuels, the research examines China’s real
economic general quantity of RE power. This book first presents the supply curve of
China’s RE generation. Furthermore, the new method and ideas for evaluating
environment~ friendly RE projects are provided.
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This book could be used as a reference for energy, pricing, and other policy—makers
as well as to provide ideas for local governments to develop renewable energy plans.
With the dramatic development of RE industry in China, it is hoped that this book
could offer some new information and ideas for the readers.

HUANG QilLi
Academician
Chinese Academy of Engineering
August, 2010
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Foreword

In the 21st century, energy security and environmental protection have become the
global issues, and aroused all governments’ attentions to develop renewable energy
(RE). Taking it as an important measure to ease energy supply pressure, reduce
greenhouse gas emissions and address climate change, many governments have
established strategies and a series of incentives to support RE’s development. In
pace of the intensive concerns for secured fossil energy supply, strategic deployment
and input for new and emerging energy technology become increasingly intensified.

Comparing with fossil energy, renewable energy could already supply electricity,
gas, liquid and solid fuels. However, it is a global problem that RE resource
evaluation, technology, industrial capability, professionals as well as social
cost—sharing capabilities are not mature enough to make the RE products
competitive with conveniional energies, in terms of cost—effective, credible
technology and stable quality, which largely restricts the large—scale application of
renewable energies.

On the whole, RE’s contribution to the energy mix is very limited and most of its
products highly depend on policy supports. For the policy makers and market
participants, their attention is on two parts of RE: the technical feasibility and
cost—effectiveness. Unlike the fossil energy that cares most about the resource, the
development of RE more concerns about modem equipment and technology that
could turn wind, solar, biomass and other natural resources into usable and
controllable energy. In this respect, the development process of RE industry is
somewhat an evolvement process of advanced equipment and technology. On the
other hand, only by lowering the development costs to a certain level can the RE be
accepted by consumers and become a real alternative to fossil energy.

Fortunately, the current renewable energy doesn’t have any fatal technical or
environmental shortages, which wins itself social recognition and expectations.
Meantime, researches and practices have verified the feasibility of RE technology
that makes the realization of lowering the costs of RE products through advanced
technology improvement. Under such a circumstance, the global RE industry
continues to grow beyond the expectations of the society, showing a strong
momentum of development.

The unfortunate part is, in most couniries including China, the environmental
external costs of fossil energy such as its irreversible damages to the environment in
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the course of exploration, conversion and consumption haven’t been taken into
account when evaluating the cost—effectiveness of RE products, to whom could be
avoided. Therefore, RE—related cost benefit analysis isn’t rational or quantitative
enough, which fails to form a scientific judgments of RE’s real cost—effectiveness
that takes RE’s “invisible benefits” into consideration.

In this book, all kinds of RE power generation technology in China are carefully
analyzed, covering their resource potential, technology availability, industry basis
and market prospects. Using certain models, this book has also quantitatively
analyzes the environmental externality of fossil energy and accordingly come up with
the general economical generation capacity in China. Tn 2009, China has commiited
to achieve the goal that non—fossil energy sources meets the energy needs of 15%
and reduces carbon dioxide intensity by 40% to 45% in 2020, which brings forward
higher expectation and demands for scaled and fast RE development in China. As a
developing country, China needs to develop the REs in a more rational and
economic way. The establishment of future targets should also take the environment
into more consideration. The evaluation of general economical developable
generation capacity may provide a good reference for the policy making, project
development as well as industry construction.

The project is completed at the end of 2009 and drafted in Chinese. This part was a
translation on basis of the Chinese version. Some latest information of 2009 RE
industry are updated in this book prior to the publication. Owing to the limited time
for translation work, the newly added paragraphs are not available in the English
version, however, definitely does not hinder the readers to understand the contents.
It is hoped that the book could provide research references for the readers and it is
highly appreciated for any kind feedbacks.

Angust 2010
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Executive Summary

Renewable energies, inclusive of the wind power, solar power, biomass power etc,
remain the initial stage to be developed in China. Tt is featured by the high cost,
less market competitiveness and small market size. By end of 2008, China witnessed
the contribution of the entire RE (excluding the traditional biomass utilization ) with
a total of almost 250 million tons of coal equivalent ( TCE ), amongst of which hydro
contributed close to 200 million TCE and other REs provided 50 million TCE. This
increased the share of RE from 7.5% in year 2005, when the CREL was
announced, to 9% in year 2008. Notably, the capacity of RE power (excluding
large hydropower ) is aggregated to 66.47 GW.

China has established the RE-promotion policy framework, which ecan be
highlighted by the medium— and long—term development targets and the more
ambitious promotion targets that is still under draft. As per these planning, by year
2020, the installed capacity of non—large hydropower RE power in China could be
aggregated to 130 GW and 269 GW, with the electricity output of 532.9 TWh and
856.9 TWh respectively.

Nevertheless, the existing RE planning work in China, all built upon the cost
analysis system that ignore any externality cost. As such, the existing power tariff
system don’t take consideration of the environmental damages imposed by burning
fossil fuels, which has extensively been recognized as the benefits of exploring RE.
Accordingly, the real cost—effectiveness of RE power was not appropriately
estimated, and further, will impact the planning process to identify the optimal RE
power quantity.

The study, in order to investigate the real costi—effectiveness of RE power in China,
makes the cost analysis of all of the RE power projects on a provincial-statistical
basis, and depicts the national RE power supply curve, which shows the relationship
of development cost and RE power quantity. By monetizing the externalities of
coal-fired power (dominant in China), the actual national optimal, i.e.
economically—-viable RE quantity is derived from the curve.

The key conclusions in this study are as following:

® Two base cases, i.e. Dark Green Case (DG) and Light Green Case (LG), are
created on basis of different external cost criteria, to better reflect the different
scenarios of environmental concern in the future. The optimal RE power is 636.8
TWh and 1 079.1 TWh for the two cases respectively, with the power capacity of
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160 GW and 314 GW, which could be as much as 197 million TCE and 334
million TCE.

® There are great disparities for external cost of coal-fired power in different
provinces, impacted by factors like economical level, population density etc. The
national average external cost of coal fired—power is estimated to be 0.156 Y/kWh
and 0.873 Y/kWh under two cases. Accordingly, the actual social cost for
coal—fired power in China is 0.511 Y/kWh and 1.23 Y/kWh.

® The LG case shows that by year 2020, the environmental benefits by exploring the
RE power could help to reduce: SO, by 980 000 tons, NO, by 700 000 tons, TSP
by 470 000 tons and 300 million tons of CO, annually.

® The key factors that will impact the baseline of this study are the coal price,
external cost, production cost of RE power ete. A sensitive analysis illustrates that
coal price and external cost of coal-fired power will impose the same influence in
determining the optimal RE quantity. Whereas, the sensitivity of the optimal
quantity on the RE power cost will get less when the environmental criteria is
getting higher.

The following recommendations are put forward in this study:

® There is a need to evaluate the actual cost of RE power by considering its
environmental benefits during the RE power planning process.

® Under the current circumstances that no externality is considered, there is a need
to provide stable and continuous subsidy policy instruments, i.e. favorable tariffs,
for wind power and solar PV power, even their production costs are showing an
obvious reduction trend by technology improvement and market scale-up.

® The total electricity ontput target (TWh) for RE power, further on the installed
power capacity (GW) target, are recommended to be created in order to clearly
evaluate the energy contribution from the RE power, as well as to guide the
individual RE market and respective manufacturing industry.

® A differentiated pricing system is suggested to be established, to better reflect the
disparities of RE industrial process. Particularly for those power technologies
whose costs are facing great uncertainties, e.g. solar PV power, the pricing system
needs to pay special attention to allow the industries’ growth.

At the initial stage, a feed—in—tariff policy favors the growth of an industry. With the
expansion of the market and the deep participation of majority market players, a
tradable quota system could be a more cost—effective approach to follow.
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