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Regenerative design for creating an Autarkadian energy landscape in Jinze, Shanghai

Preface
It took a while to finish this thesis report. When I entered Wageningen University, my
Dutch teachers gave a lot of information in the Atelier lectures, and they helped me to get
more knowledge of designing a sustainable energy landscape, which has received a lot of
attention in the Netherlands. Because we have a lot of problems related to energy, food,
and water in China, I am really fond of learning this advanced technologies and gaining
knowledge from the Netherlands in order to introduce them in my own country.
About this report, a deep literature research will hold for a while, but I hope that it is not
too long to enjoy reading. I expect that it also offers some knowledge for Chinese experts in
the field of water problems and the students who are studying the same subject as I did.
It took me some effort to write this thesis report to get a good result. First of all, I needed
some advice and time to finish it. The advice is given by my supervisors in my subject:
Rudi van Etteger, Sven Stremke, Jusuck Koh and a number of colleagues and friends. All of
them I am grateful for their help, even if I do not mention all of them here.
To my friends, especially Rob Hoefs, Dan and Mark van Dongen, I appreciate their help in
solving a lot of problems.
And I very much appreciate not only the teachers but also the students who gave some
feedback or advice when you read my report. I would like to meet you and discuss with
you deeply.
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Summary
Nowadays, due to increasing global warming, the use of renewable energy exerts a
substantial influence on the development strategies of our world. Projects were successively
initiated to develop the pathway for integrating urban and energy planning,
accommodating variable energy scenarios, and use natural gas and fossil fuels as a bridge to
sustainable energy systems.
Shanghai, the economic center of China, also faces the same situation of unsustainable
development as other big cities in the world. At the moment, rapid urbanization taking place
in Shanghai brings up a lot of potential problems for suburban areas, which should arouse
our vigilance. The most severe problems, such as not having enough energy supply, bad
environment quality (e.g. water and air pollution) and city warming, have already slowed
down the economic development and affected the local residents’ physical and mental
health.
Some international collaborative projects have been implemented in the last few years. The
objective of these design projects was to create a sustainable energy landscape in the future.
Therefore, there is more knowledge available on the energy/planning integration than was
presently used in the Shanghai example. For example, the new knowledge and principles can
help us bridge future needs with current development. This includes, for instance, supplying
sufficient energy and the need for water management.
The main objective of this thesis is to provide landscape architects some new guidelines
derived from the integration and application of regenerative design strategies;
renewable/sustainable energy system and landscape design principles are explored to create
an Autarkic and Arcadian energy landscape in Shanghai. My final goal is supposed to make
an Autarkic living with sufficient energy, water and food supply, and create an Arcadian
landscape where people can escape from the crowded city and enjoy the suburban
landscape.
The location of the case study is in western water area of Shanghai, and the selection was
made based on the projects provided by “Grounds for Change” team. This thesis study is
divided into 7 parts: (1) Introduction (2) Background of Shanghai, (3) Renewable energy
systems, (4) Landscape design principles of Autarkic and Arcadian landscape (5)
Regenerative design strategies, (6) Case design and Conclusion.
In Chapter 1, I will give a simple introduction of the origin of my thesis topic.
In Chapter 2, the biotic and aboitic aspects of Shanghai are simply described, but also the
problems and potential solutions will be addressed here in order to provide enough basic
information for my later research and case design.
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For Chapter 3, the renewable energy systems and technologies are comprehensively
introduced. It is essential to identify the types and working principles of new renewable
energies and to explore the relationship between renewable energies and landscape.
Next in Chapter 4, I will present the comprehensive landscape design guidelines and
principles which will be applied to create an Autarkadian energy landscape in Shanghai.
Chapter 4 was divided into three aspects: (1) Autarkic living, (2) Arcadian Landscape,
including history, definition and principles and (3) Tao de Ching. This chapter will explain
the definition and history of Autarkic living and Arcadian landscape, discover the
connection between western Arcadian aspects and Tao de Ching, and finally synthesize the
design guidelines or principles to interpret how to build a fantastic Autarkadian landscape.
Then in Chapter 5, the strategies of regenerative design will be researched and then
discussed in detail. This chapter will focus on finding out what are the regenerative
strategies that can help create this Autarkadian landscape.
After that, Chapter 6 will be the case design. A water area in the city of Shanghai was
selected as a study case. In the analysis, design concept, and final master plan, a lot of
illustrations are included. The analysis phase addresses the infrastructure, land‐use and
water system of the site, and then presents the energy potential map of geothermal, solar,
wind and biomass energies. Based on this analysis and the developed design principles
and guidelines, the final design concept of energy is formed. Later, maps of food, forest
and water potential will be shown as well. In the end, these systems will be added and
combined to form the final design concept. At the end of this chapter the master plan and
illustrations will give you an idea about the real image of the future landscape in Jinze area
of Shanghai.
Finally, Chapter 6 also sums up and lists not only the data of energy, food, and water
supply, which should be enough to support the consumption of this area, but also shows
how much green (ecological forest) there will be in the future. This chapter will also give
some suggestions what other places of Shanghai can be developed.
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Chapter 1 Introduction
1.1 What is energy, water, and food?
Energy is a measure of being able to do work. There are many forms of energy, such as
heat, mechanical, electrical, radiant, chemical, and nuclear energies. Energy is measured in
such units as the joule (J), erg, kilowatt‐hour (kW‐hr), kilocalorie (kcal), foot‐pound (ft‐lb.),
electron‐volt (ev), and British thermal unit (BTU) (NASA, 2007).
Water is a common chemical substance that is essential to all known forms of life. Clean,
fresh water is essential to human life (Laurence D. Barron,* Lutz Hecht, and Gary Wilson,
2007).
Food is any substance, usually composed primarily of carbohydrates, fats, water and/or
proteins, which can be eaten or drunk by an animal for nutrition and/or pleasure.
1.2 Why do we need them?
After we were born in this world, we began to use energy, food and water. First, energy is
extremely important in today’s world. We use energy to generate electricity and heat our
homes, schools, and business. Second, we need a lot of water everyday. Up to 70% of a
human’s body weight is water. To work well, our bodies need between one and seven liters
of water per day (BBC, 2007). Finally, we also depend on food very much. Every day we
need 3 meals, breakfast, lunch and dinner to
keep us healthy.
1.3 How much energy, food and water do we
use?
At present, the world’s population is more than
6 billion. Everyday these 6 billion people need to
use an enormous amount of energy, water and
food. China, India, and other Asian countries
make up most of the world’s population (See
Figure 1.1). Let us have a look how much energy,
food and water we need per year.
Figure 1.1 Distribution of world population (Search.com, 2007)
1.3.1 Energy consumption
Since the event of the industrial
revolution, the worldwide energy consumption has been growing steadily. In the twentieth
century, there has been a rapid twenty‐fold increase in the use of fossil fuels. Between 1980
and 2006, the worldwide annual growth rate of fossil fuel consumption was 2%. Fossil
fuels supply 87% of the worldʹs energy (Smil Vaclav, 2003). In particular, Asia accounted
for nearly three‐quarters of global energy consumption growth (See Figure 1.2).
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Figure 1.2 Source: BP statistics view of world (BP, 2006)

1.3.2 Food consumption
The map below shows the average daily food intake, per person, for all of the nations of
the world. Notice that the most food is consumed in the more developed nations of North
America and Europe, as well as Australia, while people in less developed nations in Africa
and Asia arenʹt able to eat as much (See Figure 1.3).

Figure 1.3 Food intake per capita (World Resources Institute, 2000)

1.3.3 Water Consumption
We cannot live without fresh water. It is very important not only for direct human
consumption but also for industry and animal husbandry. Although every living organism
on earth is dependent on water, humans use it far in excess of their survival needs. Fresh
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water from reservoirs and wells is used for countless purposes, and water consumption is
constantly expanding. In the past century alone, total worldwide water consumption
increased six times (Omsolar, 2004). Asia on average consume 400 liters per person per day.
The global average consumption of water for industry and agricultural use is 10 times
more than the amount of potable water (See Figure 1.4).

Figure 1.4 Water Consumption Worldwide per capita by region and purpose of use (Omsolar, 2004)

1.4 We are facing big threats
Currently, the population growth is viewed as a big threat by a lot of scientists. Their
concerns are based on observations that the Earthʹs human population increased from
approximately 2.25 billion in 1950 to an estimated 6.3 billion in 2003 (Association of
American Geographers, 2007). Much of this growth has occurred in developing regions in
Africa, Asia, and Latin America (See Figure 1.5). In 2150, the population will be more than
10 billion according to the estimation of United Nations.
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Figure 1.5 World Population Growth, 1750‐2150 (Association of American Geographers, 2007)

Therefore, in the future, we can imagine that these 10 billion people need to consume huge
amount of energy (including wood), food and water. We can only get the fossil fuel, food
and water from this earth, so we have no other options. However, this will bring us many
serious problems one day.
1.5 Problems might occur in the near future
As we know, the amount of land, fossil fuels, forest and water is very limited. When the
world population increases, the consumption of energy, food and water will be also
quickly enlarged. This only brings us a lot of bad consequences which should get our
attention.
Problem 1. Climate change
Climate change is the greatest environmental challenge facing the world today. Rising
global temperatures will bring changes in weather patterns, rising sea levels and increased
frequency and intensity of extreme weather events (Defra, 2007). The reason for climate
change is the greenhouse effect caused by high primary energy consumption and
deforestation.
Problem 2. Energy crisis
At the current consumption rate, proven coal reserves should last for about 200 years, oil
for approximately 40 years and natural gas for around 60 years (Boyle, 2004). Many of the
warning signs that existed before the energy crises of 1973 and 1979 exist today. However,
the current problem is even worse than the previous two energy crises because, unlike the
1970s, we are starting from a case of low economic growth (WTRG Economics, 2007).
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Besides, in the coming 30 years, the world energy consumption will still increase around
10% every 5 years (See Figure 1.6).

Figure 1.6 World marketed energy consumption (EIA, 2005)
Figures are in quadrillion BTU (British thermal units). (Explain That Stuff, 2007).

Problem3. Sweet water crisis
97.5% of the Earth’s water is salt. Fresh water is only 3% of all
the Earth’s water (Omsolar, 2004). As time goes by, the
expanding population will use more and more potable water
(world population has doubled in the last 50 years); expanding
agriculture that needs to keep up with the expanding
population uses the most, even more than the cities, at about
75% of all water reserves (See Figure 1.7).
In the end, overpopulation will bring the good (sweet) water
supplies to critical levels, some countries have been in trouble
already quite a while .
Figure 1.7 Composition of the earth’s water
supply (Omsolar, 2004)

Problem 4. Serious deforestation
Overall, deforestation has been taking place in most places of the world. The reason for
cutting down the forests is to use them for commercial and energy production. Figure 1.8
shows the changes in area of forest by region and subregion. Thus, when taking into
account both estimated gains and losses, the total net loss in forest area between 1990 and
2000 was about 89,000 km2 per year. Thereafter, in the period between 2000 and 2005
estimated net loss in forest area was somewhat lower with 73,000 km2 per year, equivalent
to a loss of 200 km2 of forest per day. Thirty seven countries in the world have an
estimated net negative change rate of 1 percent or more per year (WRI, 2007; See Figure
1.8).
19
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Figure 1.8 World deforestation situation (WRI, 2007)

1.6 We need to make the world regenerative and sustainable
Wendell Berry points out that, “We have lived by the assumption that what was good for
us would be good for the world. We have been wrong. We must change our lives, so that it
will be possible to live by the contrary assumption that what is good for the world will be
good for us. And that requires that we make the effort to know the world and to learn what
is good for it. We must corporate in its process, and to yield to its limits.” We can never
change the basic human needs. Everyday we need food, energy, air and water. So we
really rely on photosynthesis to meet our needs. Just as what John Wiley claimed, “That
processes that meet these needs (food, energy, air and water) have also remained
essentially unchanged. We are dependent on photosynthesis and a variety of cyclical
phenomena for the continued functioning of these processes.” He illustrates the processes
are “regenerative”. The solar energy, carbon, oxygen and water are linked to regenerative
cycles. However, this has not always been the case: the increased population of growth has
interrupted these regenerative cycles. And this human interruption has already caused a
lot of natural disasters. Therefore, we should learn to live within Earth’s limits in order to
make it sustainable and regenerative.
To reach the aim of sustainability, there are two aspects to consider. First, to persist as a
species, we must meet our basic needs (food, water, energy and so on). It means that we
should use renewable resources to make our living more sustainable and Autarkic.
Secondly, we must “make the effort to know the world and learn what it is good for it.”
Since the 19th century, we have taken too many primary resources such as the forest, fossil
fuels and food from the earth. Now it is the time to meet the needs of the Earth.
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China, as the fourth largest country with around 20% percent of world population, has a
big influence on the regenerative systems of the Earth (Chinese People’s Daily, 2007).
Therefore, developing an Autarkic way of life, which means energy dependence by using
renewable energy, food and water independently, is very crucial for Chinese people.
Besides that, reforming the natural forest, which will be looked the same as in ancient
Arcadia, is extremely significant for the future of China.
As a result of my thesis, I suggest to create a regenerative energy landscape for Jinze town
of Shanghai, China. It is a spatial plan, which will apply the regenerative principles to link
renewable energy and ecosystems to create an Autarkadian energy landscape.
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Chapter 2: Background
As we all know, in the cradle of all human civilizations is a land which shows an early and
important eastern garden civilization. This land is called China, which occupies a large
amount of land in Asia. When the sun shines brightly over the Wusuli River in the east,
the Pamire Plateau in the west is in the very early morning. When blizzards enwrap the
north along the Helongjiang River in the winter, spring sowing is under way on Hainan
Island in the south.
In the following pages, I shall present the general physical conditions of China. This can
help us better understand the background of Shanghai later on. Secondly, the natural
physical conditions of Shanghai’s hot humid environment will be described. Thirdly, the
current problems related to energy, food, forest and water will be addressed. Finally, I will
introduce the design scheme to make the further research and design process of my thesis
clear.
However, in this chapter, it should be understood that the notes and maps which will
follow can only give a generalized background of Shanghai. And for more detailed
information it will be explained in the chapter of case design.
2.1 Background of China
2.1.1 Geography of China
Located in Southeast Asia along the
coastline of the Pacific Ocean, China is
the worldʹs fourth largest country,
after Russian, Canada and USA. With
an area of 9.6 million square
kilometers and a coastline of 18,000
kilometers, its shape on the map is like
a rooster. It reaches Mohe11 in
Heilongjiang Province as its northern
end, Zengmu Ansha (or James Shoal)
to the south, Pamirs to the west, and
Figure 2.1 Map of China (World Atlas, 2006)
expands to the eastern border at the conjunction of the Heilongjiang (Amur) River and
the Wusuli (Ussuri) River, spanning about 50 degrees of latitude and 62 degrees of
longitude. China is bordered by 14 countries, including Korea, Vietnam, Laos and Burma.
(World Atlas, 2006; See Figure 2.1).
2.1.1.1Terrain
The vast land expanses of China include plateaus, plains, basins, foothills, and
mountains. Rugged plateaus, foothills and mountains occupy nearly two‐thirds of the
land, higher in the West and lower in the East like a three‐step ladder (Travel China
Guide, 2007 ). For example, Shanghai is an annuvial plain located in the east.
1

Mohe: It is the name of River.
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2.1.1.2 Rivers and lakes
China has numerous rivers and lakes. According to statistics, more than 50,000 rivers have
drainage areas that exceed 100 square kilometers; more than 1,500 exceed 1,000 square
kilometers. For example, the Yangtze, the longest in China and even in Asia, is the third‐
longest in the world. The Yellow River, ʹMother River of the Chinese Peopleʹ, is just behind
the Yangtze, both flowing into the Pacific Ocean (Travel China Guide, 2007; See Figure 2.2).
Lakes are also important. The areas with
the most lakes are the Middle‐Lower
Yangtze Plain and Qinghai‐Tibet
Plateau. Many lakes in the northwest
are salty. In southeast China, most lakes
are fresh water (Travel China Guide,
2007). These rivers and lakes provide
China with precious resources such as
aquatic products, petroleum, natural
gas, mines and renewable resources
including tide power.

Figure 2.2 The main river system of China

2.1.2 Climate of China
China has a continental and seasonal climate. Most parts are in the temperate zone but
southern areas are in the tropical or subtropical zone, and northern areas are in the frigid
zone.
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2.2 Background of Shanghai
2.2.1 Physical conditions of Shanghai
2.2.1.1 Topography
Shanghai2 is located at the confluence of the
Huangpu river and the Changjiang (Yangtze)
river and on the Southeast edge of Changjiang
Delta. The geographical coordinates of the
Shanghai area are 30°42’ to 31°48’ North
latitude and 120°52’ to 120°16’ East longitude,
with a very favorable geographical location
(Allexpat, 2007). Connected with Jiangsu and
Zhejiang provinces in the west, the city is
bordered by the East China Sea in the east and
Hangzhou Bay in the south. In the North, the
Yangtze River finally flows into the East China
Sea (See Figure 2.3).
.

Figure 2.3 Map of Shanghai (Globeware, 2006)

The land area runs 120 km from North to South and 100km from East to West, so that the
total area of Shanghai is 6340.5 km2 (Shanghai Huayu Real Estate Co.ltd, 2005). The area of
Shanghai proper is over 746 km2 and is divided into 12 districts.
2.2.1.2 Geology and landforms
Shanghai is in a low, gentle alluvial plain with elevations generally 3 to 5 m asl3. The
highest point, in Mt. Dajinshan Island, is only 103 m asl. Except for a few scattered hills
where igneous rocks are exposed, the whole plain is composed of a deep overburden
Quaternary4 origin and recent alluvial deposits (Duan Shaobo, 1989).
Except for a few hills lying in the southwest corner, most parts of the Shanghai area are flat
and belong to the alluvial plain of the Yangtze River Delta. The average sea level elevation
is about four meters. Dotted with many rivers and lakes, the Shanghai area is known for its
rich water resources. Most of the rivers are tributaries of the Huangpu River. Originated
from the Taihu Lake, the 113‐kilometre‐long Huangpu River flows through the downtown
area of the city. It is the main waterway in the Shanghai area (Duan Shaobo, 1989).

Shanghai: This name means “on the sea”
Asl: above sea level
4 The Quaternary Period: It means the geologic time period from the end of the Pliocene Epoch roughly 1.8‐1.6 million years ago to the
present. The Quaternary includes 2 geologic subdivisions ‐‐ the Pleistocene and the Holocene Epochs.
2
3
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2.2.1.3 Climate
The climate of Shanghai is governed by the monsoons, which are controlled by the cooling
and heating of the Eurasian continent and the Pacific Ocean. Winter is typically grey, and
summers can be quite humid. Spring and autumn in Shanghai are cool and crisp.

A. Temperature
The monthly mean temperature remains
above 3.5 ° C throughout the year. The
four seasons in Shanghai are quite distinct
(See Figure 2.4). The average temperature
for January (the coldest month)
temperature is 3.3 ° C, while the average
for July (the hottest month) is 27.4°C. The
annual mean temperature is 15.5°C (See
Table 2.1). There is no remarkable
temperature difference between the North
and South of Shanghai area. (See Figure
2.4)

Figure 2.4 Mean annual temperature (° C) in Shanghai
(Duan Shaobo, 1989)

Table 2.1: The climate of Shanghai (China travel agency, 2006)
Average Data
Jan
Feb Mar Apr
May
June

July

Aug

Average High ( C)

7/9

8/10

Average Low ( C)

‐1/1

0/2

Rain (in)
Rain (mm)

12/14 18/20
4/6

9/11

Sep

Oct

Nov

Dec

23/25

27/29

31/33

31/33 27/29 22/24 16/18 10/12

14/16

19/21

23/25

23/25 19/21 13/15

8/10

2/4

1.8/1.9 2.4/2.5 3.3/3.4 3.6/3.7 4.3/4.4 6.4/6.5 5.5/5.6 5.6/5.7 <0.1 2.2/2.3 2.0/2.1 1.5/1.6
45/50 60/65 80/85 90/95 110/115 160/165 140/145 140/145 <5 55/60 50/55 40/45

Shanghai belongs to the north subtropical monsoon climate5 that is warm and moist with
plenty of sunshine and a long growing season. Therefore the climate of Shanghai is
favourable for crop growth all the year round.

5 The tropical monsoon climate experiences abundant rainfall like that of the tropical rain forest climate, but it is concentrated in the
high‐sun season. Being located near the equator, the tropical monsoon climate experiences warm temperatures throughout the year.
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B. Rainfall
The rainfall in Shanghai is under the
influence of monsoon winds, so it is not
uniformly distributed. It is concentrated in
the four months from June through
September, during the SE monsoon and
typhoon rain periods (See Figure 2.5 ).
In the recent years, the city has had a frost‐
free period lasting up to 230 days a year,
and has received average annual rainfall of
1,200 millimeters. However, nearly 60% of
the precipitation comes during the May‐
September rainy season

.

Figure 2.5 Mean annual rainfall in Shanghai (Duan Shaobo, 1989)

March to May ‐ A period of warm weather, blue skies and sunny
days before the rainy season.
Rainy Season June to August.
Summer
June to September ‐ Hot and humid days and nights.
Autumn
October to November ‐ Very comfortable, mild weather, dry and
sunny.

• Spring
•
•
•

C. Wind conditions
As the city is bordered by the East China Sea in the East, it has abundant wind resources.
The average annual wind speed of the city center is 3.5 m/s. In the suburban area, the
average annual wind speed is between 3.5 m/s and 6.9m/s (Shtong, 2007). In addition, the
dominant wind direction of the year is from southeast (See Table 2.2).
Table 2.2 Wind direction & speed in Shanghai (Shtong, 2007)

Wind direction & speed
Dominant wind
direction of the year

Dominant wind
direction in the summer

Dominant wind
direction in the
winter

Average annual
wind speed (city
center)

Average annual
wind speed
(suburbs)

SE

SE

NW

3.5m/s

6.9m/s

29

Regenerative design for creating an Autarkadian energy landscape in Jinze, Shanghai

2.2.1.4 Water and Hydrology
In Shanghai, there are a large amount of
rivers, lakes and canals, which covers
approximately 11.3% of the total area.
Shanghai benefits from plenty of
waterways, a huge water network and
great water resources. The network of
waterways is densely covered the whole
city. But as we already know, there are
two main rivers, the Yangtze River and
Huangpu River, which have a big
influence on the peoples’ lives in
Shanghai.
First of all, the Yangtze River, one of the
longest rivers in the world, is the largest
body of fresh water in Shanghai. The
Yangtze River is not only a precious
water resource for the satisfaction of
direct and indirect human needs, but
also an important waterway from
Shanghai to other cities in China.
Figure 2.6 The river system of Shanghai
(Duan Shaobo, 1989)
Besides Yangtze River, Huangpu River
is the other main river system in Shanghai. The length of the Huangpu River is about 114
kin. (See Figure 2.6).
Most of Shanghai’s lakes are located in the western part of Shanghai, the biggest one is
called Dianshan Lake (62 square kilometers). Dianshan lake is an ideal place for fresh water
fish production. The numerous places which have historic value and scenic beauty around
the lake, make Dianshan Lake become one of the most popular tourist sites in Shanghai
(Duan Shaobo, 1989).
2.2.1.5 Soil
Shanghai is an alluvial plain in the Changjiang Delta. The main soil types are swampy soil,
meadow soil and coastal saline soil derived from alluvia of the Changjiang River. The soil
PH‐value in a major part of the region is between 7.0‐8.5. The water table is very high,
lying between 1 and 2 m below the surface of the ground.
•

Coastal soil type: During the formation of the soil, it was deeply influenced by the
sea water. The coastal saline lands occupy an area of about 40 thousand ha
bordering the East China Sea. The soils are generally silt clay loam.

•

Meadow soil type (moist sandy soil, dry ditch soil, sandy soil, etc.): It is one kind of
soil that passes through long‐term dry tillage.
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•

Swampy soil type (gray moist soil, garden moist soil): This kind of soil was formed
by long‐term paddy rice cultivation (Lvhua, 2007).

2.2.1.6 Forest
Chinese settlers have cleared the scrub forest in the Shanghai area for 6,000 years. Today,
most arable land in Shanghai is available for agriculture use and very little of the natural
vegetation remains. Shanghai lacks any large areas of completely natural forest. Trees are
limited to those that have been planted in parks, gardens, farmsteads, and along main
roads. Much of Shanghaiʹs present‐day forest cover owes to the afforestation6 programs,
particularly during the 1970ʹs and 1980ʹs when greater attention was focused on
environmental conservation and preservation. The most common trees in the built‐up
areas are Maidenhairtree (Ginkgo biloba), Camphortree (Chinnamomum camphora), London
Planetree (Piatanus acerifolia), Dawn Redwood (Metasequoia glyptostroboides), and Chinese
Wingnut (Pterocarya stenoptera). They have also been widely used as avenue trees in
Shanghai proper (Duan shaobo, 1989).
2.2.1.7 Agriculture
The suburban area of Shanghai is located at the southern end of the northern subtropical
zone. The soil is fertile and the main crops grown include rice, wheat, cotton, oil bearing
seeds, and vegetables. Shanghai ranks amongst the highest in terms of crop production in
the country. In recent years, special vegetables, flowers and lawn‐grasses have developed
rapidly. For example, Songjiang perch, Dingshan crab and Longhua honey peach are some
famous agricultural products from Shanghai. Fishing production is also very popular in
some water villages of Shanghai, such as Jinze town.
2.2.1.8 Flora and fauna
Today, on all of Shanghaiʹs arable land, very few native animals remain. The tigers
(Panthera tigris), elephant (Elaphas max# mus), wild boar (Sus scrofa), plum‐flower deer
(Cervus nippon), and Davidʹs deer (Elaphurus davidianus), once reputed to roam the
Shanghai area were gone or killed. At present, the main terrestrial vertebrates are
Apodemus agrarius, Rattus flavipectus, R. rateus, R. norvegicus, Mustela sibirica, Lepus sinensis,
Bufo bufo gargarizans, Rana limnocharis, R. nigromaculata, Natrix annularis, Elaphe rufodorsata,
Agkistrodon halys, Passer montanus saturatus, and Pica pica sericea, which appear in
considerable numbers (Tan 1987). Thus the most common animals in Shanghai are small
vertebrates consisting of mammals, fish, amphibians, reptiles and birds. Rare vertebrates,
Lipotes vexillifer and Cygnus Cygnus, have been strictly protected by the Chinese
government.

6

Afforestation: It is the process of converting open land into a forest by planting trees or their seeds.
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2.2.2 Social conditions of Shanghai
2.2.2.1 Population
Shanghai, has one of the largest urban populations on Earth. The official population is
around 17 million making it the largest city in China. However with the ever‐increasing
migration of migrant workers into the city some estimates post the ‘real’ population at over
20 million people (Consulate General of Switzerland, 2007; See Figure 2.7).

Figure 2.7 Shanghai population changes (Consulate General of Switzerland, 2007)

2.2.2.2 Culture
In recent times Shanghai has become a prominent city and a cultural center. Both the
Chinese and Western cultures have merged and developed here since the mid‐19th century.
2.2.2.3 Economy
Shanghai is a major financial center and an emerging economic powerhouse. From the end
of 1970, after the Cultural Revolution, economic reform has proceeded in a steady fashion.
With that, Shanghai is regarded as the economic center in China.
2.2.2.4 Energy
At present, about 62 percent of the total energy consumption in Shanghai is derived from
coal, and about 91 percent of power generating capacity is based on coal‐fired power plants.
Furthermore, Shanghai does not have its own energy resources and must get the coal from
other provinces and cities by train and ship.
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2.2.3 Current problems in Shanghai
2.2.3.1 Serious energy shortage
In the recent times, rapid economic development had exerted unprecedented pressure on
the power supply in the city. Preliminary statistics shows that energy shortages has
affected the electricity use of more than 1,000 companies in the city. Especially in the
summer, the municipal government needs to restrict electricity use at some companies and
construction sites, or just cut off the electricity in the suburbs in order to supply enough
electricity for the companies and construction sites. Even though the electricity generated
by the Three Gorges Project began to feed Shanghai this month, the city still needs another
400,000 kilowatts extra per day. Shanghai is facing a big problem of power shortage
because of the rapid economic development.
2.2.3.2 Water deficiency
On one hand, Shanghai is facing great pressure as the growing population and limited
water resources threaten a severe water shortage. With per capita water resources of 760
tons, Shanghai has been listed as one of the worldʹs cities suffering from serious water
shortages (china.org.cn, 2007). On the other hand, water pollution is also another major
reason for the shortage problem of the city, which should arouse much more concern from
the government and the public.
2.2.3.3 Healthy food shortage
A soil examination of some suburban areas in Shanghai showed that both the contents of
Cd, Hg, Zn in soils and Cd, Zn, Se in unpolished rice or wheat had accumulated
significantly. Some metal and fluorine contamination has also occurred on agricultural
soils near the Wusong industrial area, with wheat leaf contamination of fluorine having
posed hazards to animals and crops (Zheng 1985). This situation heavily affects the food
supply system in Shanghai.
2.2.3.4 No heating system
Shanghai does not have heating equipment. According to the national policy, in the North
of China, steam heaters are installed in each house and office. For example, in Beijing,
which is 1000 km north of Shanghai, almost every room has heater installed. However, in
Shanghai, heating equipment is not standard for a room. Most of the rooms have air‐
conditioners, however, which use an enormous amount of electricity. Not every household
or business are rich enough to turn it on 24 hours a day.
2.2.3.5 Fauna and flora distinction
In Shanghai, many animal inhabitants have been eliminated due to hunting. Additionally,
a lot of special vegetation species are also gradually disappearing.
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2.2.4 Governmental objectives
2.2.4.1 Renewable energy objective
Central government in Beijing has set targets for renewable energy that will be accounted
for 20 percent of its overall energy production by 2020 (Global Environment Facility, 2006).
Shanghai local government also sees an urgent need to optimize its coal‐based energy
structure and encourages the development and use of clean/renewable energy. For
example, Shanghai plans to close 29 coal‐fired power plants by 2010 in order to reduce
carbon emission (China Daily, 2006).
Whatʹs more, the city has tried to explore multi‐renewable energies, such as wind power,
solar energy and geothermal energy, to resolve the energy shortage and improve the
environment quality. Four wind‐power plants, for example, in the coastal area of Fengxian
district generated 7.5 million kilowatts electricity in 2004. These windmills will be
connected to the city’s network as a supplemental power sources during the peak
consumption times (China Daily, 2007).
2.2.4.2 Usable water objective
In 2004, the Chinese Ministry of water resources proposed to shift water intakes from
Huangpu River to the Yangtze River, which has better‐quality water. In addition, the city is
considering different ways to tackle the water shortage crisis, including desalination of sea
water, full exploitation of rain water, and rational use of groundwater resources
(China.org.cn by Shao Da, 2007). Furthermore, the water quality improvement will be
seriously implemented through setting up more sewage treatment plants.
2.2.4.3 Healthy food objective
Shen Simin, Chairman of the Shanghai Cooking Association, has disclosed that a regional
green food supply chain is going to be launched to ensure that the food will be fresh and
nutritious. Under the green food supply chain, the purchase of materials, ingredients and
seasonings will be strictly controlled to ensure the high quality of the food. (ChinaCSR,
2006). Jinze, a suburban area which has rich water resources, is one of the best places to
grow organic food.
2.2.4.4 Green forest objective
Shanghai local government has declared that Shanghai will establish over 1,500 hectares of
greenbelt and plant 12,000 hectares of trees every year, so that by 2020, the per capita green
area in Shanghai will exceed 10 square meters (ChinaCSR, 2006). However, in the centre of
Shanghai, there is not a lot of available space that can be used for forest plantation. The
rural areas of Shanghai will be the best place for planting the new forest.
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2.3 Conclusion
2.3.1 New opportunities for sustainable development of Shanghai
After realizing the energy, water and food objectives of Shanghai, some new opportunities
can be taken to improve the image of this city.
Firstly, the center of Shanghai, which consumes more than 50% of the total energy, is full of
commercial areas with skyscrapers. Thus, it will be very difficult to develop renewable
energy there. However, a large part of suburban area can apply a large amount of
renewable energy systems, because Shanghai has abundant solar, wind and geothermal
resources. For example, Jinze town in particular, which is located in the western of
Shanghai, has a favorable geophysical position for renewable energy development.
Secondly, although the usable water resources are limited, there are still a lot of big canals,
lakes and rivers in Shanghai. Shanghai still has a big opportunity to drink clean water in
the future after good water sanitation and conservation systems are installed. The water
area of Shanghai can take the first initiative to supply its own clean water.
Finally, due to the expanding urban area, there is no room to build a large forest inside the
city center. In suburban areas the agricultural production was rapidly developed instead of
growing the forest. Fortunately, based on the recent plan of the government, green forest or
green connections will be largely built‐up in Shanghai by 2020.
2.3.2 Proposition and objectives of Autarkic and Arcadian energy landscape in the
suburban area of Shanghai
After realizing the new opportunities for Shanghai, it is very obvious that the suburban
area has the biggest opportunity to develop renewable energies, carrying out organic
agriculture system, and providing clean water.
Furthermore, there is more knowledge available on the energy/planning integration than
was used in Jinze example presented by “Grounds for Change” team. So the new
knowledge and principles can help us bridge future needs with current development. For
instance, our energy demand can be met by developing renewable energy sources.
Based on this fact, I can claim that a proper regenerative design can help to create an
Autarkic living with sufficient energy, food and water supplies, and a fabulous green
Arcadian landscape in Jinze. Besides that, it might help to create a variety of recreational
activities and job occasions so that the local people there might have a high life quality of
life in the nearby future.
For that reason, the main objective of this thesis is to provide some new guidelines derived
from the integration among:
1. application of regenerative design strategies,
2. renewable/sustainable energy system,
3. and Landscape design principles
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in order to make an Autarkic living with sufficient energy, water and food supply, and
create an Arcadian landscape in Jinze where people can escape from the crowded city and
enjoy the suburban landscape (See Figure 2.8).

Figure 2.8 Research Objective Diagram
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2.3.3 Research and design diagram
This thesis is a combination between research and design. A “research and design”
diagram is made to show the whole process I want to take in this thesis study. As shown in
this diagram, the aim of this research is to provide landscape architects with more design
principles and guidelines, which arebolded in the figure. The methodology of this thesis
study includes a literature review, interviews, a field visit, a design inventory, site analysis,
a design concept, and a conclusion as the last step (See Figure 2.9).

Figure 2.9 Research and design diagram
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Chapter 3 Renewable energy systems
In this chapter, the renewable energy systems and technologies are comprehensively
introduced. It is essential to identify the types and working principles of new renewable
energies, and to explore the relationship between renewable energies and landscapes.
Finally, two important energy design strategies will be presented and applied in the case
design.
3.1 Renewable energy sources
According to the definition of renewable energy given by the United States Energy
Department, renewable energy is energy derived “from resources that are regenerative or
for all practical purposes cannot be depleted.” (EERE, 2007)
Renewable energy resources are often regarded as new or exotic, but in fact they are
neither. Until quite recently in human history, the world drew most of its energy from the
sun, either directly from sunlight or indirectly through natural processes that generate
winds, rivers, and plants. (Michael Brower, 1992) Renewable energy sources, or RES, are
those energy sources which are not destroyed when their energy is harnessed. There are
three main primary sources of renewable energy which can be harnessed for human
benefit (John Twidell & Tony Weir, 2006):
1. The sun
2. The motion and gravitational potential of the sun,moon and earth.
3. Geothermal energy from cooling, chemical reactions, and radioactive decay in the earth.
3.2 Renewable energy systems
As we know, renewable sources for global energy supplies are from the sun, the earth and
planetary motion. As the flows of renewable energy pass continuously through the earth,
these sources give the possibility to develop complicated renewable energy systems (See

Figure 3.1 Natural currents on earth, showing renewable energy systems. Note the total solar flux absorbed at sea level is about 1.2 ×
105 TW. Units terawatts (1012 W) (John Twidell & Tony Weir, 2006)
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Figure 3.1).
From the Diagram, we become aware of the importance of the use of renewable energy.
Although the uses of wind, water, and solar power are already widespread, the mass
production of electricity using a renewable energy system has only recently become
popular. This reflects the current major threats of climate change, and also more people
concerned about the exhaustion of fossil fuels and the environmental risks of extensive use
of fossil fuels and nuclear power.
However, human use of renewable energy requires smart technologies that can harness
natural resources, such as sunlight, wind, waves, water flow, biological processes such as
anaerobic digestion, biological hydrogen production and geothermal heat. (EERE, 2007).
Nowadays, there are many smart technologies, such as electricity generation through wind
turbines or photoelectrochemical cells (PEC)s or photovoltaic cells, production of biofuels
such as biogas from anaerobic digestion, or ethanol from biomass.
3.3 The purpose of using renewable energy
At the moment reliable energy supply is essential in all economies for lighting, heating,
communications, computers, industrial equipment, transport, etc. The dominant fossil fuel
type is coal, while oil and gas are used much less. The reserve lifetime of these resources
may be defined as the known accessible amount divided by the rate of present use. By this
definition, the lifetime of oil and gas resources is usually only a few decades; whereas the
lifetime of coal can be a few centuries. (John Twidell & Tony Weir, 2006) What’s more, a lot
of CO2 emissions from fossil fuel use leads to the global warming problem. So, it is
essential for us to expand renewable energy supplies in order to reduce CO2 emissions.
The main goal of using renewable energy systems is to achieve sustainable development. It
has become a key issue in the 21st century. Besides that, the cost of renewable energy
sources is free. Thus, in the nearby future renewable energy will be more attractive that
conventional energy (See Table 3.1).
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Table 3.1 Comparison of renewable and non‐renewable energy systems1

Renewable energy supplies
Examples

Wind, solar, biomass, tidal

Source
Normal state
Lifetime of supply
Cost at source
Dependence
Safety

Natural local environment
A current or flow of energy. An income
Infinite
Free
Self‐sufficient and “islanded” systems
supported
Local hazards possible in operation

Pollution and environmental
damage

Usually little environmental harm,
especially at moderate scale

Aesthetics, visual impact

Local perturbations may be unpopular,
but usually acceptable if local need
perceived

Conventional (non‐renewable) energy
supplies
Coal, oil, gas, radioactive ore

Concentrated stock
Static store of energy. Capital
Finite
Increasingly expensive
Systems dependent on outside
inputs
May be shielded and enclosed to
lessen great potential dangers;
most dangerous when faulty
Environmental pollution intrinsic
and common, especially of air and
water (Climate change emissions)
Usually utilitarian, with
centralization and economy of
large scale

In the table above, we can realize the big advantages of renewable energy if we make the
best use of them. The advantages of renewable energy sources – particularly wind, solar,
biomass, and geothermal etc – are, if anything, more compelling today than ever before
(Michael Brower, 1992). These renewable energy supplies are much more compatible with
sustainable development than fossil and nuclear fuels are, in regard to both resource
limitations and environmental impacts.

1 Conventional energy system: It is also called non‐ renewable energy system (Energy obtained from static stores of energy that remain
underground unless released by human interaction)
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3.4 Renewable energy
3.4.1 Wind energy
3.4.1.1 Power from the wind
Wind is generated by uneven solar heating of the earth’s surface. Topographic features
such as plains, hills, mountain passes, and large bodies of water can influence both wind
direction and speed. It is one of the oldest energy sources known to humanity. So wind
resources have been used for millennia to pump water, thresh grain, and propel ships
(Michael Brower, 1992). On a global scale these thermal effects combine with dynamic
effects from the earth’s rotation to produce a prevailing wind pattern (See Figure 3.2).

Figure 3.2 Prevailing strong winds. The shaded areas indicate regions of wind attractive for wind power development, with average wind
speed >5m s‐1 and average generation~33% of rated power. (European Wind Energy Association, 2006)

In any case, an estimated 1 to 3% of energy from the sun that hits the earth is converted
into wind energy. This is about 50 to 100 times more energy than is converted into biomass
by all the plants on earth through photosynthesis. Figure 3.3 shows that it is a big potential
for Shanghai to explore more wind energy in the future.
Wind energy is the conversion of wind power into more useful forms, such as electricity
production through wind turbines. Most modern wind power is generated in the form of
electricity by converting the rotation of turbine blades into electrical current by means of an
electrical generator. (Drummond Hislop, 1992).
In short, wind energy has great potential to be widely distributed because it is clean, and
mitigates the greenhouse effect if it is used to replace fossil‐fuel‐derived electricity (See
figure 3.2).
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3.4.1.2 Wind generator/turbine
A wind turbine is a machine for converting the kinetic energy4 in wind into mechanical
energy. In practice, there are two kinds of wind turbines worldwide.
• If the mechanical energy is used directly by machinery, such as a pump or grinding stones,
the machine is usually called a windmill.
• If the mechanical energy is then converted to electricity, the machine is called a wind
generator (Educypedia, 2007).A
Type of wind generators (wind turbines)
Wind turbines can be separated into two general types based on the axis about which the
turbine rotates. Turbines that rotate around a horizontal axis are most common. Vertical
axis turbines are less frequently used.
A. Horizontal axis
Horizontal Axis Wind Turbines (HAWT) have the main
rotor shaft and generator at the top of a tower, and must
be pointed into the wind by some
means (Ontario Ministry of Energy,
2006). Because of this, they come with
a tailvane that will continuously point
them in the direction of the wind.
Figure 3.3 Two basic wind turbines, (Source:

B. Vertical axis
Ontario Ministry of Energy, 2006)
Vertical Axis Wind Turbines (or VAWTs, See Figure 3.4)
have the main rotor shaft running vertically. This arrangement means that the tower
doesnʹt need to support the generator and/or gearbox, and that the turbine doesnʹt need to
be pointed into the wind. (John Twidell & Tony Weir, 2006).
3.4.1.3 Electricity generation
Windmills have been used for many centuries for pumping water and milling grain. The
discovery of the internal combustion engine and the development of electrical grids led to
windmills being largely abandoned in the early part of the 20th century (Drummond
Hislop, 1992, P48).
In recent years there has been a revived
interest in wind turbines which generate
electricity instead of pumping water and
milling grain. Besides that, wind turbines
may also be used in conjunction with a
solar collector to extract the energy from
sun‐heated air, which rises through a
large vertical solar updraft tower.
In the international market, it appears that

Figure 3.4 Wind speeds increase with height.
(Source: United States Department of Energy, 2006)
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all sorts of wind turbines are available, and buyers are free to choose the type they like. A
significant factor in how much power a wind turbine will produce is the height of its tower
(United States Department of Energy, 2006). This means that if wind speed doubles, the
power available to the wind generator increases by a factor of 8 (See Figure 3.4). The power
available in the wind is proportional to the cube of its speed. Since wind speed increases
with height (See Figure 3.5), increases in the tower height can mean an enormous increase
in the amount of electricity generated by a wind turbine. For example, in Germany, the
worldʹs largest wind turbine, a 120‐meter (394‐feet) behemoth capable of generating 5 MW
at full output, has already been running for two years (Iran Dialy, 2004).
Therefore, proper use of wind turbines can produce a lot of energy (electricity). But when
the wind is very strong, we need a good distribution and control system to manage the
excessive electricity.
3.4.1.4 Wind energy distribution and control
system
Wind energy distribution and control systems are
made to use electricity in the most efficient way.
For example, Fair Isle is an isolated Scottish
island in the North Sea between mainland
Shetland and Orkney. The population of 70 is
well established and progressive, within the
limits of the harsh and beautiful environment.
Previously, the people depended on coal and oil
for heat, petroleum for vehicles, and diesel for
electricity generation. The electricity cooperative
then installed a 50 kW rated‐capacity wind
turbine that operates in the persistent winds, of
average speed 8‐9m/s. The control system is
Figure 3.5 Wind speeds increase with height.
explained in the scheme below (See Figure 3.6).
(Source: United States Department of Energy, 2006)
Lighting and power outlets receive electricity
metered at larger price, and a reduced price controlled‐supply is available (wind
permitting) for hard‐wired house heat and water heating. During the frequent periods of
excessive wind power, further heat is available (e.g. for growing food in a glasshouse or for
a small swimming pool). An electric vehicle was also charged from the system to include
transport as an end‐use (John Twidell & Tony Weir, 2006).
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Figure 3.6 Wind energy conversion system for fair Isle, Scotland. (Denmark wind energy department, 2006)

This example shows that wind turbines have the potential of being widely used in the
future. Although it is not so easy to place the wind turbines in the landscape, we can still
frequently perceive beautiful wind energy landscapes in many countries.
3.4.1.5 Wind turbines within landscape
Wind turbines can also be classified by the location in which they should to be used:
onshore, offshore, or even aerial. Some of the potentially best locations for wind turbines
are in areas of natural beauty, such as coastlines, high ground, and mountain passes.
Proposals to use such locations usually attract opposition, with arguments of loss of visual
amenity, irritating acoustic noise, and danger to birds. Manufacturers of modern wind
turbines responded by having architects and landscape architects improve the shape of
towers and try to create the visual amenity of the wind turbines within the landscape. So,
there are now many possibilities to form a fantastic wind energy landscape. Some
examples are shown below:
•
•
•

Wind turbines in the agricultural land
Wind turbines in the costal areas
Wind turbines in the farm or in the natural area

3.4.1.6 Environmental impact of wind turbines
Many people would like to preserve the peace and quiet of their neighbourhood. In their
opinion, using wind turbines is very dangerous for the surroundings.
First, wind turbines are not, as many people believe, dangerous to birds. A sliding glass
door is even more dangerous to birds than a small wind turbine.
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Second, wind turbines have a very low potential to interfere with radio and television
reception.
Finally, at a distance of 250 m, a typical wind turbine produces a sound pressure level of
about 45 dB(A) (decibels). This sound level is below the background noise level produced
in a home or office. Most small wind turbines, in fact, make less noise than a residential air
conditioner (American Wind Energy Association, 2007). We realize that the potential for
turbine noise to bother other people always exists. However, if we build a wind turbine
250m away from the houses, it will be absolutely harmless to our health.
3.4.2 Biomass energy
Biomass was the dominant source of energy throughout the world until the advent of
fissile fuels, hydro‐electricity and nuclear power. But it still remains a major energy sources
for many developing countries in Asia, South America and Africa. Today, as pressure on
fossil reserves grows, and as the need for sustainable energy production attracts more
attention, the development of biomass energy has received more emphasis.
The most common energy form derived from biomass is the heat obtained when it is
burned. This heat is mainly used for domestic cooking, space heating steam and electricity
generation (Drummond Hislop, 1992). On the other hand, biomass has been developed to
produce different types of fuels from carbon‐rich biomass through three basic techniques‐
gasification, liquefaction and pyrolysis (Michael Brower, 1992).
However, before we apply a biomass energy system, we need to be acquainted with the
meaning of biomass.
3.4.2.1 What is biomass
As far as renewable energy is concerned, biomass may include all forms of organic matter
that can be used as a source of fuels.
Biomass is the biodegradable fraction of products, waste and residues from agriculture
(including vegetal and animal substances), forestry and related industries, It may include
effluents, sludges, manures, industrial (green) byproducts and the organic fraction of
municipal solid waste (OFMSW), or these materials may be identified separately by using
the term ‘biomass and wastes’. The simple explanation of Biomass types is shown below
(European renewable energy council, 2005):
 Conventional crops for non‐food use: starch crops (maize, wheat, corn, barley), oil crops
(rape seed, sunflower) and sugar crops (sugar beet, sweet sorghum...)
 Dedicated crops: short rotation forestry (willow, poplar) and herbaceous (grasses)
 Forestry by‐products: logging residues, thinning, etc.
 Agricultural by‐products: straw, animal manure, etc.
 Industrial by‐products: residues from food, and wood based industries
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 Biomass Waste: demolition wood waste, sewage sludge and organic fraction of
municipal solid waste
3.4.2.2 Biomass products
A. Energy crops (Conventional crops + Dedicated crops)
Growing trees and arable energy crops as a source of fuels has received considerable
investment in terms of research, development and demonstration. This has happened in
many countries, especially European ones, but even more energy crops are available to be
used for energy production (See below).
• Some established arable crops (such as sugar beets, rapeseed and wheat) are used to
produce small amounts of liquid biofuels for transportation use.
• Willow and poplar grown as coppice in short rotations, as well as plantations of
eucalyptus, have been planted as a source of solid fuel.
• High yield fibrous plants such as the giant reed (Arundo donax), a form of globe
artichoke (Cynara) and Miscanthus2. These plants can provide biomass suitable for
direct combustion or thermochemical conversion.
• Productivity of algal and other aquatic systems has been shown to be high, with
such plants investigated as feedback for biogas production (European commissions,
2000).
Certainly not every energy crop can grow in all the places of the world due to its
requirement of climate and soil type. In table 3.2, it shows the physical conditions of main
energy crops, such as height, soil, climate and yield etc (Grounds for change team, 2006).
B. Agricultural by‐products:
Agricultural by‐products are the materials remaining above the ground after harvesting,
including straw or stubble from barley, beans, oats, rice, rye and wheat, stalks or stover
from corn, cotton, sorghum, soybeans, and alfalfa. For example, sorghum is in many ways
an ideal energy crop. Sorghum is currently grown on every continent for production of
food, forage, feed, and a host of secondary agricultural by‐products (Gray Davis. 1999).

C. Forest by‐products:
Forest by‐products are the portions of the trees that remain on the forest floor or on the
landing after logging operations have taken place. So, forest residues consist mostly of tree
branches, tops of trunks, stumps, branches, and leaves. The forest residue materials come
from timber stand improvement and are generally round, densely stocked stands, short
rotation forestry (willow, poplar and herbaceous grasses) (Gray Davis. 1999).

2

Miscanthus: It is a relative of sugarcane that does well even in temperate climates.
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D. OFMSW (Industrial by‐products + Biomass waste)
The complete name of OFMSW is “organic fraction of industrial and municipal waste.”
Municipal solid waste contains significant portions of organic materials that produce a
variety of gaseous products when dumped, compacted, and covered in landfills. Anaerobic
bacteria thrive in the oxygen‐free environment, resulting in the decomposition of the
organic materials and the production of carbon dioxide and methane. Carbon dioxide is
likely to leach out of the landfill because it is soluble in water. Methane, on the other hand,
which is less soluble in water and lighter than air, is likely to migrate out of the landfill.
Landfill gas energy facilities capture the methane (the principal component of natural gas)
and combust it for energy (European renewable energy council, 2005).
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Table 3.2 Physical conditions of Energy crops (Grounds for change team, 2006)
NAME

HEIGHT

SOIL

CLIMATE

YIELD

USE

MISCANTHUS (miscanthus)

1.5 to 1.8 m

loam, clay

Cool climate

15 T dm/ha
year

MISCANTHUS (panicum
virgatum)

can grow to
more than 2 m

all kinds. Best sandy to
clay

No special
requirement

12 T dm/ha
year

REED CANARY GRASS
(phalaris arundi‐nacea L.)

0.6m‐1.8m

all kinds of soils

COMMON REED (phragmites
communis)

2 to 4 m. tall

best in firm mineral clays.
Tolerates moderate salinity

Warm, subtropical
climate

9‐13 T
dm/ha year

fuel, fibers
(production of
homogeneous
boards)

SUGAR BEET (beta vulgaris
L.)

40 cm

sandy loam, heavier clay
loam

latitudes in excess of
30° where winters are
not excessively harsh

55 T dm/ ha
year

sugar,
bioethanol

1.2 m

fertile sandy loams

4 T dm/ha

ethanol,
starch, straw

PERENNIALS

No special
requirement
(better in moderate
and cool climate)

fuel (ethanol),
heat and
electricity
ethanol,
electricity,
paper pulp (as
a fiber source)
electricity,
paper pulp

ANNUALS
COMMON WHEAT
(Triticum aestivum L)

RAPESEED (Brassica rapa)

SUNFLOWER (Helianthus
annuus L)

cool and maritime
climate

Fuel
(biodiesel),
heat and
electricity, by‐
product is a
high‐protein
animal feed
Fuel
(biodiesel),
heat, high
protein food
for livestock,
Kernels are
made for flour

No special
requirement

1‐3 t/ha.
average 2
dry t/ha/yr

0.6‐4.2 m

Wide range of soils. Plants
are intolerant of acid or
waterlogged soils . PH of
4.5–8.7

No special
requirement

1. 1‐4.5 t/ha.
average
2.7dry
t/ha/yr crop
2. 3 to 15
MT/ha/yr
energy

12m to 15 m tall
and 3 to 3.5 m
spread

all types ‐ best ph 5.5 to 7.5
‐clay, sandy best

No special
requirement (Better in
humid and warm
climate)

4‐10 ton
dm/year/ha

fuel,
electricity,
pulp of paper

13.5 to 21 m
height and
spread

all types ‐ best ph 5.5 to 7‐
clay, sandy best

No special
requirement

5‐7 ton
dm/year/ha

fuel,
electricity,
pulp of paper

1.5 TO 2.5 m. tall

pH 5.5‐8.3

SHORT ROTATION COPICE

WILLOW

(Salix
spp.)

HYBRID POPLARS (Populus
spp.)
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3.4.2.3 Bioenergy
Most of the biomass and wastes utilized around the world are burned, at varying levels of
efficiency, for cooking, heating and generating electricity. In addition, through techniques‐
gasification, liquefaction and pyrolysis, biomass can be used to produce all kinds of fuels
for transportation. Three ways of using the biomass resources constitute the bioenergy
sector (European renewable energy council, 2005):




Biomass for heating purposes (bio‐heating)
Biomass for electricity production (bio‐electricity)
Biomass for transport fuels (transportation biofuels)
This diagram below shows the possible transformation of biomass, from raw materials to
final use (See Figure 3.7).

Figure 3.7 The possible transformation of biomass from raw materials to final use (European renewable energy council, 2005)

The potential for Bioenergy is very
large
and
widely
distributed
throughout the world. For instance,
there is a growing interest in Brazil to
develop a more self‐reliant, natural,
and managed biomass energy system
in the rural areas (See Figure 3.8). A
Figure 3.8 Natural and managed biomass energy system
(John Twidell & Tony Weir, 2006)
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major concern is to produce at least a proportion of the liquid as well as the solid fuels for
agricultural and domestic uses; a policy framework is progressively taking shape. Now, several
centers have been built in rural areas to train farmers, to encourage them to think of integrated
farm systems, to use a more rational conservation, and to raise agriculture productivity by
utilizing local resources (John Twidell & Tony Weir, 2006).
Today, biomass is already a major contributor to the total world energy needs of all
renewable energy technologies available. The use is essentially based on agro‐forestry
residues and natural forest. Because bioenergy can be implemented at small, medium and
large scale, it is applicable to a wide variety of resources and processing/utilization
schemes.
3.4.2.4 Bioenergy distribution systems
The distribution system of bio‐energy can be linked with all kinds of existing networks,
such as the electricity grids, gas pipes, roads, factories (especially the power plant), and
canals. Depending on diverse conditions in each place, the distribution system can be
flexibly changed and organized in different ways. There are some good examples derived
from “Grounds for change” project (See Figure 3.9).

Figure 3.9 Bio‐electricity (Grounds for change team, 2006)

Bio‐electricity distribution system: Energy crops and by‐products can be transported to the
power plant, and then can be used to generate bio‐electricity, which is able to be used by a
close greenhouse and the new residential areas (the distance between the
greenhouse/residential areas and power plant must be within 8km), and leftovers such as
CO2 and heat is used for food production and heating.

Figure 3.9 Bio‐fuel (Grounds for change team, 2006)

Bio‐fuel distribution system: Energy crops and by‐products can be transported to the
treatment plant and then generate bio‐fuel. Bio‐fuel has two big advantages; firstly bio‐fuel
can replace fuel and diesel for motor vehicles. Secondly it can be burned in the power
plant to provide heat for households or greenhouses.
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Figure 3.9 Bio‐gas (Grounds for change team, 2006)

Biogas distribution system: Industrial by‐products and biomass waste can be treated and
afterwards made into biogas. Biogas is used for heat and electricity production.
3.4.2.5 Biomass rotation and landscape
Biomass production depends on soil in the landscape. Soil must sustain enough nutrition
and water for biomass production. In other words, land use might also influence the
characteristic of the soil. In this case, we need to prevent continuously planting the same
energy crop in a fixed field. By continuously planting the same energy crop, the quality of
soil will be destroyed. To avoid this problem, the best solution we can use is the method of
biomass annual rotation system. A biomass annual rotation system normally considers 4
years as one complete rotation. To put it more simply, this means that different energy
crops will be planted in the same field yearly.

Biomass, as one of the important elements of Landscape, has a close relationship with
people’s general life. Not only does it provide all kinds of food and energy, but also a
variable beautiful landscape. There is a good example from the “Grounds for Change”
project which focuses on the theme “Renewable Energy and Landscape” in the Northern
Netherlands. This method of an annual rotation system was introduced in their design.
They succeeded in combining the renewable energy within the landscape in the Northern
Netherlands. Besides that, through annual rotation it can keep the characteristic of soil and
also provide a very attractive view for the visitors (See Figure 3.10).
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Year 1

Year 2

Year 3

Year 4

Figure 3.10 Annual Rotation (Grounds for change team, 2006)

3.4.3 Solar energy
3.4.3.1 Energy from the sun
Ultimately, virtually all the energy we use, fossil or renewable, comes from the sun.
Therefore, it should come as no surprise that solar energy is practically a limitless resource.
Although solar resources are enormous, not all sunlight can travel straight from the sun to
the earth, and part of it will be scattered by the clouds and haze. Solar radiation reaches the
Earthʹs upper atmosphere at a rate of 1,366 watts per square meter (W/m2). The overview
from the map below considers average solar energy flows for the earth as a whole. While
travelling through the atmosphere, 6% of the incoming solar radiation (insulation) is
reflected and 16% is absorbed resulting in peak irradiance at the equator of 1,020 W/m² (See
Figure 3.11). Average atmospheric conditions (clouds, dust, pollution) further reduce
insulation, by 20% through reflection and 3% through absorption. Finally, only an average
of 50% sunlight is available for further use (J. K. B. Bishop and W. B. Rossow, 1991).
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The colors in the map show the actual local solar energy,
averaged through the years of 1991‐1993. The scale is in
watts per square meter.

Figure 3.11 Global solar energy resources (J. K. B. Bishop and W. B. Rossow, 1991)

3.4.3.2 Solar energy
Solar energy, which converts sunlight directly into electricity, has come into widespread
use where other power supplies are absent, such as in remote locations and in rural or
remote areas (Drummond Hislop, 1992).
Solar energy is currently used in a number of applications:
• Heating (hot water, building heat, cooking)
• Electricity generation (photovoltaics, heat engines)
• Desalination of seawater
• Water pumping
3.4.3.3 Types of solar technologies
A. Solar water heating
Solar hot water systems use sunlight to heat water. These systems may be used to heat
domestic hot water or for space heating (NREL. 2006). These systems are basically
composed of solar thermal collectors and a storage tank.
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B. Solar air heating
Solar air heaters are similar to the solar water heaters in that the fluid is warmed by contact
with a radiation‐absorbing surface. And these air heaters are cheap because they do not
have to contain a heavy fluid, can be built of light, local materials and do not require frost
protection (John Twidell & Tony Weir, 2006).
C. Solar cooking
Solar heat can be used not only to heat but also to cook. (See Figure
3.12) A solar box cooker traps the sunʹs energy in an insulated box;
such boxes have been successfully used for cooking, pasteurization
and fruit canning. Solar cooking is helping many developing
countries, both by reducing the demands for local firewood and by
maintaining a cleaner environment for the cooks (Energieinfo.de,
2006).
D. Solar PV
Solar PV systems use an abundant energy source, the sun, to
generate electricity. When sunlight hits the solar module, the
energy is converted to direct‐current (DC) electricity. The DC
electricity passes through an inverter, which converts it into
alternating‐current (AC) electricity, which the building can
immediately use. This technology is commonly used in
individual houses. If a combined solar system is installed, a
large amount of energy can be used for heating, cooling and
lighting buildings (Michael Brow, 1992; See Figure 3.13).

Figure 3.12 Solar cooking
(Energieinfo.de, 2006)

Figure 3.13, Solar PV
(Chelsfield Solar Team, 2006)

E. Solar thermal electric power systems
Collectors with concentrators can achieve
temperatures large enough (>=700oC) to
operate a heat engine at reasonable
efficiency, which can be used to generate a
large amount of electricity (See Figure 3.14).
A single bowl of that size could receive at
most a peak thermal power of 700KW. This
would be very useful for a regional
electricity network. For example, in Figure 3.14 Solar thermal electric power systems (G. Knies, G.
Czisch, H.G. Brauch, 2007)
California, the solar thermal electric power
system has a total capacity of 150MW and covers more than 400ha. (John Twidell & Tony
Weir, 2006).
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3.4.3.4 Solar energy within the landscape
Solar energy systems can be used in all kinds of ways. When they are installed in
individual buildings, they make the buildings more architecturally interesting. When they
are installed as a large collector system, it makes the landscape more majestic and active.
3.4.4 Geothermal energy
3.4.4.1 Energy from the earth
Have you ever cut a boiled egg in half? The boiled
egg is similar to how the earth looks like inside. The
yellow yolk of the egg is like the core of the earth.
The white part is the mantle of the earth. And the
thin shell of the egg, which surrounds the boiled egg
(if you didnʹt peel it off), is like the earthʹs crust
(Figure 3.15). For every 100 meters you go below
Figure 3.15 Energy from the Earth
(California
Energy Commission, 2006)
ground, the temperature of the rock increases
about 3 degrees Celsius, or for every 328 feet
below ground, the temperature increases 5.4 degrees Fahrenheit. So, if you went about
10,000 feet below ground, the temperature of the rock would be hot enough to boil water
(California Energy Commission, 2006).
3.4.4.2 Geothermal energy
Geothermal energy is a form of renewable energy
derived from heat deep in the earth’s crust. This heat is
brought to the near surface by thermal conduction and
by intrusion into the earthʹs crust of molten magma
originating from great depth. As groundwater is heated,
geothermal energy is produced in the form of hot water
and steam (REPP, 2006; See figure 3.16). The heated
groundwater can be used for direct heating of homes and
Figure 3.16 Geothermal energy sources
(Wikimedia, 2006)
greenhouses, for vegetable drying, and for a number of
other uses. These are known as direct uses of geothermal energy.
Geothermal energy is also used for electricity production. Geothermal power generation is
used today throughout the world where good geothermal resources exist, including many
locations in the western United States (REPP, 2006).
3.4.4.3 Geothermal energy systems
A. Geothermal power plant
A geothermal power plant is like a regular power plant except that no
fuel is burned to heat water into steam. The steam or hot water in a
geothermal power plant is heated by the earth. It goes into a
Figure 3.17 Hot Dry Rock (Los Alamos
special turbine. The turbine blades spin and the shaft from the
National Laboratory, 2006)
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turbine is connected to a generator to make electricity. The steam then gets cooled off in a
cooling tower. The cooled water can then be pumped back below ground to be reheated by
the earth. There are all types of geothermal power plants, such as geothermal power plants
which focus on exploiting energy from hot dry rock (See Figure 3.17).
B. Geothermal heat pump
Geothermal heat pumps (GHPs) use the
constant temperature of the earth as the
exchange medium instead of the outside air
temperature. This allows the system to reach
fairly high efficiencies (300%‐600%) on the
coldest of winter nights, compared to 175%‐
250% for air‐source heat pumps on cool
days (See Figure 3.18).
While many parts of the world experience
Figure 3.18 Geothermal Heat Exchange (Geothermal Education
seasonal
temperature
extremes—from
Office, 2000)
scorching heat in the summer to sub‐zero
cold in the winter—a few feet below the earthʹs surface the ground remains at a relatively
constant temperature. Depending on latitude, ground temperatures range from 45°F (7°C)
to 75°F (21°C). Like a cave, this ground temperature is warmer than the air above it during
the winter and cooler than the air in the summer. The GHP takes advantage of this by
exchanging heat with the earth through a ground heat exchanger. (John Twidell & Tony
Weir, 2006)
As with any heat pump, geothermal and water‐source heat pumps are able to heat, cool,
and, if so equipped, supply the house with hot water. Some models of geothermal systems
are available with two‐speed compressors and variable fans for more comfort and energy
savings. Relative to air‐source heat pumps, they are quieter, need little maintenance, and
do not depend on the temperature of the outside air.
3.4.4.3 Types of geothermal heat pump systems
There are four basic types of ground loop systems. Three of
these—horizontal, vertical, and pond/lake—are closed‐
loop systems. The fourth type of system is the open‐loop
option. Which is best depends on the climate, soil
conditions, available land, and local installation costs at the
site. All of these approaches can be used for residential and
commercial building applications (U.S Department of
Energy, 2005).
•
•
•
•

Closed loop horizontal system
Closed loop vertical system
Pond/lake
Open loop system
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Strathclyde, 2006)
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3.4.5 Hydroenergy system
3.4.5.1 Power from water
When it rains in hills and mountains, the water becomes streams and rivers that run down
to the ocean. The moving or falling water can be used to do work. Energy is the ability to
do work. So, moving water, which has kinetic energy, can be used to make electricity (See
Figure 3. 19).
For hundreds of years, moving water was used to turn wooden wheels into grinding
wheels to grind (or mill) flour or corn. These were called grist mills or water mills
(University of Strathclyde , 2006).
Today, moving water can also be used to make electricity. Hydroelectric power uses the
kinetic energy of moving water to make electricity.
3.4.5.2 Hydro power systems
Hydropower (or waterpower) harnesses the energy of moving or falling water. This is
usually in the form of hydroelectricity from a dam, but it can be used directly as a
mechanical force. The term refers to a number of systems in which flowing water drives a
water turbine or waterwheel.
A. Hydroelectric energy system
Use of flowing water to create electricity is called
hydroelectric energy. The most common type of
hydroelectric plant uses a dam on a river to store water in
a reservoir. Water released from the reservoir flows
through a pipe and into a turbine, which spins to drive a
generator, producing electricity (EIS, 2006; See Figure
3.20).
B. Wave energy system
A wave energy system refers to the energy of ocean water
waves and the capture of that energy to do useful work ‐
including electricity generation, desalination, and the
pumping of water (into reservoirs). Wave power is a form
of renewable energy. Though often co‐mingled, wave
power is distinct from the diurnal flux of tidal power and
the steady gyre of ocean currents. Wave power generation
is not a widely employed technology, with only a few
experimental sites in existence (Renewable Energy
Generators of Australia, 2005; See Figure 3.21).
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Figure 3.20 Hydroelectric System (EIS, 2006)

Figure 3.21 Wave System (Renewable Energy
Generators of Australia, 2005)
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C. Tidal energy system
Harnessing the tides in a bay or estuary has been achieved in France (since 1966), Canada
and Russia, and could be achieved in certain other areas where there is a large tidal range
(EIA, 2006). The trapped water can be used to turn turbines as it is released through the
tidal barrage in either direction. Worldwide this technology appears to have little potential,
largely due to environmental constraints. Another possible fault is that the system would
generate electricity most efficiently if it were to generate electricity in bursts, every six
hours (once every tide). Obviously, this limits the applications for which tidal energy can
be used.
3.4.6 Other applicable energy system
Heat cold storage
Groundwater can store great quantities of heat and cold. This thermodynamic principle
makes aquifers ideal for (heat/cold) energy storage (See Figure 3.22).
If aquifers exist, water is pumped directly from the aquifer to heat exchangers in buildings.
Energy is then recovered and used for heating or cooling. The used water can then be
injected back into the aquifer to store for later use (GeoEnergy Solutions Inc, 2006).

Heat cold storage is based on the use of the aquifer to
store winter cold for use in summer. Likewise summer
heat is stored for use in winter. This greatly improves
the economic benefits. Summer heat can be stored in
an Aquifer for use for winter heating. Winter cool can
be stored for summer cooling.

Figure 3.22 Heat cold storage system (GeoEnergy Solutions Inc, 2006)
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3.5 Renewable energies are getting cheap
The main concern regarding renewable energy is
the cost, especially for Solar PV, which is the most
expensive. Renewable energy is generally more
expensive than conventionally produced supplies,
but it helps to reduce pollution and to conserve
fossil fuels.
Above all, prices for conventional energies will
rapidly increase in the course of their exhaustion.
Renewable energy is steadily getting cheaper due
to its continual improvement and economies of
scale (See Figure 3.23). Today and in the future,
Figure 3. 23 Levelized Energy cost (U.S.A Energy
the cost of renewable energies enables a
analysis office, 2007)
sustainable, cheap and sufficient energy supply
for everyone.
For example, in the 1980s the average price of photovoltaic energy was 95 U.S. cents per
kilowatt‐hour. Today that price has dropped to around 20 cents per kilowatt‐hour (U.S.A
Energy analysis office, 2007).
3.6 Conclusion
3.6.1 Physical conditions of Shanghai
3.6.1.1 Wind
Shanghai lies on a low, gentle plain which faces the China Sea at the mouth of Yangtze
River. Connected with two provinces in the west, the city is bordered by the East China Sea
in the east, Hangzou Bay in the south and the Yangtze River in the North. Because of this
location, there are abundant wind resources which are continuous and strong, especially
for the riverside areas and coastal areas. In Shanghai the dominant wind direction is from
southeast and the average annual wind speed is 3.3m/s across the whole area. However, in
the suburban areas, the wind speed is much stronger than other parts of Shanghai. There
the wind speed is from around 6.9m/s at an altitude of 50m (Weather underground, 2006,
See Table 3.3).
Table 3.3: The wind direction & Speed of Shanghai (Weather underground, 2006)

Wind direction & speed
Dominant wind direction of the
year

Average annual wind speed

Average annual wind speed
(at altitude of 50m)

SE

3.5 m/s

6.9m/s
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3.6.1.2 Sunlight & temperature
Shanghai belongs to North tropical monsoon climate that is warm and moist with plenty of
sunshine. The annual mean temperature is very high at about 15.4 co. And Shanghai is very
rich in solar energy resources. Statistics show the annual sunshine duration in Shanghai
amounted to 1,930 hours in 2004. The mean annual sunshine hours are close to 1900 hours
per year. That is a big advantage for installing a solar energy system in this city.
3.6.1.3 Soil
The soil in Shanghai is very fertile because Shanghai is an alluvial plain in the Changjiang
delta. The main soil types are swampy soil, meadow soil and coastal saline soil, which are
excellent for crop growth. In general, as the spatial distribution of soil type is very complex,
it can grow all different kinds of crops, vegetables and vegetation.
3.6.1.4 Industrial & municipal and biomass waste
Under the rapid economic development of Shanghai city, all sorts of waste such as
industrial, municipal and biomass waste, are drastically increasing. This waste is not well
treated or recycled. It is just transported to specific places which are allowed to collect and
bury it.
3.6.2 Potential & possibilities for renewable energy in Shanghai
3.6.2.1 Wind energy
Potential
At the estuary of the Yangtze River, Shanghai benefits from both ocean salt and silt carried
by it, creating large patches of tidal land that extend 100 meters a year on average.
Additionally, Shanghai’s riverside areas and coastal areas have abundant wind power
resources, with nnual average wind speed from 6.7m/s to 7.1m/s at altitudes of 50m. So
Shanghai has great potential for developing wind energy.
Possibilities
Based on the data given above, there are two big possibilities to use advanced wind
turbines in Shanghai. Firstly,as an ideal wind farm location, Shanghai can accommodate
enough to hold a large number of onshore wind turbines. Secondly, as a coastal city it also
has a large untapped sea area suitable for offshore wind turbines. Shanghai is planning a
large offshore wind farm in the East China Sea, which could be the first one in the country.
In this project, the government will introduce the most high‐technique wind turbines with
installed capacities of more than 1.5 MW.
3.6.2.2 Biomass energy
Potential
Shanghai belongs to the north subtropical monsoon climate that is warm and moist, with
plenty of sunshine, rain, and a long growing season. The annual mean temperature
remains above 15.5 ° C throughout the year. It gives good opportunities for growing all
sorts of energy crops.
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Furthermore, the soil in the suburban area of Shanghai is very fertile, so many crops can
grow well, such as rice, wheat, cotton and rapeseed. Shanghai also has enormous rivers
and lakes, which provide a perfect physical environment for growing reeds. Above all,
Shanghai ranks amongst the highest in terms of crop production across China.
Possibilities
As a result of the considerable effort already devoted to researching and developing
biomass energy technologies, the EU obtains a significant fraction of its energy (as heat and
electricity) from the combustion of residues and wastes. So, these techniques can be
introduced in Shanghai, a big industrial city with a large amount of waste which is not
efficiently treated.
For Shanghai, there are many possibilities of applying these techniques and systems, listed
below:
•

Planting the energy crops in the suburban areas, especially in the western part with
more water areas.

•

Collecting all sorts of waste to be used for biofuel, biogas, and heat and electricity
production.

3.6.2.3 Solar energy
Potential
Shanghai is a warm city with plenty
of sunshine. The total sunny hours in
Shanghai are an average of 2000
hours per year.
Therefore, Shanghai is actually rich
in solar energy resource. Statistics
shows the annual sunshine duration
Figure 3. 24 Advanced Solar photovoltaic (PV) system (FSEC, 2006)
in Shanghai amounted to 1,930 hours
in 2004. Experts therefore propose to introduce an advanced sunlight application system
into city construction and development of residential communities (See Figure 3.24). Based
on this situation, solar energy will soon be popular in Shanghai.
Possibilities
The majority of Shanghai is classified as an urban area, and the remainder is suburban.
Obviously it will be more complicated to apply lots of renewable energy systems in the city
center. However, solar energy is one of few applicable technologies which is usable not
only in the cities but also in the suburban areas. On the one hand, it can be installed on the
top of individual houses in the whole area of Shanghai. On the other hand, it can also be
clustered as a small power plant and be built in the suburban area.
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3.6.2.4 Geothermal energy
Potential
Although many people think of using hot water in swimming pools and health spas, hot
water from below ground can also warm buildings. For example, in San Bernardino,
California, hot water from below ground is used to heat buildings
during the winter. The hot water runs through miles of insulated
pipes to dozens of public buildings. Thus geothermal heating
pump systems have already been employed in developed
countries.
As Shanghai is rich in water resources and has a high ground
water table, geothermal heat pump systems can be introduced in
the suburban areas of Shanghai (not in the urban areas because of
the complicated infrastructure). It is impossible to build a larger
geothermal power plant there because of high investment and
under‐developed technology.

Figure 3.25 Hydro‐electricity
distribution system

Possibilities
It is comparatively cheap and easy to install these geothermal energy systems in the new
residential areas. There are at least three concepts of using the geothermal heating pump
system in the suburban areas of Shanghai.
• GHS can be installed in the houses with a small pond or a lake nearby.
• GHS can be installed in the houses with a canal nearby
• GHS can be installed in the houses with high ground water table
Above all, geothermal energy systems are the only renewable energy systems which are
able to be hidden without destroying the original landscape. Accordingly, I am convinced
that this kind of renewable energy should be widely used in Shanghai.
3.6.2.5 Heat cold storage
Shanghai has good potential for exploiting the heat cold storage because many aquifers are
available under the ground. However, we should apply this kind of new energy in the
suburbs where there are not so many obstacles.
3.6.2.6 Hydroenergy
Potential
Shanghai has the best location where you can see the broad East China Sea. This means
that there is a big chance to exploit the wave and tidal energy. However, these kinds of
technologies are quite new for the energy market in Shanghai. It will still take a long time
to really put the tidal and wave energy into practice.
Owing to the reality that there is not such a elevation difference across Shanghai, it is not
realistic to apply hydro energy in this area.
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Possibilities
The east part of Shanghai, closest to the sea, has the possibility for developing a tidal and
wave energy system, which can supply more electricity for the city center (See Figure 3.25).
But the other parts of Shanghai are too far from the sea to use these sorts of technologies.
3.6.3 Design strategies for future development of
RES (Renewable energy system)
Shanghai does not have its own energy resources
and has to obtain them from other provinces and
cities by train and ship. But the energy
consumption rate grows rapidly year by year. In
2005, the maximum electrical power demand in
Shanghai was 16682MW, much greater than the
total electricity capacity, which is only 13368.4MW.
The estimated quantity of natural gas demand was
2 billion m3 in 2005, but in fact, the actual
Figure 3.26 Multi‐energy strategy
obtainable gas was only 1.6 billion m3, including 1
(Grounds for Change team, 2006)
billion m3 from the East‐West Pipeline and 0.6
billion m3 from the East Sea Gas Field (FSEC, 2006). So, Shanghai is predicted to face a
serious problem of energy shortage in the coming years.
Facing this ʺenergy bottleneckʺ, we need to carry out the applicable scenarios regarding the
renewable energy resources in an attempt to optimize the cityʹs energy structure. Since
there were a variety of advanced renewable energy resources, this problem can be solved
by introducing a good concept to reconstruct the energy systems in Shanghai. Hereby I
introduced two important strategies derived from the “Grounds for Change” project that
could be used in the future construction of energy systems in Shanghai.

3.6.3.1 Develop a multi‐energy strategy
Due to the serious problem of energy shortage, it was
agreed that energy supply systems depending on just
one or two fossil energy sources are becoming
unreliable and vulnerable. This is not only because
Shanghai frequently runs out of indigenous energy
sources and depends on imports, but also because
large investments are still needed to adjust the energy
infrastructure to the new generation of energy sources.
Figure 3.27 LowEx Principle
Therefore, the most efficient strategy targeting a
(Grounds for Change team, 2006)
sustainable energy system should include a broad
pallet of energy sources (wind energy, biomass and
solar energy etc), ultimately only including different forms of renewable energy sources
(See Figure 3.26).
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3.6.3.2 Smart LowEx principles
Sustainable design should take into account exergy principles (See Figure 3.27). “Exergy
analysis is an important concept when re‐thinking the way energy sources are used in
societal systems such as households, buildings, cities, and regions. Exergy analysis takes
into consideration energy quality as well as quantity. Taking into account the quality of a
certain amount of energy offers much room for efficiency improvements. At present, high‐
quality energy (e.g. heat of high temperatures) is often used for low‐quality purposes, such
as space heating of houses, for which only a temperature of about 20 degrees C is needed.
Another example is the use of electricity (valued as a high‐quality energy source, produced
from primary energy sources at an efficiency of about 50%) for producing hot water.
Taking into account the quality of energy sources results in the development of energy
cascades, involving the design of long cascades of energy use, from high quality energy
(high temperature) to low temperature heat (Grounds for Change team, 2006)”.
The two strategies which were presented by the “Grounds for change” project could
definitely be used in the new construction of a whole energy system in Shanghai. However,
not every type of renewable energy will be installed there. This chapter will also discuss
the potential and possibilities of using these renewable energy resources.
3.6.4 Multi‐renewable energy systems plus landscape
A well‐designed renewable energy system not only can supply enormous “Green energy”
but it also can add beauty to a home or even the whole region. Therefore, landscape
planning for energy efficiency and nature conservation provides enough energy savings
and beautiful nature at the same time.
In my thesis research, with the application of renewable energy systems it will be possible
to create Autarkic living in Jinze town (Shanghai), and this is compatible with the
landscape (Arcadia landscape) as well (See Figure 3.28).

Figure 3.28 Renewable energy system & landscape & living
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Chapter 4 Autarkadian design principles
In the last chapter, all kinds of renewable energy systems were thoroughly and specifically
explained in order to apply them properly in the later case design. However, to introduce
these renewable energy systems in Shanghai is not my only goal in this thesis research.
Another important goal is to exploit the possibilities for developing a sustainable urban
system in Shanghai by integrating spatial design and energy planning. So, in this chapter, I
would like to bring in the “Autarkadian concept”, which is an abstract concept derived
from western mythology, and interpret it in a simple and clear way. In addition, I will also
add Chinese traditional philosophy to this chapter. This can help us realize typical Chinese
thoughts of living, and then find the similarities and difference between western and
eastern thoughts. In the conclusion, I will propose introducing the Autarkadian model in
Shanghai for future development, by integrating this western concept into Chinese
philosophy.
4.1 Autarkadia
What is Autarkadia? In this thesis research, Autarkadia literally includes two meanings;
“Autarkic living” and “Acadia landscape”, Here it can be simply defined as sustainable
“Autarkic living” within a mysterious and attractive Arcadian landscape.
4.1.1 Autarkic living/concept
4.1.1.1 The origin of “Autarky”1
The word ʺautarkyʺ is originated from the
Greek word “ατάρκεια”, which means ʺself‐
sufficiencyʺ. Based on the definition in an
English dictionary, an “Autarky” is an
economy that limits trade with the outside
world. So in the economic meaning, it is
referred to as a closed economy or a self‐
sufficient region or country. (The American
Heritage® Dictionary of the English
Language, 2004).
Fig 4.1 Autarkic living Diagram

4.1.1.2 Autarkic living
Due to increasing global warming and limited fossil fuel resources, renewable energies are
gradually taking on an important role in the local, national and even international market.
The engineers, urban planners and architects are now working together and devoting
themselves to designing a sustainable system for the future world. Thus the “Autarkic
concept”, as a better option, has been frequently introduced in many design projects. It can
be easily applied at different scales: regional scales, village scales, sub‐village scales and
even household scales.

1

Autarky: It is the noun of Autarkic.
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The general explanation of Autarkic living is that people’s living (food, energy and water
etc) mostly relies on their own resources, generated from their own places, which can be
individual houses, small villages, or even whole regions.
In my opinion, the best interpretation of “Autarkic living”, derived from the “Grounds for
Change2” project, is a self‐sufficient area where local agricultural products, freshwater and
renewable energy sources supply the demand of the population. That is, the people who
live in this place have the possibility of being energy independent, food independent, and
water efficient,. (See Figure 4.1)
However “Autarkic living” doesn’t strictly mean that everything (energy, electricity, water
and food, etc) in an Autarkic area will be supplied by itself. It simply refers to energy, food,
water, and landscape independence.
4.1.2 Arcadian landscape/concept
4.1.2.1 The origin of Arcadia
Arcadia or Arkadía (Greek Αρκαδία) was a province of
ancient Greece. Now it is still a region of Greece in the
Peloponnesus. (See Figure 4.2) It takes its name from the
mythological character Arcas, who was the son of Zeus in
Greek mythology. (Encyclopaedia Britannica, 2002).
In this place, there are potato farms, mixed farming, olive
groves, and pasture dominating the plains of Arcadia,
especially in the area around Megalopolis and between
Tripoli and Levidi.

Fig. 4.2 Greece map

4.1.2.2 History of Arcadia
A. Before the 16th century
According to Greek mythology, Arcadia of
Peloponnesus3 was the domain of the Pan, the
virgin wilderness home with forests and
dryads, nymphs and other spirits of nature.
(See Figure 4.3) It is a version of paradise,
though only in the sense of being the abode of
supernatural entities (Classic Encyclopedia,
Fig. 4.3 Arcadia (Thomas Eakins, 1883)
2006).
In addition, owing to its original remote and mountainous character, Arcadia has always
been a usual refuge in history. Arcadia seemed to be the idyllic paradise for people during
that period.

2 “Grounds for Change” team: It is an international team which consists of the Netherlands, China and Canada team etc, they were
working on the project which focused on the integration between spatial designing and energy planning.
3 Peloponnesus: It is a large peninsula in southern Greece, forming the part of the country south of the Gulf of Corinth.
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Before the 15th century, Arcadia gradually turned to be a poetic name for fantasyland and
became a popular artistic subject, both in visual arts and literature. Images of beautiful
nymphs frolicking in lush forests have been a frequent source of inspiration for many
painters and artists. This concept especially inspired the Roman poet Virgil to write a series
of poems about Arcadia. As a result of the influence of Theocritus’ poem “Idylls”, Virgil
took the idealized Sicilian rustics that had first appeared in the Idylls and set them in the
primitive Greek district of Arcadia (Publius Vergilius Maro, 39‐38 BC). From that time,
Arcadia was presenting a symbol of a simple pastoral, but happy, life.
B. The 16th Century
During the time of the Italian Renaissance, European writers, poets, painters and musicians
often revisited the theme over the centuries. This concept was taken up anew through that
period. In 1504 Jacopo Sannazaro published his long poem Arcadia that fixed the early
perception of Arcadia as a lost world of idyllic bliss, remembered in regretful dirges
(Classic Encyclopedia, 2006).
In the 1590s, Philip Sidney defined his Arcadia as an icon of the Renaissance; although the
story is plentifully supplied with shepherds and other pastoral figures.
He revived the Greek tradition of such an ideal Arcadia landscape (Sir Philip Sidney, 1590):
[...] Does not the pleasantness of this place carry in itself sufficient reward for any time lost in
it, or for any such danger that might ensue? Do you not see how everything conspires together
to make this place a heavenly dwelling? Do you not see the grass, how in colour they excel the
emeralds [...]? Do not these stately trees seem to maintain their flourishing old age, with the
only happiness of their seat being clothed with a continual spring, because no beauty here
should ever fade? Doth not the air breathe health that the birds (both delightful both to the ear
and eye) do daily solemnize with the sweet consent of their voices? Is not every echo here a
perfect music? And these fresh and delightful brooks, how slowly they slide away, as, loath to
leave the company of so many things united in perfection, and with how sweet a murmur they
lament their forced departure. Certainly, certainly, cousin, it must needs be, that some goddess
this desert belongs unto, who is the soul of this soil, for neither is any less than a goddess
worthy to be shined in such a heap of pleasures, nor any less than a goddess could have made it
so perfect a model of the heavenly dwellings. [...]
From this poem, we realize that this pastoral life is often connected with the Golden Age.
The poet may propose that its inhabitants should have only continued living as people did
in the Golden Age. Then “Pastoralism” was used to show an image of a pure way of life in
a more natural setting. It is a fantasyland with a beautiful scenery and people filled with
love. Just as Sir Philip wrote about Arcadia in the sixteenth century, he refreshes the Greek
tradition of Arcadia:
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Arcadia among all the Provinces of Greece was ever held in singular reputation, partly for the
sweetness of the air and other natural benefits; but principally for the moderate and well‐
tempered minds of the people following the course of Nature…
So at that time, Arcadia has come to mean “an
idealized region or scene of simple pleasure, rustic
innocence and uninterrupted quiet… a rural
paradise” (G.Bell & Sons Ltd, 1961). Arcadia
become a fantastic rural paradise, uncorrupted
by civilization, with natural scenery, mellow
farms, and villages and people living naturally.
Just like what was depicted in their book, it is a
world of perfection and harmony, of the
Garden of Eden before the Fall (Dennis
Hardy and Colin Ward, 1984).

Fig. 4.4 Et in Arcadia Ego (The Yorck Project, 2002)

C. The 17th century
In the 17th century, there are two famous paintings (“Et in Arcadia Ego”) drawn by
Nicolas Poussin (1594–1665). They are pastoral paintings which illustrate idealized
shepherds clustering around an austere tomb (See Figure 4.4).
Furthermore, during that century Arcadia was later considered as a land of outstanding
natural beauty unspoiled by human civilization, free of war and pain, and offering
boundless pleasures both spiritual and physical (See Figure 4.4). The inhabitants were
strongly regarded as being able to live close to nature at a higher level of civilization, after
the manner of the Golden Age4 yet without the pride and avarice that corrupted other
regions. And all other nations seemed to have less pleasant lives because they allowed
themselves to depart from the original simplicity.
D. The 18th ~19th century
For the period of these two centuries, the artists, painters and writers still looked more to
natural beauty and to the fullness of the countryside (Dennis Hardy and Colin Ward, 1984);
as in Abraham Cowley’s ‘The Wish’ (Williams Raymond, 1973):
Oh Fields! Oh Woods! When, when shall I be made
The happy Tenant of your Shade?
Henry David, a famous writer, spent more than two years living by himself in the forest.
He enjoyed himself in the natural landscape with a lot of forests, lakes and wild animals.
We can see his happiness from what he wrote in his book “Walden” (Henry David
Thoreau, 1898):

Golden age: It refers to the highest age in the Greek spectrum of Iron, Bronze, Silver and Golden ages, or to a time in the beginnings of
Humanity which was perceived as an ideal state, or utopia, when mankind was pure and immortal.
4
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Let us spend one day as deliberately as Nature, and not be thrown off the track by every
nutshell and mosquito’s wing that falls on the rails. Let us rise early and fast, or breakfast,
gently and without perturbation; let company come and let company go, let the bells ring and
the children cry, ‐‐‐determined to make a day of it.
Especially after the 18th century, Arcadia, as
an ideal landscape, became something to
admire and discover. Architects also had
joined the ranks of so‐called ‘pastoralists’,
creating and exploiting natural scenery in
pursuance of extravagant backcloths for
new country houses (Dennis Hardy and
Colin Ward, 1984). The Arcadian concept
gradually became the design tool used by
the landscape architects in order to express
their appreciation for this kind of ideal
lifestyle.

Fig. 4.5 In Arcadia ( Friedrich August von Kaulbach,1850‐1920)

E. Arcadian landscape ‐‐‐Modern usage in the 20th century
After the writers, poets, painters and musicians have revisited and given more imaginary
meaning to the theme of Arcadia concept. Arcadia, the mountainous area glimpsed on the
other side of the Isthmus from the slopes of Parnassus5, has been recognized as the ideal of
a simple rural/pastoral life, with its inhabitants living on the land and celebrating nature.
Currently the landscape architects just want to create and exploit this type of natural
scenery in the countryside. This is because, by the turn of the century, a lot of people
sought to leave the city and go to the countryside, which might provide them a simple and
natural life.
This feeling is powerful enough to attract people to go to the Arcadian countryside with
dense woodlands and marshes, gentle hills and quiet river valleys. Dennis Hardy and
Colin Ward clearly explained which kind of Arcadian landscape is expected by people
nowadays: “Remembering the wild fruits picked in summer, and the children collecting fresh milk
from nearby farms.” (Dennis Hardy and Colin Ward, 1984).
Therefore we can clearly recognize that the Arcadian image is representing the picture of
an ideal natural countryside during the 20th century.

5

Parnassus: The name of place.
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4.1.2.3 Historical development of Arcadian image
Through all the centuries, people’s desire for an Arcadian landscape has changed due to all
kinds of social factors. After checking all the relevant literature (novels, poems and
paintings, etc), we notice a very clear historical development of the Arcadian image (See
figure 4.6):

Fig. 4.6 Historical development line of Arcadian image

4.2 Chinese Philosophy
4.2.1 Tao De Ching & its thoughts
Until now, Taoist philosophy has been continuously taught and introduced in Chinese
people’s daily life. This philosophy is frequently reflected in Chinese architecture and
garden styles. Chinese architects and landscape architects always need to consider Taoism
as providing the important principles in their designs, so that the public can fully accept
their work. The section that follows is a broad introduction to Taoism, Feng Shui, and its
principles.
4.2.1.1 Taoism
“The founder of Tao is…” is Lao‐Tse (604‐531BC)…” And Taoism has been further developed
for more than 250 years. The main idea of Taoism is “harmony with nature”. According to
Stephan D.R. Feuchtwang, who has written “An anthropological analysis of Chinese
geomancy”, “Throughout heaven and earth there is Li and there is Chi. Li is the Tao (organizing)
all forms from above, and the root from which all things are produced. Chi is the instrument
(composing) all forms from below, and the tools and raw material with which all things are made.
Thus men and all other things must receive this Li at the moment of their coming into being, and
thus get their specific nature, so also they must receive this Chi and thus get their form. ” Stephen
also described the relationship of Tao, Chi, Ying and Yang as follows in his book (Stephan
D.R. Feuchtwang, 1982): “Tao has been described as ‘the structure of being that underlies the
universe.’ …In the Taoist vision of Cosmogenesis, there was first the Tao, empty and still. Then
gradually, primary energy (Yuan Chi) was spontaneously generated out of the Tao. For many
cosmic eons this numinous energy swirled in a state of Chaos known as hundun. The Tao then
generated the complementary forces known as yin and yang. ”
Based on this theory, Chi generated out of Tao and consists of Yin and Yang energy that
can change Hundun (Chaos) into balance. The balance of Yin and Yang sustains the whole
universe in a state of constant equilibrium. Finally it forms the harmonious relationship
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between heaven, earth and humanity. Thus Tao is a philosophy that seeks harmony and
nature. So Chi, Yin and Yang, Trinity (Heaven, earth and humanity) are important aspects
of Taoism as a whole (See Figure 4.7, Liyan Yin, 2005).

Fig. 4.7 Taoist thought (Liyan Yin, 2005)

4.2.1.2 Taoist thoughts
According to Lao‐Tse6, the author of “Tao De Ching”, “Men is derived from nature, nature is
derived from Heaven, Heaven is derived from Dao.” Here Lao‐Tse put forward his opinion that
the people should have harmony with nature in order to seek the best kin between their
living and nature. At the same time, Lao‐Tse also clearly explained in this book how people
can get harmony with nature, if they want it. “For a dwelling it chooses the quiet meadow, for a
heart circling eddy.” From this sentence, we realize that Lao‐Tse actively encouraged people
to return to the simple way of living with nature. Then they will not be bound by strict
rules made by the governors. Finally, their life can become very simple and relaxing, just
like life in heaven, which has a similar description to the Arcadian landscape.
Furthermore, Lao‐Tse also described his advanced thought as follows:
“Therefore the wise man attends to the inner significance of things and does not concern
himself with outward appearances. Therefore he ignores matter and seeks the spirit”.
“All things are in process, rising and returning. Plants come to blossom, but only to return to
the root. Returning to the root is like seeking tranquillity; it is moving towards its destiny. To
move towards destiny is like eternity, to know eternity is enlightenment, and to not recognize
brings disorder and evil. Knowing eternity makes one comprehensive, comprehension makes
one broadminded; breadth of vision brings nobility, and nobility is like heaven. ”
Lao‐Tse suggests that even the governors should not concern themselves with outward
appearances and should try to seek a simple and peaceful life.
According to what Lao‐Tse has written in his book, we see that there are so many
similarities between his thoughts and western thoughts. They all hope that the people can
return to live in the simple but fantastic world, without war, conflicts and disasters.

6

Lao‐Tse: A famous philosopher in 604‐531BC
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4.2.2 Chinese Feng Shui theory & its importance
4.2.2.1 Feng Shui theory
Feng Shui comes from Tao. We can look at Feng Shui theory as applied science. Needham
has explained when Feng Shui theory was generated, “The concept and practice of Feng
Shui can be dated back as early as the fourth century BC, and consolidation of the system is
believed to have taken place in the third and fourth century AD (Joseph Needham, 1956 ).”
The term Feng Shui, literally meaning wind and water, is an old Chinese art and science.
Feng Shui not only explains the relationship between people and their environment
(heaven and earth), but it also provides a way of making a good dwelling for the Chinese
people. Above all, this theory helps the Chinese people to order the natural environment
and society, and it facilitates the need for place identity. (Liyan Yin, 2005) Sang Hae Lee
provided the best definition of Feng Shui theory:
Fengshui is “Chinese traditional architectural theory for selecting a favourable site for
dwelling, both for the living and the dead, and for deciding important matters when planning
a dwelling”
Hereby in this thesis I want to emphasize the essence of the Chinese traditional thought
about landscape design. Although western styles have dramatically competed with old
Chinese garden styles in China, Feng Shui theory is still the basic idea of Chinese landscape
design. It helps Chinese people locate and orient dwellings, possessions, and landscaping.
4.2.2.2 The importance of Feng Shui theory for Chinese people
A. Part of Chinese culture
The Feng Shui theory is a Chinese integrated theory of ideas and beliefs about the world. It
represents Chinese forms of thought and life; harmony with nature. It also describes the
Chinese system of perceiving and organizing physical phenomena, and reveals the way in
which those elements are structured in the minds of the Chinese. So, Feng Shui theory is an
important part of Chinese culture and it is a particular way of instruction in Chinese
landscape design (LiYan Yin, 2006). Although technology is getting more and more
advanced, Chinese people still have their original characteristic forms of thought and life,
and they want to have harmony with nature. So, the manipulation of Feng Shui principles
into the plan of a dwelling can help contemporary Chinese to create the ideal living
environment, which is harmonized with nature.
B. Flexibility and Longevity
Feng Shui theory includes important principles of Chinese landscape and guides the
design practice. It adjusts to various situations, which correlates to the site. For example,
the site condition, topography, wind direction, dwelling form and orientation,
organizational pattern of dwelling elements, and such factors must all be considered
synthetically before construction of a Chinese landscape (Liyan Yin, 2005).
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C. With scientific and ecological aspects
Some people have thought that Feng Shui theory is just the thoughts of nature from
Chinese ancestors. However, Feng Shui can also be interpreted from contemporary
scientific and ecological aspects as well.
For example, the ideal Feng Shui site is often described as the protective “armchair” hill
formation, based on the theory. The house is located on a southern slope and faces south;
this theory has been also improved by scientists. According to the Feng Shui theory, the
benefits are listed below:
‐Sun: A south‐facing situation receives the sunlight better. Despite climatic differences
from one region to another, the common concern is to receive the maximum amount of
sunshine in winter and to be protected from it in summer. In the continental climate of
China direct southern sunlight makes this result possible. Sang Hae Lee states that: “The
north side of a mountain is dark and windy, while the south side is sunny and calm. In the same
way, it is believed by the Chinese that facing east brings the rising sun to the house, while a house
facing west receives the unpleasant glare of the setting sun.” (Sang Hae Lee, 1986).
‐Wind: In general an auspicious site is surrounded by three sides: left (East), right (West),
back (North) and with an open space‐watercourse in front (South). In China, “The wind
during the winter usually comes from the northeast, while the summer wind is from
southwest. It is believed that both bring unpleasant and offensive circumstances to the
house, such as chilly air or filthy odours.” As a result, with the form of embracing the Feng
Shui spot, the site will benefit from warm, wet winds and be protected from cold winter
winds.
‐View: A situation on a slope and with an unrestricted view is also a benefit for Feng Shui.
Primitive Chinese knew that they should live within a safe, convenient, and particular
territory. The situation on a hillside with protection, convenient water supply, and an
unrestricted view are the favourable factors for them to choose their territory.
Besides the above benefits the best Feng Shui sites are also the most beautiful, hygienic,
and natural.
From this, we conclude that the Feng Shui site is a practical result proved by scientific
analysis. People use those aspects to be incorporated into the plan for functions of
dwellings or even landscapes. They are the symbolic items of Feng Shui theory.
In short, Chinese philosophy such as Taoism and Feng Shui theory about Landscape
considers not only materials and western technologies, but also ideal beliefs about the
world (harmony with nature) (LiYan Yin, 2005).
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4.3 Conclusion
4.3.1 “Ideal Arcadian concept “ Model
If we explain the ideal Arcadian concept in a simple way, it comprises four important
elements: Forest and Mountains (Untouched landscape), and Pasture and People (Simple
and independent life). These elements altogether compose the ideal Arcadian Landscape
under the people’s imagination (See Figure 4.8).

Fig. 4.8 Ideal Arcadian landscape concept

However, an ideal Arcadian landscape, which shows a romantic isolated world, has been
beautified by previous painters, poets and writers. The reason why they indulged in
writing about Arcadia is that they dreamed of a simple, free, and natural life without
fighting, conflicts and wars. So, they expressed their wish of simple life through illustrating
or drawing an ideal, romantic Arcadian landscape.
4.3.2 Practical problems
There are two big practical problems if we apply this ideal Arcadian concept in Shanghai.
We should realize that this ideal Arcadian landscape is not as perfect as the poets have
expressed. To imagine the life of those inhabitants, they discerned nothing outside their
world, and could not get any help when they had natural disasters or were ill. If we
consider the situation today, it is also impossible to create this ideal Arcadian landscape
because of present advanced transportation and technology. However, it doesn’t mean that
this kind of ideal landscape absolutely cannot be introduced in the current world. We just
need to make this romantic Arcadian landscape more realistic and integrated into Chinese
culture, to create a new applicable concept.
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After having given all the detailed explanation of the western concepts (Autarkic living
and Arcadian Landscape), and Chinese philosophy and thoughts (Taoism and Feng Shui
theory), we see that there are many similarities between western and eastern philosophy.
Hereby I conclude three common aspects based on the research above:
A. Simplicity
According to the Arcadian concept and the Chinese Taoist thought, they all propose that
people have a simple but pleasant life.
B. Harmony with nature
The western and eastern ancestors really promote that people should get in harmony with
nature. They imagined an ideal natural place which should be a purer way of life, rooted in
a natural setting with abundant vegetation. It is a fantasy of gentle scenery, of mellow
farms and villages, and of beautiful people filled with love.
C. Being independent
If people would like to live in this kind of ideal Arcadian landscape, it means that
everything (energy, food, and water, etc) should be supported from their own land.
Otherwise it will not be called an ideal “Autarkadian” landscape (See Figure 4.9).

Fig. 4.9 Ideal Chinese Autarkadian landscape

This model helps us realize how we can build such a fantastic “Autarkadian” landscape in
Shanghai. Although this ideal landscape is not so realistic, it is now more and more
appreciated by many Chinese people. They would like to leave the crowded city, go to this
“Autarkadian” place, and enjoy the simplicity and quietness of nature. So as we are
Chinese landscape architects, we should have the capability to make Chinese people’s
dream a reality.
What’s more, in my thesis research I will also apply a sustainable energy system in Jinze,
Shanghai. It is not practical to just roughly put these two concepts together. It appears that
generative design principles, which will be explained in the next chapter, can help me
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make the final applicable concept by linking the “Ideal Chinese Autarkadian” concept with
a renewable energy system in the best way (See Figure 4.10).

Fig. 4. 10 Final applicable concept
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Chapter 5 Regenerative design strategies
Due to rapid resource (oil and natural gas) depletion and environmental degradation
(climate change), the phrase of sustainable development came into widespread use in the
80s of the last century. As the environmental problems are getting more obvious, the word
of “sustainable” is supposed to be profound in the future. Based on the proposals on
sustainable development written by World Commission on Environment and
Development (WCED), “sustainable development” is defined as “development that meets
the needs of the present without compromising the ability of the future generations to meet
its own needs” (WCED, 1987; p. 43). The essence of sustainable development is a stable
relationship between human activities and the natural world, which will not diminish the
prospects for future generations to enjoy a quality of life at least as good as our own (See
Figure 5.1). Therefore it means that living in the interest of the natural system rather than
only on capital. Sustainable development is maintaining a delicate balance between the
human need to improve lifestyles and the feeling of well‐being on one hand, and, on the
other hand, preserving natural resources and ecosystems, on which current and future
generations depend.

Figure 5.1 Sustainable balance model (GDRC, 2007)

As John Tillman Lyle has pointed out, our ecological understanding developed over the
last few decades makes it clear that we can only meet the needs of humans in an
environment where the needs of other species are also met. This requires maintaining the
integrity of nature’s life‐support processes. In this case, maintaining does not mean simply
preserving. Development implies changes – specifically modifying and adapting the
landscape for human purposes.(John Tillman Lyle, 1994) So whether we are fond of the
choice of “sustainable development” or not, a significant level of development, which
might change the global landscape, will be necessary to meet the needs of the world’s
growing population and to remedy present imbalances.
5.1 Present changes
While we are proud of the dam, the skyscrapers and the long concrete ribbon of the Los
Angeles Aqueduct, we didn’t realize that human ingenuity is hastily and heavily
destroying the balance between humans and natural ecosystem (See Figure 5.2). “In search
of comfort, convenience, and material wealth, we have begun to sacrifice not only your
own health, but also the health of all species. We are starting to exhaust the capacity of the
very systems that sustain us, and now we must deal with the consequences (John Tillman
Lyle, 1994).” Since the human need to improve lifestyles is continuously increasing, we
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have ignored the chance to preserve, or even destroyed, natural resources and ecosystems,
on which we and future generations depend. According to the data provided by WRI
(World Resource Institute, 1988), by 1988, source landscapes – including agricultural and
grazing lands, oil fields, mines, production forests, water sheds, and a variety of other
lands from which materials are taken to supply the consumption centres – covered about
61 percent of the world’s land area (WRI and International Institute for Environment and
Development, 1988)

Figure 5.2 Imbalance model

5.1.1 Climate change
Since the Industrial Revolution (around 1750), human activities have substantially added to
the amount of heat‐trapping greenhouse gases in the atmosphere. The continuous burning
of fossil fuels, natural gas, and extensive biomass (living matter such as vegetation) has
also resulted in emissions of aerosols that absorb and emit heat and reflect light.
The addition of greenhouse gases and aerosols has changed the composition of the
atmosphere. The changes in the atmosphere have likely influenced temperature,
precipitation, storms, and the sea level (See Figure 5.3). Furthermore, it will be a big
challenge for the new generations to deal with the climate change (U.S. Environmental
Protection Agency, 2007). So what we have done is not only heavily affecting our living
environment, but it is also bringing trouble to the next generations.
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Figure 5.3 Sea level Rising table, (Australian Bureau of Meteorology, 2007)

5.1.2 Environmental change
By the 1960s, those ecological dysfunctions were beginning to gain our attention, and
environmental activities began to make themselves known. Nevertheless, despite
enormous effort by all kinds of activists groups and agencies, overall environmental
quality in the world has not dramatically improved since 1970 (John Tillman Lyle, 1994).
While we can declare that there have been some significant improvements, in other ways
the situation has gotten worse. So globally, the whole environmental situation is
considerably getting much worse with respect to air, soil, and water quality. Three main
problems derived from John Tillman Lyle are listed below:
•

Soil degradation: Human use has reduced about 11% of the world’s best agricultural
soils to a badly degraded state over the past half century, mostly during the last 20
years (Olderman L.R.et al., 1990).

•

Water pollution: Ground water has declined significantly, especially in agricultural
regions (Frederick Douglas D., 1991).
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•

Deforestation: Also each year, more than 180,000 square kilometers of tropical forest
are cleared for unsustainable development (IUCN et al., 1991).

5.2 The cause of these changes
In most places of the world where nature evolved to a level of infinite diversity, humans
have designed readily manageable uniformity. And most importantly, humans have
replaced nature’s endless cycling and recycling of materials, processes at the core of the
earth’s operating system, with an encompassing system of one‐way

Figure. 5.4 One way energy flow (John Tillman Lyle, 1994)

flows, moving the materials that support life in vast quantities from sources (farms, mines,
forests and oilfields etc) through consumption of air, water and land (John Tillman Lyle,
1994; See Figure 5.4).
Nevertheless, this one‐way flow induces very heavy impacts on the climate and the
environment over the whole earth. All of these impacts may bring us to experience various
drastic disasters which can include an large number of human deaths and vast economic
damage. For example, in a lot of developing countries, a large amount of waste is never
reused or recycled, and it is just thrown into the river and fields or buried under the
ground. Many human activities that reduce the size of previously large landscape mosaics,
habitat patches, or species populations, however, increase the chances that these same
unpredictable events will lead to local, regional, or global extinctions.
5.3 A considerable solution‐‐‐ Regenerative design
Now we live in the unsustainable world with massive roads, cities, and farms, which
people have been designing for themselves over the last few millennia. And most of
available earth surface is already in human use. Inevitable levels of population growth
mean that even more of it will be modified and exploited over the next few decades.
Therefore this unsustainable condition threatens the world gradually into an unsolvable
situation. Because at present, we are still simply spending Earth’s capital provided by the
earth, drawing it down to dangerously low levels, decreasing the ability of remaining
ecosystems to assimilate ever‐increasing quantities of waste. (Sim van de Rijn, 1995)
In order to protect large areas of the global landscape from development and to preserve
their natural state, we absolutely need to acquire the most effective strategy to interweave
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humans and nature. The developed landscape has to be designed to provide ongoing
supplies of energy and materials for habitat, daily living, and economic activities. As
undisturbed nature provides us the best source of how the natural processes work, the
supply systems for energy and materials should be continually self‐renewing. This means
that the supply system must be regenerative because sustainability requires ongoing
regeneration.

Figure 5.5 Regenerative environment makes balance

So thinking from an ecological/regenerative perspective about design is a top solution for
strengthening the link between nature and human development. Sim van de Rijn (1995)
defined ecological/regenerative design as “any form of design that minimizes
environmentally destructive impacts by integrating itself with living processes.” Adding
the definition of regenerative design given by John Tillman Lyle to it, he stated
“regenerative design means replacing the present linear system of throughput flows with
cyclical flows at sources, consumption centers, and sinks.” By comparing and combining
these two definitions, regenerative design maybe be said to shape space ecologically
through regenerative environment which integrates human structures with protections of
nature resources (Spirn Anne Whiston, 1984; See Figure 5.5).
In other words, if we as landscape architects are encouraged to think about our design in
an ecological way, it can definitely help us remake the balance between human structures
and natural resources. Because regenerative design implies that it keeps species diverse,
minimizes resource depletion, preserves nutrient and water cycles, maintains habitat
quality, and attends to all the other preconditions of human and ecosystem health, and
provides continuous replacement, through its own functional processes, of the energy and
materials used in its operation (Sim van de Rijn, 1995).
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5.3.1 Regenerative design strategies
As we know, one of the most significant shifts in the theoretical orientation of the discipline
over the past fifty years has been the developments of concepts of “ecological” and
“sustainable” design. Normally speaking, sustainability is based on the consequence of
ecological design. Some scientists characterize the aim of ecological/regenerative design as
ecological sustainability. In the opinion of Wilson, ecological sustainability, “is the task of
finding alternatives to the practices that got us into trouble in the first place; it is necessary
to rethink agriculture, shelter, energy use, urban design, transportation, economics,
community patterns, resources use, forestry, the importance of wildness, and our central
values” (Edward O. Wilson, 1992; P.144).
Ecological/regenerative design can provide a coherent framework for designing our
landscapes, buildings, cities, and systems of energy, water, food, manufacturing and waste.
As Sim van Der Rijn claims: “Regenerative design is simply the effective adaptation to and
integration with natural process”. The reason for that is regenerative design follows the
same principles of how natural processes work. To put it more simply, in order to be
sustainable, any form of design must be done in an ecological and renewable way.
If we want to create ecologically and renewably inspired landscapes, the following strategies,
which are listed below, should be observed (See Figure 5.6):

Figure 5.6 Regenerative design strategies (Alan Ruff, 1982; Pete Melby & Tom Cathcart, 2002 )

5.3.1.1 Be ecological
Ecology, with a body of theory developed over a century, focuses on “interactions among
organisms and the environment” (Eugene Odum, 1971). For instance, it can be referred to
ecological processes, such as succession and water flow; or biodiversity, including rare
species, fish, and wildlife populations; and landscape elements, such as wetlands and
stream/riparian corridors. Thus the science of ecology is especially promising as a core
foundation of design and planning, including the stated interest in stewardship of natural
resources (Lan McHarg, 1969).
To merge the human development with nature, we must understand the existence of an
ecosystem, the working process, and the relationship with human beings. In the book
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Fundamentals of Ecology written by Eugene Odum “any area of nature that includes living
organisms and non‐living substances interacting to produce an exchange of materials
between the living and nonliving parts is an ecological system or ecosystem.” It constitutes
four interacting components, which make nature proceed (Eugene Odum, 1971).
•
•
•
•

Compounds in the environment, both organic and inorganic
Producing organisms, usually plants, that make food from inorganic compounds
Consuming organisms, usually animals, that eat plants or other animals
Decomposing organisms, usually bacteria and fungi, that break down compounds and release
minerals by the producers

Three examples of ecosystem given by Pete Melby and Tom Cathcart (2002) can let us
better understand what an ecosystem is.
Table 5.1 Pond & Forest & Grassland Ecosystem (Pete Melby & Tom Cathcart, 2002)

Pond
1. it contains plants, animals, water, and mud
Ecosystem 2. Ecosystem:

1. It contains overstory (hardwood plants); understory (small trees,
shrubs, and forbs)
Forest
ecosystem 2. Ecosystem:

Grassland 1. It contains all kinds of grass
ecosystem 2. Ecosystem:

As what Sim van de Rijn and Stuart Cowan (1996) said, nature is more that a bank of
resources to draw on, it is the best model we have for all the design problems we face.
Ecological/regenerative design provides the key strategies for redesigning our landscapes
in a regenerative way.
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A. Let nature do the work
The physical and biological factors of the site should determine the ultimate design rather
than man and his technical muscle. (Alan Ruff, 1982) It means that we need to attempt to
keep the existing natural process and cycles on the local site, or even restore them where
they are absent when it is necessary.
John Tillman Lyle (1994) again stated, “virtually all of the human life‐support functions
dealing with energy, shelter, water, food, and waste are performed in undisturbed nature
by the highly evolved natural processes of conversion, distribution, filtration, assimilation
and storage. Replacing these with engineered processes relying heavily on hardware and
fossil fuels is a costly habit, both in terms of money and environmental disruption”. He
argued that we should follow the principles of nature that keeps the life on earth
sustainable. For example, organic agriculture, which forbids fertilizers and herbicides, is
widely promoted nowadays in order to protect the whole soil ecosystem; the use of
landforms to guide and absorb the flow of runoff water (in preference to pipes and
concrete channels); the use of trees to control urban microclimates (in preference to
mechanical heating and air conditioning), and so forth.
B. Considering nature as both model and context
When we develop the landscape for human purposes, whether by minor alteration or
reconstruction, the larger landscape and ecosystem becomes a part of the operational and
visual context (John Tillman Lyle, 1994). Maintaining and re‐establishing continuity and
connections is important. For example, emphasizing water efficiency, especially water
reuse and recycling, applying a sustainable agricultural system, and creating a natural
wetland.
C. Aggregating, not isolating functions
The basic concept is an aggregate of functions that are usually isolated; these include
energy generation, shelter, water management, food production, and waste recycling. All
of these functions are interactive, each in equilibrium with the others and serving the
others.
D. Managing storage as a key to sustainability
All nature processes have their storages: groundwater basins for water; the atmosphere for
oxygen, nitrogen, and other gases; trees for biomass; and fatty tissue for animal energy.
Storage lies also at the core of regenerative systems. Maintaining
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Figure 5.7 The coastline of Britain at successive scales of magnification
(Sim van der Rijn & Stuart Cowan, 1996)

adequate storage and balancing the rate of replenishment with the rate of use are
important keys to sustainability. Therefore runoff water storage, food storage, heat storage
provided by thermal‐mass materials must also occupy our attention (John Tillman Lyle,
1994).
E. Enrichment through complexity
A varied topography and biological structure should be sought in order to avoid
monocultures and uniformity (Alan Ruff, 1982). The natural surface which was
undisturbed by human being is undoubtedly irregular. We have changed this irregular
surface into a uniform landscape.
However, this can be brought back by creating an artificially irregular surface, or develop a
diverse structure with natural edges and layers. A perfect example is provided by Lewis
Richardson (Sim van der Rijn & Stuart Cowan, 1996), who found out that the straight
stretch of coastline in his original mind would resolve itself into a series of coves, bays,
headlands, and peninsulas on a finer map (See Figure 5.7).
Furthermore, we ought to design a comfortable microclimate where a variety of plants and
animals can settle down. For examples, if a new forest is built, it is supposed to include all
sorts of trees such as arbours, shrubs, vines and so on. Besides that, it is important that
open space is not dominated by visual aesthetics, which in the past have been an ecological
robber, denying enjoyment of the senses – taste, smell, touch, and hearing – that are so
much a part of the natural world. Alan Ruff clearly explained how to appreciate the natural
world. We should enjoy all of the senses of the natural world.
F. The landscape as a process
There should be no preconceived idea of the final solution, but instead it should be a
structure that is capable of responding to changing social needs and bio‐logical
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requirements. “Landscape,” according to John Tillman Lyle (1994), includes all life and
non‐living materials within and on the land, both natural and human, invisible processes
and visible forms, buildings, roads and whatever else humans or others may have put
there. In the present time, not only the landscape which we designed should be maintained
in the ecological way, but also the creative design and management can make sure that the
landscape can be regenerated and open to the new development.
Process of regeneration
In nature, species perform consistent sets of activities or processes in order to maintain
their existence. These processes enable the natural ecological system to sustain itself
through regeneration. Although human development inevitably affects the natural
working process, it is possible to integrate human development into their working order,
and thus to retain their essential operational integrity and their capacity for regeneration
(Pete Melby & Tom Cathcart, 2002).
The regenerative capacities of the landscape lie largely in five basic phases of ecosystem
functioning: conversion, distribution, filtration, assimilation, and storage (See Figure 5.8).

Figure 5.8 Natural energy flow

Conversion: In photosynthesis, solar rays become life. After arriving at the earth’s surface,
the radiant energy of the sun goes through a series of conversions – from plant biomass to
heat in various forms – before eventually being dissipated back into space. Through this
complex series of conversions, it supports life.
Distribution: In order for energy and materials to reach the innumerable members of an
ecological community spread over the landscape means of distribution are needed. For
example, the distribution of patterns of winds cover the earth, and water itself is first
distributed in the atmosphere by the wind. Nature (wind, water and travelling animals)
provides its own way for distributing the energy and material in the ecosystem. However,
human transportation systems have totally influenced this natural system.
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Filtration: As air and water flow over and through the landscape, plants and soil act as
filters, removing materials that have been dissolved or otherwise taken up and carried
along. For instance, the leaves of a tree, in effect, cleanse the air as it moves through them.
Assimilation: Everything produced in the landscape returns to the landscape, such as
waste.
Storage: In making their way through the ongoing cycles, materials are held inactive at
some points awaiting eventual reuse. For example, water can be stored in lakes and ponds
(John Tillman Lyle, 1994).
G. Involvement of the users
The open space should not be the sole responsibility of an individual designer, but the
result of joint discussion with the public who will use it (Alan Ruff, 1982). As the local user
will live with the landscape designed by the landscape designers, we have the
responsibility of creating a greater opportunity for all to enjoy the new landscape.
H. The natural landscape outside the front door
The natural landscape can serve a whole range of important functions in the home
environment – creation of privacy, physical comfort, etc. (Alan Ruff, 1982). It can be used
for a children’s playground, where they can play football, volleyball, basketball, and so on.
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5.3.1.2 Be renewable
John Dewey (2004) observed that “the most notable distinction between living and
inanimate things is that the former maintain themselves by renewal”. Regeneration has to
do with rebirth of life itself, thus giving hope for the future. The living here on earth are
heavily weakened and threatened by degenerative practices. It will take a long, difficult
time to reverse the degenerative trend and to form the regenerative systems. If we are
willing to change our degenerative system into renewable, the following principles
provided by John are needed to follow.
A. Minimize energy consumption
This means minimizing the use of fossil fuels and non‐renewable resources except where
future reuse or recycling is possible and likely (Alan Ruff, 1982). This can be achieved
initially by using locally available regional building materials and resources. For example,
a lot of landscape architects pay attention to the ecological design of energy‐saving houses,
such as sufficiently using solar energy or biomass to save the energy and have a natural
surrounding (See Appendix 4). In the future, some scientists predict that the use of biomass
systems for heating and forest farming for food production will be given more attention.
B. Using renewable energy resources within their capacity for renewal
All kinds of renewable energy technologies have been developed are quite impressive, and
many western countries, such as Denmark, the Netherlands and Germany are promoting
and starting to widely apply them. By promoting and using these renewable energy
resources within their capacity, our ecosystem, which has been heavily destroyed, can be
returned to an ecological balance.
C. Shaping form to guide energy flow
As John Tillman Lyle (1994) stated: “flow follows form follow flow.” Energy flows is
determined by the medium of environment. By shaping the environment, we can also
guide the energy flow. For example, inducing flows of warm and cool air through
buildings for heating and cooling. The form of the building and the location of openings
within the form guide the movement of air.
D. Reuse and recycle the waste
The rapid growth in population brings an enormous amount of waste into this world.
These waste materials have created some serious problems like soil degradation as well as
water and air pollution. However, experts have found the best solution to reassimilate this
waste by producing electricity without any damage for the environment.
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E. Use local energy resources
As our current transportation methods still use fossil fuels, it would be better to reduce the
number of vehicles and make the best use of local renewable energy resources, such as
biofuel, in order to reduce the pollution of CO2 emission. Solar, wind, and biomass energy
all can be chosen to produce enough energy demanded by the local inhabitants.
5.3.2 Regenerative design technologies
In the current world, it is almost impossible for us to live without those advanced
technologies. Whether we can attain sustainable development or not depends on how we
operate those technologies. Pete and Tom have advised how we are able to apply the
technologies in the sustainable way. When the technologies that support human
developments have the ability to occur over and over without using non‐renewable
resources, it is said to be regenerative. There are many examples of regenerative
technologies: storing rainwater in cisterns; using constructed wetlands for sewage
treatment; applying sewage effluent (the liquid part) and biosolids (the solid part) on land
for plant growth; using solar collectors for heating water and photovoltaic for making
electricity; designing shelters that use thermal mass for heat storage; optimising solar heat
gain in the heating season; and minimizing solar heat gain during the cooling season.
Nowadays there are agricultural systems that mimic natural ecosystems and merge with
their surrounding landscapes as well. There are new kinds of industrial systems in which
the waste streams from one process are designed to be useful inputs to the next, thus
minimizing pollution. There are new kinds of non‐toxic paints, glues, and oils. But all of
these regenerative technologies use renewable energy sources, such as sun, wind, soil,
water, plants and animals, and insects, rather than depending heavily on non‐renewable
energy resources (Pete Melby & Tom Cathcart, 2002).
A good example of this approach is provided by an inbuilt design for Ojai Foundation
school by Sim van de Ryn & Associate. All possible regenerative technologies, such as
water collection and recycling, using solar energy and natural wind resources, were
properly designed and well combined in this project (See Figure 5.9).
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Figure 5.9 Special regenerative features of Ojai Foundation School
(Sim Van der Ryn & Associates, 1996)

5.4 Conclusion
Through being aware of how natural systems work, we can design human life support
systems without relying heavily on non‐renewable resources, and without creating wastes
that are not assimilated and reused. The natural ecosystem can become a model for
redevelopment processes on a new sustainable human natural ecological system. There
regenerative design approach will keep human landscapes healthy and productive,
without damaging and destroying the environment in which we live (Bart R. Johnson,
Kristina Hill, 2001).
My goal here is to create a sustainable Autarkic living and a simple but fantastic and
ecological Arcadian landscape. Regenerative design indeed can help me reach this goal.
After the literature research, I conclude that the proper regenerative design strategies can
make an Autarkadian landscape real. For example, building a variety of plantations,
wetlands, and organic grasslands are to be in an Arcadian landscape. Therefore, I listed
these regenerative design strategies for being Arcadian/ecological below:
The regenerative design strategies for being Autarkic:
• Minimize non‐renewable energy consumption
(e.g. Minimizing the consumptions of fuels and diesel )
• Using renewable energy sources within their capacity for renewal
(e.g. Especially overusing the biomass resources)
• Use local energy resources
(e.g. Making the best use of local abundant renewable energy resources)
• Shaping form to guide energy flow
(e.g. Building ecologically energy‐saving houses by guiding the natural energy flow)
• Reuse and recycle the waste
(e.g. Using the waste to produce the clean energy and fertilizers)
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The regenerative design strategies for being Arcadian:
• Enrich forest, more green areas
(e.g. Planting more forest which includes a variety of species; creating more wetland
landscape )
• Nature as a model and context
(e.g. Constructing the landscape based on natural forms; considering the ecosystem
as the only sustainable model)
• Sustainable agriculture system
(e.g. Organic agriculture)
• User’s enjoyment
(e.g. Many activities for the users)
• Aggregation of functions
(E.g. Good integration with the energy system, water management and healthy
food production)
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Figure 5.10 Regenerative strategies for creating an Autarkadian landscape
Regenerative design strategies can first create the Arcadian landscape on one hand, this landscape can also provide
more chances to make Autarkic life possible. In the end, a regenerative Autarkadian landscape will be created.

Without doubt, these design strategies can help me accomplish my goal to create an
Autarkadian energy landscape in Jinze area (See Figure 5.10). However, the strategies must
be later identified and flexibly applied in the design after properly analysing the practical
situation of Jinze.
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Chapter 6 The case study and design
In this section, Jinze is a chosen area for case study and design. As Jinze is a small
city located in the west of Shanghai, it is necessary to first overview the general
situation, especially regarding energy potential, of the whole region (Shanghai). Thus,
some information about the Shanghai region will be selected from chapter 2 and
described in this chapter again to make the storyline more clear. Later the regional
plan of Jinze area will be emphasized.
6.1 Preferred information of Shanghai region
Shanghai, which covers an area of 6340.5 square kilometers, is located in the
southeast of China (See Figure 6.1). It is bordered by the provinces of Zhejiang and
Jiangsu in the west, Hangzhou Bay in the South, and the East China Sea in the east.
As we know, the whole area of Shanghai has a huge population of 18,670,000 people
and the density is 2945 people/km2 (Shanghai government, 2007). In addition, there
are 12 districts in Shanghai (See Figure 6.2). Table 6.1 shows the comparison of
population, area and density between Shanghai, Jinze and Limburg in order to give
the readers clear background information.

China

Asia

Figure 6.1 Location of Shanghai
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Figure 6.2 Map of Shanghai (12 districts in Shanghai )

Additionally, Shanghai is a low, gentle alluvial plain with elevations generally 3 to 5
m. Most parts of the Shanghai area are flat except for a few hills lying in the
southwest corner. The highest point in Shanghai is only 103 meter (Duan Shaobo,
1989).
6.1.1 Landscape
Basically, there are three main landscape types, which are urban landscape, river
landscape and sandground landscape. The biggest part of the land is flat with a lot of
rivers and lakes. For the urban landscape, putuo, huangpu and xuhui are the three
big urban areas in Shanghai. They are connected by the inner ring road. The big
industrial areas are situated in the southeast of Shanghai (See Figure 6.3).

Figure 6.3 Landscape types of Shanghai
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6.1.2 Soil
As Shanghai is an alluvial plain of the Yangtze River Delta, four different types of
soils were formed. The whole area of Shanghai is covered with silt clay, sandy clay,
young clay and normal clay, which are very fertile. This is the reason why a large
amount of area has been used for agriculture, even though some parts have been
changed into urban areas (See Figure 6.4).

Figure 6.4 Soil types

6.1.3 Rainfall
The rainfall in Shanghai is uneven distributed. The city receives an average annual
rainfall of 1,100 millimeters (China Highlights Travel, 2007). However, rainfall is
concentrated from June and September. This brings the problems of flood in the
summer and water shortage in other seasons (See Figure 6.5).

Figure 6.6 Temperature

Figure 6.5 Rainfall
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6.1.4 Temperature
Shanghai has a humid subtropical climate, which is heavily influenced by the
monsoons. Temperature varies widely from ‐10oC to 41 oC. The average temperature
in Shanghai is 15.5oC. There is no big difference of temperature between the south
and north (See Figure 6.6)
However, in summer the temperature is sometimes as high as 40°C (104°F) in July
and August. In the hottest days, having an air‐conditioner is very necessary
(Shanghai Highlights, 2007).
6.1.5 Land use
Although the urban area is expanding, a large amount of the land is arable land used
for crops and vegetable production. Forests are rare in Shanghai, because Chinese
settlers have cleared the scrub forest in the Shanghai area for 6,000 years (Duan
Shaobo, 1989).
6.2 Energy & Food & Water demand
The center of Shanghai, which has a large population with high density, requires an
enormous amount of energy, food and water. On the contrary, small towns and
villages with fewer people in the suburban area consume less energy, food and water.
As a large amount of agricultural lands are available there, it is much easier to apply
renewable energy, organic food and clean water self‐supply systems in those areas.
6.3 Regional renewable energy potential
Based on the conclusion I have made in chapter 3, the potential for wind, solar,
geothermal and biomass energy resources are very high. Hereby I will only discuss
these four energy resources.
6.3.1 Wind energy
The average annual wind speed of the whole area is not high, only about 4‐4.5m/s. In
particular, the wind speed is very low around 3.3m/s in the urban area because of
windbreaks (Shtong, 2007). However, because the average wind speed is
considerable in the open water areas, there is great potential for offshore wind
turbines which can provide a large amount of electricity (AWEA, 1998). Additionally,
in suburban areas, the potential of applying middle and small‐scale wind turbines is
also great (See Figure 6.7).
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Figure 6.7 Average wind power density in China (Shtong, 2007)

6.3.2 Solar Energy
The average annual sun hours in Shanghai is 1934, and the annual solar energy is
5GJ/m2 (Shtong, 2007; See Figure 6.8). Compared to Limburg province in the
Netherlands, which has annual solar energy of 3.6GJ/ m2(Heijboer and Nellestijn,
2002), the potential for solar energy in Shanghai is much higher. South‐oriented roofs
and open agricultural fields are perfect places to combine solar energy systems and
solar PV, which can provide both heat and electricity.

Figure 6.8 Solar resource distribution in China (Shtong, 2007 )

6.3.3 Geothermal energy
Geothermal energy can provide heating and cooling for individual houses or even
big commercial areas. But the potential of geothermal energy is very low in Shanghai,
because it is only 24‐25 degrees (Quan longwei, 2006). Fortunately, we can apply the
new heat cold storage technology, because the summer in Shanghai is very warm
and the winter is very cold. Heat cold storage is a new technology that summer heat
can be stored in an Aquifer for use in winter heating. Winter cool can likewise be
stored for summer cooling (See Figure 6.9).
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Figure 6.9 Geothermal energy potential in Shanghai (Quan longwei, 2006)

6.3.4 Biomass energy
Finally, most of agricultural land in Shanghai is covered by fertile clay or sandy clay
soil, which can grow many energy crops. In suburban areas, there is high potential to
grow energy crops. All the waste, such as agricultural waste, municipal waste and
industrial waste, can also be reused to produce electricity, biofuel and biogas.
6.4 Case design ‐‐‐ Jinze
6.4.1 Why I chose Jinze?
After the above information is given, I would like to focus on the small town called
Jinze, which is located in the west of Shanghai. The reason why I chose Jinze is very
simple.
First, in the international conference of “Grounds for Change”, the Chinese team
showed the project of Jinze , which caught my attention.
Second, in accordance with the policy of Shanghai, the municipality of Jinze would
like to be the first one to develop multiple renewable energy systems.
Third, Jinze is located in the suburban area of Shanghai, and it also has rich water
and agricultural areas. Thus it is an ideal place to develop renewable energy.
Finally, Jinze town has a small population of 63,000 people and the density is 583
people/km2. In order to give you who don’t know anything about Jinze a clear
picture of this region, I would like to make the comparison of area, population and
density between Jinze and province of Limburg. Province of Limburg has a
population of 1,136,695 people and the density is 515 peope/km2 (CBS, 2005). If we
compare Jinze town with Limburg in the Netherlands, the population of Jinze is 17
times smaller than Limburg, but the density of both places is almost the same (See
Table 6.1).
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Generally speaking, the objective of this thesis is to provide the main strategies to
make Jinze a green Autarkadian landscape by 2020. If Jinze can approach this kind of
sustainable energy landscape, other areas with similar conditions can follow.
Table 6.1 The comparison of area, population, and density between Jinze and Limburg

Name
Shanghai
Jinze
Limburg

Area
6,340.5 km²
108 km²
2209km²

Population
18,670,000
65,000
1,136,695
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Density
2,945/km²
600/ km²
515/ km²
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6.4.2 Where is Jinze
Jinze is located in the west of Shanghai, and it is an area with a lot of lakes, canals
and rivers (See Fig. 6.9).

Shanghai

Qingpu district

Figure 6.10 Location of Jinze
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6.4.3 Problems classification
Before establishing the objectives, the problems of Jinze have to be classified. First of
all, as the population is growing, Jinze will demand more and more energy, food and
water (See Figure 6.12). Secondly, as a result of Jinze being far away from the city
center, the development of industry, agriculture and urban areas is relatively slow
compared to the city center. Thus, the average income of local people in Jinze is very
low, at only 5000 Yuan (See Figure 6.11). For example, the incomes of the inhabitants
is much lower than the inhabitants in the city center, but in Jinze they still pay the
same price for electricity, gas, fuel, food and water. In addition, forests and natural
areas are actually very few in Jinze because of less conservation. They only constitute
around 0.5% of the total land.

Figure 6.11 The average income of people in suburban
and urban area (Shanghai government, 2007)

Figure 6.12 Energy shortage in 2005 (Shanghai
government, 2007)

The estimation for energy demand
In recent times, the Shanghai local government is taking the problem of power
shortage seriously. The local government has set a target that renewable energy will
account for 20 percent of its overall energy production by 2020 (Energy daily, 2006).
The reasons why the Shanghai local government took this problem seriously are very
simple. First, the conventional energy resources are becoming more and more limited.
Second, the population in Shanghai is rapidly increasing.
In Jinze, the population has increased and will continue to increase. According to the
official report written by the Jinze municipality, by 2020 the estimated percentage of
population growth in Jinze is 1% (Jinze municipality, 2006). The population will
increase from 63, 000 to 70,000.
Furthermore, electricity, oil and gas consumption is also increasing rapidly. The
estimated percentages of annual growth of electricity, oil and gas consumption is
12%, 13%, 8% (Jinze municipality, 2006; See Table 6.2).
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Table 6.2 Energy demand in 2005 and 2020

2005
0.13TJ
0.06TJ
5TJ
5.2TJ

Electricity (increase rate per year: 12%)
Oil (increase rate per year: 13%)
Gas (increase rate per year: 8%)
Total

2020
1.7TJ
0.8TJ
60.1TJ
62.6TJ

If the population of Jinze in 2020 is 70,000 people, the total amount of energy
(electricity plus oil plus gas) consumption will be 62.6TJ.
With the aim becoming Autarkic, the annual production of energy, which comes
from renewable energy resources, has to be the same amount as 62.6TJ in 2020 .
The estimation for organic food demand
By 2020, the percentage of meat (Chicken, fish and shrimp) and vegetable demand
will increase about 14% (See Table 6.3). The demand for rice and pork will remain the
same. However, the percentage of rice demand will decrease by about 3% (CSH,
2007).
Table 6.3 Food demand in 2005 and 2020 (CSH, 2007)

Pork
Chicken
(14%)
Fish (14%)
Shrimp (14%)
Rice (‐3%)
Oil (0.1%)
Vegetables
(14%)
Total

2005

2005

2020

2020

(per person
per year)

(total consumption
of Jinze area:
63,000people)

(per person
per year)

(total consumption
of Jinze area:
70,000people)

20kg
7.3kg

3.7*106kg
0.5*106kg

20kg
10.8kg

3.7*106kg
0.8*106kg

10.4kg
1.5kg
223.5kg
9.3kg
223.5kg

0.7*106kg
0.1*106kg
15.6*106kg
0.6*106kg
15.6*106kg

15.5kg
2.2kg
219kg
10kg
246kg

1.1*106kg
0.2*106kg
15.3*106kg
0.7*106kg
17.2*106kg

495.5kg

37*106kg

523.5kg

39*106kg

The estimation for clean water demand
Although we have a huge problem of water deficiency at this moment, the
percentage of water demand will increase a lot, to around 86% by 2020 (Jinze
municipality, 2006; See Table 6.4).
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Table 6.4 water demand in 2005 and 2020 (Jinze municipality, 2006)

Drinking water
Water for
domestic use
Total

2005

2005

2020

(per person per year)

(total water
consumption of Jinze
area per year)

(total water consumption
of Jinze area per year)

548L
44,603L

27ML
2.8GL

38ML
3.1GL

45,151L

2.8GL

3.1GL

6.4.4 Objectives (in 2020)
After realizing the problems and estimating the energy, food and water demand, I set
up two simple objectives for Jinze by 2020. These two objectives are listed below:
1. Autarkic living
2. Arcadian Landscape (See Figure 6.13)
By achieving these two objectives, Jinze will turn out to be a fabulous and energetic
place which is more sustainable, green and peaceful.

Figure 6.13 Objectives: Autarkic living and Arcadian Landscape
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6.4.5 Concept
In order to reach the objectives of being Autarkic and Arcadian, regenerative design
strategy is the essential code we should follow. As Pete Melby and Tom Chahcart
point out: “The processes that make solar energy, water oxygen, and carbon dioxide
available are linked. Disrupting one process can have an impact on another because
the processes are regenerative (Pete Melby & Tom Chahcart, 2002).” Regenerative
design strategies can help us approach sustainability. In this thesis, the appropriate
regenerative design strategies are applied for creating an Autarkic and Arcadian
energy landscape in Jinze.
• Use multiple renewable energy resources
In order to minimize non‐renewable energy consumption, such as fuel and
diesel, we should be encouraged to use the energy resources that are
renewable (Pete Melby & Tom Chahcart, 2002). Many people doubt the
possibility of creating a sustainable and Autarkic landscape by only using
renewable energy resources (Wind, sun and geothermal energy). Here I want
to let them know that, at present, we have a lot of opportunities to make the
best use of renewable energy resources, including wind energy, solar energy,
biomass energy and geothermal energy etc. Jinze is a suburban area without
any renewable energy systems. Fortunately it has a lot of potential for
renewable energy. In addition, at this moment the municipality of Jinze is
willing to utilize local renewable energy resources. Therefore it is now time to
change from using conventional energies to renewable energies.
•

Reuse and recycle the waste
When a technology that sustains human development is used over and over
without using the non‐renewable resources, it is said to be regenerative (Pete
Melby& Tom Chahcart, 2002). With the aim of having an Autarkic living, we
should apply the regenerative technologies. One example of regenerative
technologies is to reuse and recycle the waste. Waste becomes a resource for
producing energy. Therefore, if the waste will be reused, it will help Jinze
become Autarkic and sustainable.

•

Shape good form to guide energy flow
Building energy‐saving houses is a good method to reduce energy
consumption (John Tillman Lyle, 1994). There are many examples that show
how to build this kind of energy‐saving house. For instance, we can use
double‐layer windows and sitting shelters with a south‐facing orientation, for
optimizing solar heat gain in the heating season and minimizing solar heat
gain during the cooling season. For the individual houses in Jinze, these are
the ideal models which can make the dream of having an Autarkic living a
possibility.
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•

Sustainable and multi‐functional land use
Except for the urban and water areas, the land needs to be used not only for
rice, vegetables and meat production, but also for solar PV farms, energy
crops, and forest plantation. The land must not only be used multi‐
functionally, but also sustainable. For example, energy crops need to be
rotated in different fields annually.
For that reason, the land of Jinze will be multi‐functionally used to produce
enough energy, food and water by itself in 2020.

•

Aggregation of functions
By 2020, energy systems, water management and healthy food production
will be well integrated with each other (John Tillman Lyle, 1994).

•

User’s enjoyment of the landscape
In 2020, not only will the inhabitants in Jinze certainly enjoy this Autarkaidan
landscape, but people who live in the city center, can also escape from the
crowded city and enjoy the fabulous suburban landscape in Jinze.

6.4.6 Analysis
Before starting the map analysis, I have made a diagram to show how the energy
potential is laid out. First, the analysis of land use, infrastructure, water structure,
and current and original water systems will be shown. Second, on the basis of the
available renewable energy resources, the potential for wind, heating & cooling, and
solar and biomass energy will be terminated. The final result is the whole energy
potential in Jinze, which will be presented (See Figure 6.14).

Figure 6.14 Energy potential diagram

6.4.6.1 Infrastructure
Figure 6.14 shows the infrastructure in Jinze, Shanghai. There are 8 elements, which
include cities (Historical city:1; Cities:3), towns, villages, industry areas, highways,
national roads, municipal roads and local paths (See Fig. 6.15).
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6.4.6.2 Water structure
In Jinze, there are four major water forms, including lakes, rivers, canals and
wetlands (See Fig. 6.16).
6.4.6.3Land use
Figure 6.16 shows that the land uses in Jinze are built‐up areas, agricultural areas,
fishery ponds and forests (See Fig. 6.17).
6.4.6.4Current water system
There are two kinds of water systems in Jinze: Fishery ponds and lakes (See Fig. 6.18).
6.4.6.5 Original water system
Since 1970, people in Jinze started to take the land from the lakes and changed it into
fishery ponds. Therefore, we can assume that all the current fishery ponds originally
come from lakes (See Fig. 6.19).

Figure 6.15 Infrastructure
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Figure 6.16 Water structure and cross sections of river & canal & wetland
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Figure 6.17 Land use types
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Figure 6.18 Current water system

Figure 6.19 Assumed original water system
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6.4.7 Renewable Energy section
6.4.7.1 Renewable Energy potential
According to the maps of renewable energy resources of Shanghai, I showed that
there are four major types of renewable energy potential in Jinze. These four
renewable energy resources are wind energy, heating and cooling storage, solar
energy, and biomass energy (including biomass waste energy).
Wind energy
The average wind speed in Jinze is about 4~4.5 m/s because Jinze is a suburban area.
During the whole year, the major wind comes from the southeast. Figure 6.20 shows
the wind energy potential in Jinze. In Jinze, there are many open water areas that
have a large potential for wind energy (See Figure 6.20). However, the wind turbines
can not be installed in the open water areas without restraint due to the noise.
Solar energy
In Shanghai, the annual solar energy is 5GJ/m2 (Shtong, 2004). There is great
potential for solar energy. In Jinze, we have many methods of making the best use of
this free energy. First, the south‐oriented houses with the sharp‐sloped roofs have
more potential for applying a combined solar energy system, a combination between
solar PV and solar thermal systems. Second, the solar street light can replace normal
street lights, which only consume conventional energy resources. Third, some part of
agricultural land can be converted into solar PV farms. Finally, the slopes of fishery
ponds are also the best places to install the solar PV systems (See Figure 6.21).
Heat cold energy
It is scientifically proven that ground water can store tremendous quantities of heat
and cold. Where aquifers exist, water is pumped directly from the aquifer to heat
exchangers or heat pumps in buildings. Energy is then recovered and used for
heating or cooling. The water can then be injected back into the aquifer to store for
later use (GeoEnergy Soltuions Inc, 2007).
Figure 6.22 shows heat cold energy potential in Jinze. There are five aquifers 300m
below the surface in Jinze. The geothermal warmth between 200m and 300m below
the surface is not high, at only 24‐25 degrees. However, this warmth is enough to be
explored for heating and cooling.
In Figure 6.22, it also shows that water areas can be used for heat pump and heat cold
storage. For agricultural land, there is more potential of heat cold energy storage.
For villages and small towns, it is necessary to install heat cold storage system, which
is the most efficient technology of supplying both heating and cooling. However, it is
difficult to implement a heat cold energy system because of the complicated
construction.
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Figure 6.20 Wind energy potential

Figure 6.21 Solar energy potential
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Figure 6.22 Heat cold storage/energy potential
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Biomass energy potential
A. Biomass waste and residues
Figure 6.23 shows the large potential of reusing organic waste and residues to
produce energy. Besides the municipal organic wastes, there are four other main
bioenergy resources: agricultural residues, forest residues, forage, and animal
manure.
B. Energy crops
Shanghai has a great climate ‐ it is perfect for growing many energy crops. In
addition, about 30% of the land will be used for agriculture production in 2020. For
that reason, it has great potential to cultivate energy crops and oily energy crops (See
Figure 6.24).
6.4.7.2 Renewable energy potential categories
Figure 6.25 illustrates the potential categories of each type of renewable energy.

Figure 6.23 Biomass waste and residues
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Figure 6.24 Energy crops
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Figure 6.25 Renewable Energy potential categories
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Figure 6.25 Renewable Energy potential categories
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6.4.7.3 Energy demand
In Figure 6.26, it shows four categories of energy demand in Jinze, including cities,
towns, villages, and individual houses. Cities require more energy because of a big
population. Towns, with less population, certainly consume less energy. As the
smallest group, individual houses have the lowest energy consumption. In addition,
the agricultural fields command a small amount of energy due to fuel consumption
(See Figure 6.26).

Figure 6.26 Energy demand
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6.4.7.4 Energy strategy
Due to the different energy demands, renewable energies need to be applied in
different ways. Regenerative design provides the strategies for applying the
renewable energy systems in the most efficient way. For example, energy should be
placed primarily by incoming solar radiation, while materials are replaced primarily
by recycling and re‐use etc (John Tillman Lyle, 1994). As a result, based on the design
strategies I have listed in the last chapter, renewable energies are applied at different
scales in order to reach the total energy demand of the Jinze area (See Figure 6.27).

Figure 6.27 Energy strategy
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6.4.7.5 Energy system
After an energy strategy is proposed, the energy systems are needed to make it
practical. The fundamental principle of energy systems in Jinze is the Low Exergy
principle provided by the “Grounds for change” team. Figure shows two possible
energy scenarios in Jinze by 2020.
A. Electricity exergy system
Within the region
After 2030, a large amount of large and middle‐scale wind turbines, biomass fields
and solar PV fields will be set up in Jinze. Some of the big industrial buildings will be
converted into new plants. Therefore, all the power plants, including the existing
power stations, will play an important role of collecting and distributing the
electricity to the big energy users (cities, towns and villages).
Within the unit
Here, the unit means individual energy users, including city, towns, villages and
individual houses. A large number of houses and buildings are able to get the
electricity, heating and cooling from combined solar energy systems, small‐scale
wind turbines and HCS (Heat Cold Storage). Mini‐scale wind turbines will be
installed on roofs of some rural houses, where the high speeds of wind are available.
For combined solar energy systems, they will be placed on the south side of the roof
where there is more sunlight available. In Jinze, there are only 33 rainy days. Thus,
there is a big advantage to applying more combined solar energy systems which
provide both electricity and heat for the house (See Figure 6.28).
B. Heat and cool exergy system
Within the region
The industry, cities, towns and big villages are the big users of heating and cooling.
A big part of heating and cooling can be supplied by the central district heat cold
storage systems. However, it is still not enough for those users who needs an
enormous amount of heating and cooling, such as industries and cities. For those big
energy users, the bioenergy power plant, which will only burn biomass and local
waste, can generate extra heat (the distance between the bioenergy power plant and
the end users needs to be within 5km). Moreover, the air conditions, which consume
the electricity, can help supply enough cooling.
Within the unit
For individual houses and small villages, heating and cooling can be fully supplied
by small‐scale individual heat cold storage systems (See Figure 6.29).
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Figure 6.28 Electricity exergy

Figure 6.29 Heat and cool exergy
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6.4.7.6 Energy potentials and restrictions
Based on the regulation published by the Dutch regional health service department ,
the distance between wind turbines and houses must be 350‐700 m because of the
noise (GGD, 2007). This restriction rule will be also made in Jinze (See Figure 6.30).

Figure 6.30 Energy potentials and restrictions
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6.4.7.7 Energy layer
In 2020, Jinze needs about 62.6TJ of renewable energy, 3.9*107kg of food including
meat, vegetables, and rice, and 3.1GL of water in order to achieve the goal of being
Autarkic. Figure 6.31 shows the whole energy system of Jinze by 2020.

Figure 6.31 Energy layer
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6.4.8 Food section
6.4.8.1 Food demand
In Figure 6.32, food demand in Jinze can also be classified into 3 main groups,
including cities and towns, industries, and villages. Figure 6.33 and Figure 6.34 show
the food demand per person and arable land demand in 2020.

Figure 6.32 Food demand
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Figure 6.33 Food demand per person in 2020

Figure 6.34 Arable land demand in 2020
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6.4.8.2 Food strategy
30% of the land in Jinze is agricultural land. In 2020, 20% of the agricultural land will
be used for rice production. 10% of the land will grow organic vegetables and forest.
Figure 6.35 shows that the food for cities and towns will be completely supplied by
the agricultural fields and animal husbandry. The villages and individual houses,
which have their own gardens in the backyard and rice fields, will demand only the
meat provided by animal husbandry (See Figure 6.35).

Figure 6.35 Food strategy
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6.4.8.3 Food system
Figure 6.36 shows the food system in Jinze in 2020. The food, which includes
vegetables, meat, and rice, will be delivered and sold in the market of cities and
towns. The municipal organic waste and residues need to be transported to the
bioenergy power plant for energy production. In addition, some part of waste and
residues will be given to the fishery ponds, where the algae grow and feed the fish.
There are three advantages of doing this. First, water from the fishery ponds is used
to irrigate the agricultural lands; Second, the fish will be sold in the market; Finally
algae plants take an important role in the generation of biogas (See Figure 6.36).

Figure 6.36 Food system
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6.4.8.4 Food layer
Figure 6.37 illustrates the whole picture of food systems in Jinze (See Figure 6.37).

Figure 6.37 Food layer
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6.4.9 Green section
6.4.9.1 Green demand
In Jinze, there is little forest and few natural areas. In this design, more forest will be
proposed. Zeeland, which has around 5% forest, is regarded as a good example (CBS,
2007). Therefore, in 2020, the amount of forest in Jinze will be more than 5% of the
land (See Figure 6.38).

Figure 6.38 Map of Zeeland
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6.4.9.2 Green strategy
In Jinze, there is no green connection between north and south, east and west. It is
very bad for the ecosystem and the environment. The highway and busy traffic roads
block the ecological connection and stop the movement of animals. A green
ecological strategy is proposed in an attempt to improve this situation (See Figure
6.39).
In addition, Alan Ruff has pointed out: “Let the natural landscape outside the front
door.” The local people in Jinze do not have the opportunity of having a nice walk
outside their front door. So, that is the reason why a green recreational strategy is
recommended here (See Figure 6.40).

Figure 6.39 Green ecological strategy

Figure 6.40 Green recreational strategy
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6.4.9.3 Green network
Two green systems, a green ecological system and a green recreational system, are
proposed in order to improve the situation of little forest and few natural areas.

Figure 6.41 Green ecological system & Green recreational system

Green ecological system
The highway and the national road block the ecological connection between the
north and south, and east and west, of Jinze. Hereby, three proposals of a green edge,
an ecoduct and a green tunnel are recommended so as to make some ecological
connections in which animals can move around (See Figure 6.41).
Green recreational system
For the inhabitants in Jinze, it is necessary to enjoy the green landscape. This is what
Alan Ruff has pointed out: “The natural landscape can serve a whole range of
important functions in the home environment ‐ creation of privacy, physical comfort,
etc.” He promoted the creation of the natural landscape outside the front door, so
people can easily enjoy the landscape. Based on this approach, a green recreational
system, which includes a green canal, a green river, a green lake and a green edge, is
strongly recommended (See Figure 6.41).
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6.4.9.4 Design consideration
Alan Ruff also stated: “It is important that open space is not dominated by the visual
aesthetic which is an ecological robber, denying enjoyment of the senses ‐ taste, smell,
touch and hearing ‐ that is so much a part of the natural world (Alan Ruff, 2002)”.
Thus, the new forest in Jinze is not suggested to be dominated by artificial trees and
shrubs.
6.4.9.5 Green layer
Figure 6. 42 shows an image of the green landscape in Jinze by 2020.

Figure 6.42 Green layer
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6.4.10 Water section
6.4.10.1 Water demand
In Figure 6.43, there are three main categories of water users: cities and towns,
villages, agricultural fields, and industries.
Figure 6.44 gives us a clear view of water demand in Jinze by 2020. Besides,
Dianshan lake, the biggest lake in Jinze, needs to provide a large amount of water to
other cities. In conclusion, Jinze experiences growing pressure to have enough water
supply, due to the continuous increase of water demand (See Figure 6.43 and Figure
6.44).

Figure 6.43 Water demand
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Figure 6.44 Energy supply to other area
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6.4.10.2 Water strategy
On one hand, Jinze has rich water resources. On the other hand, Jinze has relatively
low rainfall (33 rainy days per year) and heavy water pollution. In order to improve
this situation, a new water connection and waste water treatment system are
recommended (See Figure 6.45).

Figure 6.45 water strategy
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6.4.10.3 Water system
In Shanghai, fresh water is insufficient. It is the same situation for Jinze, which has
been demanding more and more fresh water. Even now, people in Jinze need to
manage water resources very carefully. A sustainable water system is very crucial to
supply enough water.
Figure 6.46 shows the wastewater (from cities, industries, towns, and villages)
treatment scheme. This does not include the toxic industrial water which will be
treated by a special industrial waste water treatment system . Waste water from cites,
towns and villages will be transported and cleaned by ecological treatment water
ponds, then finally the water will be cleaned and used for irrigation and drinking.
Figure 6.47 shows the simple idea of individual wastewater treatment system.
Rainwater can be collected for irrigation. The wastewater from cooking, washing and
bathing can be transported to waste water treatment ponds. The wastewater from
toilets can be transferred to a bioenergy power plant and then generate biogas.

Figure 6.46 waste water treatment
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Figure 6.47 Individual waste water treatment system
(Gary O. Robinette, 1984)
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6.4.10.4 Water layer
Figure 6.48 illustrates the whole picture of the water system in Jinze by 2020.

Figure 6.48 Water layer
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6.4.11 Grouping
Before realizing the final strategic plan, it is very essential to integrate the energy
section, food section, forest section and water section. The water section will be the
bottom layer, then the forest and food sections can be the second and third layers.
The last layer is energy. The reason for having this order is that the first three
sections provide the potential resources of bioenergy (See Figure 6.49).
Finally, the strategic plan will be formed by synthesizing the water layer, forest layer,
food layer and energy layer.

Figure 6.49 Grouping of sections
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6.4.12 Strategic plan
After grouping those four different layers, the final strategic plan, which presents an
Autarkadian energy landscape for Jinze in 2020, is realized (See Figure 6.50). The
important categories are listed below:
1. Three bioenergy power plants: The energy plants are located in the suburban
area of Jinze.
2. Six animal husbandries.
3. New forest: Most new forests are planted along the high and national road.
4. Biomass fields for energy crops: The biomass fields are located nearby
bioenergy power plants.
5. District and individual heat cold storage systems (in cities, towns, villages and
individual houses).
6. Wastewater treatment ponds: Some fishery ponds were changed into
wastewater treatment ponds.
7. Solar PV fields.
8. Organic fishery ponds with small‐scale wind turbines and solar PV.
9. Organic vegetable fields with small‐scale with wind turbines
10. Organic rice fields with small scale wind turbines.
11. Green canal, river, and lake with large‐scale wind turbines.
12. Highway with middle‐scale wind turbines.

Figure 6.50 Strategic Plan
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Phase 1: 2007‐2010 (See Figure 6. 51)
1. Biomass fields for energy crops
2. Organic rice fields
3. Organic vegetable fields
4. New forest
5. New animal husbandries
6. Bioenergy power plant
7. Solar PV fields
8. Small‐scale wind turbines

Figure 6.51 Strategic Plan Phase 1
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Phase 1: 2010‐2015 (See Figure 6. 52)
1. New forest
2. Organic vegetable fields
3. Solar roof
4. Green edge of agricultural fields
5. Middle‐scale wind turbines

Figure 6.52 Strategic Plan Phase 2
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Phase 3: 2015‐2020 (See Figure 6. 53)
1. New forest
2. District and individual heat cold storage
systems
3. Large‐scale wind turbines

Figure 6.53 Strategic Plan Phase 3
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6.4.13 Detail design
Two areas (urban and suburban area & rural area), which are located in the south
and north, are chosen to show the detailed energy, food, water systems (See Figure
6.54).

Figure 6.54 Location of selected area
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6.4.13.1 Urban and suburban area
Figure 6.55 shows the different functions of land use.

Figure 6.55 Function map

Energy & Food & Water supply system
There are many smart ways to make the historical city more sustainable. Figure 6.54
illustrates the energy, food and water supply systems in the city and suburban area
of Jinze (See Figure 6.56 & Figure 6.57).
City

Figure 6.56 Energy & Food & Water supply system in the city
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Suburban area

Figure 6.57 Energy & Food & Water supply system in sub‐urban area
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Energy & Food & water supply flow
Figure 6.58‐6.61 shows a clear birds‐eye view of energy and heat flow, food supply
flow and water flow.

Figure 6.58 Energy supply flow

Figure 6.59 Heat supply flow
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Figure 6.60 Food supply flow

Figure 6.61 Water supply flow
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Sustainable historical city (A) & Regenerative suburban area (B)
Location map
Figure 6.62 shows the locations of two areas.

Figure 6.62 Location map

A. Sustainable historical city
Jinze, as an historical city, is very famous for its old traditional buildings and bridges.
Some houses and bridges have existed for more than 400 years. The center of Jinze
city is forbidden to change its appearance. District heat cold storage system, green
shelter, and combined solar energy systems are recommended, because they don’t
disturb the historical appearance. Figure 6.63 illustrates the image of sustainable
historical city.

Figure 6.63 Sustainable historical city
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B. Regenerative suburban area
The suburban area is an ideal place to grow organic vegetables and energy crops,
because it is not far away from the market, animal husbandry area, and the
bioenergy power plant. Reed or other water plants are also planted at the edge of the
rivers, canals and lakes. Figure 6.64 shows the image of regenerative suburban area.

Figure 6.64 Regenerative suburban area
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6.4.13.2 Rural area
Figure 6.65 shows the different functions of land use.

Figure 6.65 Function map

Energy & Food & Water supply system
Figure 6.66 illustrates the energy, food, and water supply system in the city and
suburban area of Jinze.

Figure 6.66 Energy & Food & Water supply system (in the individual houses)
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Energy & Food & Water supply flow
Figure 6.67 shows a birds‐eye view of the energy, food and water flow in Jinze in
2020.

Figure 6.67 Energy & Food & Water supply flow
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Energetic rural area
Figure 6.68 shows the location of a selected rural area.

Figure 6.68 Location map

162

Regenerative design for creating an Autarkadian energy landscape in Jinze, Shanghai

Energetic rural area
In the rural areas, there is enormous potential for all kinds of renewable energy and
agricultural production. These extra renewable energies such as wind energy and
bioenergy can be provided to other cities, towns and villages in this region.
Figure 6.69 illustrates the image of this energetic rural area (C)

Figure 6.69 Energetic rural area

6.5 Images (See next page)
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The fishery ponds beside the
highway are decorated with some
wind turbines, green trees and
water plants. Many people would
like to get out of the car and then
have a walk in this nice landscape.

The families are visiting the organic
gardens. The children are able to not
only have some knowledge about
vegetables but also play there, such
as catching a butterfly.

The biomass fields for energy crops is
very close to the bioenergy power
plant. After the harvest, they can be
immediately transported to power
plant.

People are having a barbecue on the
grassland in the solar PV fields, even
children can play football there.

164

Regenerative design for creating an Autarkadian energy landscape in Jinze, Shanghai

The local people are harvesting
the biomass residues, and the
children are having a good time in
the rice fields.

People can have a nice walk in the
forest.

Tourists can take the traditional
Chinese boat and have a nice trip.

All the new houses have solar PV
roof.
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Tourists go to a green island with
dense forest by boat.

People can also enjoy sailing.

Tourists or even local people can
travel by boat and visit the fishery
ponds, floating houses, and
forests.

A large number of fruit trees are
planted at the edge of fishery
ponds. Tourists can just pick the
fresh fruits from the trees.
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Tourists go to visit the Chinese
temple by boat.

People can have a rest in this
small
green
stream.
For
example, they can read a book.

The foreign tourists are walking
in the historical city and learning
about old Chinese culture.

People visit the park and have a
chat or rest there.
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The solar street lights are installed
along the highway and major roads.

After a long time driving, people
can have a rest in the green
grassland.

In the night, a lot of people go to the
Chinese restaurant and enjoy the
nice food.

In the evening, we can enjoy the
sunset in Jinze.
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On both sides of the highway and
the national way, a large amount of
green natural forests have been
planted. Therefore, many people
from the crowed city are running to
Jinze.

169

Regenerative design for creating an Autarkadian energy landscape in Jinze, Shanghai

6.6 Conclusion
6.6.1 Autarkic living
6.6.1.1 Energy independent
Pete Melby has pointed out “as our technical proficiency increased (in agriculture,
manufacturing, energy production, health care etc.), both our population and our
capita ability to alter our environment increased. When our numbers were small and
our technical proficiency limited, the worst we could do was fairly insignificant to
the earth as a whole. There is a growing consensus that we are now in a position to
disrupt, permanently and temporarily, some regenerative system on a global scale.”
Therefore, in order to make the world more sustainable, it is very essential to practice
renewable energy systems.
In Jinze, environmental problems have caught more attention from the local
government. Jinze local government has focused on applying more renewable energy
in order to make the city sustainable.
This thesis recommends a sustainable autarkic energy landscape plan for Jinze.
Figure 6.70 shows the estimation of wind, solar, biomass energy (50% of the fishery
ponds will be mostly used for alga production.) and annual renewable energy
supply by 2020. Table 6.5, 6.6 and 6.7 show the annual total renewable energy
production, energy consumption and surplus estimation.
Wind energy

Bioenergy
0.0001PJ
0.06PJ

0.13PJ

0.05PJ
0.22PJ
Energy crop (excluding Alga)
Agricultural residue
Forest, temperate
Municipal organic waste
Alga

Tubine (Dia.15m)
Turbine (Dia. 30m)

0.25PJ

Turbine (Dia. 60m)

1.7PJ

0.12PJ

Solar energy

Annual renewable energy supply (in Jinze, 2020)

0.1PJ

0.2PJ
0.5PJ

Combined solar energy system for
dwellings
Combined solar energy system for
industry
Solar PV fields

0.0001PJ

0.8PJ
Solar energy
Wind energy
Bioenergy

2PJ

0.5PJ

Figure 6.70 Annual renewable energy supply estimation pie chart (in Jinze , 2020)

170

Heat cold storage

Regenerative design for creating an Autarkadian energy landscape in Jinze, Shanghai
Table 6.5 Annual production of energy mediums (in Jinze, 2020)

Renewable energy
Wind energy
Solar energy
Bioenergy
Heat cold energy
Total

Annual production
0.5PJ
0.8PJ
2.03PJ
0.0001PJ
3.33PJ

Table 6.6 Annual consumption of energy mediums (in Jinze, 2020)

Energy types
Electricity
Heating and cooling
Biofuel
Biogas
Total

Annual consumption
0.0017PJ
0.0001PJ
0.0008PJ
0.0601PJ
0.0627PJ

Table 6.7 Annual surplus energy (in Jinze, 2020)

Annual energy production
Annual energy consumption
Annual surplus energy

3.33PJ
0.0627PJ
3.2673PJ

In conclusion, by 2020, Jinze is going to provide around 3.3PJ of renewable energy
resources. This is much more than the basic energy demand of 5.5TJ. This shows that
renewable energy resources have the capacity to provide a large amount of energy in
the nearby future.
Surplus energy
By 2020, a large amount of energy will be generated more than what local people
demand. Therefore, the surplus energy, around 3.2PJ, can be sold to other areas of
Shanghai.
6.6.1.2 Food organic and independent
Nowadays, we want to feed ourselves healthy food. No one would turn down the
chance to give themselves delicious, healthy food. Organic farming is an ecological
system that relies on healthy, rich soil to produce plants. It prohibits the use of toxic
and persistent chemicals in favor of innovative practices that work with nature,
instead of against it, such as crop rotation, cover crop planting, beneficial insect
release and composting. In the case of livestock, no antibiotics or synthetic hormones
are permitted (Greene, 2007).
In Jinze, organic food consumption will increase year by year due to a cheap organic
food supply after 2020. In the aspect of food, the goal of this thesis is set for 100%
organic food production by 2020 in Jinze.
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By implementing the organic farming system, the local people will be more and more
aware of having the healthy food in order to keep themselves very healthy. The
estimated annual food production in Jinze by 2020 is 4*107kg (See Figure 6.71).
Annual organic food supply estimation (in Jinze, 2020)

3.7*106Kg

8*106Kg
11*106Kg
2*106Kg

6

17.2*10 Kg

Pork
Chicken
Fish
Shrimp
Rice

6

153*10 Kg
7*106Kg

Oil
Vegetables

Figure 6.71 Annual organic food supply estimation pie chart (in Jinze , 2020)

6.6.1.3 Water clean and independent
In Jinze, water demand will decrease through the years due to water conservation
systems, such as wastewater treatment and rain water collection. By 2020, 28Ml of
clean water will come from waste water treatment ponds and lakes. Namely, 14ML
water will be provided by lakes, and the other 3.1GL will come from waste water
treatment ponds (See Figure 6.72).
Annual w ater supply estim ation (in Jinze)

From lakes
1.55GL

1.55GL

From w aste w ater
treatment ponds

Figure 6.72 Annual clean water supply estimation pie chart (in Jinze , 2020)
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6.6.2 Regenerative/sustainable and Autarkadian Jinze
In Pete Melby’s opinion, sustainability, or regeneration, means the ability to persist
for an extended time period, for as far as we can see into the future (Pete Melby &
Tom Cathcart, 2002). It means that we should make the effort to know the world and
to learn what is good for it. The regenerative practices, such as the use of renewable
resources, the reuse of wastes, organic food production, and waste water treatment
can make Jinze autarkic and more sustainable.
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400
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Figure 6.73 The estimated surface area of forest and wetlands (in Jinze , 2020)

In this thesis, many regenerative practices are applied in order to achieve
sustainability. Firstly, a comprehensive renewable energy system help Jinze become
a regenerative place. Secondly, a suitable food system makes Jinze healthier and
independent. Thirdly, a green ecological system, which contains forests and natural
wetlands, makes Jinze more ecological, and a green recreational system, which
includes organic fish ponds, green edge, green river and canal, helps Jinze become
more attractive and enjoyable. Finally, an efficient water system creates a healthy and
energetic Jinze. For example, some of the fish ponds not only produce fish for eating
but also play an important role in treating the waste water and collecting rain water.
This thesis shows that with some effort Jinze can live in an Autarkic way by the year
2020. 65% of the land will be used for energy production, so all the energy will be
generated from renewable energy resources in Jinze. All the organic food will be
produced by the organic farms. All the water will be supplied by waste water
treatment ponds and lakes within the Jinze region. In addition, the regenerative
strategies help Jinze turn out to be a green, peaceful place. The Arcadian concept is
proposed to create a simple countryside landscape in Jinze. Thus, in 2020, at least
405ha of green forest and green natural areas are placed (See Figure 6.73).
In conclusion, a green, enjoyable and attractive Autarkadian energy landscape will
be completely present in Jinze by 2020 as a result of the proper application of
regenerative design strategies.
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6.7 Discussion
According to this strategic plan, Jinze can become an Autarkadian place in 2020. A
lot of extra effort needs to be taken in order to reach this goal. For example, although
Jinze’s local government and the local people are greatly encouraged to apply the
renewable energy systems, it will be very hard to force the Shanghai government to
fully support this plan and invest money in the Jinze project. However, I have a lot of
confidence in convincing the government by presenting this strategic plan. The
reasons why I have so much confidence are very clear. First, Jinze will not only
provide enough energy for itself but also surplus energy for other regions after 2020.
Second, Jinze will be also completely food and water independent. Finally, the
amount of forest and wetlands is going to be expanded, which will attract a lot of
tourists. Thus, there is no reason for Shanghai government to refuse this plan.
In addition, I need to clarify that Jinze will not become a completely isolated place, it
is always connected with other areas by the highway and national road. Nevertheless,
it is a fantastic green place, which has its own energy, foods and water supply system.
In the end, I hope some master students, especially Chinese students, would like to
continue working on the strategic energy plan of other parts of Shanghai. I am sure
that there will be a lot of challenges in doing this (See Figure 6.74).

Figure 6.74 Future challenging projects
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