
Examensarbete i Hållbar Utveckling 63 

Assessment of Water Footprint in 
Industrial Park: A Case Study of 

Yixing Economic Development Zone 

 
Assessment of Water Footprint in 
Industrial Park: A Case Study of 
Yixing Economic Development Zone 

Ruisi Li 

Ruisi Li 

Uppsala University, Department of Earth Sciences
Master Thesis E, in Sustainable Development, 30 credits
Printed at Department of Earth Sciences,
Geotryckeriet, Uppsala University, Uppsala, 2012.

Master’s Thesis
E, 30 credits

 



Examensarbete i Hållbar Utveckling 63 

Assessment of Water Footprint in 
Industrial Park: A Case Study of 

Yixing Economic Development Zone 

 

Ruisi Li 



1 
 

ASSESSMENT OF WATER FOOTPRINT IN INDUSTRIAL 
PARK: A CASE STUDY of YIXING ECONOMIC 

DEVELOPMENT ZONE 
 
 

Master thesis in Sustainable Development 
Ruisi Li 

 
 

Institutionen för geovetenskaper 
Uppsala Universitet 

2012 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2 
 

Content 
1. Introduction ......................................................................................................................................................... 5 
2. Water Problems in Industry ................................................................................................................................ 7 

2.1. Increasing consumption of water in industry .......................................................................................... 7 
2.2. Water problems in Industrial Park: Taking Yixing Economic Development Zone as a case ................. 7 

3. Theory and Method of Water Footprint Assessment .......................................................................................... 8 
3.1. The concepts in Water Footprint Assessment ......................................................................................... 8 

3.1.1. Ways to Measure the Sustainability ........................................................................................... 8 
3.1.2. The Concept of Water Footprint ................................................................................................ 8 
3.1.3. Calculating Model of Water Footprint ....................................................................................... 8 
3.1.4. The Concept of Virtual Water .................................................................................................... 9 

3.2. Literature review..................................................................................................................................... 9 
3.2.1. Literature review of virtual water ............................................................................................... 9 

3.2.1.1. Assessment of Virtual Water in Products .................................................................... 10 
3.2.1.1. Virtual Water and Water Security ............................................................................ 10 
3.2.1.3 The Trade of Virtual Water ....................................................................................... 11 

3.2.2. Literature review of water footprint ......................................................................................... 12 
4. Study Area——Yixing Economic Development Zone (YEDZ) ....................................................................... 14 

4.1. Study area: Yixing Economic Development Zone (YEDZ) ................................................................. 14 
4.2. Current Status of Water Resources in the YEDZ ................................................................................. 16 
4.3. Current Status of Water Usage in the YEDZ ........................................................................................ 17 
4.4．Water Recycling Status in the YEDZ ................................................................................................. 18 
4.5. Energy and Water Consumptions in the YEDZ .................................................................................... 18 
4.6. Development of Main Industries in the YEDZ ..................................................................................... 19 

5. Water Footprint Assessment of YEDZ ............................................................................................................. 21 
5.1. Water Footprint Assessment in the level of Eco-industrial Park .......................................................... 21 

5.1.1. Model of Water Footprint Assessment in Eco-industrial Park ................................................. 21 
5.1.2. Case Study in the Yixing Economic Development Zone ......................................................... 24 

5.1.2.1. System Boundaries ...................................................................................................... 24 
5.1.2.2 Counting Results of Water Footprint of the YEDZ ...................................................... 24 

5.1.3. Response Options ..................................................................................................................... 27 
5.2. Water Footprint Assessment in the Level of an Enterprise in Eco-industrial Park ............................... 28 

5.2.1 Water Footprint Model of an Enterprise in Eco-industrial Park ............................................... 28 
5.2.2 Evaluate indicators .................................................................................................................... 29 
5.2.3．Case Study of Water Footprint Assessment of Enterprises in the Yixing Economic 
Development Zone ............................................................................................................................. 29 

5.2.3.1. Brief introduction of the chosen enterprises ................................................................ 29 
5.2.3.2 System Boundaries ....................................................................................................... 30 
5.2.3.3 Evaluate Indicators ....................................................................................................... 33 

5.3. Water Footprint Assessment in the Level of a Product in Eco-industrial Park ..................................... 34 
5.3.1. Water Footprint Model of a Product in an Eco-industrial Park ................................................ 34 
5.3.2. Case Study of Water Footprint of a Product——Surfactants................................................... 34 

6.Discussion .......................................................................................................................................................... 38 
6.1. Discussion of Water Footprints in the Level of the Yixing Economic Development Zone .................. 38 

6.1.1. Water Footprints of the Yixing Economic Development Zone in year 2009, 2012 and 2015 . 38 
6.1.2. Comparison of Water Footprints of Different Components ..................................................... 40 
6.1.3. Water Footprint per capita of the YEDZ in the year 2009, 2012 and 2015.............................. 41 

6.2. Discussion of Water Footprints in the Level of Enterprise ................................................................... 41 
6.2.1. Discussion of Water Footprints of Enterprises per year ........................................................... 41 
6.2.2. Discussion of Water Footprint per unit out-put value of Enterprises ....................................... 43 

6.3 Discussion of Water Footprint in the Level of a Product ...................................................................... 44 
6.3.1. Discussion of Water Footprint of Surfactants .......................................................................... 44 

7. Conclusion ........................................................................................................................................................ 46 
8. Acknowledgement ............................................................................................................................................ 47 
9. References ......................................................................................................................................................... 48 
 
 



3 
 

Assessment of Water Footprint in Industrial Park: A Case Study 
of Yixing Economic Development Zone 
 
RUISI LI 
 
Ruisi, L., 2012: Assessment of water footprint in Industrial Park: A case study of Yixing Economic 
Development Zone. Master thesis in Sustainable Development at Uppsala University, No. 63, 49 pp, 30 
ECTS/hp 
 
Abstract: This thesis has established models of water footprint in the Eco-industrial Park. The model was 
presented in three different levels, namely the level of Eco-industrial Park, the level of enterprises and the level 
of products. There are two parts of each model. The first part is the schematization of different components of 
the water footprint. The second part is the mathematical model of water footprint counting.  
 
After the models, we made several case studies using these models established in this thesis. The first case is the 
water footprint assessment of the Yixing Economic Development Zone (YEDZ). There are water footprints of 
the YEDZ in the year of 2009, 2012 and 2015 separately, which are 6787613.6 10× m3, 61110018 10× m3 and 

62413749 10×  m3. Considering the different scales of the YEDZ, for example, the increasing industrial 
production and economic development, we also make the water footprints per capital of the YEDZ in the year of 
2009, 2012 and 2015. The results are 19690.34×103m3/capita, 24667.07×103m3/capita and 48274.98×
103m3/capita. 
 
In the level of Eco-industrial Park, we take several enterprises as case studies. The enterprises are within 
different types of industries including Chemical industry, Textile and dyeing industry, Optoelectronic industry, 
and Mechanical, Photovoltaic industry and machinery manufacture industry, etc. These enterprises are 
investigated by surveys and statistical documents. From the results, we can see that the enterprises with big 
footprint are mostly in Chemical industry, Textile and dyeing industry and Photovoltaic industry.  In order to 
make the data more reasonable, we also calculated the water footprint per unit out-put value. What’s interesting, 
the enterprises in Chemical industry, Textile and dyeing industry and Photovoltaic industry also have big water 
footprint per unit out-put value. 
 
In the level of product, we take the surfactants produced by Jiangsu Guanyang Fine Chemical Co., Ltd. This 
enterprise has moved to a new place and made some improvement in the production. On one hand, they have 
increased the scale of production for three times than before; on the other hand they have adopted a lot of water 
saving facilities and measures, such as the use of rain water, the increase of water recycling and the involvement 
of water cascade utilization. So in this thesis, we compared the water footprint of surfactants before and after 
moving. The Water Footprint of surfactants per year before moving is 22914.8(m3), after moving is 56804.4 (m3). 
However, the Water Footprint of surfactants before moving is 2.52 (m3/t), while after moving is 2.08(m3/t). 
 
Finally, we gave some response options after the analysis and discussion of the results. The suggestions are 
given in three levels as well. The first one is to the government or so-called policy makers; the second one is to 
the enterprises; the third one is to the staff members in the Yixing Economic Development Zone.  
 
 
 
Keywords: Sustainable Development, Water Footprint, Industrial Park, Ecological Industry 
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1. Introduction 
Industrialization has become one of the most 
important symbol of economic prosperity and 
progress of the society. The level of development of 
a city usually linked to the level of industrialization. 
As the rapid development of economy and industry, 
the industrialization is happening worldwide during 
these decades. Industrial Park is the centre of 
industrial activities in urban area. It centralizes the 
capability of industrial production and industrial 
competitiveness of certain area. Highly intensive 
and centralized industrial activities are main 
features in Industrial Parks, since these could make 
the production more efficient and could save time 
and spaces, and make the use of energy and land 
resources more efficient. In addition, related far 
distance from the central urban area minimizes the 
pollution and risks to residential area. However, 
due to the unreasonable and large-scale of 
utilization and development of the natural resources, 
highly intensive and centralized industrial activities 
in Industrial Park have caused the conflicts between 
human activities and the environment. The 
excessive withdrawal of freshwater in natural water 
bodies have led to high pressures to water resources. 
So the water resource management and water 
pollution control in Industrial Parks is a focus of the 
government and the sustainable development of the 
society. 
 
In order to make water resource management in 
industrial parks, we ought to know more about the 
impact of human activities to the water system in 
the perspective of sustainable development. The 
impacts are generated from two possible ways, 
namely the direct consumption of water, and the 
indirect consumption of water which is contained in 
products and services. We could evaluate and 
assess this kind of impact by measure the 
consumption of water resources and the virtual 
water imbedded in products and services. Water 
footprint is a concept which indicates the 
consumption and usage of water resources by 
human beings. It could reveal the impact to water 
resource system posed by social and economic 
systems. So this theory serves as a tool in water 
resource management in sustainable development 
perspective. Based on the concept of virtual water, 
water footprint assessment could measure the 
consumption and usage of water resources in 
industrial system and trade. The trade of virtual 
water which contained in products could serve as a 
tool to balance the deficit of water resources and 
maintain the security of water resources in 
industrial area. 
 
In this study, we take the Yixing Economic 
Development Zone (YEDZ) as a case. This 
industrial park is in the phase of rapid development. 

Before, main industries in the YEDZ are traditional 
industries, such as textile industry, printing and 
dyeing industry, machining industry and nitrogen 
fertilizer plants. Currently, a series of new high-tech 
industries have moved to or established in the 
YEDZ. For instance, photovoltaic power systems 
are produced for solar energy industry; nano-
materials and aviation materials are all produced as 
advanced materials for manufacture industry. In 
addition, the YEDZ not only locates in the hub of 
many major economically developed cities, namely 
Shanghai, Hangzhou and Nanjing, but also in the 
Taihu Basin. Taihu is threatened by severe 
eutrophication, which could result in the scarce of 
fresh water resources. So it is of significant to make 
water footprint assessment of the YEDZ. 
 
The available fresh water resource per capita and 
per year in Yixing is in the middle of “Scarcity” 
and “Stress”, so the shortage of water resources 
would be an important factor that constraints the 
economic and social development. This result of 
water scarcity in Yixing is greatly due to the over-
use of fresh water resources in industry. So to 
assess the water footprint of Yixing Economic 
Development Zone and make policy support to the 
local government is of significance to the 
sustainable development of Yixing area. We aims 
to bring the strategy of virtual water trade in water 
resource management and make suggestions to 
increase the water use efficiency. 
 
Water scarcity has already called the attention of 
researchers and government officers. More and 
more scientists and researchers are now focusing on 
this subject. So I hope this study would contribute 
to the management of water resources in practical 
and theoretical domains. 
 
1.1. Objective of the study 
This article establishes a series of models to assess 
the water footprint in industrial park. Models are 
established in levels of industrial park, enterprise 
and product separately. A case study of Eco-
industrial Park is made in the Yixing Economic 
Development Zone (YEDZ) to assess the water 
footprint of the YEDZ in the year of 2009, 2012 
and 2015. A case study of enterprises is made for 
some enterprises in the YEDZ, such as chemical 
enterprises, solar energy enterprise and textile 
enterprise, etc. Finally, we also made a case study 
of a product——surfactant in a chemical enterprise.  
 
1.2. General Framework of the 
article 
This article has nine sections. The first section is 
instruction, which states the main problem focused 
by this study, the aims of the study and the 
framework of the article.  The second section is the 
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background of the study, which introduces water 
problems in industry. In the third part, theories and 
basic concepts in water footprint assessment would 
be introduced. Research methods, including 
establishing models, literature review and making 
surveys are introduced as well. This part also 
includes literature review of virtual water and water 
footprint assessment. In the forth section, we 
introduce the basic information of the studied area 
Yixing Economic Development Zone, such as the 
location, main industries and water resources and 
water use characteristics. In the fifth part, it 
illustrates the results of the research, including the 
model established in this paper and the calculation 
results of water footprint of YEDZ, enterprises and 
products. The sixth section is the discussion part, 
which discusses and analyses the results of fifth 
section. The seventh section is about the conclusion 
based on other parts. The following section 
expresses the acknowledgement for all the people 
who has been contributed to this research. The last 
section lists the references. 
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2. Water Problems in Industry 

2.1. Increasing consumption of 

water in industry 

Water is a vital element in industrial production. It 
could serve as raw material, solvent and coolant, etc. 
in nearly all kinds of industrial productions. The 
consumption of water resources used to be largely 
dominated by agricultural activities. However, since 
the rapid development of economy and industry, 
proportions of consumption in industrial activities 
and energy productions have increased during these 
decades. Only after agriculture, these two major 
users have taken 20% of the total water withdrawals 
(WWAP, 2009). 
 
Most of industries and enterprises centralize in 
Industrial Parks. So the centralized industrial 
production and services have posed a lot of issues 
and conflicts between the environment and human 
activities. For example, the large amount of water 
resources consumptions would lead to the shortage 
of water resources; pollutions caused by waste 
water emissions would threaten the health of local 
citizens and decrease the quality of living 
conditions.  
 
However, individual enterprise pays little attention 
in their daily water use in production activities and 
supply chains to save the resources even though the 
problem is getting severe nowadays. So the local 
government and environmental management 
department have to tackle these problems brought 
by intense industrial activities in Industrial Park. It 
is necessary for them to make rules and policy in 
water resources management to realize the 
evaluation and reduction of water usage.  
Assessment of water footprint is a good quantitative 
criterion. This assessment system evaluate the 
water consumptions of certain amount of people or 
certain area, which both consider the direct water 
withdrawals from natural system and indirect water 
contained in products and services. Indirect water is 
also called virtual water.  
 
Currently, most of the cases studied in assessment 
of water footprint focused on individual level, the 
city level, the country level or the whole world in 
one year. As the water use in agriculture was a 
major consumer in the past, most researches 
consider the water footprint of agricultural products. 
However, the studies in the assessment of water 
footprint in Industrial Parks are very limited. So in 
this article, we discuss the concept of water 
footprint in the Industrial Park. We propose a 
model of water footprint in Industrial Park and take 

Yixing Economic Development Zone (YEDZ) as a 
case to study. 
 

2.2. Water problems in Industrial 

Park: Taking Yixing Economic 

Development Zone as a case 

Yixing locates in the Yangtze River Delta and 
Taihu basin in the southeast of China. It is the hub 
of some major economically developed cities of 
southeastern coal of China. Yixing is a famous 
industrial base with well developed economy. 
Yixing Economic Development Zone has variety of 
industries including big water consumers such as 
chemical industry, textile industry and dyeing 
industry.           
 
The water supply crisis in Taihu basin, caused by 
blue-green algae outbreak 2007, shows that the 
severe conflict between industry development and 
environment in economically developed area. This 
has raised the universal debate about the developing 
pattern and water use pattern in southern Jiangsu 
province. The crisis would hinder the sustainable 
development of local economy and industry if 
people take to measures to stop the trend. Some of 
the enterprises have begun to involve ecological 
industry concept in construction and reformation. 
The government propose policy to save water and 
encourage enterprises to construct infrastructures to 
minimize water use and pollution. This study would 
give the government some information and data to 
evaluate and reduce water consumption in YEDZ. 
Hopefully it would serve as a policy support for the 
local government in management of water 
resources.  
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3. Theory and Method of Water 
Footprint Assessment  
In this research, we mainly use research methods of 
modelling, surveys and literature review.  
 
Models were established in the basis of three levels, 
namely the level of Eco-industrial Park, the level of 
enterprises and the level of product.  
 
Surveys were made in the Yixing Economic 
Development Zone. I have sent the questionnaire to 
the local government officers and manager of 
enterprises.  I collected all of them. I also collected 
a series of planning documents and working reports 
of the YEDZ.  
 
Materials of literature review were downloaded 
from the internet and data base of library in 
Tsinghua University.  

3.1. The concepts in Water 

Footprint Assessment 

3.1.1. Ways to Measure the 

Sustainability  

The survival of human beings relies on the natural 
system, so the pressures caused by human society 
should not live beyond the capacity of ecosystem. 
Since the concept of “sustainable development” has 
been produced by Mrs. Brundtland in 1987 in the 
report of “Our Common Future”, it is widely 
accepted by people all over the world.  It is a 
completely new strategy for growth and 
development: “Sustainable development (SD) is a 
pattern of growth in which resource use aims to 
meet human needs while preserving 
the environment so that these needs can be met not 
only in the present, but also for generations to 
come.” 1,2 However, if we want to transform this 
concept of growth pattern into practical and 
operational mode, we ought to measure the degree 
of sustainable development quantitatively.  
 
In order to transform the sustainability into a 
measurable index to determine whether we are 
within the capacity of ecosystem, Wackernagel had 
brought out a method called “Ecological Footprint 
Assessment” (Wackernagel M，Onisto L, Linares 
et al., 1997)3. This is a method to measure the 
demand of humanity on nature and measure the 
sustainability of a society based on a series of 
quantitative indicators. When we assess the 
ecological footprint, we should convert the 

consumption of natural resources and energy into 
six categories of land-use cover areas. 
“The Ecological Footprint uses yields of primary 
products (from cropland, forest, grazing land and 
fisheries) to calculate the area necessary to support 
a given activity.”4  
 
However, “The Ecological Footprint” does not 
include the calculation of water resources. Even if 
we try to calculate the consumption of water 
resources by indicators in The Ecological Footprint, 
we have to convert the water column into land-use 
area, which is complicated and not reasonable. 
Currently, water resources have become one of the 
vital elements in sustainable development of the 
society and ecosystem. Moreover, water resources 
scarcity has already become the restrictive factor 
for many areas. So it is necessary to find a 
measurement to assess the demand of water by 
humanity. Based on the theory and concept of 
Ecological Footprint, Hoekstra has introduced an 
important concept in water resource management 
and sustainable development, which is “Water 
Footprint” (Hoekstra, 2000). This concept has great 
influence in sustainable development of area facing 
water scarcity problems, security of water supply 
and water resource management. 

3.1.2. The Concept of Water Footprint 

The concept of Water Footprint is created based on 
the Ecological Footprint. Water footprint refers to 
the amount of water contained in all products and 
services which are consumed by certain group of 
people within one certain period of time. The water 
consumed does not only include the direct water 
use such as drinking water, taking a bath or water 
used in industrial production; but also include 
virtual water contained in products and services. 
From this definition we could see that the water 
footprint of certain area is determined by the 
population, consumption patterns and level of 
industrialization, etc. Thus water footprint could 
reflect the water requirement of certain group of 
people, certain area or a nation; it could also reflect 
the pressure to water system posed by human 
activities. So it is a good tool to give policy support 
to the reasonable management of water resources, 
ameliorate patterns of water consumption, and 
finally realize the sustainable use of water resources. 
 

3.1.3. Calculating Model of Water 

Footprint 

The water footprint of a country or a 
region is equal to the total water demand of 
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the production of all products and 
services consumed in that country plus the 
total virtual water imbedded in imports of that 
country or region (Chapagain, A.K., Hoekstra, 
A.Y. , 2004). 
WFP IWFP EWFP= +  ………………(3.1) 
In the equation, WFP refers to the water 
footprint of a country or a region, which consisted 
by two parts, IWFP and EWFP; IWFP refers to 
the total water demand of the production of all 
products and services consumed by inhabitants 
in that country, namely internal water footprint; 
EWFP refers to the virtual water in 
imports consumed in a country or region, namely 
external water footprint.  
 
The internal water footprint (IWFP) is defined as 
the total domestic water resources which were used 
in producing goods and services consumed by 
inhabitants of the country or region. It is calculated 
as below, namely the sum of water volume used in 
domestic production in agriculture, industry and 
domestic life, etc. minus the volume of virtual water 
which produced domestically but exported to other 
countries or regions. 

domIWFP AWU IWW DWW EWW VWE= + + + －

…………(3.2) 
In the equation, AWU refers to total water use by 
the agriculture in the country or region (excluding 
the loss in agricultural irrigation); IWW refers to 
total industrial water withdrawals of the production 
in the country or region; DWW refers to the total 
domestic water withdrawals of local inhabitants in 
the country or region; EWW refers to ecological 
and environmental water withdrawals in the country 
or region; VWEdom refers to the virtual water which 
produced domestically but exported to other 
countries or regions. 
 
The external water footprint (EWFP) of a country 
or region is defined as the volume of water used in 
other countries or regions to produce goods and 
services consumed by the inhabitants of the 
concerning country. It is calculated as the volume 
of virtual water imported from other countries or 
regions minus the volume of virtual water exported 
to other countries or regions which is the result of 
virtual water imported from other countries and 
then re-exported to those countries or regions.  

re exportEWFP VWI VWE −= － …………… (3.3) 
In the equation, VWI refers to the total virtual water 
imbedded in imports (including consumed and non-
consumed products) in a country or region; VWE re-

export refers to the total amount of virtual 
water contained in imported products which 
then re-exported to other countries or regions. 
 

3.1.4. The Concept of Virtual Water  

The concept of virtual water was firstly introduced 
by John Anthony Allan from King’s College 
London and the School of Oriental and African 
Studies. It refers to the volume of water used to 
produce a commodity, good or service in processes 
of trade. We do not only use water when we drink 
water or take a bath. We also consume water when 
we produce industrial products and irrigate crops. 
So the water contained in the products of industry 
and agriculture is called “virtual water” As it 
describes the water consumed in production, we 
cannot actually see the water. So it is also called 
“embedded water”, “embodied water” or “hidden 
water”.  
 
It is a good indicator of water volume in trade. 
Swedish International Water Institute has 
nominated Professor J. A. Allen the 2008 
Stockholm Water Prize Laureate, since the concept 
of “virtual water” has posed a big impact on the 
policies of international trade. It serves as an 
indicator for people to improve water policies and 
water resource management, so it helps the increase 
of water use efficiency. The concept is a powerful 
economic tool to ameliorate water scarcity 
problems of national economies (Allan, 1997). 
After the concept was brought out some of the 
researches gave suggestions on how to increase the 
water use efficiency for areas and countries with 
water scarcity problems. For example, they could 
import products embedded with high content of 
virtual water and export products embedded with 
low content of virtual water. (Warner, 2003; 
Hoekstra and Hung, 2002; Chapagain and Hoekstra, 
2003). 
 

3.2. Literature review 

3.2.1. Literature review of virtual water  

The concept of virtual water is introduced by 
Anthony Allan at the beginning of 90s of the 20th 
century. (Allan J. A.,1993, 1994, 2003). Ten years 
time later, the scientists and academic field have 
just realize how important the concept of virtual 
water means to the balance of water distribution 
and water resources security globally and regionally. 
 
 In December 2002, there was a first international 
conference concerning about virtual water 
organized in Delft at Netherlands. In March of 2003, 
the Third World Water Forum was organized in 
Tokyo，Japan.  The topic of the “Trade of Virtual 
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Water” has been discussed in this forum (Hoekstra 
A. Y., 2003). In August of the year 2003, in 
Stockholm researches discussed the concept of 
virtual water in some seminars of water conference. 
World Water Council has nominated the virtual 
water as the objective of year 2003-2004. Virtual 
water has already become the hot topic in the 
domains of water resource management and 
researches of water issues.  
 
3.2.1.1. Assessment of Virtual Water in 
Products 
Up to now, there are two definitions of virtual water. 
The first definition is from the perspective of 
producer. It is defined as the actual water 
consumption in the process of production in the 
producing area. It is determined by the conditions 
of the production, such as the time, the place and 
the water use efficiency. Generally, the water 
demand of producing 1 kg of crops in dry areas is 
two to three times of water demand in humid area 
(Chapagain A. K., Hoekstra A.Y., 2003a). The 
second definition is from the perspective of 
consumer. It is define as the water demand of 
producing some kinds of products in the consuming 
area. This definition is useful when we need the 
balance the deficit of water resources in some dry 
areas. For example, to assess how much water 
resources they have saved in some dry areas, when 
they import some intense water consumption 
products from other places which does not lack of 
water instead of producing these products by 
themselves in dry areas (Renault D., 2003).  
 
However, there may be some problems when we 
use the second definition. For example, if some 
consumer nations or regions do not have the proper 
natural conditions for growing certain types of 
products, we could adopt other kinds of products 
which contain the same amount of nutrition to 
calculate (Wang Xinhua, et. al, 2005).  
 
Based on the concept of virtual water, some of the 
researchers have established some models for the 
calculation of virtual water for agricultural products 
and animal products. They have also calculated the 
content of virtual water contained in agricultural 
products and animal products in some countries and 
regions. Based on these research outcomes, 
researchers have also illustrated the figure of 
worldwide trade of virtual water in agriculture and 
livestock (Hoekstra A Y., 2003), they have gave 
some constructive suggestions on the worldwide 
trade of virtual water. Chapagain and Hoelstra have 
brought out the ideas of produce different kinds of 
products producing trees. Zimmer and Renault 
(Zimmer D., Renault D., 2003) has proposed the 
calculating methods for different types of products, 
they have categorized the agricultural products into 
six types, namely primary products, man-made 

products, transformed products ， by-products ，
multiple products and low water consuming 
products or non-water consuming products. The 
calculation of the content of virtual water of 
agricultural products ought to be different 
according to different types of products. For 
example, based on the estimation of different 
agricultural products, we have the following results. 
Table 3.2.1 The Content of Virtual Water in 
Different Products (Hoekstra A Y., 2003; Zimmer 
D., Renault D.,2003; Chapagain A. K., Hoekstra A. 
Y.,2003a; Williams E. D. et.al, 2002) 
 
 
 
 

Table. 3.1 The Content of Virtual Water in 
Different Types of Products 

Quality Types of 
products Virtual  water 

1kg cereal 1000-2000kg 

1kg cheese 5000-5500kg 

1kg beef 1600-19600kg 

1kg coffee 22450kg 

1kg tea 16000kg 

2g   32M  CPU 32kg 

 
 (Hoekstra A Y., 2003; Zimmer D., Renault D.,2003; 
Chapagain A. K., Hoekstra A. Y.,2003a; Williams E. 
D. et.al, 2002) 
 
3.2.1.1. Virtual Water and Water Security 
Since the publication of “21th century water 
security——The Hague Ministerial Declaration” in 
the year of 2000, the issues of water security has 
become the necessary choice and strategy of all 
nations (Allan J. A., 2003a). The concept of virtual 
water has provided a new perspective for water 
security strategies. Allan pointed out that, the 
significance of the concept of virtual water is that it 
made people realize that the water resources crisis 
could be alleviated by the international trades 
among nations. Because in all the water resources 
demand of human beings survivals, only 10% is 
directly used by people, while 90% of the total 
water resources are used in the production of 
growing crops or other kinds of agriculture, so this 
part of water resources could be obtained through 
trades. To strategy for area with water scarcity 
problems to import intense water consuming 
products to achieve the water and food security of 
the area is called virtual water strategy. At the 
beginning of the concept of virtual water has being 
introduced, some researchers has pointed out that 
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virtual water could serves as the tool for solving 
geopolitical problems and avoiding the wars for 
water resources among different countries(Hoekstra 
A. Y.,2003; Allan J. A., 2003a). Actually, there are 
already a lot of countries are using the way of 
virtual water to solve the shortage of water 
resources. For example, Jordan, Israeli and some 
countries in dry areas have made some policies to 
minimize the exports of high water content, 
especially the agricultural products. So the import 
of virtual water has become a very important source 
of water resources, which could add the total water 
resources in Jordan and Israeli. The rate of water 
supply by itself for Jordan and Israeli is 18% and 
33.1% separately. In fact, the amount of imported 
virtual water has already exceeded the exported 
virtual water (Hoekstra A.Y. and Hung P. Q., 2003). 
The net amount of imported virtual water in 
agricultural products in Jordan and Israeli has 
reached 45×108 and 46×108 separately (Hoekstra 
A.Y. and Hung P. Q., 2003). 
 
However, the drawing up and implementation of 
the virtual water strategy is not merely to import 
virtual water for nations and regions which are 
facing water scarcity problems. According to 
Hofwegen (Paul, 2003) from World Water Council, 
if we want to involve the virtual water strategy into 
national policies, we should study and investigate 
the impact of the trades of virtual water to local 
society, economy, environment and culture, and we 
should also know the interactions between them. 
We should make a lot of researches in perspectives 
of currency, food security, food sovereignty, 
employment and water resources. Wichelns also 
pointed out in his research that it is better to assess 
the virtual water in perspective of economy, 
because in this way it would be more related to 
practice and policy (Wichelns, 2004).  
 
3.2.1.3 The Trade of Virtual Water 
The flow of virtual water generated by the trade 
between nations and regions is a hot research topic 
in virtual water researches. One of the most 
systematic and important researches is doing by 
Hoekstra and Chapagain from the UNESCO-IHE. 
They have done a series of researches concerning 
flows of virtual water generated by trades of 
agricultural and animal products for more than a 
hundred nations (Chapagain A. K., Hoekstra 
A.Y.,2003; Hoekstra A.Y., Hung P.Q., 2003). The 
results of the series of researches have not only 
published the content of import and export of 
virtual water of these nations, but also illustrated 
flows of virtual water between these nations. 
 
 During the period from year 1995 to 1999, the flow 
of virtual water generated by global trades of 
agricultural products is 11 36.950 10 m× , while the 
total amount of global water use for agricultural 

products is about 12 35.4 10 m× . This means that 
there is 13% of agricultural water consumption was 
not used for domestic consumption but for the form 
of virtual water which exported to other nation or 
region. Among these nations, nations who exported 
virtual water are the United States, Canada, 
Thailand, Argentina and India; nations who 
imported virtual water are Japan, the Netherland, 
South Korea, China, and Indonesia. Among all 
kinds of agricultural products, the flow of virtual 
water generated by trades of wheat took the biggest 
proportion, namely 30% of the total; followed by 
soybean and rice, which took the proportion of 17% 
and 15% separately. In these series of researches, 
they also found that the balance of virtual water was 
more stable in developed countries than developing 
countries. In addition to the IHE, World Water 
Committee (WWC) (Hoekstra A. Y., 2003), Food 
and Agriculture Organization (FAO) of the United 
Nations and Japanese scientist Oki et al. (Taikan 
Oki, Shinjiro Kanae, 2005) have also analyzed the 
flow of virtual water worldwide. WWC and FAO 
found that the estimation result is 12 31.34 10 m× , 
in which 60% was within the trade of animal 
products, 14% was within the trade of marine 
products, 10% was within the trade of industrial 
products. Oki et al. have calculated the global flow 
of virtual water from the perspectives of producer 
and consumer, which is 12 30.68 10 m×  and 

12 31.14 10 m×  separately. We can see results from 
different researchers are different in some ways. It 
is mainly because the calculation methods, types of 
products and timescales were different. 
 
In the scale of nation, Oki has calculated and 
analyzed the trade of virtual water in Japan (Taikan 
Oki, Shinjiro Kanae, 2005); Saila Parveen has 
studied the flow of virtual water between India and 
Bengal (Saila, 2005). Yegnes-Botzer estimated the 
export of virtual water of Israel and analyzed the 
drivers of the export of virtual water (Yegnes, 
2001). According to the researches of Hoekstra and 
Chapagain, during the period from year 1995 to 
1999, the net amount of imported virtual water 
generated from trade of agricultural products was 

10 32.0 10 m× . China has a vast territory, but its 
distribution of water resources is uneven. So it is of 
significance to study the flow of virtual water 
among different regions in China.  
 
Recent studies suggest that the influences to 
regional water systems caused by worldwide trades 
are almost equal to the influences caused by climate 
change (Hoekstra A. Y.,2002). For example, the 
flow of virtual water generated by the trade of 
agricultural products between the Middle East and 
North Africa equals to the amount of runoff of Nile 
to Egypt (Allan J. A.,2003). So the big amount of 
virtual water flow has caused people’s attention that 
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in the context of human activities, in addition to the 
natural cycle of water resources, there is another 
important mechanism of water cycle, namely the 
“Virtual Water Flows”. Turton et al. has stated in 
his researches that the process of water cycle is no 
longer only traditional natural hydrological cycle, 
but including the increasing aspects of social and 
economic perspectives (Anthony,2005).  
 
To sum up, most of the researches of virtual water 
up to now mainly focused on the issue of 
agricultural products. They have connected 
agricultural products and water resources by 
introducing the concept of trade of virtual water. 
They served as foundations for further studies of 
virtual water and water footprint.  
 

3.2.2. Literature review of water 

footprint 

Ten year after the concept of virtual water 
introduced, Hoekstra has created the concept of 
water footprint and the calculating model. When we 
assess the consumption and usage of water 
resources in a certain nation or a region, we usually 
consider the water use in domestic life, agriculture 
and industry as the indicator. However, this method 
has ignored the water evaporated during the 
growing processes and the virtual water contained 
in the trade between different regions. Compared 
with other methods, the concept of water footprint 
could reflect the real water demand and 
consumption of a nation or a region.  
 
According to the research outcomes of Chapagain 
and Hoekstra, the water footprint of the world is 

12 37.45 10 m×  m3 per year, and the water footprint 
per capita is 3 31.240 10 m×  worldwide (Chapagain 
A.K. and Hoekstra A. Y., 2004). From the 
perspective of nations, India is the country who has 
the biggest water footprint in the world, which is 

12 30.987 10 m×  m3 per year. From the perspective 
of individual water footprint, the United States is 
the country who has the biggest water footprint 
individually, which is 2480 m3 per year; following 
the United States, some countries in South Europe 
also has big water footprint, namely Greece, Italy 
and Spain, who have the water footprint of 2300 to 
2400 m3 per year. The water footprint per capita in 
China is relatively small compared with other 
countries, which is 700 m3 per year.  
 
Some researchers in China have assessed the water 
footprint in some regions and province in China. 
Long Aihua et.al firstly introduced the concept of 
water footprint to China and they calculated the 

water footprint of four provinces in the Northwest 
of China in the year of 2000 (Long Aihua et.al, 
2003). According to their research outcomes, the 
water footprint of four provinces in the Northwest 
of China in the year of 2000 is 8 3613.3 10 m×  m3 
per year and 712.3 m3 per capita per year. Except 
for the region of Xinjiang, the water footprints of 
three other provinces were all over the actual 
statistical data of water resources consumption. 
Wang Xinhua analyzed the individual water 
footprint of each province in China in the year of 
2000 (Wang Xinhua, 2005). According to their 
research outcomes, the water footprint in the 
Northwest area of China was relatively bigger than 
the southern area, middle area and the eastern area. 
Among all provinces, the water footprint in Qinghai 
province is the biggest, which is 935.75 m3 per 
capita per year. The water footprint in Guangxi 
province is the smallest, which is 466.31 m3 per 
capita per year. The average individual water 
footprint for China is 601 m3 per capita per year. 
Additionally, they have analyzed the composition 
of water footprint of these provinces in China, and 
gave some paths for how to reduce the water 
footprint to alleviate the pressure caused by the 
shortage of water resources. Moreover, they also 
calculated the water footprint of Gansu province of 
year 2000 and 2003, and they found that the 
proportion of water resources consumption in 
Gansu province was very high which had posed a 
great pressure on the environment and ecosystem in 
Gansu province.  
 
In addition to the factors of climate and situation of 
water resources consumption, different patterns of 
water consumption also could influence the water 
footprint. Renault had made researches on how the 
consumption patterns impact the water footprint 
(Zimmer D., Renault D., 2003). According to the 
result, each person needs 1 m3 per day to satisfy the 
need for survival; if people choose to consume 
animal products they would need more water for 
each day, which is 2.5 m3 per day, such as the area 
of north Africa; while in the areas like the Europe 
and the United States, where people would 
consume much more amount of animal products, 
they would need much more water for each day, 
which is 5.0 m3 per day. So the big amount of water 
footprint of the United States partly due to the big 
amount of consumption in meat and industrial 
products (Chapagain A.K.,2004). Chapagain and 
Hoekstra have compared two ways of living styles 
of drinking tea and coffee. The content of virtual 
water in a cup of coffee is 140L, while the content 
of virtual water in a cup of tea is only 34L, which 
means that different choices of drinking tea or 
coffee would determine the water footprint 
(Chapagain A. K., Hoekstra A. Y.,2003a). The 
water footprint for drinking coffee is four time of 
that for drinking tea.  
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In China, some researchers’ results also suggested 
that different patterns of consumption would result 
in different water footprints. For example, Ma Jing 
et al. suggested that the contracture of eating food 
influence greatly in the consumption of water 
resources (Ma Jing et al., 2005); Long Aihua et al. 
studied the relations between water footprint of 
Gansu province and the pattern of consumption, 
and they concluded that increasing the diversity of 
consuming structure would alleviate the pressure to 
water system (Long Aihua et al., 2005).  
 
These researches discussed above have connected 
the concept of virtual water with real objects and 
behaviours, and also provided a new perspective in 
the assessment and study of the actual consumption 
of water resources in certain country or region. In 
the studies of water resource management, they also 
provided a new method to assess the quantitative 
relation between consumption patterns of a country 
or region and the usage of water resources.  
 
To sum up, researches in water footprint have been 
in the scales of nation and regions, and also small 
scales such as the individual scale. They also 
focused on patterns of water consumption which 
influence the water footprint of certain regions or 
individual person. However, there were not big 
deals of researches concerning the water 
consumption in scales of industry production. For 
example, how does the producing procedure impact 
the water footprint of industrial products, and how 
do they impact the water footprint of an enterprise? 
So in this paper, we are going to discuss the water 
footprint in scales of Ecological Industrial Park, 
industries, enterprises and product.  
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4. Study Area——Yixing 
Economic Development Zone 
(YEDZ) 

4.1. Study area: Yixing Economic 

Development Zone (YEDZ) 

Yixing locates in the Yangtze River Delta and 
Taihu basin. It is in the Jiangsu Province, in 
southeastern of China. (Fig. 4.1.) It is very close to 
some major economically developed cities, namely 

Shanghai, Hangzhou, Nanjing, Ningbo, Suzhou and 
Wuxi. (Fig.4.2.) Yixing is a county-level city which 
ranked the ninth among all counties of China in the 
year of 2011 in perspective of economic 
development. (Forbes China, 2011)  Yixing is a 
famous industrial base with well developed 
economy.  
 
 

 

 
Fig.4.1 The location of Yixing in Southeastern China 
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Fig. 4.2. Yixing is the hub of major economically developed cities 
 
Yixing Economic Development Zone was officially 
approved by the National Development and Reform 
Commission of China in 2006. The administrative 
area of the Yixing Economic Development Zone is 
68.4 square kilometers. The manufacture of textiles, 
manufacture of raw chemical materials and 
chemical products, which were big water 
consumers, dominated the zone’s economic 
development in 2007 (Sai Liang et. al. , 2011). In 
addition to traditional industries such as chemical 
industry, textile industry and mechanical industry, a 
series of new technologies and industries have 
developed rapidly these years. There are new 
technologies in renewable energy production in 
Yixing Economic Development Zone, such as 
photovoltaic power system for solar energy industry, 
wind power equipments manufacturing industry, etc. 
Advanced materials production includes new nano-
materials, new chemical materials, advanced 
materials for aviation. Moreover, photoelectron 
industry is increasingly developing as well during 
these years in Yixing Economic Development Zone. 
As a result, the consumption of water resources has 
always been intense. In addition, most of the 
industries produce high level of pollution as they 
discharge their wastes in to the nearest water bodies 
such as the Daxi River and Wuyi Canal, etc. Major 
wastes generated from these industries make 
negative impacts on the local water bodies.  Many 
water quality parameters such as TN, COD and TP 
are over the “Environmental quality standard for 
surface water” (GB3838-2002). Water quality is 
qualified in six levels in China. In YEDZ, the water 
quality is mostly at level five and level six, which 
are the worst two levels (Sai Liang et. al. , 2011). 

Thus the decreasing quality of water bodies made 
the fresh water resources getting scarcer. 
 
The water supply crisis in Taihu basin, caused by 
blue-green algae outbreak 2007, shows that the 
severe conflict between industry development and 
environment in economically developed area. This 
has raised the universal debate about the developing 
pattern in southern Jiangsu province. Since the 
location of YEDZ is in the upstream of the Taihu 
Lake and it is a typical industrial park in China, 
water emission standards and governmental 
supervisions are currently stricter. As a result, water 
resource management in the Yixing Economic 
Development Zone has caused the attention of the 
government and public. The assessment of water 
footprint is a feasible way to evaluate the status of 
water usage and water pollution in certain area or 
among certain people. Water resources could be 
used in many different forms to reduce the water 
footprint, such as water recycling and cascade 
utilization. Some of the enterprises have begun to 
involve Ecological Industry and Industrial 
Symbiosis concepts in construction and reformation. 
The government made planning of further 
infrastructures such as pre-treatment of waste water, 
sewage pipe network for water cycles.  
 
The system boundaries of the case study are set 
according to the administrative boundaries of 
Yixing Economic Development Zone. Data of this 
study including economic information, water use 
information and water resource management data 
were collected on the basis of interviews with 
government officers and technicians in enterprises, 
as well as documents from industrial park planning 
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committee. This article proposed a model to assess 
the water footprint of industrial park, and Yixing 
Economic Development Zone was studied as a case. 
 

4.2. Current Status of Water 

Resources in the YEDZ 

Yixing Economic Development Zone (YEDZ) 
locates in the northeast of the city of Yixing. There 
are about 120 rivers of several levels in total within 
this area, which form the network of water bodies 
within the YEDZ. The total water area is 294.3 
square kilometres; the total capacity of the rivers 
and reservoirs is 131 million cubic meters. The year 
round available water resources are 1.067 billion 
cubic meters. Status of water resources in Yixing, 
compared with it of China in 2009 is shown in 
Table 4.1. 
 

In the context of industrialization and over 
consumption of water resources, we assess the 
water footprint of Yixing Economic Development 
Zone according to local conditions in this study. 
The available fresh water resource per capita in 
Yixing is 995.5 cubic meters per person, which is 
1/2 of the available water resources per capita in 
China. According to the water scarcity index 
determined by UNEP and international experts 
based on China’s conditions, the available fresh 
water resource per capita between 500 to 1000 
cubic meters per person and per year is in the level 
of scarcity (Fig.4.3). In this level, the development 
of economy would be impaired and the health of 
citizens would be threatened. The available fresh 
water resource per capita between 1000 to 1700 
cubic meters per person and per year is in the level 
of stress. In this level, people would face water use 
stress periodically and regularly. In addition to the 
water scarcity faced by Yixing, according to the 
Water Stress Indicator (WSI) in major basins from 
UNEP, Yixing is in the over-exploited area of water 
resources (Fig.4.4.). 
 

 
Table 4.1  Status of Water Resources in Yixing, 2009 

 Yixing    China×

Total water resources（100 million cubic meters） 10.67 27434 
Population（ten thousand people） 107.18 132802 

Water resources per capita（cubic meters/person） 995.5 2071.1 
Water resources per unit area（10000 cubic meters/square kilometers） 52.34 28.58 

Note：×Data of 2008 
Data sources：Bureau of Statistics of Yixing and the local government of Yixing 
 
 

 

Fig.4.3.  Freshwater availability all over the world (cubic metres per person and per year, 2007) 
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Fig.4.4.Water stress indicator (WSI) in major basins 

 

4.3. Current Status of Water 

Usage in the YEDZ 

In the year of 2009, the total amount of water 
consumption in industry of the YEDZ is 372 
million tons, among which 33.09 million tons was 
newly drawn from fresh water, and 339 million tons 
of water was collected from treated water from 
waste water treatment plants, namely water 

reuse/recycling. So the rate of water reuse/recycling 
is 91.1%. As to the composition of the fresh water, 
24.8 million tons was from rivers, which 
accounting for 74.9%; 8.26 million tons was from 
tap water, which accounting for 25.0%; 30 
thousand tons was from underground water, which 
accounting for 0.1%. The emission of the waste 
water is 17.05 million tons. The rate of water reuse/ 
recycling of enterprises in the YEDZ are relatively 
high, however, some of them are still using water 
resources from underground. (See Fig. 4.5.) 

 
 

 

Fig.4.5. Structure of sources of industrial water usage in YEDZ, 2009 
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According to the conditions of water consumption 
among different kinds of industries in YEDZ in the 
year of 2009, the productions in heat and power 
plants, chemical industry, textile printing and 
dyeing industries were main water consumers. The 
industries of heat and power plants and chemical 
industry mainly use the surface water; some of the 
enterprises in chemical industry use ground water. 

The rate of water reuse/ recycling for heat 
and power plants and chemical industry were 
relatively high, compared with other industries. 
(See Table 4.2) 
 
 
 

Table 4.2 Sources of water usage for different industries in YEDZ, 2009 (Unit: 10,000 t) 

Industry Usage Consumption Tap water River Groundwater Reuse 

Heat and power industry    25145 1074 6 1068 0 24071

Chemical industry 10760 1106 179 916 2.5 9657 

Dyeing and printing, Textile industry  999 894 536 359 0.1 105 

Machinery industry 106 86 30 55 0.2 20 

PV photoelectric 19 19 18 1 0 0 

Others 142 130 57 81 0.3 10 

Total 37171 3309 826 2480 3.1 33863
 
 

4.4．Water Recycling Status in 

the YEDZ  

Recently, the fresh water consumption per unit of 
industrial added value in Yixing Economic 
Development Zone keeps in a high level. The main 
reason is due to the high level of fresh water 
consumption but low level of water recycling and 
reuse in some major industries, such as textile 
enterprises and dyeing and printing industry. For 
example, the rate of water recycling and reuse for 
dyeing and printing industry is only 10%. Although 
enterprises in textile manufacture, dyeing and 
printing industry have reached the requirement of 
“Cleaner Production”, they still have to face the 
pressure of reducing the fresh water consumption 
per unit of industrial added value. In this case, they 
ought to reduce the fresh water consumption per 
unit of industrial added value in two ways. The first 
one is to increase the rate of water recycling and 
reuse. For example, the chemical industry could 
increase the rate of water recycling and reuse from 
51% to 80% by the year of 2015; the dyeing and 
printing industry could increase the rate of water 
recycling and reuse from 10% to 50% by the year 
of 2015; the photovoltaic industry could increase 
the rate of water recycling and reuse from 0% to 

20% by the year of 2015. The second way is to 
reduce the total water consumption by 
technological transformation. Through the potential 
analysis of water saving, the main water consumers 
such as textile industry, printing and dyeing 
industry and chemical industry could be reduced 
approximately by 5%. 
 

4.5. Energy and Water 

Consumptions in the YEDZ 

The records of energy and water consumption from 
year 2006 to 2010 were shown in the following Fig. 
4.6. The data for year 2006 only refers to the area of 
Zhuqiao; the data for the year 2010 lack data for the 
last quarter of the year. In this figure, we could see 
the trend that from year 2006 to year 2010, the total 
amount of energy and water consumption in Yixing 
Economic Development Zone have been increasing 
gradually, but the energy consumption per unit of 
GDP and water consumption per unit of industrial 
added value have been decreasing during these 
years significantly. So we can see the potential of 
saving energy and water in YEDZ. 
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Fig.4.6. Water and Energy Consumption of the YEDZ 
 
Note: In the YEDZ, there are some special 
enterprises which were not included in energy 
consumption. For example, Associated Heat and 
Electricity plant is a plot in the second batch of 
National Circular Economy. Since the production 
processes are special and they do not only supply 
electricity and heat within the YEDZ, the energy 
data of this enterprise was not included in this 
series of data. 
 

4.6. Development of Main 

Industries in the YEDZ 

Yixing Economic Development Zone has three 
categories of traditional industries. The first 
category includes printing and dyeing industry and 
textile manufacturing industry. The second category 

includes machinery industry and equipment 
manufacturing industry. The third category includes 
chemical industry and materials manufacturing 
industry.  In recent years, the YEDZ has introduced 
a series of new industries with high-tech, such as 
renewable energy, advanced materials, and photo-
electronic industry.  The trend of development of 
different types of industries in the Yixing Economic 
Development Zone is shown in the Fig. 4.7. 
 
According to the newly planned development 
patterns, the YEDZ will establish 
modern manufacturing industry heights in the west 
region of Taihu basin. The criteria of newly planned 
development patterns include three aspects. The 
first one is the agglomeration of industries; the 
second one is the creation of new technology; the 
third one is protection of the environment. 
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Fig. 4.7. Development Trend of different industries in the YEDZ 
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5. Water Footprint Assessment 
of YEDZ 

5.1. Water Footprint Assessment 

in the level of Eco-industrial Park 

Based on the method of calculation of the water 
footprint of a nation or a region, we establish the 
model of water footprint of an Eco-industrial Park, 

and the calculation method of water footprint of an 
Eco-industrial Park. The model of water footprint in 
an Eco-industrial Park is illustrated as below in 
figures. The calculation of water footprint in Eco-
industrial Park is stated as below in formula 5.1.1 to 
formula 5.1.5.  
The research route of the assessment of water 
footprint of an Eco-industrial Park in this thesis is 
shown in the Fig. 5.1.  

 

 
Fig. 5.1 Research Route of water footprint of an Eco-industrial Park in this article 

 
 
 

5.1.1. Model of Water Footprint 

Assessment in Eco-industrial Park 

The system boundary of this research covers 
economic and social systems of the Eco-industrial 
Park, including all sub-systems within the 
boundaries, such as the production system, the 
economic system and the daily life of staff 
members, etc. 

 Spatial system boundaries ： Geographical 
boundaries of the Eco-industrial Park 

 Time boundary：One year time  
 
The water foot print of an Eco-industrial Park 
(WFEP, m3/ yr) is calculated as the total volume of 
direct or indirect water use to produce the goods 
and services consumed by industrial activities and 
stuff members in the Eco-industrial Park. The water 
foot print of an Eco-industrial Park is consisted by 
two components, the internal and the external water 
footprint of the Eco-industrial Park.    
WFEP IWFEP EWFEP= + …………………
………………(5.1.1) 
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In the equation, WFEP refers to the water 
footprint of an Eco-industrial Park; IWFEP refers 
to the total volume of water used within this Eco-
industrial Park, namely internal water footprint of 
an Eco-industrial Park; EWFEP refers to water 
resources used outside the Eco-industrial Park to 
produce goods and services while consumed in the 

production or daily life in the Eco-industrial Park, 
namely external water footprint of an Eco-industrial 
Park.  
 
The schematization of the water footprint is 
illustrated in Fig. 5.2. 
 

 
Fig. 5.2. Schematization of the water footprint in an Eco-industrial Park 

 
 
The components in the blue dashed box represent 
the internal water footprint of an Eco-industrial 
Park; the components in the green dashed box 
represent the external water footprint of an Eco-
industrial Park. The definition and the meaning of 
each component would be explained in the 
following text. According to the information we get 
from Eco-industrial Park and parameters in our 
model, there are mainly five components of water 
footprint in an Eco-industrial Park.  

 Industrial water withdrawals in the Eco-
industrial Park; 

 Agricultural water use in Eco-industrial Park; 
 Domestic water withdrawals of the staff 

members in the Eco-industrial Park; 
 Water withdrawals of the environmental and 

ecological demand; 
 All kinds of virtual water, including virtual 

water in the trade of industrial products and 
food products for staff members in the Eco-
industrial Park. 

 
The internal water footprint of an Eco-industrial 
Park (IWFEP, m3/yr) is defined as the use of water 
resources to produce goods and services or directly 
consumed by staff members of the Eco-industrial 
Park. It is calculated as the sum of the total water 
volume used in industrial production, water 
consumption by staff members in daily life, and 
environmental, ecological water demand, and the 
water loss minus the volume of virtual water 

contained in the products sold out of the Eco-
industrial Park.  

+
+sold out

IWFEP IWWEP AWUEP DWWEP
EWWEP VWEP WLEP−

= + +
－

..

.........(5.1.2)  
In this formula, IWFEP refers to the internal water 
footprint of an Eco-industrial Park; IWWEP refers 
to the volume of industrial water withdrawals in the 
Eco-industrial Park; AWUEP refers to agricultural 
water use in Eco-industrial Park; DWWEP refers to 
the volume of domestic water withdrawals of the 
staff members in the Eco-industrial Park; EWWEP 
refers to the volume of water withdrawals of the 
environmental and ecological demand; VWEPsold-out 
refers to the volume of virtual water of products 
which were sold out of the Eco-industrial Park; 
WLEP refers to the volume of water loss of the 
Eco-industrial Park, such as the evaporation of the 
cooling water in the open tank. 
 
The industrial water withdrawal in the Eco-
industrial Park (IWWEP, m3/yr) is defined as the 
volume of fresh water resources which are 
withdrawn from natural water bodies in one year to 
support the industrial production in the Eco-
industrial Park. It is calculated as the volume of 
industrial water usage of the Eco-industrial Park per 
year minus the sum of the volume of water 
recycling and the volume of water cascade 
utilization of the Eco-industrial Park per year.  
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Fig. 5.3 Water recycling and water cascade utilization are considered in the industrial water usage of the Eco-
industrial Park.  
(E1, E2, E3 and E4 refer to enterprises in the Eco-industrial Park; T1, T2, T3 and T4 refer to waste-water pre-
treatment within the enterprise; WWTP refers to waste water treatment plant in the Eco-industrial Park.) 
 
 
 

( )= - +IWWEP IWUEP WREP WCUEP  .........
................................................5.1.3 
In this formula, IWWEP refers to the volume of 
industrial water withdrawals in the Eco-industrial 
Park; IWUEP refers to the volume of industrial 
water usage of the Eco-industrial Park per year; 
WREP refers to the volume of water recycling of 
the Eco-industrial Park per year; WCUEP refers to 
the volume of water cascade utilization of the Eco-
industrial Park per year.  
 
The external water footprint (EWFEP, m3/yr) of an 
Eco-industrial Park is defined as the annual volume 
of water resources used outside the Eco-industrial 
Park to produce goods and services 
while consumed in the production or daily life in 
the Eco-industrial Park. It is calculated as the 
virtual water imported into the Eco-industrial Park 
(VWIEP, m3/yr) minus the volume of virtual water 
exported to outside of the Eco-industrial Park as a 
result of re-export of imported products (VWEPre-

sell, m3/yr).  

re sellEWFEP VWMEP VWDEP VWEP −= + －

 ………(5.1.4) 
In the formula, EWFEP refers to the external water 
footprint of an Eco-industrial Par, it means 
the virtual water in products which are purchased 
from outside the Eco-industrial Park 
while consumed within the Eco-industrial Park; 
VWIEP refers to the total volume of virtual water 

imbedded in imports (including products consumed 
by industrial production and domestic life if staff 
members) in the Eco-industrial Park; VWEPre-sell 
refers to the total amount of virtual water contained 
in imported products which then re-sold to outside 
of the Eco-industrial Park or other regions. 
 
The virtual water imported into the Eco-industrial 
Park (VWIEP, m3/yr) is consisted of all kinds of 
products imported to the Eco-industrial Park, such 
as the volume of virtual water of materials for 
industrial production imported into the Eco-
industrial Park, and the volume of virtual water of 
foods and drinks for staff members imported into 
the Eco-industrial Park, etc.  
VWIEP VWMEP VWDEP= +    ......... (5.1.5) 
In the formula, VWIEP refers to the total volume of 
virtual water imbedded in imports (including 
products consumed by industrial production and 
domestic life if staff members) of the Eco-industrial 
Park; VWMEP refers to the volume of virtual water 
of materials for industrial production imported into 
the Eco-industrial Park; VWDEP refers to the 
volume of virtual water of foods and drinks for staff 
members imported into the Eco-industrial Park. 
 
 
 
 
 
 



24 
 

5.1.2. Case Study in the Yixing 

Economic Development Zone  

5.1.2.1. System Boundaries 

The system boundary of this research covers 
economic and social systems of the Yixing 
Economic Development Zone (YEDZ), including 
all sub-systems within the boundaries, such as the 
production system, the economic system and the 
daily life of staff members, etc. 
 

 Spatial system boundaries ： Geographical 
boundaries of the Yixing Economic 
Development Zone (YEDZ). 

 Time boundary：2009, 2012, 2015 
 Data sources:  

1.  
The data of virtual water of some crops 
and animal products of China in this 
thesis is referenced by the average value 
of the researches of Hoekstra and 
Chapagain. They estimated Virtual 
water  contained in the unit of agricultural 
products of more than 100 
countries around the world (Hoekstra A.Y. 
and Hung PQ., 2003; Chapagain A.K. and 

Hoekstra A. Y., 2004; Chapagain A.K. 
and Hoekstra A. Y.,2003b)  

2. Jiangsu Yixing Economic Development 
Zone, the Planning of Eco-industrial Park 
( December, 2010) 

3. Work Summary for 2011 and Work 
Plans for 2012, Yixing Economic 
Development Zone, Jiangsu 

4. Economic and Social Development 
Report , Yixing Economic Development 
Zone, Jiangsu  (February 1st, 2012） 
 

5.1.2.2 Counting Results of Water Footprint of 

the YEDZ 

According the actual situation of the Yixing 
Economic Development Zone, there were no 
agricultural activities within this region. So the 
aspect of water use in agriculture would be 
considered as null in this calculation.  So, 
AWUEP=0. The water footprint of the YEDZ in the 
year 2009, 2012, 2015 is calculated based on the 
formula 5.1.6 as below: 
 

( )
( )

- + +

+ +sold out re sell

WFEP IWUEP WREP WCUEP AWUEP DWWEP

EWWEP VWMEP VWDEP VWEP VWEP− −

= + +

+ －

....................................................................... 5.1.6
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Table 5.1. Data of Economy and Water Resources Consumption of the YEDZ 

Parameters Parameters Unit 2009 2012 2015 

IWWEP 

IWUEP 109 m3 3.72 4.25 4.86 

WREP 109 m3 3.39 3.87 4.47 

WCUEP - - - - 

AWUEP - - 0 0 0 

DWWEP 

Water consumption per 
capita per day (L/capita.d) 180 190 210 

No. of staff members Ten thousand 
people 4 4.5 5 

EWWEP 

Public green area 106  m2 27.44 30.87 34.3 

Water quota of green 
area m3/m2 0.8 0.8 0.8 

Percentage of public 
green area % 40% 45% 50% 

Total area of the YEDZ 106  m2 68.6 68.6 68.6 

VWEPsold-out& 
VWEPre-sell 

Industrial added value 105 ten thousand 
yuan 169.3 425.8 1071.1 

Annual growth rate of 
Industrial added value % 36% 36% 36% 

Water 
consumption per ten 

thousand yuan 
of industrial added value

m3/ ten thousand 
yuan 25 9 5 

VWMEP 

Water 
consumption per ten 

thousand yuan 
of industrial added value

m3/ ten thousand 
yuan 25 9 5 

Industrial investment 105 ten thousand 
yuan 315066 1233304 4827683 

Annual growth rate of 
Industrial investment % 57.6 57.6 57.6 

VWDEP See Table 4.2.     
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Table 5.2. Data of Virtual water of some crops in China and Food Consumption in the YEDZ 

VWDEP 
Virtual water of some crops in 

China (m3/t) 
Average consumption per person 

per day(g/d×cap) 

Rice 1321 286 

Vegetables 100 150 

Fruits 1000 125 

Eggs 3550 125 

Pork 2211 100 

 
(Hoekstra A.Y. and Hung PQ., 2003; Chapagain 
A.K. and Hoekstra A. Y., 2004; Chapagain A.K. 
and Hoekstra A. Y.,2003b)  
 

 

Table 5.3.    Water Footprint of the YEDZ in year 2009, 2012 and 2015 
 

Parameters Unit 2009 2012 2015 

IWWEP 106m3/year
 

330 380 390 

AWUEP - 0 0 0 

DWWEP 106m3/year
 

2.63
 

3.12
 

3.83
 

EWWEP 106m3/year
 

21.952 24.696 27.44 

VWEPsold-out& 
VWEPre-sell 

106m3/year
 

423.25 383.22 535.55 

VWMEP 106m3/year
 

787665   1109973.6    2413841.5 

VWDEP 106m3/year
 

17.28 19.44 21.60 

Total WF 106m3/year 787613.6 1110018   2413749 

   
 
 
The individual water footprint of the YEDZ would be presented in the following part. 
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Table 5.4.    Water Footprint per capita of the YEDZ in year 2009, 2012 and 2015
 

 

Parameters Unit 2009 2012 2015 

IWWEP 103m3/capita
 

8.25 8.444444 7.8 

AWUEP - 0 0 0 

DWWEP 103m3/capita
 

0.06575 0.069333 0.0766 

EWWEP 103m3/capita
 

0.5488 0.5488 0.5488 

VWEPsold-out& 
VWEPre-sell 

103m3/capita
 

10.58125 8.516 10.711 

VWMEP 103m3/capita
 

19691.63 24666.08 48276.83 

VWDEP 103m3/capita
 

0.432 0.432 0.432 

Staff No.  40000 45000 50000 

Total WF 103m3/capita 19690.34 24667.07 48274.98 

 
 
5.1.3. Response Options  
From the formula 4.1.6, the water footprint of the 
Eco-industrial Park could be decreased in some 
aspects. 
From the perspective of the government and policy 
makers, we have four suggestions. 
1. To incentive policy for water recycling and 

water cascade utilization; 
2. To organize seminars and conferences for the 

discussion about water saving technologies for 
different industries.  

3. To encourage the network among different 
enterprises, by which to establish water flows 
and exchanges among enterprises 

4. To introduce plants with low rate of 
evaporation in the public green areas 
 

From the perspective of enterprises, we have six 
suggestions as below.  
1. To increase the volume or rate of water 

recycling within the enterprise or from the 
waste water treatment plant; 

2. To establish the water cascade utilization with 
other enterprises, and increase the rate of water 
cascade utilization; 

3. To use the raw materials with low content of 
virtual water in production processes 

4. To decrease the water consumption per unit 
yuan of industrial added value by involving 

less water intense technologies 
5. To increase the water use efficiency in 

industrial production 
6. To purchase agricultural and animal products 

with low content of virtual water as foods for 
the staff 
 

From the perspective of saff members, we have 
three suggestions as below. 
1. To increase the water use efficiency in daily 

life of staff members 
2. To change the water use patterns in daily life 
3. To make full use of water, and not to waste 

food and drinks 
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5.2. Water Footprint Assessment 

in the Level of an Enterprise in 

Eco-industrial Park 

5.2.1 Water Footprint Model of an 

Enterprise in Eco-industrial Park 

In this part, we are going to discuss about the model 
of water footprint in the level of enterprises in the 
Eco-industrial Park.  
 
In the level of enterprise, we should also consider 
the scale of the enterprise. An enterprise of very 
large scale would very likely to has much bigger 
water footprint due to the larger scale of production 
and more staff members in it. So it is more 

comparable if we could consider the water footprint 
per unit out-put value, such as the water footprint 
per ten thousand yuan of out-put value. In this way, 
we could make the indicator more reasonable and 
comparable, because we can decrease impact of the 
scale of enterprises.  
 
Firstly, I establish the schematization of water use 
in an enterprise. It is consisted by some components. 
 Water withdrawals: We 
 In-put of virtual water: Vin,e 
 In-put of cascade water use: Cin,e 
 Water loss: Le 
 Drainage: De 
 Internal water recycling: Rin,e 
 Water recycling from waste water treatment 

plant:  Rwwtp,e 
 Out-put of cascade water use: Cout,e 
 Out-put of virtual water: Vout,e 

 
 

 
 

Fig. 5.4. Schematization of Water Footprint of an Enterprise in Eco-industrial Park 
 
 
 
The water footprint of an enterprise WFe is defined 
as the total volume of water consumed directly or 
indirectly in one year. It is calculated as the sum of 
fresh water withdrawals (We) of the enterprise e, the 
in-put of virtual water in materials or products of 
the enterprise e (Vin, e) and the volume of water loss 
of the enterprise Le minus the out-put of virtual 
water of products of the enterprise e (Vout, e), the 
volume of water cascade utilization which are sent 
out to other enterprises (Cout, e), and the volume of 
the drainage of the enterprise De.  

, , , +e e in e out e out e e eWF W V V C D L= + − − − ..........
.................5.2.1.1 
 
The water use of an enterprise per year Ue is 
defined as the total volume of water used in 
industrial production in one year. It is calculated as 
the sum of fresh water withdrawals We of the 
enterprise e , the volume of water recycling Re of 
the enterprise e and the volume of water cascade 
utilization Cin, e which are sent into the enterprise e 
from other enterprises. 
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,e e e in eU W R C= + +Q ...........................5.2.1.2 

,e e in e eW U C R∴ = − − .......................5.2.1.3 
 
The volume of water recycling of an enterprise is 
Re. It is consisted of the volume of water recycling 
within the enterprise Rin, e and the volume of water 
recycling from wastewater treatment plant Rwwtp, in, 

e. , e , e+e in wwtpR R R= ......................5.2.1.4 Based 
on the equations above, the water footprint of an 
enterprise WFe could be calculated as the following 
formula. 

, , , e , e ,

,

( + )

+
e e in e in e in wwtp out e

out e e e

WF U V C R R V

C D L

= + − − −

− −
………….5.2.1

5.2.2 Evaluate indicators 

1. The rate of internal water recycling of an 
enterprise ,in er  
The rate of internal water recycling is defined as the 
ratio of the volume of water recycling within the 
enterprise Rin, e versus the volume of water 
recycling of an enterprise Re. Re is consisted of the 
volume of water recycling within the enterprise Rin, 

e and the volume of water recycling from waste-
water treatment plant Rwwtp, in, e. 

      ,
, = in e

in e
e

R
r

WF
  ................5.2.2.1 

The rate of internal water recycling re indicates the 
level of water recycling within an individual 
enterprise, which indicates the level of water 
recycling within the enterprise e. 
2. Rate of water recycling of an enterprise er   

   , ,+in e wwtp ee
e

e e

R RRr
WF WF

= = ................5.2.2.2 

The rate of water recycling of an enterprise is the 
ratio of water recycling volume with the water 
footprint of an enterprise, which indicates the level 
of water recycling of an enterprise. It includes the 
water recycling within the enterprise e and the 
water recycling from the waste water treatment 
plant to the enterprise e. 
3. The rate of water recycling of an Eco-industrial 
Park r  

,
1

+
n

in e wwtp
e

R R
Rr

WFEP WFEP
== =
∑

................5.2.2.3 

The rate of water recycling of an Eco-industrial 
Park r is to evaluate the level of water recycling of 
an Eco-industrial Park. 
4. The rate of water cascade utilization of an 
enterprise ce 

, ,in e out e
e

e

C C
c

WF
+

=  ................5.2.2.4 

The indicator of ce is to evaluate the level of water 
cascade utilization of an enterprise. 
5. The rate of water cascade utilization of an Eco-
industrial Park EPc  

, ,
1 1

1
2

n m

in e out e
e e

EP

C C
c

WFEP
= =

⎛ ⎞+⎜ ⎟
⎝ ⎠=
∑ ∑

................5.2.2.5 

The indicator of cEP is to evaluate the level of water 
cascade utilization of an Eco-industrial Park. 
 
 
 

5.2.3．Case Study of Water Footprint 

Assessment of Enterprises in the 

Yixing Economic Development Zone  

5.2.3.1. Brief introduction of the chosen 

enterprises
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Table. 5.5. Information of some enterprises in the Yixing Economic Development Zone 
 

Enterprise Main products Founded 
year Annual output 

Annual 
output 

value (ten 
thousand 

yuan) 

No. of 
staffs 

Jiangsu Multicolor Fine 
Chemical Industry Co., 

Ltd.  

Organic pigment, printing pi
gment 

emulsion, pigment preparati
on of pulp 

2003 

Permanent 
violet 

500 
(tons) 18000 230 Organic 

pigment 
5000 
(tons) 

Wuxi Xinyuan Precious 
Metal Co.,  Ltd. 

Waste metal treatment and 
recycling (gold, silver, and 

copper etc.) 
2007 1000 (tons) 8000 80 

Jiangsu CnLamp 
Optoelectronic Co. Ltd. 

Projector light source, 
High pressure mercury lamp 2007 300 thousand pieces 8000 130 

Jiangsu Yinhuan Precision 
Steel Tube Co., Ltd Precision seamless steel tube 1992 - 65000 1000 

Jiangsu Kanghe Textile 
Co., Ltd Textile; dyeing of cloth, 2002 3000 (tons) 33928 80 

Jiangsu Demeike 
Chemical Engineering 

Co., Ltd. 
Reactive dyes 2003 12000 (tons) 8800 100 

Wuxi Jiacheng Solar 
energy technology Co., 

Ltd. 

Solar energy panels and 
modules 2005 18000 pieces 25000 150 

Lemon chemical industry 
technology Co., Ltd. Citric acid esters, etc. 2003 12000  (tons) 23600 90 

 
 

5.2.3.2 System Boundaries 

Based on the calculating formula 4.2.1.5 of water 
footprint of an enterprise, we make the case study 
of some enterprises in the Yixing Economic 
Development Zone.  

, , , e , e ,

,

( + )e e in e in e in wwtp out e

out e e e

WF U V C R R V

C D L

= + − − −

− − −
 

…….5.2.1.5 
 
The system boundary of this research ranges from 
industrial production of the enterprise to the 
domestic life of staff members in the enterprise. 
Water footprint within an enterprise includes all 
sub-systems within the boundaries, such as the 
water use for industrial production, water demand 
for public green area, and virtual water in raw 
materials, etc. 
 

 Spatial system boundaries ： geographical 

boundaries of enterprises. 
 Time boundary：One year’s time 
 Data sources:  

1. The data of Virtual water of some crops and 
animal products of China in this thesis is 
referenced by the average value of the 
researches of Hoekstra and Chapagain. They 
estimated Virtual water  contained in 
the unit of agricultural products of more than 
100 countries around the world ([26，29，69]).  

2. Jiangsu Yixing Economic Development 
Zone, the Planning of Eco-industrial Park 
( December, 2010) 

3. Work Summary for 2011 and Work Plans for 
2012, Yixing Economic Development Zone, 
Jiangsu Economic and Social Development 
Report , Yixing Economic Development Zone, 
Jiangsu  (February 1st, 2012） 

4. Water Balance Diagram in the Cleaner 
Production Audit Report or in the 
Environmental Impact Assessment documents 
of each enterprise in the Yixing Economic 
Development Zone 
5.2.3.3 Counting of Water Footprint of 
Enterprises 
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The counting of Water footprint of enterprises 
is presented as below. The Water Balance 
Diagram of Jiangsu Multicolor Fine Chemical 

Industry Co., Ltd. is shown as an example in 
the following part as well.  

 
 

Fig. 5.5 Water Balance Diagram of Jiangsu Multicolor Fine Chemical Industry Co., Ltd.  
(We take this Water Balance Diagram of Jiangsu Multicolor Fine Chemical Industry Co., Ltd.  as an 

example, Water Balance Diagram of other enterprises were not shown in this thesis.) 
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Table. 5.6. Water Footprint per year and Water Footprint per ten thousand yuan of out-put value of Enterprises
 

Enterprise Industry Water Footprint per year 
(t) 

Water Footprint per 
ten thousand yuan of 

out-put value  
(t/ ten thousand yuan) 

Annual output 
value (ten 

thousand yuan)

Jiangsu Multicolor Fine 
Chemical Industry Co., 

Ltd.  
Chemical industry 42560.5 2.36 18000 

Wuxi Xinyuan Precious 
Metal Co.,  Ltd. 

Renewable 
resources industry 721.85 0.09 8000 

Jiangsu CnLamp 
Optoelectronic Co. Ltd. 

Optoelectronic 
industry Very little _ 8000 

Jiangsu Yinhuan 
Precision Steel Tube 

Co., Ltd 

Mechanical and 
machinery 

manufacture 
industry 

Very little _ 65000 

Jiangsu Kanghe Textile 
Co., Ltd 

Textile and dyeing 
industry 6448 0.19 33928 

Jiangsu Demeike 
Chemical Engineering 

Co., Ltd. 
Chemical industry 19118 2.17 8800 

Wuxi Jiacheng Solar 
energy technology Co., 

Ltd. 

Photovoltaic 
industry 51000 2.04 25000 

Lemon chemical 
industry technology 

Co., Ltd. 
Chemical industry 32322.85 1.37 23600 
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5.2.3.3 Evaluate Indicators

 
Table. 5.7. Rate of water recycling and water cascade utilization of Enterprises

 

Enterprise Industry Rate of water recycling 
(%) 

Rate of water cascade 
utilization (%) 

Jiangsu Multicolor Fine 
Chemical Industry Co., 

Ltd.  
Chemical industry 0 7.6 

Wuxi Xinyuan Precious 
Metal Co.,  Ltd. 

Renewable 
resources industry 33 0 

Jiangsu CnLamp 
Optoelectronic Co. Ltd. 

Optoelectronic 
industry - _ 

Jiangsu Yinhuan 
Precision Steel Tube 

Co., Ltd 

Mechanical and 
machinery 

manufacture 
industry 

- _ 

Jiangsu Kanghe Textile 
Co., Ltd 

Textile and dyeing 
industry 15 0 

Jiangsu Demeike 
Chemical Engineering 

Co., Ltd. 
Chemical industry 86.31 0 

Wuxi Jiacheng Solar 
energy technology Co., 

Ltd. 

Photovoltaic 
industry In progress 0 

Lemon chemical 
industry technology 

Co., Ltd. 
Chemical industry 0 0 

 
We can see the rate of water recycling in enterprises 
that we made surveys. Only less than half of the 
enterprises adopt the process of water recycling in 
the production. Some of the enterprises are 
constructing the facilities and infrastructures of 
water recycling in their second phase of the project.  
 
For enterprises that are using water recycling in 
their production, we have collected some 
information as well. Most of the water recycling 
was used for the cooling, condensation and washing 
processes. These processes demand less for the 
water quality. So most of the applications for water 
recycling were used in cooling, condensation and 
washing.  
 
The water cascade utilization has not been applied 
in the YEDZ universally. There is a good example 
for water cascade utilization, namely Jiangsu 
Kanghe Textile Co., Ltd. This enterprise belongs to 

the textile and dyeing industry. The vapour for 
cooling comes from other enterprise.  
 
Although the water recycling and the water cascade 
utilization in the YEDZ are not applied in large 
scale at present, most of the enterprises are planning 
to make further design and constructions for water 
recycling. Since there are a lot of chemical industry 
enterprises in the YEDZ, and different .there is a 
great potential for water cascade utilization and 
water recycling in the YEDZ.  
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5.3. Water Footprint Assessment 

in the Level of a Product in Eco-

industrial Park 

5.3.1. Water Footprint Model of a 

Product in an Eco-industrial Park 

The water footprint of a product in an Eco-
industrial Park WFEPprod, is defined as the volume 
of water and virtual water used in the production of 
product per unit mass. It is calculated as the sum of 
volume of water use in each process step of the 
production plus the total volume of virtual water in 
the in-put of materials used in production minus the 
volume of virtual water in the out-put of the 
production, then divided by the mass of relative 
products.  

, , ,
1 1 1

+
r s t v

proc i input j output k l
i j k u

prod
mass

WU VW VW WL
WFEP

P
= = =

+ −
=
∑ ∑ ∑ ∑

 

In this formula, WFEPprod [volume / mass]is the 
water footprint of a product an Eco-industrial Park; 
WUproc, i  [volume]refers to the volume of water use 
in the process step i of producing the product; 

VWinput, j [volume] refers to the volume of virtual 
water in the in-put of material j; VWoutput, k  
[volume]refers to the volume of virtual water in the 
out-put of product k; WLl refers to the water loss in 
the process of l; Pmass [mass]refers to the relative 
total mass of products produced. The unit is volume 
/ mass. 

5.3.2. Case Study of Water Footprint of 

a Product——Surfactants 

In this part we make the case study of water 
footprint assessment of a product. Firstly, we take 
the surfactants produced by Jiangsu Guanyang 
Fine Chemical Co., Ltd. as a case. This enterprise 
mainly produces surfactants and other chemical 
materials.  

 
The term surfactant is a mixture of surface active 
agents. (Rosen M.J., 2012). Surfactants, a kind of 
compounds, could lower the surface tension of a 
liquid, the interfacial tension between two different 
liquids, or that between a liquid and a solid. The 
application of surfactants could serve 
as detergents, wetting agents, emulsifiers, foaming 
agents, and dispersants. 
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Fig. 5.6. Water Balance Diagram of Jiangsu Guanyang Fine Chemical Co., Ltd. before moving 
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Fig. 5.7. Water Balance Diagram of Jiangsu Guanyang Fine Chemical Co., Ltd. after moving 
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Table. 5.8. Water Footprint of product before and after moving 
 

Enterprise Industry WF before 
moving (m3) 

WF after 
moving (m3)

Product 
output before 

moving (t) 

Product 
output after 
moving (t) 

WF per unit 
mass before 

moving 
(m3/t) 

WF per unit 
mass after 

moving 
(m3/t) 

Jiangsu 
Guanyang 

Fine Chemical 
Co., Ltd. 

Chemical 
industry 22914.8 56804.4 9100 27300 2.52 2.08 

 
The Jiangsu Guanyang Fine Chemical Co., Ltd. has 
moved to another place and increased the scale into 
3 times bigger than before. So before moving, the 
annual water footprint of surfactants increased from 
22914.8 m3 to 56804.4 m3; however, since the new 
set of production chain has improved in water 
saving, the Water Footprint per unit mass of 
surfactants has decreased from 2.52 m3/t to 2.08 
m3/t.  
 
So the water footprint of a product should consider 
the mess of the output. The decrease of Water 
Footprint per unit mass of surfactants is mainly due 
to some reasons. The reasons would be discussed in 
the discussion part of chapter 6.
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6.Discussion
 

6.1. Discussion of Water 

Footprints in the Level of the 

Yixing Economic Development 

Zone  

6.1.1. Water Footprints of the Yixing 

Economic Development Zone in year 

2009, 2012 and 2015 

 

 
Fig. 6.1. Water Footprin of the Yixing Economic 
Development Park in year 2009, 2012 and 2015 
 
We can see the trend of water footprint of the 
Yixing Economic Development Park in year 2009, 
2012 and 2015 in the Fig. 6.1. The water footprint 
of the YEDZ in 2009 was 787,614×106m3, in year 
2012 is 1,110,018 ×106m3and in year 2015 would 
be 2,413,749 ×106m3according to the statistical 
data and planning documents. The reason for the 
increasing trend of water footprint mainly due to 
the development of economy in the YEDZ, 
increasing scale of industrial production and  the 
increasing number of working staff of the YEDZ.  
 
We have several components of the water footprint 
in the Yixing Economic Development Zone, such 
as the Industrial Water Withdrawals (IWWEP), 
Domestic Water Withdrawals (DWWEP) of the 
YEDZ, Environmental Water Withdrawals 

(EWWEP) of the YEDZ, Virtual Water of Raw 
Materials (VWMEP) of the YEDZ, and Virtual 
Water of Domestic Products (VWDEP)   of the 
YEDZ. The trends of water footprints of these 
components would be discussed separately in the 
following part, so that we can trace the reasons of 
the increasing water footprints.  
 
IWWEP 

 
Fig. 6.2. Industrial Water Withdrawals (IWWEP) 
of the YEDZ in year 2009, 2012 and 2015 
 
We can see the trend of Industrial Water 
Withdrawals (IWWEP) of the Yixing Economic 
Development Park in year 2009, 2012 and 2015 in 
the Fig. 6.2. The Industrial Water Withdrawals 
(IWWEP) of the YEDZ in 2009 was 330×106m3, 
in year 2012 is 380×106m3and in year 2015 would 
be 390 ×106m3 according to the statistical data and 
planning documents. The Industrial Water 
Withdrawals (IWWEP) is calculated by the annual 
water use minus the volume of water recycling and 
water cascade utilization. So the water footprint 
would increase with the increase of directly use in 
production. On the contrary, the water footprint 
would decrease with the increase of water recycling 
and water cascade utilization. So if we want to 
control or limit the increase of water footprint of the 
Eco-industrial Park, we ought to increase the 
volume of water recycling and water cascade 
utilization. Less water-intensive technologies are 
also contributes to the control of direct water use in 
production.  
 
In sum, the reasons for the increasing trend of 
Industrial Water Withdrawals (IWWEP) mainly 
due to the development of economy and increasing 
scale of industrial production and of the YEDZ. 
However, we could alleviate the Industrial Water 
Withdrawals (IWWEP) by increasing the rate of 
water recycling and water cascade utilization. 
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What’s more, we ought to increase the water use 
efficiency in the industrial production process.  
 
DWWEP 

 
Fig. 6.3. Domestic Water Withdrawals (DWWEP) 
of the YEDZ in year 2009, 2012 and 2015 
 
We can see the trend of Domestic Water 
Withdrawals (DWWEP) of the Yixing Economic 
Development Park in year 2009, 2012 and 2015 in 
the Fig. 6.3. The Domestic Water Withdrawals 
(DWWEP) of the YEDZ in 2009 was 2.63×106m3, 
in year 2012 is 3.12×106m3and in year 2015 would 
be 3.83 ×106m3 according to the statistical data and 
planning documents. The Domestic Water 
Withdrawals (DWWEP) is calculated by the daily 
water use per capita multiply the number of staff 
members. So the water footprint would increase 
with the increase of daily water use per capita of the 
staff. In the same time, the water footprint would 
increase with the increase of staff members. So if 
we want to control or limit the increase of water 
footprint of the Eco-industrial Park, we ought to 
decrease daily water use per capita by promoting 
the water saving activities and the water-saving life-
patterns. Getting rid of the redundant staff could 
also contribute to the decrease of Domestic Water 
Withdrawals (DWWEP).  
 
In sum, the reasons for the increasing trend of 
Domestic Water Withdrawals (DWWEP) mainly 
due to the increasing number of working staff and 
increasing scale of enterprises in the YEDZ. It is 
also determined by the water use habits of the 
working staff members. So, we could alleviate the 
Domestic Water Withdrawals (DWWEP) by 
avoiding the unnecessary employment and water 
saving actions of each staff member.  
 
 
 
 
 
 
 

 
 
 
EWWEP 

 
Fig. 6.4. Environmental Water Withdrawals 
(EWWEP)  of the YEDZ in year 2009, 2012 and 
2015 
 
We can see the trend of Environmental Water 
Withdrawals (EWWEP) of the Yixing Economic 
Development Park in year 2009, 2012 and 2015 in 
the Fig. 6.4. The Environmental Water Withdrawals 
(EWWEP) of the YEDZ in 2009 was 21.95×106m3, 
in year 2012 is 24.70×106m3 and in year 2015 
would be 27.44×106m3 according to the statistical 
data and planning documents. The Environmental 
Water Withdrawals (EWWEP) is calculated by the 
area of public green area multiply the water quota 
of green area. So the water footprint would increase 
with the increase of public green area. The water 
quota of green area is a constant value in certain 
area, since it is determined by the climate and soil 
conditions of that area. In this case, water quota of 
green area would not influence the results of water 
footprints.   
That is to say if the public green area grows the 
water footprints would increase. However, the 
public green areas have a lot of significant 
ecological functions. For example, it could benefit 
to the air cleaning, noise control and keeps the 
ecological diversity of this area. So we should not 
decrease the public green area. However, we have 
other solutions to limit the water consumption in 
public green areas. We can involve the plants with 
low level of water demand or low level of 
evaporation.  
 
In sum, the reasons for the increasing trend of 
Environmental Water Withdrawals (EWWEP) 
mainly due to the increase of public green areas of 
the YEDZ. However, we could alleviate the 
Environmental Water Withdrawals (EWWEP) by 
adopting plants with low level of water demand or 
low level of evaporation. 
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VWMEP 

 
 
Fig. 6.5. Virtual Water of Raw Materials (VWMEP) 
of the YEDZ in year 2009, 2012 and 2015 
 
We can see the trend of Virtual Water of Raw 
Materials (VWMEP) of the Yixing Economic 
Development Park in year 2009, 2012 and 2015 in 
the Fig. 6.5. The Virtual Water of Raw Materials 
(VWMEP) of the YEDZ in 2009 was 787,665×
106m3, in year 2012 is 1,109,974×106m3and in 
year 2015 would be 2,413,842 ×106m3 according 
to the statistical data and planning documents. The 
Virtual Water of Raw Materials (VWMEP) is 
calculated by the annual industrial investment 
multiply the water consumption per ten thousand 
yuan of industrial added value. So the water 
footprint would increase with the increase of 
industrial investment. In the mean time, the water 
footprint would also increase with the increase of 
the water consumption per unit industrial added 
value. So if we want to control or limit the increase 
of water footprint of the Eco-industrial Park, we 
ought to decrease the water consumption per 
unit industrial added value. Less water-intensive 
technologies and raw materials with less virtual 
water also contribute to the control of direct water 
use in production.  
 
In sum, the reasons for the increasing trend of 
Virtual Water of Raw Materials (VWMEP) mainly 
due to the increasing scale of industrial investment 
and the water consumption per unit industrial added 
value. We should not limit the investment of the 
industry, but we could alleviate the Virtual Water of 
Raw Materials (VWMEP) by introducing less 
water-intensive technologies, and use raw materials 
with less virtual water in the production process.  
  
 
 
 
 

 
 
VWDEP 

 
 
Fig. 6.6. Virtual Water of Domestic Products 
(VWDEP)   of the YEDZ in year 2009, 2012 and 
2015 
 
We can see the trend of Virtual Water of Domestic 
Products (VWDEP) of the Yixing Economic 
Development Park in year 2009, 2012 and 2015 in 
the Fig. 6.6. The Virtual Water of Domestic 
Products (VWDEP) of the YEDZ in 2009 was 17.3
×106m3, in year 2012 is 19.4×106m3and in year 
2015 would be 21.6 × 106m3 according to the 
statistical data and planning documents. The Virtual 
Water of Domestic Products (VWDEP) is 
calculated by virtual water of some crops in China 
multiply the average consumption of foods per 
person per day and multiply the number of staff 
members. So the water footprint would increase 
with the increase of the number of staff members. 
In the same time, the water footprint would also 
increase with the increase of virtual water of the 
foods. So if we want to control or limit the increase 
of water footprint of the Eco-industrial Park, we 
ought to avoid the waste of food and avoid the 
unnecessary employment. Foods with less virtual 
water also contribute to the control of direct water 
use in production.  
 
In sum, the reasons for the increasing trend of 
Virtual Water of Domestic Products (VWDEP) 
mainly due to increasing scale of employment. We 
could decrease the Virtual Water of Domestic 
Products (VWDEP) by purchasing foods with less 
virtual water and avoid the waste of foods as much 
as possible.  
 
6.1.2. Comparison of Water Footprints 
of Different Components 
As we know there are several components of Water 
Footprint of the YEDZ, namely Industrial Water 
Withdrawals (IWWEP), Domestic Water 
Withdrawals (DWWEP) of the YEDZ, 
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Environmental Water Withdrawals (EWWEP) of 
the YEDZ, Virtual Water of Raw Materials 
(VWMEP) of the YEDZ, and Virtual Water of 
Domestic Products (VWDEP). 
 
Among these components, the Virtual Water of 
Raw Materials (VWMEP) takes the biggest 
proportion of the water footprint of the YEDZ. That 
is because the water contained in the raw materials 
or inout of the production is very high. According 
to the big imfluence of Virtual Water of Raw 
Materials (VWMEP) on the water footprint, the 
strategy of choosing raw materials with relative low 
virtual water is of significance.  
 
The second major contributor in water footprint is 
Industrial Water Withdrawals (IWWEP).  It refers 
to the direct water use in the production process. 
Since the big influence of direct water use on water 
footprint of the YEDZ, we suggest that water 
recycling and water cascade utilization are good 
solutions. Increasing water use efficiency is also 
effective.  
 
The two parameters we discussed above takes most 
part of the water footprint, so the strategies above 
would be the most effective way to decrease the 
water footprint of the Eco-industrial park.  
 
Environmental Water Withdrawals (EWWEP) of 
the YEDZ and Virtual Water of Domestic Products 
(VWDEP) also have some influences in the water 
footprint. However, compared with Virtual Water 
of Raw Materials (VWMEP) and Industrial Water 
Withdrawals (IWWEP), their influences are 
relatively small.  
 
Water Footprints Per Capita of the YEDZ in year 
2009, 2012 and 2015 also has the same increasing 
trend. The Virtual Water of Raw Materials 
(VWMEP) and Industrial Water Withdrawals 
(IWWEP) are two major contributors to the water 
footprint per person. The measures could follow the 
suggestions in the part 6.1.1.  

 

6.1.3. Water Footprint per capita of the 

YEDZ in the year 2009, 2012 and 2015 

 
 
Fig.6.7. Water Footprint per capita of the YEDZ in 

the year of 2009, 2012 and 2015 (103m3/capita) 
 
In the year of 2009, 2012 and 2015, the water 
footprint per person in the YEDZ has been 
increasing. We can see the trend from the Fig.6.7. 
What’s more, the growth rate of water footprint has 
increased as well.  

6.2. Discussion of Water 

Footprints in the Level of 

Enterprise 

6.2.1. Discussion of Water Footprints 

of Enterprises per year 
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Fig. 6.7. Water Footprint per year of enterprises  
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6.2.2. Discussion of Water Footprint per unit out-put value of Enterprises

 

 
Fig. 6.8. Water Footprint per ten thousand yuan of out-put value of enterprises 

Based on the results of Table.5.6., Fig. 6.7., and Fig. 
6.8., we can see that the enterprises of chemical 
industry, namely Jiangsu Multicolor Fine Chemical 
Industry Co., Ltd. , Jiangsu Demeike Chemical 
Engineering Co., Ltd. and Lemon chemical industry 
technology Co., Ltd., all have both relatively bigger 
Water Footprint per year and Water Footprint per 
ten thousand yuan of out-put value. That is because 
in the production process of chemical products, 

water is intensely used. Water would be used as the 
raw materials, the solvent of chemical reagents, 
washing water and cooling water, etc. So most of 
the enterprises of chemical industry would consume 
a lot of water resources compared with other 
industries. As a result, there is a great potential to 
control the water footprint of chemical industry. We 
could minimize the water footprint in several ways.  
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Ways for saving water resources in chemical 
industry: 

 Increase the efficiency of water usage; 
 Adopt or invent some less water intensive 

technologies; 
 Increase the rate water recycling and reuse by 

improving infrastructures ; 
 Increase the rate water cascade utilization by 

cooperating with other enterprises. 
 
The enterprise in textile and dyeing industry also 
has relatively high level of water footprint annually. 
It is mainly due to the dyeing process. Water is 
served as the solvent of the pigment. In the process 
of condensation, the volume of water loss is also 
considerable. What's more, hydrogen peroxide 
(H2O2) is needed in the process of dyeing cloth, 
finally it would be transform into water (H2O). 
Finally, washing water is also a big component of 
the dyeing industry. 
 
The enterprises of mechanical and machinery 
manufacture industry consume very little water 
resources compared with other industries. From the 
data of the document of Jiangsu Yinhuan Precision 
Steel Tube Co., Ltd, we could see that the daily 
water use of the enterprise is very small, which is 
mainly consisted of domestic use for working staff. 
Since the water use is very little, the data of water 
use in production are very limited and could not be 
compared with other industry. So there is no 
specific number in the table.  
 
Optoelectronic industry also uses very little water. 
What’s more, the water used in this kind of 
enterprise would be very clean, such as de-ionized 
water or distilled water. At the end of the 
production, there were nearly no polluted water.  So 
the enterprises of optoelectronic industry could 
hardly produce waste water.  
 
Enterprise in Photovoltaic industry also consumes a 
big amount of water resources.  
 
In addition, the water footprint of an enterprise is 
also related with the scale of the enterprise and the 
number of the staff members.  So we should not 
only consider the water footprint of an enterprise, 
but also consider the level of the output of its 
production. In this case, the water footprint per ten 
thousand yuan of out-put value is more reasonable 
as an indicator of water footprint. 
 

6.3 Discussion of Water Footprint 

in the Level of a Product 

6.3.1. Discussion of Water Footprint of 

Surfactants 

 
 
Fig.6.9. The water footprint of producing surfactant 

before and after moving (m3) 
 

 
 
Fig.6.10. The output of product (surfactants) before 
and after moving (t) 
 

 
 
Fig.6.11. The water footprint per unit mass of 
surfactants before and after moving (m3/t) 
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From Fig.6.9., we can see that the water footprint of 
producing surfactant before and after moving (m3) 
has increased from 22914.8 (m3) to 56804.4 (m3). 
It is because the scale of production has been 
greatly increased. The increased scale of production 
could be seen in Fig.5.10., which shows the growth 
of annual output of products.  
 
In Fig.6.10., the output of product (surfactants) 
before and after moving (t) has increased sharply 
from 9100 tons to 27300 tons per year.  
 
As a result, we can see that the water footprint per 
unit mass of surfactants before and after moving 
(m3/t) has decreased from 2.52  (m3/t) to 2.08  (m3/t) 
(see Fig.6.11.).  
 
The decreasing of water footprint per unit mass of 
products was due to the great efforts of the 
enterprise involving many practical measures to 
save water resources.  
 
The water saving measures includes three parts as 
followed. (The following data could be found in the 
Water Balance Diagram of Jiangsu Guanyang 
Fine Chemical Co., Ltd.) 

 Water cascade utilization: 5000 m3 water 
vapour has been input from Thermal Power 
Plant; 

 Increase the water recycling: water recycling 
of cooling water increased from 750000 m3 to 
3600000 m3 

 Use of the rain water: 15000 m3 of the initial 
rain water has been collected and used in the 
production. 
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7. Conclusion 
In this paper, we established models of water 
footprint assessment in three levels, namely Eco-
industrial Park level, enterprise level and product 
level.  
 
In the level of Eco-industrial Park, we found that 
the industrial water withdrawals are the main water 
consumer, which takes about more than 90% of the 
total water footprint of the YEDZ. So next, we 
focused on the water footprint in the level of 
industrial production of enterprises. Among 
different industries, solar energy and chemical 
industries consume most of the water resources. 
However, when we compare solar energy and 
chemical enterprises, we found that although 
individual solar energy enterprise consumes more 
water resources, the number of chemical enterprises 
is far more than solar energy enterprises.  
 
So in the following we focused on the individual 
enterprise in chemical industry. We took a product 
in a chemical enterprise as a case study to make 
water footprint of the product.  
 
From the calculation results, we can see that the 
water footprint of the Yixing Economic 
Development Zone is year 2009, 2012 and 2015 are 

6787613.6 10× m3, 61110018 10× m3 and 
62413749 10×  m3 separately. From this trend we 

could see that the water footprint would be 
increasing based on the current development path. 
Since the development demand of the Yixing 
Economic Development Zone, the scale of 
industrial production would be increasing. So we 
have to face the increase of annual growth rate of 
industrial investment and the number of staff 
members. However, we should also fulfill the 
demand of water resources saving and sustainable 
development of the Yixing Economic Development 
Zone. That is to say we should control the 
increasing of water footprint of Yixing Economic 
Development Zone as mush possible as we can. 
Based on the models in this thesis, we find some 
possible ways to alleviate the growth of water 
footprint in Yixing Economic Development Zone. 
For example, we could increase the volume or rate 
of water recycling within the enterprise or from the 
waste water treatment plant, establish the water 
cascade utilization among different enterprises, and 
increase the rate of water cascade utilization; 
decrease the water consumption per unit yuan 
of industrial added value, or import agricultural and 
animal products with low level of virtual water. 
These are all solutions for us, because on one hand 
we could to endure the economic development of 

the Eco-industrial Park, on the other hand we could 
minimize the impact to the environment. 
 
Among these components, the Virtual Water of 
Raw Materials (VWMEP) takes the biggest 
proportion of the water footprint of the YEDZ. That 
is because the water contained in the raw materials 
or inout of the production is very high. According 
to the big imfluence of Virtual Water of Raw 
Materials (VWMEP) on the water footprint, the 
strategy of choosing raw materials with relative low 
virtual water is of significance.  
 
The second major contributor in water footprint is 
Industrial Water Withdrawals (IWWEP).  It refers 
to the direct water use in the production process. 
Since the big influence of direct water use on water 
footprint of the YEDZ, we suggest that water 
recycling and water cascade utilization are good 
solutions. Increasing water use efficiency is also 
effective. 
 
The water footprint of a product may decrease even 
when the scale of enterprise is getting bigger. 
Because there are several ways to decrease the 
water consumption is the production processes. For 
example, to increase the rate water recycling or 
reuse, to adopt the water cascade utilization and 
even to make full use of the rain water, etc. 
 
If we continue to develop in the current path, we 
could definitely face the problem of continuing 
increasing water footprint in the future. So we have 
to find possible solutions for alleviate the 
increasing water footprint. From this article, we 
could find some solutions and options in minimise 
the water footprint. For example, we could increase 
the rate of water recycling within enterprise or from 
waste water treatment plant, involve water cascade 
utilization among different enterprises and increase 
the use of rain water in the production and 
irrigation.  
 
The minimisation of water footprints could 
implemented in three levels, namely the Eco-
industrial Park level, the enterprise level and the 
product level. The success of minimization of water 
footprint relies on efforts and contributions from 
the government, enterprises and individual staff 
members. 
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