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Abstract

Today, with the great development of science and technology, it seems to be
more and more important to develop renewable energy sources. In this thesis,
I would like to introduce something about Chinese water resources. The
renewable energy sources can generate electricity. Furthermore, hydropower is
the most often used energy in the world. Hydropower develops quickly in
recent years in China and it is significant to Chinese industries. The data
collection in this paper comes from China Statistics Yearbook and this study
draws on the existing literature, which projects Chinese future hydropower

development.
In this article, starting with the concept of hydropower , the author analyses
that China has a large-scale use of water resources. Combining Chinese

hydroelectric with the distribution of Chinese hydropower station ,and the great
achievements of Chinese hydropower construction it can be summarized as the

development of “power transmission from west to east” project , which will

accelerate the process of hydropower development in China. Thus it
demonstrates the importance and necessity of the development of hydro power.
This paper will analyses the current conditions of hydro power in China by
comparing advantages and disadvantages of hydro power, and the
summarization of the rapid development of hydroelectric would probably make

contribution for Chinese economic and social development.
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1- Introduction

Hydropower resource in China occupies an extremely important position, for
China is one of countries which has the most abundant water resources all over
the world, and ranks first in the world, which almost accounts for 1/6 of the
earth ®1, Hydropower resources play a positive role in Chinese economic growth.
Hydropower can be used to undertake flood control, irrigation, shipping, urban

and rural life and production of water mining, aquaculture, tourism, etc *.

[6]

The possible developing capacity is about 400 million kW *, and annual

generating capacity is about 1000~ 2000 billion kwWh ™. This is equivalent to

%! of standard coal, or 300 ~600 million

annual supply of 400 ~ 800 million ton
tons ™ of heavy oil for energy. However, comparing with developed countries,
Chinese hydro- power resources development and utilization level is not high.
Therefore, the potential for development of Chinese hydropower resources is
enormous in a long period. By the end of 2004, the development extent of
Chinese hydropower resources is about 13.6% . Developing Hydro power is
the long-term strategic policy for Chinese economic and social development. It
would effectively reduce the combustion of the coal, oil and natural gas

resources, not only saving valuable petrochemical energy resources, but also

protecting the natural environment.
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2- Hydropower
Hydropower is a kind of clean, renewable, non-polluting energy with low cost
operation. It will help improve the utility resources to benefit the economy and

[2]

society. Hydropower supplies about 715,000 MW ** or 19% of world’s electricity
among the renewable energy resources that can generate electricity. It can be
seen that hydropower is the most frequently used.

The following figure shows the renewable energy sources worldwide at the end

of 2006:

Renewable Energy, end of 2006 (GW)
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Figure 1 Renewable energy sources worldwide at the end of 2006™
2.1- What is the hydropower?

Hydro energy comes from waves and rivers, it can be used and transformed
into electricity, and it does not produce any greenhouse gas emission.
Hydropower is a renewable energy, because the water system of earth has
continuous cycle. All of the hydropower systems need a long-lasting and
continuous flow of water sources. It is not like solar energy and wind power; it

can produce electricity 24 hours per day, and has little impact on the

7
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environment.
2.2 types of Hydropower

a. The use of the runoff hydropower called the conventional hydroelectric;

b. The hydropower which makes use of the ocean tidal energy generation
called tidal generator electricity *';

c¢. The hydropower which makes use of the wave energy generation called wave

generator electricity ©';

d. The hydropower which makes use of the remainder of pumped storage

power in low load electricity system, water-generated electricity in peak load

called Pumped-storage power generation .
Water is an inexhaustible, precious natural resource , and the most common

form is building hydropower stations.

2.3- Characteristics of hydropower

Hydropower has the following characteristics:

a. Continuous renewable water resource is used for generating electricity,
which can save thermal power and nuclear power consumption of coal, oil
and uranium, and other valuable non-renewable mineral resources.

b. Hydropower is a clean energy source; it does not emit any harmful gases,
dust or ash. It has no nuclear radiation pollution.

c. Hydropower has high efficiency. Conventional hydropower efficiency is
about 80% . The thermal efficiency of thermal power plants is only 30% --
50% .

d. Low cost of production. There is no need to purchase, transport and storage
the fuel. It just needs less operators, higher labor productivity, simple
operation, and higher operational reliability.

e. Affected by natural runoff, the annual generation capacity
8
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varies in a wide range these years.

f.  Hydropower station can be applied in comprehensive utilization, such as
flood control, irrigation, shipping, urban rural life and mining production
supply water, aquaculture, tourism and other tasks, in order to receive

optimal benefits in the development of economy and society.

2.4- Hydro power in the world

Table 1- Countries with the most hydro power capacity "

Country Annual Hydroel'ectric Installed Capacity| Load
Energy Production(TWh) |(GW) Factor
Bl China(2007) [486.7 145.26 0.37
‘l*lCanada 350.3 88.974 0.59
E&Brazil 349.9 69.080 0.56
m=USA 291.2 79.511 0.42
mmRussia  |157.1 45.000 0.42
fENorway  [119.8 27.528 0.49
[ ndia 112.4 33.600 0.43
® Japan 95.0 27.229 0.37
EmSweden 61.8 - -
B BFrance 615 25.335 0.25

From the table we can see, comparing with other countries, Chinese annual

hydroelectric energy production and installed capacity are the highest in 2007.

Table 2- The proportion of hydropower in some countries’ total electricity
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capacity "

Year 1950 1960 1970 1980 1990
Country
Canada 96.3 92.3 76.6 68.4 63.0
Italy 92.7 92.7 37.5 26.7 14.8
Japan 85.2 58.0 22.8 16.0 11.0
France 48.7 55.9 40.2 28.4 13.0
United States | 25.9 17.7 15.3 12.0 10.0
Norway 99.7 99.3 99.4 99.8 99.6
Sweden 95.4 89.5 68.5 64.3 50.3
Brazil 914 80.4 87.7 87.0 96.0
India 36.7 39.0 41.3 37.5 26.3
China 259 12.5 17.7 19.4 20.3
World 35.6 29.0 23.5 21.3 18.4

We can see from these data that Chinese hydropower has the lowest proportion

in 1950. However the share is increasing since 1970.

Since 1950, the United Nations keep statistic for electricity development of all
countries in the world. The world total installed capacity of hydropower was
72000 MW ®'in 1950. Among developed countries in Europe, the United States,
Australia and New Zealand accounted for 92.3% ' while developing countries
in Asia, Africa and Latin America accounted for only 7.7% . Until 1990, the
world total installed capacity of hydropower reached 634675 MW, with a share
of 68.6% " for developed countries and 31.4% "“'for developing countries. In
1999, China ranked 20™ in the world by increasing 36045 MW ' capacity, from
1990 to 1992 China ranked 6 “ place in the world. Regarding to the installed
capacity, china is positioned in the 5" ' place. Today the annual average
growth rate has reached 12.2% "in 40 years, and hydroelectric resource of
China rank first in the world. It has great potential to gain great achievement.
The Three Gorges Project has officially entered the preparatory stage. The total
output of the 10 hydropower’s base is 192190 ~ 197840 MW ', and the annual
generating capacity is 1003.9—1015.3 billion kWh .

10
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2.5- Hydro power in China
2.5.1- Hydroelectric resources in China

China has abundant hydroelectric resources nearly 1/6 of the world ™. The
generating capacity reaches 5920 billion kWh ™ per year. Chinese exploitable
hydroelectric resources are about 400 million kW, and the annual generating
capacity is 1920 billion kWh ™. Among the reserves or the exploitable
hydroelectric resources, China ranks the first in the world. But compared with
developed countries, it is still a long way for China to develop hydroelectric. At
the beginning of 2000, the installed capacity had increased to almost 70,000
MW ™lin China. In 2001, conventional hydropower installed capacity reached
77.45 million kW, above 75.25 million kW ®'of the United States and ranked
NO.1 in the world. However, pumped storage power plant in China is 5.56
million kW ¥ which is much less than the 18.9® million kW of the United
States, and thus Chinese total hydropower installed capacity has reached 83.01
million kW™, which is also lower than U.S, so that it is still in the second place.
With the completion of Three Gorges Hydropower Station at Yangtze River, the

sub total installed capacity of hydropower will rank first in the world.

11
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PRl ¢ hydropower installed capacity

trend growth -
accelerated obviously .*

Figure 2- Growths in hydropower installed capacity in China ™

From this figure, we can see, China’s hydropower installed capacity has grown
fast from 1970s to 2008s.

2.5.2- Exploitable hydroelectric resources

Exploitable hydroelectric resources, according to the survey and plan, include
the existing hydropower stations, and plants being built by the installed
capacity and annual power generation statistics.

Chinese exploitable hydroelectric resources are divided into 10 valley statistics,

as is shown in the table below:

12
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Table 3- 10 valley statistics in 2008"

valley The Annual nationwide
installed Generatin
capacity : .y
capacity ( billion
( million kKW )
kWh )
Nationwide 378.53 1923.3 100.0
Yangtze River 197.24 1027.4 53.4
Yellow River 28.00 116.9 6.1
Pearl River 24.85 112.4 5.8
The Luanhe River 2.13 5.18 0.3
The River of Northeast 13.70 43.9 2.3
The River of southeast 13.89 54.7 2.9
coast The River of 37.68 209.8 10.9
Southwest International
Brahmaputra River and 50.38 296.8 15.4
other rivers in Tibet
Northern inland and river 9.96 53.8 2.8
of Xinjiang

Chinese exploitable hydroelectric resources take about 378 million kW, which is
equivalent to annual generating capacity of 1920 billion kWh, making up 16.7
% of the world's total amount, which is the first in the world. Chinese
investment has been increasing in hydropower projects as part of the

sustainable growth strategy to prevent pollution.
2.5.3- Reserves and distribution characteristic

a. According to results of the total nationwide hydroelectric resources review,
China has abundant hydropower resources and it makes China rank the top in
the world.

b. The geographical distribution of hydroelectric resources is extremely uneven.
As China has a vast territory, great difference in topography and rainfalls, so
this has resulted unbalanced geographical distribution. Hydroelectric resources
in the western side are more than that in the eastern part. The economy in

western regions is weak, therefore besides the western electricity market

13
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demand, the development of western hydroelectric resources has to consider

the eastern market by implementing “power transmission from west to east”.

C. At present, hydroelectric resources distribution is uneven, and it should be
adjusted by building reservoirs. China is situated at the southeast of the
Eurasian continent, close to the largest ocean in the world with obvious
characteristics of the monsoon climate. The distribution of the inter-annual
runoff is uneven, and the large difference in season flow needs to build
reservoir of good regulating capacity for runoff .. In order to improve the
overall hydropower generation quality, it is necessary to consider the demand

of the electricity market.

d. The Hydropower resources concentrated in the main stream of rivers, which
is easy to develop and construct. Especially the downstream of the Jinsha River
located in the western part, the upstream of Yangtze River, Yalong River, Dadu
River, and the Yellow River, Lancang River, Nujiang River are scaled at over
20000 MW ™!, and Wujiang River, Nanpanjiang are over 10000 MW *!. These
hydroelectric resources are centralized, which are favorable for building

large-scale hydropower base.

14
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2.5.4- Development of current situation

Figure 3- Developed capacity in China’s hydropower [24]

By the end of 1999, Chinese total installed capacity of hydropower reached
72.9 million kW, and the generating capacity reached 212.92 billion kWh per

year, which accounts for 15.3% and 9.8 % respectively of nationwide

technology development. Chinese hydropower proportion of the total electricity
capacity was relatively low; it was 17.3% by the end of 1999, equivalent to the

world average level, 20.40% in 2007

15
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Electric Power Installed Capacity of 2007

1.89%
[ 20.40%

T7.70%

M Hydropower M Thermal Power M Nuclear Power ™ Others

Figure4- Electric power installed capacity of 2007 in China[zsl

There are many differences existed in the levels of Chinese hydropower
development and utilization among each valley and province. The highest level
of hydropower development and utilization is in the eastern and middle part,

while the minimum one is in western part.

16
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Table 4- Existing hydropower resources in 2007[1:I

Province , city, | Installed Generating development
district capacity capacity of | rate of hydro
( million kW ) | year ( billion | P°™°"
resources ( % )
kWh )
Beijing, 0.43 1.2 56.5
Tianjin, Hebei
Shanxi 0.66 1.9 18.9
Liaoning 1.07 3.7 85.6
Jilin 3.38 6.9 82.1
Zhejiang 1.59 4.2 43.6
Fujian 3.34 11.8 57.1
Jiangxi 0.81 24 21.7
Henan 2.28 6.3 88.0
Hubei 23.47 109.0 84.8
Hubei 3.46 14.7 433
Guangdong 1.31 4.7 47.8
Guangxi 4.03 20.4 28.8
Sichuan 7.66 38.5 97.5
Guizhou 3.05 15.2 23.2
Yunnan 4.14 21.3 94.9
Shaanxi 1.08 4.1 22.3
Gansu 2.38 11.9 37.5
Qinghai 3.31 12.0 15.6

The development rate of each province is economically different between
eastern developed provinces and western developing provinces. Henan,
Liaoning, Jilin, Fujian, Anhui, Beijing, Hubei and Hainan provinces take more
than 50% nationwide, among which majority of hydropower has been built in
Henan, Liaoning, Hubei, Jilin. In addition, Tibet, Yunnan, Sichuan and other
provinces own more hydroelectric resources, but the development rate is still

very low. Table 5 shows installed capacity and generation from 1998 to 2003

17
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Table 5- Installed capacity and electricity generation in recent years [

Year 1999 2000 2001 2002 2003
Installed capacity (MW) 72,971 79,332 83,006 86,075 04,896
Proportion in the total installed capacity (%) 2442 2485 24.52 2414 14234
Net newly-added capacity (MW) 7.906 6.381 3.654 3.085 8.822
Growth rate on a year-on-year basis (%a) 1215 8.74 4.60 370 1025
Electricity generation (TWh) 21293 24313 261.11 274.57 28133
Proportion in the total electricity generation (%))  17.27 17.76 17.60 16.60 1477

Growth rate on a year-on-vear basis (%) 422 14.18 7.40 5.15 246

Up to the end of the year 2003, the hydropower installed capacity amounted to
94,896 MW, 10.25 % up as compared with the previous year. The annual
electricity generation reached 281.33 TWh, 2.46 % up as compared with the
previous year (Table 5). So far, the development and utilization rate of water
resources in China reached 24.40 %. The hydropower installed capacity and

electricity generation rank the top in the world.

Table 6- Ten hydropower units (over 200 MW) put into

operation in 2003[1]

MName of Serial unit | Unit capacity | Date of
station numhber (MW commission
Mo 5 225 13.06.03
Diachaoshan
Mo 6 225 23.10.03
Nod 230 26.08.03
Whjiangdn
Mo 5 250 09.12.03
MNo.1 T00 22.11.03
No.2 700 10.07.03
Three Gorges MNo 3 700 18.08.03
(left bank) No.4 700 28.10.03
Mo 5 700 16.07.03
No. 6 700 29.08.03

18



Hydro power in China

In 2003, No.5 and No.6 units belonged to Dacha Shan Power station; No.4 and
5 units belonged to Wujiangdu Power Station; and No.1 and 6 units belonged

to Three Gorges Power Station.

Table7- Proportion of large hydro power units (40 MW and above)

in total hydropower capacity '

Year Number of | Capacity | Shares in total
units (W) capacity [%0)
1999 311 42,093 57.69
2000 337 46.230 58.26
2001 353 48 487 5541
2002 361 49417 574
2003 388 55,694 38.69

In recent years, China saw a quicker increase of 40 MW and above hydropower
units, adding up 311 units in 1999 (42,095 MW) and 388 units (55,696 MW) in
2003. Their installed capacity accounted for 57.69 per cent and 58.69 per cent

of the hydropower total in the indicated years respectively.

19



Hydro power in China

3-Hydropower station

3.1- Hydropower station construction

Hydropower station construction is a not single, it can be used to undertake
flood control, irrigation, shipping, tourism, aquaculture, etc. The main purpose
is to generate electricity, by means of building dam to save water, to solve the
problem of high pressure floods and to transform it into available hydroelectric
resources. It is one of the most important functions of modern dams. Take
China as an example, as a result of monsoon climate and concentrated
rainstorms, although floods occurred frequently, the lack of freshwater
resources is still very serious. As the water demand in China is growing, to solve
the shortage Chinese hydroelectric resources have become extremely
important. One step is to build a number of large hydropower stations to
improve the storage ability of each valley flood zone, and to increase the
availability of hydroelectric resources. Throughout history, any developed
countries in the world facing shortage of rain and floodwater resources, they
must rely on hydropower station to solve water supply issue almost without

exception.

3.2- Hydropower station in China

Comparing with other countries, the construction of Hydropower stations in
China is still under developed. By the end of 1995, China had 4,900 hydropower
stations with a generating capacity of 500 kW or more each. If the generating
capacity of some small and medium-sized hydropower stations built by local
governments is included, China's annual hydropower energy production was
second largest in the world, exceeded only by Brazil. By the end of 1996

hydropower stations built or being built with a generating capacity of one

20
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million kW or more included: Gezhouba, Baishan, Longyangxia, Liujiaxia,
Geheyan, Wanjiazhai, Ertan, Wugiangxi, Tianshengqiao First Step,
Tianshengqgiao Second Step, Yantan, Tianhuangping, Shuikou, Manwan,

Dachaoshan, Waterfall Valley on Dadu River, Qingjiang Step, Geheyan and

[10]

Lijiaxia hydropower stations™.

Tiarshenggao I1

Tianshengogiac [
Guangzhou
Tianhumangping

Haclangdi

11 Lk

Lijiaxia

Ertan |

Three Gorges |

0 2000 4000 6,000 2,000 10,000 12,000
MW

Figure 4- Major hydropower projects under construction in China, 1999'"!

According to the statistics of China dam committee, by the end of 2003 the

dams which were higher than 30 meter were 4694 with installed capacity of

56300 MW. Chinese total reservoir capacity was at 584.3 billion m°. In 2004

hydropower generators produced 330 billion kWh nationwide. Therefore,
Chinese social, ecological environment has been greatly affected by the natural
disasters and frequent floods. On the other hand, serious drought, shortage of
water resources and water pollution are also big problems. The solutions of
these problems are inseparable with dams building tasks in order to improve

the control of natural water resources.
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Table 8- Major hydropower plants under construction"

Name Maximum Country Construction | Scheduled
Capacity(MW) started completion

Three Gorges | 22,500 China 14/12/1994 2009

Dam

Xiluodu Dam 12,600 China 26/12/2005 2015

Longtan Dam 6,300 China 1/7/2001 12/2009

Xiangjiaba Dam | 6,000 China 26/11/2006 2015

Nuozhadu 5,850 China 2006 2017

Jinping 2 | 4,800 China 30/1/2007 2014

Hydropower

Station

Laxiwa Dam 4,200 China 18/4/2006 2010

Xiaowan Dam 4,200 China 1/1/2002 12/2012

Jinping 13,600 China 11/11/2005 2014

Hydropower

Station

Pubugou Dam 3,300 China 30/3/2004 2010

Boguchan Dam 3,000 Russia 1980 2012

Tocoma (Manuel | 2,160 Venezuela | 2004 2014

Piar) tocoma

Bureya Dam 2,010 Russia 1978 2009

Lower Subansiri | 2,000 India 2005 2009

Dam

22
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3.3-The distribution of China's hydropower station

Table9- Construction of 10 hydropower base o

Base name

Range

The installed
capacity(million

kW ) per year

Generating

capacity( billion

kWh ) per year

1, the Jinsha River | Yushu — Yibin 75.12 335.5

2, Yalong River The two estuaries - Ferry | 19.40 118.1

3, Dadu River Shuangjiangkou - Leshan | 20.40 110.9

4, Wuyjiang River Hongjiadu Hydropower — | 8.67 41.8
Fuling

5, Upstream of the | Yibin - Yichang 28.36 136.0

Yangtze River

6, Nanpanjiang, Red | Xingyi - Guiping 13.32 53.3

River

7, Lancang River Buyi - South Sumatra | 21.46 109.4
estuary

8, Upstream of the | Longyangxia —116.35 59.3

Yellow River Qingtongxia

9, Midstream of | Estuary town - Taohuayu | 8.47 19.3

Yellow River

10, the main stream | Luo Middle Kingdom — | 4.1 13.5

of Heilongjiang Fuyuan

Total 215.65 997.1

The construction of 10 hydropower bases in China , tentative plan of annual

generating capacity reach 997 billion kWh in 2010. In these 10 hydropower

bases, especially Fujian, Zhejiang and Jiangxi provinces, they have the most

number of rivers. Comparing to the other eight bases, the last two hydropower

bases are disproportionate. The two bases consist of small hydropower stations

with no trans-regional power supply.

23
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3.4- World-class project and world best technology in China’s

hydropower development

In recent years, China has made great progress in the development of
hydropower. No matter in scale or in technical aspect they play leading roles all

over the world.

3.4.1-Three Gorges Project

The Three Gorges Project™ is the largest water conservancy project in the
world. It is located in the middle of Yangtze River. The dam site is in
Sandouping of Yichang City in Hubei Province. The Project consists of dam,
flood release structures, power stations, and navigation structures with the full
functions of flood control capacity of 700 MW ™ it is the largest hydropower
station in the world. The total electric generating capacity will reach 22,500 MW
[13]-

The Three Gorges Project is adopted the way of river diversion by stages and
three phases in construction. The total construction period is 17 years and it
will be completed in 2009. Construction and the first stage project needs to be
prepared, and cutoff realized is the sign during the first phase (1993-1997); the
goal in the second phase (1998-2003) is to realize the initial reservoir stage,
power production by the first group of units in the left power plant, and
navigation in ship lock; the goal in the third phase (2004--2009) is to realize all

units to be put into operation and complete all the construction work.

3.4.2- Xiaolangdi Multipurpose Dam Project

3.4.2.1 Project overview
The Xiaolangdi Multipurpose Dam Project'™® is located in the mouth of the last
gorge in the middle of the Yellow River, and it is about 40 km far from the north

24
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of Luoyang in Henan Province "*®. It is a key place to control flood and sediment
in the downstream of the Yellow River. This is an extremely large multipurpose
dam project, with main objectives for flood control, ice control, sediment
reduction, as well as irrigation, water supply and power generation. After
completion, the project will raise the flood control level from the present 60
years to a 1000 years flood, essentially relieving the lower reach from ice-jam
risks. Sediment retention by making use of the dead storage will defer bed

rising in the lower section by 20-25 years.

3.4.2.2-World-class scale of the project position
The intake tower of flood system is the largest, the most complicated and
concentrated currently in the world. The total width of the outlet stilling pond

structure is 356 meters; the length is about 210 m ©*

, spillway into the pool
dissipation energy. It is installed with 1300 pre-stress cables for double-layer

protection, which has 800~3000 kN 2%,

3.4.2.3- The new technology used in the projects

[26]

a. Xiaolangdi dam has a height of 160 m*™, on the top of which the length is

1667 m 2% the total filling volume is 50.73 million m>?*. This dam is the first

loam oblique core rock fill dam in height or volume in China.

b. This project has created the thickest concrete wall and is on a leading
position domestically.

The wall is 1.2 m which is made of concrete and the depth of the hole is 82 m.
It is a kind of advanced technology in China.

¢. Two-circle around the non-bonding pre-stressed concrete lining

technology .

d. The new design of low parameters of anti-wear turbine will solve power

generation problems of high sediment flows in flood season.
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3.4.3-Xiluodu Hydropower Project

3.4.3.1- Project overview
Xiluodu Hydropower Project™” is located by the Jinsha River "®, It is a huge
project with comprehensive benefits of power generation, sediment control,

and flood control with downstream navigation improvement. Control drainage

area is 454.4x10° km” ™, which is 96% of the Jinsha River valley area. The

normal water level at 600 m of the reservoir has a capacity of 12.67 billion m’

[17] [17]

,positive storage capacity of 6.46 billion m°> “and the flood control capacity

of 4.65 billion m>*”. The structure of the key components dam, electricity wire

systems and power plants, traffic and flooding, and other types of energy
dissipation dam is a concrete arch dam both song and crest, elevation crest
length of 610 m and 700 m “® with the height of 278 m "\ It has nine
generating units with single capacity of 700 MW ", The project has a total
installed capacity of 12,600 MW ™ and the average annual electricity
generation is 57.12 TWh ", The project of the construction of Xiluodu
hydropower station began in December 26th, 2005. Total construction period

has lasted 36 months to achieve the river closure in 2008 ™*,

3.4.3.2-Key technical problems
Xiluodu Hydropower Station was built in the mountain region. It was hard to
design or construct with many technologies that surpass the world level. The

most critical technical problems are shown as the following:
The basic intensity of earthquake in dam area is VIll. The design of the

structure of its arch dam and seismic safety issues were serious.

The other technical problem is Long-distance, which needs high capacity
transport technology. For example, “power transmission from west to east”
project is the first long-distance transmission in China, also very rare in the

world.
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3.4.4-Jinping-I, Il Hydropower Project

Project overview

The Jinping Hydropower Project " is located by Yalong River in Sichuan
province **!, Two projects have been under construction - Jinping-I, which has
a high dam, and Jinping-II, which uses a long headrace tunnel. The 305 m
double-curvature thin arch dam in Jinping-I is the highest in the world.
Jinping-II has a large complex underground. Its 16.6 km headrace tunnel is the
longest in China and its maximum overburden is 2,525 m ", It surpasses the
world-famous Simplon road tunnel, and it is close to a headrace tunnel in
France, which has the highest overburden. The total installed capacity of
Jinping is 8,400 MW, out of which Jinping-I is 3,600 MW and Jinping-II is 4,800
MW " The average annual generating capacity is 23.2 billion kwWh ™,

The Jinping-II hydropower project is to generate electricity, supply electricity to
Sichuan and Chongqing, and participate in “power transmission from west to
east” project. It has the highest head and the largest installed capacity of a

hydropower station on the Yalong River.
3.4.5-Longtan Hydropower Project

3.4.5.1-Project overview

The Longtan Hydropower Project “” is located in Red River, Guangxi
Autonomous Region. The Longtan Hydropower Project is one of the top-ten key
projects of the Great Western Development Plan and the strategic projects of
“power transmission from west to east”. The main function is power generation,
incorporated with flood control, navigation, etc. It is designed as grade-I

project structure. The project has 6300 MW ' of total installed capacity.

3.4.5.2- Project reaches position of world-class scale

The Longtan RCC (Roller Compacted Concrete ) dam has a maximum dam
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height, that is 216.5 m™, crest length is 849.44 m **, and a 3 dam-body

concrete volume is 7.67 million m>. RCC volume accounts for 64% in total, and

it reaches 4.91 million m’. This is a construction breaking world record which is

much higher than the existing domestic or international dam construction levels.
It has the total upgrade maximum height of the vertical ship-lifts, the total

height of 179.00 m®*,

3.4.5.3- The new technology used in the designation work
It used RCC dam technology to build 200 m high in seismic areas of high

[81 which solves the

intensity. Equipped with 2-steps vertical ship-lifts
transportation problem. Caverns in underground powerhouse are intensive and
of large-scale. The largest span is with minimum spacing, units of the giant
hydraulic transition process and so on. All are beyond the existing norms,

comprehensively using many kinds of ways and means to design studies.

3.4.6- Xiaowan Hydropower Project

3.4.6.1-Project overview

Xiaowan Hydropower Project” is composed of a double-curvature arch dam,
an underground powerhouse on the right bank, and one spillway tunnel on the
left bank. The flood discharge structures in dam include five surface spillways,
six in the middle and two bottom outlets. The underground powerhouse is
[21]

located on the right bank with six turbines; the single capacity is 700 MW
and the total installed capacity is 4200 MW P4,

3.4.6.2- The best in the world

a. Dam for the parabolic variable thickness hyperbolic arch dam, the crest
elevation is 1245 m ¥, the foundation of the lowest elevation is 952 m, and
the largest dam height is 292 m "®., It is the highest concrete arch dam in the
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world.
b. The external seismic geological environment around the little bay is
complicated, and earthquake is quite frequent in this area. After the survey

and identification of the State Seismological Bureau Institute of Geology, it

stated the intensity of the hub of Little Bay Area at earthquake level ViII %,

[21]

¢. Flood spillway capacity is 20683 m’ / s, and corresponding power of flood

discharge is 46060 MW ™Y, flood power of similar indicators in the world's
record. High head and large flow of energy dissipation and the dam spillway
vibration problem are very critical; flood dissipation building design is similar

as most projects in the world.

d. For the size of the Xiaowan Hydropower Station, there are 71.21 million m’
24 concrete and 39,800 t Yinstallation of metal manufactured structures in
this station. Building of Xiaowan area layout focuses on the hardest narrow
construction site. It ranks the first among the similar projects on the earth.
Xiaowan Hydropower Project has been successful; it has a great role in the
development of western China and the "power transmission from west to

east".
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4- Development of hydropower issues

4.1-Advantages

a. Economics

The major advantage of hydropower is elimination of the fuel cost, immune to
fossil fuels, such as oil, natural gas and coal with low construction and
operating labor cost . The dam serves as multiple purposes.

b. Greenhouse gas emissions

Hydropower station does not burn fossil fuels, they do not directly produce
carbon dioxide (a greenhouse gas). While some carbon dioxide is produced
during manufacture and construction of the project, this is a tiny fraction of the
operating emissions of equivalent fossil-fuel electricity generation.

c. Related activities

Reservoirs often provide facilities for water spots, and become tourist scenery.
In some countries, using dam for irrigation can support the fish farm and water
supply. Large hydropower station can control floods, and be used for
transportation.

4.2- Disadvantage

a. Damage to the environment

Hydropower projects can damage surrounding or downstream ecosystems of
the plants. In some cases, dams have been demolished due to the impact on
fish. It can lead to scouring of river beds and loss of riverbanks. In addition, it
also has impact on birds. Since building dam for agricultural and energy use,
many native and migratory birds have become increasingly endangered.

b. Population relocation

Hydropower station has the need to relocate the native people, whose history
and culture sites may be flooded and lost. Such problems have arisen in the

Three Gorges project.
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4.3-Comparison with other methods of power generation

Compared to nuclear power, hydropower generates no nuclear waste and leaks.
Unlike uranium, hydropower is a renewable energy resource.

Compared to wind power, hydropower plants are predictable, which can be
easily regulated in power demand.

Compared to fossil-fueled power plants, hydropower stations take a long time
to build. Unlike combustion turbines for fossil-fueled, which can be
economically developed, hydropower production is limited; due to climate
change Long-term energy production may be affected. Hydropower may incur
additional cost to ensure availability of sufficient power in years lacking of

water.
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5- Development of hydropower proposals

a. Make a good development plan for the rivers
The development of the river resources is based on hydrology, geology,

topography, landscape and environmental impact of the natural conditions.
Chinese major rivers like the Yellow River, Yangtze River, and Pearl River have
been carried out by similar development plans so far. All the cascade

hydropower stations planning directly relate to the size of the rivers.

b. The importance of the comprehensive utilization of water
resources

Comprehensive utilization of water resources and development of the river is an
important principle. It can improve the comprehensive economic benefits of
hydropower station. Like the upstream of the Yellow River reach, it not only
provides a high-quality, cheap, clean electricity, but also the upstream of the
Yellow River for irrigation, urban water supply, flood control play a good role for
the establishment of the economic responsibility system, and the river can

reach the appropriate size for great benefits.

c. Hydro power development and electricity system to closely
co-ordinate development plan

Just like thermal power and nuclear power, hydropower is the power source of
the electricity system, which is an integral organic part.

However, the water resources are mainly distributed in southwest and
northwest. The urgent demand for electricity in the southeastern coastal region

has cost a lot for building a long-distance electricity transmission line.

d. Attention to the reservoir submerged processing and
resettlement of migrants

The construction of large and medium-sized water conservancy and
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hydropower project, which will inevitably leads to the construction of dams and
reservoirs, submerge land and finally relocate the residents. According to
incomplete statistics, since 1997, the total reservoir storage capacity is 407.7

3 23] [23]

billion m™ ", about 5.36 million ***immigrant who entered in 1990s. In the

construction of flood control for the Xiaolangdi Project, the number of migrants
were about 190,000 people; in the Yangtze River Three Gorges Project, the

1231 'which became the largest in the world.

number of migrants were 120 million
As the reservoir merges urban migration becomes more difficult to relocate

than the development itself.
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6- Conclusion

With the global industrialization, the process of energy production and
consumption accelerates in dramatic scale, and it results in serious
environmental pollution emissions. The world economy can develop with the

[27]

water resources of 8.8 trillion kWh / year *”. Fully develop and utilize
alternative energy to substitute coal would reduce nearly 10 billion tons of

carbon dioxide emissions a year.

In recent years, as people around the world has become concerned about
economy, population and environment , construction of the hydropower station

has played a big roll in the society. The development of hydropower is one of
the measures to guarantee energy supply today and tomorrow. At present,
most people in China rely on the utilization of coal, which has already caused
serious environmental pollution. It is inconsistent with the requirements of
clean sustainable energy and the use of the abundant hydropower resources
would change the current situation. China’s demand of energy and its clean
energy development are the most important issues which must be concerned
[28].

Chinese hydropower resources are mainly concentrated in the western region.
Developing hydropower is not only consistent with national sustainable
development strategies, environmental protection and save energy policy, but
also would promote social and economic development in the western region. As
you know, each coin has two sides, dam construction and hydropower
development make people worry about the environmental and ecological
impact. But the advantages of the development and utilization of water
resources still outweigh the disadvantages. Scientific utilization of hydropower
resources will inevitably make great contributions to the China’s social,

economic, and energy development in the future.
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