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PREFACE ONE

It is with great pleasure that | introduce to you this final guidebook developed by the “Off— shore wind
energy resources assessment and feasibility study of Off — shore wind farm development in China”
project. ; "

This project, implemented by European and Chinese partners in the framework of the EU-China Energy
and Environment Programme, is a successful example of our cooperation in the field of renewable en-
ergy, which both the European Union and China consider as an increasingly important element of their
energy mix.

In the EU, wind energy plays already an essential role in meeting the objectives of the EU Energy Poli-
cy, and while land-based installations will remain dominant in the immediate future, off-shore installa-
tions are becoming increasingly important, with more research funds and investments devoted to this
component of the wind energy production. Also in China, land based wind energy capacity has been
largely enhanced in the past years and the off-shore wind industry is rapidly emerging.

Exchanges of experiences, information, know—how and ideas are therefore key for both the EU and
China in this field. The principal aim of this project has been to promote and strengthen these exchan-
ges while delivering concrete and tangible results.

The guidebook you are about to read, presents you with a methodology for the identification of eco-
nomic and reliable off-shore wind farms sites. It discusses advantages and constraints, and provides
you with guidance on assessment methods. It is therefore a practical tool that gathers state-of-the-art
experience from top class European and Chinese experts from the renewable energy sector.

This guidebook is also a further milestone in European Union cooperation with China for the develop-
ment and enhancement of renewable energy options and | hope you and all stakeholders involved in
this process will find it a useful and practical reference document in your work.

Johan Cauwenbergh
Minister Councillor



PREFACE TWO

The utilization of naturally renewable resources for the generation of energy is becoming increasingly
common in many countries across the world. This is partly due to international conventions on climate
change such as the Kyoto protocol and also as a natural response to the global economic threat of ris-
ing fossil fuel prices and their diminishing supply.

In the mid-latitudes the majority of development effort and research has been in the conversion of wind
energy into electricity. So far the majority of wind farm developments have taken place on land (re-
ferred to as onshore wind) . However the lure of higher wind resources and fewer planning and envi-
ronmental issues is leading the development of the offshore wind industry. _ k

The methodologies required for safe and economic siting and construction of developments on land are
relatively well established, with significant amassed experience on the technical challenges that need
to be overcome. Similarly, the roles and jurisdiction of regulatory bodies in the development of on-
shore wind farms are generally well defined. However the technical and regulatory expertise is not as
well defined for offshore developments. This presents a new set of challenges for the development of
the wind industry offshore.

Furthermore, the emerging offshore wind industry in China faces a unique combination of technical,
social and economic challenges which require creative adaption of the experience gained from offshore
wind farm development in Europe. In particular, the following factors differentiate Chinese offshore
wind developments from developments in Europe:

« Greater prevalence of relevant extreme events, particularly typhoons.

+ Relatively low wind speeds.

« Substantial upgrades to grid and balancing mechanisms required due to long coastline, stretching
across: Fujian, Zhejiang, Shanghai, Jiangsu and Shandong provinces.

* Requirement to make substantial use of domestically manufactured. turbines and components.

» Developing process of tariff determination.

« Centrally planned economy.

This guidebook presents a methodology to identify suitable locations for the construction of economic
and reliable offshore wind farms. It discusses the key constraints and where to find information on
these constraints. It also provides guidance on methods for assessing the technical and financial fea-
sibility of potential offshore wind developments.

To demonstrate how these principles would be applied in practice, this guidebook makes use of a
feasibility case study of a 100MW wind farm off the coast of Jiangsu province.

Shi Pengfei
Vice President, Chinese Wind Energy Association (CWEA)
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INTRODUCTION

Project Background and Objectives

This guidebook is the final deliverable of a year-
long EU-aid funded project, aimed at transferring
knowledge from the European offshore wind gen-
eration industry to the emerging Chinese offshore
wind industry.

The project has the following objectives:

* Assessment of the offshore wind energy re-
source covering the coastline from the prov-
ince of Fujian to Shandong.

» Training of local professionals in wind energy
resource assessment through the transfer of
international methodologies during the term of
the project.

* Provision of a feasibility study for a 100MW
offshore wind farm located in Jiangsu Prov-
ince.

e Characterisation of the steps involved in the
development of a Chinese offshore wind farm.
This description will range from resource as-
sessment and site selection through to techni-
cal specifications and grid connection.

The following results are expected from the study:

(1) Wind resource assessment of the offshore
wind resource along the Chinese coastline
from Fujian Province to Shandong Province.

(2) A wind resource assessment map of the Chi-
nese coastline from Fujian Province to Shan-
dong Province.

(3) Transfer of international resource assessment
methodologies to Chinese resource assess-
ment experts via training modules.

(4) Assessment of potential sites for offshore
wind farm development along the coastline

INTRODUCTION

from Fujian to Shandong.
100MW ' offshore
wind farm located in the Jiangsu ( previously

(5) Feasibility study for a

Shanghai) area.
(6 ) Guidebook on offshore wind farm develop-
ment and supporting training course.

This guidebook is based on the findings of the
study and presents a concise method for the site
selection and feasibility assessment of offshore
wind development locations across China. Ele-
ments from our experience in this project will be
used to provide examples and illustrate points.

Guidebook Structure

Throughout the guidebook, generic information on
each topic is given in the main text of the report,
along with sources of further information. This ge-
neric information is then supported by two types

of information boxes:

e Supplementary Reading—These boxes pro-
vide additional information which adds depth
and detail to the body of the main report.

e Jiangsu Case Study—These boxes provide
details of how the general principles outlined
in the main body of the report were applied in
the example feasibility study that was under-
taken for a wind farm off the coast of Jiangsu

Province.

The following topics will be covered in detail by
this guidebook :

» Wind resources

» Site identification and constraint mapping

» Consultation and approval

e Scoring and ranking

e Consideration of site characterization issues
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e Wind farm design including wind turbine se-
lection and layout design

¢ Environmental assessment

e Full energy yield prediction

« Construction including discussion of relevant
issues such as grid connection and foundation
type.

» Operation and maintenance considerations

» Economic benefits and financial model

* Financing considerations and risk mitigation

The book is divided into 13 chapters.

Chapter 1 Introduces assessment methods and
results of offshore wind energy resources, com-
pleted by ZHANG Xiuzhi, ZHU Rong, HE Xi-
aofeng, XU Jingwei, SHEN Yanbo, and LIU
Yanxiang;

Chapter 2 discusses climate revision for the wind
energy resources, completed by ZHANG Xiuzhi,
YOU Lijun, JIANG Ying;

Chapters 3-5 describe constraints which have im-
pacts on wind power development, methods of
making constraints map, rating methods of all
constraints and determination of the potential
wind farm site;

Chapter 6 describes the meteorological, oceano-

graphic and geological observations for the po-
tential wind farm;

Chapters 7-11 introduce the design of an offshore
wind farm, expected energy yield output, con-
struction, operation and maintenance;

Chapters 12 and 13 give an introduction of finan-
cial model and financing of offshore wind farm
project.

The above chapters 5 — 13 are completed by
Richard Boddington, lan Irvine and team mem-
bers of SgurrEnergy. ZHANG Xiuzhi is the chief
editor of the book. XUE XiaoPing, GAO JianYun,
CHEN Shengjun, ZHOU Weidong and CHEN Yan
supported work relating to provincial wind re-
source analysis. CHU Dan, CHEN Yanyan, BAI
Luolin, WANG Yun, WU Di, CHANG Hao from
SgurrEnergy undertook the translation work of
Chapter 4 to 13.

The Development Process
The development process of an offshore wind

farm is shown in Intro Figure 0. 1 Offshore Wind
Development Process below :
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1 CHINA’ S OFFSHORE WIND RESOURCES

There are three main methodologies for the as-
sessment of offshore wind energy resources:

» Statistical analysis of measured meteorologi-
cal data, including the ship-based meteoro-
logical observation, fixed weather observing
ships, oil platforms, meteorological observa-
tions, buoys, observation towers-and island
stations. > ‘

« Numerical simulation technology- based on
mathematical physics, and

» Satellite remote sensing technology.

This section will briefly describe the wind climate
of China's offshore area, elaborate the above
three methodologies in detail and present the re-
sults of the wind energy resource assessment.

1.1 Prevailing Winds of China’s
Offshore Area

The Chinese mainland is located to the west of
Pacific Ocean, and to the east of the Qinghai-
Tibet Plateau. Its unique topographical features
and land-sea thermal distribution make China’s
offshore area subject to a monsoon climate. The
prevailing wind direction over the year varies with
the season.

In winter the East Asian continent is controlled by
a powerful high-pressure ( see Figure 1.1),
whose center is located in northern Mongolia;
therefore it is called the Mongolian cold high pres-
sure. The corresponding low pressure is above
the east of Japan near the Aleutian Islands, so it
is called Aleutian low pressure. Cold and dry air
is driven southward by the north-west flow be-
tween the Mongolia high and the Aleutian low

4

pressure, in a clockwise direction. For this rea-
son, northwest winds blow across the Bohai Sea
and Yellow Sea, north or northeast winds blow
across South Yellow Sea and East China Sea,
and the north-east winds blows across the South
China Sea.

In spring the wind direction changes rapidly and
chaotically. The wind direction over the Bohai
Sea is more chaotic than the average. Northwest
winds blow across the Yellow Sea and East China
Sea and northeast winds blow across South China
Sea.

The direction of East Asian atmospheric circula-
tion in summer is opposite to that in winter. Mon-
golia high and the Aleutian low pressure become
unclear. The major weather systems controlling
the China offshore area are the Western Pacific
subtropical high and the southwest monsoon, so
southwest winds blow across this area.

The Western Pacific subtropical high pressure
weakens southward rapidly in autumn. The Mon-
golia cold high and Aleutian low pressure sys-
tems re-emerge again and atmospheric circulation
changes from the summer to winter. Southwest
wind blows across this area during this season.

There usually exist tropical cyclone activities over
China’ s coastal waters during summer half year
(May-September) . The summer mean circulation
is replaced by the tropical cyclone circulation dur-
ing this period. Figure 1. 2 shows strong typhoon
“Damrey” in 2005 and super typhoon “Wipha” in
2007, reflecting the distribution of tropical cy-
clones in the South China Sea and East China
Sea.
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