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Abstract 

Grey water reuse has attracted more and more attention among researchers and professionals in 

recent years. As most of the Chinese cities are undergoing the process of fast urbanization and 

economic development, many water-related problems have occurred and urban water resources 

management has become a strategic issue. The urge to reconsider the conventional ways of 

utilizing water and discharging the wastewater in cities is calling. As a relatively simple and 

flexible way, decentralized grey water reuse system can help to make the first step in achieving 

a sustainable urban water management. However, whether it is feasible in China is still a 

question. This paper aims at looking for the answer based on a survey and interviews with 

professionals in the fields from different Chinese cities. The result shows “reuse” as one of the 

solutions of solving water shortage and achieving sustainable water management is not as 

simple as one may think. In general, decentralized urban grey water / wastewater reuse is not 

easy to flourish in China in the near future though most of the respondents hold a positive 

attitude about reuse itself. To explain this difference between attitude and actual planning we 

need more historical, political and social-economic understanding with a touch of “Chinese 

characteristics”. 

 

 

Key-words: grey water reuse, reclaimed wastewater, decentralized, urban, China, 

sustainable water management 
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1. Introduction 

1.1 Again, about water 

Water issues have always been important in discussions regarding human well-being and 

sustainability. Although we have abundant water resources on this planet, the amount that we 

are able to use as drinking water and for other purposes in our daily life and production activities 

is quite limited. According to WHO (2009), one third of the population in the world have 

difficulties to meet their water needs. This situation is getting worse as needs for water rise 

along with population growth, urbanization and increases in household and industrial uses 

(WHO, 2009). The previous focus on water-related issues was taken in mostly developing 

countries and rural areas because these are seen as the places facing the most severe water 

problems. However, water scarcity can occur either because of anthropogenic or natural or both 

reasons. It may depend on a region’s geographical and hydrological conditions, agricultural and 

industrial types, population size and density, living standards and life styles so on and so forth. 

Developed countries and urban areas in this sense are also, if not more, vulnerable to water 

shortages especially when they are undergoing the process and pressures of urbanization and 

economic growth. Take the fast-developing country China as an example, it is reported by the 

Ministry of Water Resources of P.R.C. at the 2
nd

 World Water Forum that, among 670 cities in 

China, there are more than 400 cities with a problem of water shortage to different extent (Gao, 

2000). Nevertheless, the ratio is very likely to increase in the following years due to various 

factors mentioned above. Whether cities can achieve sustainable water management, which 

suggests that on one hand they can have enough water in order to meet present needs and on the 

other hand not to damage the water resource for coming generations, has become crucial and 

strategic for those single cities as well as the whole country’s development in the 21
st
 century.  

 

1.2 China’s water crisis 

China has a vast territory, abundant natural resources including water and a huge population 

with very uneven density and development. However, because of its tremendous economic 

growth and urbanization, as well as the severe droughts due to climate change in recent years, 

one common problematic issue among most of the cities has already occurred or will pop up 

very soon – water. In cities, water issue is not just about the supply and demand side as well as 

wastewater treatment, but also the whole system behind these as well as other side-effects which 

are not directly relevant and are easy to be neglected.  
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1.2.1 Current or emerging scarcity  

To stress it again, water is a renewable resource but the amount that we can use for our different 

needs in a certain time is limited. The restrictions that limit us are climate, geography, 

population size, demands, pollution, water use efficiency, and so on. Thus scarcity can occur 

even in precipitation-abundant areas.  

 

In total, the per capita water resources quota in China is 2,100 cubic meters, or 28% of the 

global average (China.org.cn, 2012). A study “Charting Our Water Future”, by global consultant 

McKinsey and the Water Resources Group, says that by 2030 China could face a gaping water 

shortage of 201 billion cubic meters, which is about one third of China’s current annual 

consumption of 600 billion cubic meters including agriculture (China Daily, 2012).  

 

Let us take a look at the map. The glaciers of Himalayas have been crucial fresh water resource 

for Chinese people because the melt-water forms the most important major rivers such as the 

Yellow River and the Yangtze River originate from the Tibetan plateau in the west and flow 

across China into the East Sea. Along with global warming and climate change, the glaciers are 

receding and melting at a faster speed than anticipated and this directly leads to unstable river 

flows. In the short term, the increased water flow may bring floods to the downstream areas but 

in the long run the water supply of these rivers will decline sharply and water scarcity will be 

even more severe than nowadays (Zhang et al., 2009). Ground water that used to be recharged 

by melt-water during summer will also be greatly affected. 

 

If one looks at the annual urban maps of a city such as Hangzhou from the last 10 years, one can 

see that it is expanding very fast every year. Along with fast development and urbanization, the 

pressure of water supply is going up. Moreover, global climate change is not turning the 

situations any better. By contrast, climate change is or will be making the cities and people more 

vulnerable because of more frequent abnormal or extreme weather. When the source of water 

from the atmosphere is not stable enough to meet demands, groundwater becomes an alternative 

with high water quality as well as stable and abundant supply. As a result, some cities are 

already over-exploiting their aquifers when the surface water cannot meet demands in quality or 

quantity. Nevertheless, wastewater discharged from industries still keeps polluting the 

environment while the ground water table is falling. In some cases the ground water resource is 

dying because the withdraw rate is much faster than the recharge rate. The outcome of this 

vicious circle, besides resource depletion and environmental pollution, is that the ground starts 

to sink or cause fissures in many areas (Wu, 2001; Johnson, 1986), which brings potential 

damages and risks for buildings especially to those ancient architectures in conservation and 

skyscrapers. Beijing is a vivid example. 

 

1.2.2 Poor water management 

Water management can be divided into three distinct time periods according to Drangert and 

Cronin (2004). The different strategies in water management in these three time periods are: 

supply management, demand management and reuse management. It might be true in the 
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industrialized world that “Supply management lasted up to a few decades ago, when it was 

replaced or complemented by demand management.” and “Not until it became evident that 

virgin sources were difficult to find, or their water was too expensive to convey, did the water 

sector enter an era of demand management…” (Drangert & Cronin, 2004). In current China, 

however, the time boundary is not really distinct as different managing approaches are used at 

the same time because water scarcity occurs so fast that the need for reuse management is urgent 

yet the whole system and mindset are still lagging behind at supply management i.e. the 

wasteful conventional paradigm. 

 

As Al-Jayyousi (2003) said, the conventional paradigm of water/wastewater management in 

urban areas was characterized as supply driven, centralized and large-scale development. This 

approach led to over-exploitation or depletion of renewable water resources, mining of non-

renewable groundwater resources and deterioration of water quality. The collection and disposal 

mind-set prevailed because of concerns over public health protection. Water-intensive and 

centralized sewer systems were built to remove wastewater from the immediate environment of 

the communities using water as a transport medium. This paradigm is inadequate for sustainable 

water management. In today’s society, it no longer conforms to the requirements of the new 

trend. A need for a paradigm shift is necessary to ensure optimum utilization of resources and 

cost-effectiveness.  

 

According to Jiang’s report (2009), China's water resource management has been poor, which 

increases the country's vulnerability to increasingly severe water shortages. Over the past 

decades, China's water resource management, unfortunately, has been dominated by engineering 

projects to satisfy water demands rather than improving water use efficiency. The institutional 

system of water resource management is fragmented and ineffective. Water policies largely fail 

to account for the economic nature of water resources in relation to their natural characteristics. 

 

With insufficient investment and funding, the development of urban sewage treatment plants 

and networks has been slow (Jiang, 2009). According to Gao (2000), the total annual discharge 

of the industrial and urban wastewater all over the country was 58.4 billion m
3
, and only 23% 

had been treated to reach the stipulated discharge standard. The reuse rate of treated wastewater 

was even lower. More than 90% of water body in cities in the whole country had been polluted 

to different degrees (Gao, 2000). It was estimated that urban wastewater would reach 96 billion 

cubic meters in 2030 (Ouyang, 2000).  

 

As part of the whole management system, water tariffs play a very important roll. Because of 

the special nature of water being a basic need and right for human, the prices of water are set 

lower than the actual cost and value in many countries. Many governments practically (and 

sometimes literally) give water away (Water Information Program, 2012). In China, water prices 

have been historically set through a political top-down administration instead of through the 

market (Jiang, 2009). The prices are set low and are unable to cover the full cost of water 

supply, so it is impossible for the market to balance the demand and supply. Take Xi’an, for 

example, where households pay only 1.6 yuan per cubic meter of water while the full cost is 5 

yuan (Jiang 2009, OECD 2007). Charges for wastewater are even lower than tap water, if they 

do exist at all. In many cases buildings are not connected to central wastewater treatment plants 

so the households do not receive bills for sewage. Instead, wastewater is discharged to nearby 
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water bodies with or without simple treatment through septic tanks. Although in recent years, a 

reform of water tariffs has been called by water utilities, it has been a very slow process because 

most people are used to the low prices and take it for granted to have water priced at much lower 

than its actual costs. 

 

1.3 Grey water reuse 

Instead of getting fresh water from the environment, using it in the cities, and discharging it 

back to the environment with or without treatment, why not to recycle part of the wastewater 

that is already running in the system? Compared with exploiting new water sources this is a 

much more environment friendly and economical method in the modern society. Grey water 

reuse has opened a new window to us who are constrained by shortage of water, because, it is 

comparatively clean and it is generated constantly as long as there is human activity.  
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2. Background 

2.1 Definition of grey water 

2.1.1 What is grey water?  

The definition of grey water is not quite the same in different research papers with different 

study focuses. The most common one is that, grey water is all indoor household wastewater 

generated from kitchen sink, dishwasher, wash basin, shower and bathtub, laundry machine, 

scrubbing water etc. (Tonderski lecture powerpoint; Jefferson et al., 1999; Otterpohl et al., 1999; 

Eriksson et al., 2002; Ottoson and Stenström, 2003). It is different from the so-called black 

water that contains wastewater from toilets. In some studies kitchen sink and dishwasher are 

excluded and therefore that wastewater is more homogeneous in its contents and is easier to treat 

(Nolde, 1999; Al-Jayyousi, 2003; Christova-Boal et al., 1996; Little, 2002; Wilderer, 2004). The 

grey water discussed in this paper intends to cover a wider range of sources, including public 

facilities, companies, all kinds of service industries such as car washers, spa and sauna centers 

etc. beside households. Nevertheless, no matter where it is generated, it is clearly separated from 

toilet wastewater and industrial wastewater that contains heavy pollutants. In short, grey water 

can be defined as Winward et al. said: all flows exiting an urban building, excluding toilet water 

(2007). This definition makes sense in the Chinese context where, traditionally, black water or 

rather excreta has been handled in a bucket system. 

 

In households, according to Al-Jayyousi (2003), dish, shower, sink, and laundry water comprise 

50-80% of the total wastewater. Since grey water is less contaminated by pathogens than black 

water and has fewer pollutants than industrial wastewater, it is simpler to treat and reuse 

compared with general mixed wastewater. It is a suitable candidate for reuse also because it is 

consistently produced and is available on site for reuse (Winward et al., 2007). To use the 

reclaimed water for non-potable purposes has a fairly low risk from a health perspective, and it 

could be better than using tap water from a quality perspective, ex. using grey water which 

contains nutrients like N and P for irrigation. 

 

2.1.2 Treated grey water VS. Reclaimed wastewater 

Grey water literally translated into Chinese as 灰水. However this term is not often used in 

China. A better-known and widely used term is called 中水 that means ‘the neutral/middle 

water’ word-by-word or reclaimed wastewater according to what it really means. The name 

refers to that the water quality is in between of the supplied tap water (high quality) and the 

discharged wastewater (low quality). Although treated grey water and ‘the neutral/middle water’ 

are very similar to each other in some ways, since both are treated used water for reuse 
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purposes, there are a few major differences. First of all, talking about its sources, grey water is 

certainly not mixed with black water that is from toilet, while reclaimed wastewater can be 

processed from a mixture of grey water and black water, i.e. wastewater. Secondly, they form 

different systems. Grey water as a term belongs to eco-sanitation system, while reclaimed 

wastewater belongs to the last step of ordinary wastewater treatment. The former system focuses 

on the source separation in the beginning of the system in order to avoid further contamination 

and pollution, so the used water will be easier to treat, while the latter usually takes in all kinds 

of wastewater, mainly municipal wastewater, with the possibility to control the degree of the 

treatment level to fit into different final use purposes.   

 

Grey water systems are more common and suitable in decentralized and small-medium scale 

while the “neutral/middle water” is a result of a more centralized wastewater treatment system. 

Because China, in general, is still in the mind-set of centralized urban piping paradigm and 

struggling from demand management to supply management – which will be further discussed 

in the research background part- it is understandable that people are not familiar with the 

concept of grey water. The rural past with grey water and buckets with excreta is forgotten or 

ignored by urban dwellers. 

 

2.2 Research background  

2.2.1 Status quo  

Grey water management has drawn more and more interest both in the academic field and 

among individual citizens in the past decades. Published academic journals are mainly from 

Scandinavian countries, Western Europe and arid countries such as Israel, Australia, African 

countries etc. These countries are either in great need of this technology or are pretty advanced 

in environmental technology and sustainable development. The technical issues of using 

physical, biological and chemical ways to treat grey water have been discussed quite a lot. 

However, first-hand experiments or data are still limited. Profound and comprehensive studies 

of reusing grey water are few, in particular in comparison with wastewater. In China, however, 

relevant research and study are even fewer to find if not impossible, because the concept of grey 

water is not really known by many, even those in the water fields. Instead, 中水 , “the 

neutral/middle water” or say the treated wastewater (includes grey water), is the closest to grey 

water in China. 

 

Right now, centralized wastewater reuse is already widely taking place in the world. To some 

extent, all the treated wastewater from WWTP discharged into rivers or lakes is reused 

indirectly as our water source. Direct applications these days are still mainly for agriculture and 

industrial purposes. Decentralized grey water treatment indicates that the grey water is collected 

separately and does not go through the central public WWTP. It is still mainly in research and 

experimental stage and is not done in full scale. Studies can be roughly categorized into four 

types according to their aims and locations: The first type (1) aims at treating and discharging it 

to the environment in a safe way to reduce the risks of environment pollution and sanitation 



8 
 

problems (Raude et al., 2009). Intention of reusing the water does not come in the first place 

though some also combine it as an extra benefit if the place is short of water resource. It can be 

in villages where public water services are not reaching or developing countries where 

inadequate or poor public infrastructures prevail. The second type (2) does pay attention to the 

reuse, but many applications are located in not so populated areas, for example in small villages 

or farms. And the purposes are either for groundwater recharge, or for landscaping and 

agricultural irrigation and fertilization. Large free space or land is usually required. The third 

type (3) is single household or small collective households trying to reuse grey water for toilet 

flushing or gardening purposes. It is usually located in rural areas or semi-urban areas. The forth 

type (4) is similar to the third one but much larger in scale, i.e. grey water reuse in urban areas, 

usually in residential blocks or commercial office buildings etc. (March et al., 2004; Friedler, 

2005) 

 

Biological treatment seems quite appropriate if there is enough space for growing reeds or other 

similar vegetation to purify the dirty water and it is almost free of maintenance. So when it 

comes to crowded and space-limited urban areas, it is not really suitable. Here, more technology 

has to come in for the treatment. Large hotels, schools, hospitals can afford such treatment and 

recycle the water. 

 

It is still a relatively virgin area of research. The studies done on grey water reuse in urban areas 

are few and among these the main operation and usage of the reclaimed water is limited to 

flushing toilets. There are such case studies done in hotel, school, residential building and etc. 

(Godfrey, 2009; March, 2004; Nolde, 1999). Most of the studied cases are at the beginning or 

experimental stage. Current available literature about grey water’s characteristics and available 

treatment technologies is quite scarce. Research results of more detailed and specific aspects 

such as analysis of grey water contents and studies of household consumption patterns are 

needed.  

 

In some studies, grey water recycling is stated to have big potential in the developing world (Al-

Jayyousi, 2003). It is a bit misleading, because it is only partly true. Although the developing 

world will need it to achieve sustainable development, governance and economic issues can be 

hindering to get there, while countries like Australia and Japan and many more in the Western 

World will find it very useful and adoption of the system is just a matter of time. 

 

In China, the Ministry of Housing and Urban-Rural Development (MOHURD, 2012) published 

its report The Status of China’s Urban Drainage and Wastewater Treatment, showing that the 

total amount of reused water in 2010 has reached 3.37 billion cubic meters, accounting for about 

10% of the total volume of the sewage treated that year. And in some cities recycled water has 

become “the second water resource” widely used for different applications such as industrial 

cooling, urban green irrigation, landscaping, street cleaning etc. (MOHURD, 2012). These facts 

tell at least that there is big potential for water reuse in Chinese cities. 

 

2.2.2 Water management shift 

Water management can be divided into three distinct time periods according to Drangert and 
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Cronin (2004). Most of the previous water management methods largely addressed supply 

augmentation to meet increasing demand. This kind of supply management can easily cause 

wastage and over-exploitation of resources. As water supply sometimes could not meet the 

demands due to various reasons, another phase of water management - demand management - 

has gradually complemented supply management. Water utilities may use progressive water 

tariffs or other kinds of restriction / incentives to have more control over the balance between 

water supply and consumption.  

 

China Daily (2012), the official newspaper in English of the Chinese central government, has 

also commented on management shift in one article:  

 

    “Two changes are essential for ensuring a sustainable water future for China. First, most 

of the previous water resources development efforts were focused on hardware such as 

construction of hydraulic structures, but in the future, more efforts should be directed 

toward the improvement of water management institutions. […] Second, most of the 

previous water management methods largely depended on supply augmentation to meet 

increasing demand. Future water management should rely more on managing water 

demand to avoid uncontrolled growth and promote water saving through properly designed 

policies.”  

 

Again, with similar ideas, it is concluded in Beijing’s Water Crisis 1949-2008 (2008):  

 

    “…the key to addressing Beijing’s water crisis is not more engineering projects to 

deliver new supplies. More dams, diversion canals, pipelines and even desalination plants 

may be technically feasible but they are economically and environmentally ruinous. A better 

approach would be to curb demand through efficiency improvements in water supply and 

consumption using the rule of law and economic incentives.”  

 

We notice that the discussions are still about the switch from supply to demand management. 

Currently most of the cities in China including those with water shortage are still at supply or / 

and demand management stage. As water scarcity has reached a higher level than ever, supply 

and demand management is not enough to meet the challenge to be considered as sustainable 

water management.  

 

2.2.3 The “Three Red Lines” 

Opportunities and good future for wastewater or grey water reuse in urban areas require good 

systems, effective policies and relevant reform. From a holistic perspective about the current 

attitude of the government, we see positive signs. China’s Vice Minister of Water Resources had 

a speech at the Press Conference of State Council Information Office on February 16
th

 2012 

when the concept of the "Three Red Lines" was first brought to the general public as a principle 

to combat China’s water problems: (1) The Red Line for control of development and utilization 

of water resources, with the target of controlling total quantity of water consumption nationwide 

below 700 billion m
3
 by 2030; (2) The Red Line for water efficiency that will raise China’s 
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water use efficiency to an internationally advanced level in 2030, or specifically 40 cubic meters 

of water consumption for RMB 10,000 industrial added value, and 0.6 for cropland irrigation 

water; and (3) The Red Line for wastewater that makes the major pollutants into the rivers and 

lakes part of the pollution bearing capacity of functional waters, in a bid to raise the water quality 

compliance rate to 95% (China.org.cn, 2012). And the realizing period of these targets are 

further specified for 2015 and 2020. When this general frame is set, we need to go into more 

details. 

 

Moreover, a work report submitted to the national People’s Congress, China’s top legislature 

indicated that the government is planning to impose strict controls on water resources 

management to prevent misuse. About the same time in February 2012 the Ministry of Water 

Resources said it would invest more than 140 billion Yuan ($22.2 billion, 16.9 billion Euros) on 

water conservancy projects that year, while the total investment on such projects between 2011 

and 2015 is expected to be about 1.8 trillion Yuan (China Daily, 2012). Though the main priority 

of the fund-using is to conserve water resources, efforts are also on at the Ministry of Water 

Resources to utilize the existing resources fully, without wastage (China Daily, 2012). This is 

definitely good news for decentralized grey water reuse schemes. Besides, it is also said that 

wastewater treatment facilities are also priorities in the environmental protection targets 

envisaged under the 12th Five-Year Plan (2011-2015).  

 

As a more proactive city in recycling wastewater, the capital is also setting nationally significant 

standards for retrofitting sewage treatment systems to recycle wastewater for use in flushing 

toilets, washing cars, greening urban parks, cooling thermal power plants, and other grey water 

applications according to Circle of Blue (2012). As early as in 1987, Beijing announced the rule 

that all newly built hotels with a construction area of more than 20,000 m² must have grey water 

reuse system and this also applies to universities, institutes, governmental buildings and big 

public sports centers etc. if the construction area is over 30,000 m² (Beijing Water Authority, 

2012).  

 

2.3 Grey water reuse system 

2.3.1 Characteristics of grey water 

In general, grey water is water and the added grease, food scrapes, detergents, body and hair 

products, soap, hairs, traces of heavy metals and hazardous chemicals, small amount of 

pathogens, suspended solids and other particles. Depending on the site (residential or office 

building or other) and kind of users, the content of grey water varies a lot. Household grey water 

content is the most sophisticated among all because of various indoor applications with all kinds 

of products. Soap, detergents, softeners, and many other body and hair care products compose 

the major water-soluble compounds in grey water. The types of this kind of products used in 

each household can be as many as 5-15 and each product type represents several brands, e.x 3 

brands of washing powder, 6 brands of toothpaste, and 12 brands of shampoo. Different brands 

have their own formula therefore the total amount of substances is large (Almqvist & Hanaeus, 
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2006). There can be also traces of toxic elements or heavy metals drained down along with 

washing off.  

 

Compared with black water, flushwater mixed with faecal matter and urine, grey water has 

lower concentration of nutrients for plant growth, especially if all the detergents used are 

produced phosphorous-free. If not, the grey water may contain quite high amount of 

phosphorous (up to 6 g/pd in households, from Tonderski’s lecture PPT) and can easily cause 

eutrophication if it is discharged directly into water bodies. So far many countries have banned 

using detergents containing phosphates, such as Sweden (The ban on phosphates in detergents in 

Sweden came into force on 1 March 2008, and the ban on phosphates in dishwasher detergents 

came into force in Sweden on 1 July 2011. Source: Regeringskansliet). However, in many 

countries especially developing areas, the citizens are still using the old products. 

 

Grey water tends to be moderately saline, with values up to 1,400 μS cm−1 (Barker-Reid et al., 

2009; Christova-Boal et al. 1996). Laundry water in particular can contain varying levels of salts 

from the residue of laundry detergents (Misra and Sivongxay, 2009). Sodium is one of the salts 

present in wastewater and it is typically found in high concentrations in grey water (Barker-Reid 

et al., 2009; NRMMC et al. 2006). Most commercially available laundry products are 

manufactured using various types and quantities of sodium salts (Christova-Boal et al. 1996).  

 

Grey water also tends to be alkaline, with pH values in the range of 8–10 (Barker-Reid et al., 

2009; Eriksson et al. 2002). This is mainly in the form of carbonate ions in the water due to the 

use of cleaning products such as soaps and detergents.  

 

Compared with black water, grey water is also subject to a much more rapid decomposition of 

its BOD/COD content, so it cannot be stored in the untreated state for hours without going 

rancid and becoming discolored (Sutherland, 2008).  

 

2.3.2 Potential usages of reclaimed water and treated grey water 

One of the most common and popular reuse applications of reclaimed wastewater and grey 

water is for flushing toilets and it is also one of the most viable applications in sustainable grey 

water management. It requires acceptable turbidity and odor, no color and low pathogens 

content. 

 

Reclaimed wastewater and treated grey water can also be used for irrigating private and public 

gardens and greens, like parks, highway mediums, lawns, indoor plantations etc. In this case, the 

standard for the treatment can be less strict. Nutrients such as phosphorous, calcium, nitrogen 

can remain in the grey water. However, pathogens are necessary to remove. Salts should also be 

monitored in order to avoid salinity since salts can affect plants either by osmotic stress or by 

direct toxicity. Increasing concentrations of salts in the soil lead to a decrease in osmotic 

potential of the soil-water solution resulting in reduced plant uptake of water (Barker-Reid et al., 

2009). High sodium adsorption ratio (SAR) of grey water can lead to adverse effects on soil 

structure and permeability, which result in restricted water entry, root growth, and soil aeration 

(Barker-Reid et al., 2009). High carbonate content of laundry water can have a significant effect 
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on the pH of the water, and subsequently on soil pH, potentially leading to micronutrient 

deficiencies (Barker-Reid et al., 2009; Christova-Boal et al. 1996). The Victorian reclaimed 

water guidelines (EPA, 2003) stipulate that treated wastewater to be used for unrestricted 

irrigation (including overhead irrigation) of crops needs to satisfy a median E. coli concentration 

of <10 per 100 ml (Barker-Reid et al., 2009). 

 

Reclaimed grey water can recharge groundwater in order to solve many problems e.g. salt-water 

intrusion, subsidence control, and groundwater replenishment. This water has similar quality 

requirement as for irrigating except for the nutrients. 

 

If the reclaimed water is to be used for washing and cleaning purposes it is not necessary to 

remove all detergents remains in the grey water. On the contrary, it is good to have these in the 

water so the detergent dosage can be reduced to clean things for example cars again. However, 

ecological detergents may be wanted in the first place. The most important issue here is to 

remove dirt, oil, heavy metals and perhaps odor. When it is for laundry, the requirement is more 

stringent since it will have intimate touch with people’s body. When it is for car washing or 

street or floor cleaning, the quality of the water does not need to be as high as for laundry. 

 

Treated reclaimed water being reused again for showering, swimming, spa and other water 

based leisure and sports activities can also be categorized in grey water reuse. For such 

applications, due to the intimate contact of the reclaimed water with human body, the treatment 

result need to reach a relatively high standard regarding turbidity, smell, pathogens, chemical 

contents, pH value, etc. 

 

Grey water can be used where non-potable water is good enough in many industrial and 

commercial usages for example industrial processing, machine cooling, construction etc. 

Requirements are subjected to specific usages. 

 

Other usages are firefighting, environmental enhancement e.g. creating artificial wetlands, 

enhance natural wetlands and sustain stream flows. Since the water is not used in a way that has 

close contact to human body, the requirements for the reclaimed water quality can be of lower 

than drinking water quality. 

 

It is obvious that the higher quality the reclaimed water has the wider is the range of reuse. 

However, due to the constrains of local treatment technology and economic capability, very 

often the reclaimed water quality is not as high as tap water and sometimes it is not necessary to 

have that high quality. Therefore, it is up to the system users to determine the water quality they 

want in relation to reuse purpose. 
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3. Aim and research questions 

3.1 Aim 

The aim of this thesis is to offer a general description of the situation of wastewater especially 

grey water reuse in Chinese cities based on a research of the opinions of some key-stakeholders 

i.e. experts and decision-makers, and through analysis and discussion acquire a comprehensive 

understanding of the causes, problems and challenges for recycling reclaimed water.   

 

 

3.2 Research questions 

To reach the aim of this thesis there are basically two questions that the author intends to 

address. The first one that also serves as a precondition to the second question is:  

 

- Is water shortage really an issue for many Chinese cities right now?  

- If the answer of the first question is positive, what are the prospect of reclaimed 

wastewater or grey water reuse system be adopted as a major solution to the problem and 

have promising development in the near future in urban China? 
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4. Material and method 

4.1 Sources of data 

The sources of data used in this thesis can be divided into two parts: (a) from previous research, 

journalist reports and investigation, information on authorities’ websites etc. and (b) first-hand 

information from interviews and surveys conducted by the author. Source (a) provides the 

background information that contains mainly facts and numbers, while (b) gives more subjective, 

subtle, yet deeper information about people’s perceptions on the current situation as well as the 

future of grey water reuse.  All the people that have been involved in the survey are either 

experts or decision-makers in relevant sectors such as water and wastewater businesses, urban 

planning, governmental sector, universities and research institutions, etc. The reason of targeting 

these respondents is because this thesis intends to offer a direct, qualitative and insightful 

understanding of the questions that this research is all about. 

 

4.2 Survey 

4.2.1 Interview 

Four interviews are conducted through online instant messenger or emails. Two respondents are 

based in China, one works at a wastewater treatment company and the other works as engineer 

and project manager at a water-relevant institute in Zhejiang province. The third interviewee who 

works at an environmental consulting agency in Germany has a background in grey water and is 

quite familiar with both Chinese and western situations. The next is the president of an Israeli 

water filtration company who has been running business in China for many years. These four 

interviewees provide different views from different perspectives regarding the situation and 

problem of current grey water reuse in China. The original text of dialogue as well as translation 

can be found in the Appendix and the four people will be referred to in the following text as 

interviewee 1, 2, 3 and 4 respectively. 

 

4.2.2 Questionnaire  

A two-page questionnaire with four major semi-open questions was sent to targeted people from 

different parts of China by email. The selection of respondents and cities is mainly based on the 

author’s contacts and networks, so beside a tendency of receiving more respondents from the 

region where the author comes from, the selection can be seen as random. The questionnaire 

contains basic information of the respondents, such as the name of their city, where they work 
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and their job title.  

 

Sample cities and respondents 

In order to have a full picture of the situation of entire China, the author tries to cover as many 

cities as possible from different parts of China. The idea is to select at least one city in Northern, 

Western, Eastern, Central and Southern China. Moreover, since the author comes from Zhejiang 

province in Eastern China and many cities in this province have very high economic 

development together with water problems, and it is also convenient to get more contacts and 

information, a focus is therefore put on this part of China. Three cities with different sizes and 

situations are chosen as sample cities, namely Hangzhou the capital of the province, Jiaxing, and 

Zhoushan Islands off the coast. The other sample cities are randomly chosen depending on 

contact resources: Beijing in the north, Urumqi in the west, Chongqing in the center, and 

Guangzhou in the south. See the map below.  

 

Map 1: Cities distribution: (Source: google maps) 

 

 
 

 

All the respondents to the questionnaire as well as interviews were found either from people I 

know or through friends’ networks. For each city, the planned number of valid questionnaires 

was 5. However, some of the cities did not reach this target. As a result, the final number of valid 
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questionnaires is 33 of which 8 are from Hangzhou, 2 from Jiaxing, 5 from Zhoushan, 7 from 

Beijing, 2 from Chongqing, 3 from Urumqi and 6 from Guangzhou.  

 

In order to get a general picture from the respondents and also not to make it too difficult and 

time-consuming, the questionnaire consists of only four major questions with both multiple 

choices and simple open questions. The original questionnaire is in Chinese but you find the 

English version here below: 

 

Question 1: Do you think there is a water shortage in your city (from current water supply and 

consumption situation)?  

 

A. No   

(How about in 5-10 years?) 

B. Yes   

(Because of climate, or pollution, or the increasing population and economy? or open)) 

 

Question 2: If there is a shortage, which measures/solutions should be selected? (Maximum 3 

and rank them in order of its importance) 

 

A. Buy water from neighboring area 

B. Long-distance water transmission project  

C. Explore more ground water 

D. Industrial / domestic water cut 

E. Raise water prices 

F. Purify sea water 

G. Wastewater / grey water reuse 

H. Rain harvest 

I. Others  

 

Question 3: Is there any case or on-going project of grey water reuse in the city? If yes, please 

kindly give 1-2 examples. 

 

Question 4: Do you think that urban grey water reuse has a promising future? (For example to 

be applied for car-washing, toilet-flushing, urban green irrigation, street cleaning etc.) 

 

 If yes, what kinds of aspects need to be improved now? How? 

 

 If not, what are the obstacles and reasons in your opinion? (Multiple choices, rank from 

high to low level.)  

 

A. Lack governmental will and strength (low environmental protection consciousness ) 

B. Lack relevant knowledge and technology 

C. Lack of money 

D. Water prices are too low while cost for reuse is too high, not economical 

E. Hard to break the old existing institutional managing system; poor cooperation among 

different sectors 
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4.3 Limitations  

4.3.1 Communication 

The biggest difficulty in doing this study was to get in contact with knowledgeable respondents 

without any institutional or governmental help and support. It is tricky, especially in China, 

where public online-data and information are quite limited and using email has not become a 

popular way of working in many sectors. 

 

4.3.2 Cities 

Due to limited time and contact sources, only 7 cities were chosen and used as sample cities. It 

was meant to cover the whole China by selecting at least one city from each major part of the 

country in order to have a balanced yet general picture of the whole country’s situation. The 

sample cities include the capital Beijing, four provincial level capitals, and two smaller-scale 

cities. The focus therefore is quite much on mega-cities considering the population sizes in 

China. Among them, two cities are located in the north that is considered as dry area while the 

rest are located in the east or south that are seen as water-abundant areas. It would be desirable to 

have a few more cities located in the dry area. 

 

China is a huge country. Since the sample cities are just a small part of the hundreds of cities that 

are developing unevenly with their own water environments, it is of course hard to provide a 

comprehensive view and draw a simple conclusion about the situation of the whole China by a 

study of only 7 cities. However, the diversity of water resources is established. 

 

4.3.3 People 

The respondents of the survey are people from the water sector or relevant fields who have more 

insights than the general public. In the author’s opinion they could to some extent reflect the 

local situations more precisely than ordinary citizens. However, sometimes their answers are not 

very scientific but rather more based on their own impressions and experience. Therefore the 

results can only be taken as opinions or personal ideas.  

 

4.3.4 Questionnaire 

The choices offered under the second question of the questionnaire did not include one important 

option, i.e. promotion of water-saving devices. However, it was too late to add this option when 

the author realized it.  
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5. Results 

5.1 For each city: 

(Cities in Zhejiang province): 

 

Subject to the subtropical monsoon climate, Zhejiang is one of the richer rainfall areas in the 

country, with an average annual precipitation of about 1,600 mm. The total amount of yearly 

average water resource reaches 93.7 billion cubic meters, but the per capita water resource 

quantity is only 2,000 cubic meters since the province is densely populated (Zhejiang 

Department of Water Resources). Since it is located on the Yangtze River Delta with plenty of 

lakes and rivers, this area usually has abundant water from both precipitation and water from 

upstream. Therefore, water shortage usually has not been an issue even though the area is very 

populated, at least in Hangzhou and Jiaxing. As a relatively developed area, the province has a 

strong economy and its GDP per capita is ranking in the top among all the provinces. Thus, the 

local governments are in quite good economic situation and money is less likely the main 

obstacle of adopting grey water reuse system if they want to. On the other hand, fast growing 

economy based on industries can be a cause to water pollution. 

 

Map 2: The 3 cities in Zhejiang province (source: google maps)  
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Hangzhou  

Located at the southern wing of the Yangtze River Delta, the west end of Hangzhou Bay, the 

lower reaches of Qiantang River and the southern end of the Grand Canal (Beijing-Hangzhou), 

with 8% of rivers, lakes, ponds and reservoirs of the total area and annual rainfall of 1,454 mm 

(Hangzhou.gov.cn), Hangzhou is not likely a city with water shortage. However, to be the capital 

city of Zhejiang province, the size of Hangzhou has expanded tremendously in the past decade, 

and so has its population size. According to a 5‰ population sampling survey in 2009, the 

population of long-term residents reached 8.1 million of them 5.6 million lived in the urban 

districts (Hangzhou.gov.cn). 

 

8 people have responded to the questionnaire, and the answers are as follows: 

 

7 people claim that the city has no water shortage and 6 of them say not even in the coming 5-10 

years. The cause for a possible water shortage will be the growing economy and population. 

Only one person believes there is a water shortage and the reason is because of pollution. 

 

Question 2 “If there is a shortage, which measures would be selected?” Option G “wastewater 

reuse” has received most votes (6 people have chosen it), but nobody put reuse as their first 

priority. Instead, either “buying water from neighboring areas”, “long-distance water 

transmission”, or “raising water prices” has been put as the first choice. Options B, D and E, i.e. 

“water transmission”, “water cut” and “raise water prices” have 5 votes equally. As we 

understand that choices A and B are still in the supply management phase while D and E are 

more in the demand management phase. This result shows that supply and demand management 

measures are still the first choices of action, yet these people have the awareness of reuse 

management since most of them have mentioned option G.  

 

Question 3 “whether there is any case or on-going project of grey water reuse in the city and if 

yes, give 1-2 examples”. Three people say yes and illustrated grey water reuse examples while 

one person answers no and the rest four people are not sure. Among the examples, only grey 

water from industries and companies is said being reused for irrigating greens or cleaning within 

the factories or companies. A likely interpretation is that so far there are few if any decentralized 

urban grey water reusing case in Hangzhou.  

 

Question 4 “whether they think urban grey water reuse has a promising future”. Most 

respondents hold a positive attitude towards the potential and future of grey water reuse, 

especially toward reuse at new residential buildings and large grey water generators such as car-

washers, bath and sauna centers, hotels, etc.   

 

The result of the last multiple choices about barriers, considering both vote numbers and priority, 

is: A > D > E > B > C, i.e.: 

(1) - A) Government’s low environmental protection consciousness  

(2) - D) Knowledge and technology 

(3) - E) Money 

(4) - B) Water prices are too low while reusing cost is too high, not economical 
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(5) - C) Hard to break the old existing institutional managing system; poor cooperation 

among different sectors 

 

From this we find that most respondents think the biggest barrier is the government’s weak will 

and support and also the water tariffs are too low to make reuse economically competitive. 

Option C, money, appears not considered a big problem.  

 

Jiaxing 

Jiaxing is located on the southern side of Hangzhou Bay. It is a quite industrialized city which 

has a smaller size compared with Hangzhou. However, its economic development is not any less. 

Currently, all the counties and county-level cities under Jiaxing’s jurisdiction are listed among 

the top 100 wealthy counties in China (Jiaxing.gov). With a similar climate the annual 

precipitation is around 1,170 mm (Jiaxing.gov). Nevertheless, it is said to have the worst quality 

of water in the province and it is a common practice for local people to buy bottled water for 

drinking and cooking. 

 

Two respondents give feedback and state that the city is facing water shortage. Both say 

pollution is the main reason. 

 

To the second question about measures, one answer is B>F>H and the other is G>H>I.  Option H 

“rain harvest” has been mentioned twice while options B “long-distance water transmission” and 

G “wastewater / grey water reuse” are both chosen once as the first choice. Option I “others” is 

complemented with an answer “Enforce water-saving methods and raise the awareness of 

companies and citizens about water-saving.” 

 

Question 3 about reuse examples, one answers no and one answers yes, but without illustrating 

specific examples.  

 

To question 4 both hold positive opinion towards the future of grey water reuse. Their concerns 

are mainly the high cost of adopting grey water reuse system and technical challenges regarding 

water safety. An interpretation could be that this stems from the experiences of today´s polluted 

water bodies. 

 

Zhoushan 

As the only municipality on the sea composed of archipelago in China, it is located at the 

junction of the southeast seashore and the entrance to the sea of Yangtze River, close to 

Shanghai, Hangzhou and Ningbo, facing the Pacific Ocean. It falls under subtropical monsoon 

marine climate and the annual average rainfall varies between 927 to 1620mm (Zhoushan gov). 

It seems that Zhoushan has abundant of water, but it is a city built on small islands. Hence fresh 

water has always been a precious resource for its habitants.  
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All five respondents claim that the city is short of water and it is dependent on precipitation. 

Although it has a temperate marine climate, it is not guaranteed to have enough supply of water 

to residents and industries all the time. The main water supply relies on the reservoirs that greatly 

depend on precipitation. 

 

Question 2. All respondents have chosen B, and the next 2 most chosen options are C and D. 

Remarkably, two respondents have chosen only B as their answer. According to one of their 

explanations, their solution to solve water shortage is to transfer fresh water from Ningbo on the 

mainland (see Map 2) through pipelines under the sea, which is a project already under planning. 

As a city on an island, there is also abundant seawater for them to utilize. Seawater purifying 

therefore also has its popularity among respondents. Option D, “rain harvest”, for them means to 

build more and improve their current reservoirs to be able to store more water. No decentralized 

small-scale rain harvesting intended.  

 

Question 3. One respondent claims that the local wastewater treatment is still at a very primary 

stage. There is no advanced reuse system with separation of different wastewater flows. Two 

respondents say that the local government will start wastewater reuse project soon. 

 

The answers to question 4 show very little positive opinion. 4 out of 5 persons think it is very 

hard and the future will be dark. The biggest challenges as they see are option C, D, and A, i.e. 

lacking money, too low water prices and low governmental willingness. It is also a question 

about how to change people's mind-set and raise their awareness of environmental protection as 

one respondent puts it.  

 

Beijing  

To say there is severe water crisis is not exaggerating the situation in Beijing. As a mega-city in 

the northern part of China where droughts often occur, the population of China’s capital has 

doubled since 1980, reaching 20 million, and, though agricultural and industrial water use is 

down, municipal use is up (Circle of Blue, 2012). Two-thirds of the city’s water comes from 

groundwater and one third from surface water. The average annual precipitation in the area has 

dropped 30 percent since the turn of the century (Beijing’s water crisis, 2008) and is now down 

to 475 mm (http://zhengwu.beijing.gov.cn/ghxx/sewgh/t1222920.htm). Beijing’s two main water 

reservoirs, Miyun and Guanting, are 90 percent empty. Declining surface water supplies, along 

with the growing population, is also forcing deeper drilling into Beijing’s shallow aquifers, and 

the groundwater level has already dropped by more than 10 meters since 2000 (Circle of Blue, 

2012). The city’s water use—currently around 3.6 billion cubic meters a year—now outstrips the 

available local water resources by more than 1.3 billion cubic meters (Circle of Blue, 2012). And 

this water gap will grow larger, as the population and economy are set to increase. Moreover 

climate change is disrupting patterns of rain and snowfall. The available water resource per 

person has dropped from 1,000 cubic meters in 1949 to less than 230 cubic meters per person in 

2007 (Beijing’s Water Crisis, 2008). 

 

7 feedbacks are received in total and all claim that Beijing has a shortage of water. Among the 

three reasons given, growing population and economy is mentioned 7 times; climate 3 times; 
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pollution 2 times.  

 

Question 2. 7 votes for both option B “water transmission” and option G “reuse”; 4 “rain 

harvest”; 2 each for “water cut” and “explore more ground water”; 1 “buy water from 

neighboring area”. Option B has higher priority than G. Thus, water transmission is very much 

preferred. Wastewater reuse comes the second and rainwater harvest ranks the third place in 

Beijing’s case.  

 

Question 3. All answer yes. Some examples are illustrated including reclaimed wastewater from 

wastewater treatment plants used for flushing toilets in residential buildings; Tsinghua 

University has two MBR treatment facilities one of which is for grey water and one for domestic 

wastewater and the treated water is used to flush toilets in student flats as well as to water greens; 

Beijing Industrial University uses treated wastewater and collected rain water to irrigate greens 

on campus; car-wash industry is required to use recycled water; there are also some places 

already built separate piping system for using reclaimed wastewater etc. This shows that, both 

centralized and decentralized wastewater and grey water reuse applications exist in Beijing. 

Nevertheless, centralized wastewater reuse is more common than decentralized grey water reuse.  

 

Question 4. We get 4 positive answers and 3 negative. A big concern for those who hold positive 

opinion is the quality of the reclaimed water because the content in the grey water is too 

complex, which makes it difficult to sufficiently treat it, especially applications having direct 

human contact.  

 

The result of the last multiple choices about barriers, considering both vote numbers and priority, 

is: A > D > C > E > B 

The respondents see government’s attitude and action (A) as the biggest challenge. The second 

problematic issue is the low water tariffs today (D), which make it not economically feasible to 

reuse grey water or wastewater.  We also notice that option E - hard to break the old existing 

managing system and poor cooperation among different sectors – has also gained equal votes as 

D and C.  

 

Chongqing 

Chongqing is situated in the mid-west inland of China. Built on mountains and embraced by the 

Yangtze and Jialing rivers, it is known as a "mountain city" and a "city on rivers". Beside rivers, 

it also has abundant rainfall of 1,000-1,400 mm annually (cq.gov.cn).  

 

There are only two feedbacks. To the first question, one answers yes and the reasons are climate 

and pollution. “The surface water in rivers and lakes is decreasing and moreover, the cost to treat 

the water is becoming higher due to increased pollution.” The other answer is no, but expect 

there will be a shortage in 5-10 years. 

 

To the second question, all options except for D “water cut” and E “raise water prices” have got 

one vote each.  
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Question 3. One answers “Yes” and tells that all new-built hotels with star-rankings are required 

to reuse grey water and large parks also use it on top of collecting some rainwater. The other 

answer is “Not sure”. 

 

Question 4. One answers “Not very much right now because the cost of reusing grey water is too 

high and the water shortage is not so severe at the moment.” The other answer is “Yes, yet the 

high cost has to be shared by governmental incentives.”   

 

Urumqi 

Urumqi is the capital city of Xinjiang Uyghur Autonomous Region in the northwest of China. It 

is also the most “inland” city in the world – the furthest from any major body of water. The city 

lies as a green-blanketed oasis amidst Xinjiang's barren and uninhabited deserts, loess highlands, 

and the snowcapped peaks of the Heavenly Mountain. The semi-arid climate determines the 

average annual precipitation of the city is not much, only 194 mm (Urumqi.gov.cn). The melted 

snow and glacier from the Heavenly Mountain therefore is an important water resource for the 

city.  

 

There are 3 feedbacks in total. The answer to question 1 is very clear and obvious that the city 

has water shortage and the main reasons are said to be climate and urbanization. 

 

Question 2. Option G ‘reuse’ has won 3 votes, all in the first priority. This indicates that 

wastewater reuse is quite well accepted and is seen as an important solution to the problem there.  

Beside G, “rain water harvest” is rated the second place in votes even though the precipitation in 

that area is quite little. 

 

Question 3. All 3 respondents have given 1-2 examples. However the examples are not 

decentralized grey water reuse but centralized wastewater reuse for irrigation and industrial 

purposes.  

 

Question 4. All respondents think there is a potential. Problems to solve are: money, mind-set 

and technology. And the possible solutions in their opinion include: to encourage more 

investment; renew and build separate piping system; enhance the knowledge and skills of 

relevant personals; stricter rules and its enforcement when it comes to discharge of wastewater; 

more incentives, etc.   

 

Guangzhou 

The city is located in the water-rich Southern China, neighbouring Hong Kong and Macao, in the 

north of the Pearl River Delta. It has a vast water area, with lots of rivers and water systems. The 

total water area across Guangzhou accounts for 10 percent of the total city area. Guangzhou also 

enjoys a subtropical monsoon climate and therefore has plenty rainfall. The annual rainfall in the 

urban area is over 1,600 mm (gz.gov.cn). This is also a city full of water resources and does not 
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seem to have water scarcity. 

 

Among the 6 respondents, 3 think there is no water shortage, while 3 say there is. Among the 

first group, 2 think there will be shortage of quality water in 5-10 years. Those who say there 

already is water shortage now all put “pollution” as the major cause.  

 

Question 2, 2 vote for A, 3 for B, 2 for D, 3 for E, 5 for G, and 1for H. The option G “reuse” has 

got the most votes but, it is option B “water transmission” which is the most prioritized, followed 

by option A “buying water from neighbouring area”.  

 

Question 3. All respondents have answered yes, but only limited examples to wastewater reuse in 

industries.  

 

Question 4. 5 out of 6 respondents think there is a potential and future. The money barrier is the 

biggest concern for them, i.e. the reuse of grey water has to be economical and the financial 

support must be in place in order to promote it. Water tariffs also need to be raised to make reuse 

of grey water more appealing. Another issue beside money is about technology, i.e. how to make 

sure that it is safe and efficient to treat and reuse grey water. The final multiple choices question 

we get 2 for A, 3 for B, 4 for D, and 2 for C. We can see that most respondents think the low 

water tariffs is the fundamental obstacle to promoting grey water reuse.  Lack of competent 

technology is also an important barrier. However, from a priority view, most people choose A as 

the first one, i.e. they blame the government not playing its role well enough in promoting this.  

5.2 Overview results: 

Question 1: 

Figure 1: Result of question 1 from 20 interviewees 
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5 out of 7 cities are said to have water shortage with all respondents holding the same opinion. 

Among 33 respondents in total, 25 say there is a water shortage or soon will be. Most of these 

respondents talk about water volume; while about half also find that scarcity is about that the 

water is polluted.  8 respondents think there is no water shortage, not even in 5 years’ time. They 

are from two cities - Hangzhou and Guangzhou where the natural endowment of water is 

abundant.  

 

Question 2: 

 

Figure 2: Suggested measures to combat water shortages 
 

 
 

This table only shows the number of votes each option has got. From all the answers, choice G 

receives the most votes, followed by B and H. Finally, to combine the number of votes and the 

priority that each respondent has made, we get a new list of how favorable each option is to the 

respondents, and the list is in a descending order:  

 

    1. Long-distance water transmission project (B) 

    2. Wastewater / grey water reuse (G) 

    3. Rain harvest (H) 

    4. Limiting industrial / domestic water supply (D) 

    5. Raise water prices (E) 

    6. Purifying sea water (F) 

    7. Buy water from neighboring area (A) 

    8. Exploit more ground water and purifying seawater (C) 

    9. Others (Encourage the public to save water etc.) (I) 
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Question 3: 

 

Currently there are very few decentralized grey water reuse cases in Chinese cities. A more 

common application is industrial wastewater reuse which also includes reusing treated grey 

water to irrigate greens, wash cars etc., as they are usually required by the government. 

Centralized wastewater reuse is said to be common in dry cities like Beijing and Urumqi. There 

are also more and more decentralized projects going on, especially in universities and institutes 

in Beijing. The reclaimed wastewater from either wastewater treatment plants or smaller scale 

facilities is used for flushing toilets, watering greens, car-washing, street cleaning etc.  

 

Question 4: 

 

Figure 3: Results of “what are the obstacles of promoting grey water reuse in cities”. 

 

 
 

Definitions of ABCDE: 

A. Lack governmental will and strength (low environmental protection consciousness) 

B. Lack relevant knowledge and technology 

C. Lack of money 

D. Water prices are too low while cost for reuse is too high, not economical 

E. Hard to break the old existing institutional managing system; poor cooperation among 

different sectors 

 

The figure indicates that, in the respondents’ opinion, government as well as water tariffs are the 

most crucial factors in general when it comes to the promotion of urban grey water reuse 

schemes since options A and D have been equally chosen the most. However, governmental 

factor is even more important than water tariffs if we also take into consideration of the priorities 
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they have made.  

 

5.3 Summary of the result of the interviews 

All the interviewees held rather similar opinions about the issues, i.e. the current situation as well 

as the future for urban grey water or wastewater reuse is gloomy in China. Since they have 

different roles and experiences in the water sector, their explanation varies. To sum up, the main 

reasons are as follows: 1). The awareness for environmental protection and water saving is said 

to be too low, talking about both with the government and the public; 2). Water transmission 

projects can usually solve a city’s water shortage in a more efficient way and the water supply 

can be guaranteed, while to adopt reuse systems may not have the same result; 3). It is too 

difficult to change the old piping system since the investment would be too big so it is not 

economically feasible; 4). The current tap water prices and wastewater treatment fees are too low 

so there is not enough motivation to reuse water. 
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6. Discussion 

6.1 Data analysis 

In this section the results of the surveys and interviews are analysed and interpreted. 

 

6.1.1 Whether there is a water shortage or not? 

Although some of the selected cities are in the south where water is relatively abundant, while 

some are situated in arid areas where water resource has long been a problem, the general answer 

to the first question is affirmative that there is (or soon will be) water shortage.  

 

Depending on different geographical and climate conditions as well as density of industries, the 

cities have different types of water shortages. Cities in the north arid areas like Beijing and 

Urumqi are already facing severe water scarcity, while many cities which are supposed to have 

enough water are also facing a shortage because of economic development and pollution, which 

means those cities are having water shortage in quality, not quantity. This is especially true for 

cities like Jiaxing, which is undergoing fast industrial development. And this will be an 

opportunity to introduce reuse of wastewater because there is a need already from nature to treat 

the polluted water.  

 

Only in Hangzhou and Guangzhou respondents think there is no water shortage, and a majority 

of respondents in Hangzhou think there will not be water shortage. The reasons could be: 1) both 

Hangzhou and Guangzhou have abundant water from both precipitation and rivers, 2) even if 

there is a shortage within Hangzhou, there are rivers and lakes which have relatively good 

quality of water outside of the city to back up. As confirmed by Interviewee No. 2, engineer at 

the Zhejiang Water Project Designing Institute, the Qiandaohu Lake water transmission project 

will be on very soon (the location of Qiandaohu Lake see Map 2). By then, both the quantity and 

quality of water will be guaranteed (Appendix, Interview 2). Due to above reasons, respondents 

are likely to be quite optimistic about the situation.  

 

6.1.2 What would they do to address a water shortage? 

The responses show that “long-distance water transmission” is favored by a majority of 

questionnaire respondents and interviewees as a main solution for water shortage problem. The 

only exception is Urumqi, which is quite isolated in arid land and is far away from any major 

river. Thus, it is almost impossible to conduct a long-distance water transmission project.  

 

The option to “buying water from neighbouring area” can be interpreted as the same thing as 



29 
 

water transmission, provided that the water is seen as a commodity and has a price. This usually 

happens between municipalities at equal level such as Hangzhou, Chongqing, and Guangzhou. 

However, no one from Beijing, a city that imports a tremendous amount of water from outside 

has chosen this option. (Find more discussion regarding city’s privilege in chapter 6.2.1) 

 

Wastewater reuse and rainwater harvesting seem more interesting for Beijing and Urumqi 

respondents than those from other cities. These two cities face more severe water scarcity than 

the others in terms of water quantity. Therefore, they are more motivated to adopt these two 

measures in order to maximally catch and utilize the limited resources they can have. Take 

Beijing for example, new office and residential buildings are required to have rainwater colleting 

and separate plumbing systems starting from July 1st, 2012 (Regulations of Beijing Municipality 

on Water Saving, 2012). Central Beijing is rapidly closing in on its goal of recycling close to 100 

percent of its wastewater for use as reclaimed water by 2015, Hui Li, the deputy general manager 

of the Qinghe Regenerated Water Plant in Beijing, one of nine wastewater-recycling plants in the 

city, told Circle of Blue (2012). 

 

In addition, some measures are likely to be taken to restrict water use, such as limiting water 

supply and raising water prices. These “demand management” measures can help to balance the 

relation between water supply and consumption, and can effectively increase people’s awareness 

of water scarcity. The negative side is, that these measures cannot bring more water resource to 

the people. If people keep their “business as usual” style without adopting any water-saving 

approaches or if it is not well planned and managed, this kind of measures might affect economy 

and people’s daily life. Moreover, a general increase in tariff is likely to redistribute the available 

water to the rich. The basic volume of water should have a unit price that allow also poor people 

to use a fair amount of water, while a steep increase in unit price would make even richer 

customers to save on water (progressive tariff). 

 

It is remarkable that someone put “Encourage the public to save water” as a supplementary 

option even though it is not listed among the choices given. There are many ways to encourage 

the public to save water like through economic approaches, such as raising water tariffs, setting 

fines or incentives. It can also be through public education and campaign, which could be 

effective, in the long run but probably not efficient enough for solving current problem. Beside 

the only person mentioning “water-saving”, few people have come to this point in the whole 

survey and interviews. It also reflects the general situation in the country that water-saving 

devices such as low-flush toilets, showerheads etc. have not become dominating products in the 

market yet.  

 

In terms of management systems, the supply management seems to dominate the views of the 

respondents, followed by the demand-management tool of raising the price of water. However, 

this tool seems to be arising from a need to finance supply management installations rather than 

curbing water use. The reuse management is taking shape in Beijing, and is likely to spread to 

the rest of the country from there. 
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6.2 Problem analysis 

In this part, the problems or barriers are illustrated to explain why in current Chinese cities the 

reuse scheme is not favoured as a solution to water shortages. Among these reasons, some are 

typical problems in developing or undeveloped countries, such as poor governance and 

corruption, while some have very strong Chinese characteristics, which means they are formed in 

the special social conditions in China. 

 

6.2.1 Water transmission and massive engineering projects 

The survey responses as well as the interviewee 2 show that water transmission is right now 

highly accepted and probably regarded as the best solution to solve water shortages by experts 

and decision-makers in the field. They probably feel more comfortable with such solutions 

because they have been trained and have experience to implement them. Both large and small-

scale water transmission projects are going on in different cities over China. It is the arch 

competitor of wastewater / grey water reuse in the game. 

 

Experiences of transmission solutions with severe problems seem to play little role for the 

thinking. Take Beijing for example, according to the report Circle of Blue (2012), Hebei’s 

Guanting Reservoir has lost more than 90 percent of its water, and the nearby Yongding River, 

which filled the entire flood plain in the 1980s, is down to a trickle. Since neighboring areas do 

not have plenty of water resources either, the capital has stretched its hands to the south. It is said 

in the report that in 2014, Beijing will start receiving as much as 1 billion cubic meters annually 

from another transmission project, the central line of the South-North Water Transfer, a massive 

infrastructure project that takes water from the Yangtze River Basin to the thirsty cities in the 

north (Circle of Blue, 2012). Nevertheless, according to the report, Beijing began diverting 300 

million cubic meters of Yellow River water annually in 2011 (Circle of Blue, 2012).  

 

This kind of long-distance water transmission project, among which the South-North Water 

Transfer can be seen as a typical and the largest example, has a lot to do with a few leaders’ 

personal preference and support. In the Chinese context, it has a history going back to Mao’s era 

when he had a wish to redirect the surplus water from Southern China, where floods often 

occurred, to Northern China where droughts regularly took place. The succeeding leaders of the 

country have kept working on this idea to make it come true. With great attention and focus on it, 

long-distance water transmission has been very much accepted by people in the water sector and 

governmental authorities. A similar case of situation is the Three Gorges’ Dam project in which 

Chinese key leaders, including the former premier Li Peng, contributed in the decision-making 

and finally it was built with tremendous attention from the central government. As pointed out by 

Gleick (2011), many of the top leaders in China today were trained as engineers, including Hu 

Jintao, China’s president and party chief during 2003 to 2013, and as mentioned Li Peng who has 

a background in hydroelectric engineering. Hence, it is not surprising that Beijing and many 

water authorities have responded to issues like water scarcity with proposals of massive new 

infrastructure building rather than new approaches in water management. Supply management 
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was generally applied over the whole world up the 1970s and apparently it has been deep rooted 

in the top-class leaders of the country.  

 

Beside political intention and force, Interviewee 2 argues that, compared with grey water reuse 

system, long-distance water transmission is more direct and efficient in solving an area’s water 

shortage problem, and it is also quite cheap taken into consideration the scale effect and the time 

period of the water supply (Interview 2). By this, he is talking about the Qiandaohu project that 

will transfer water from a reservoir in the northwest of the province to Hangzhou. Compared 

with the grand South-North Water Transfer project that is much bigger in scale, it is relatively 

local and small. Whether it is cheap for those bigger projects that have different situations, we 

are not sure. However, there is no comparison made with the cost of reuse of water. The report 

Circle of Blue (2012) state that the Qinghe Regenerated Water Plant in Beijing is capable of 

using just 0.4 kilowatt-hours of electricity to recycle a cubic meter of water, or a total of 180,000 

kilowatt-hours per day when the expansion is completed. That is much less energy than is needed 

to pump and transport the same amount of water from outside Beijing since it can take about 2 

kilowatt-hours to raise a cubic meter of water to a height of one meter (Circle of Blue, 2012).  

 

6.2.2 Cities’ privilege 

When a city is downstream or it has to buy water from other places, we say this city is dependent 

or in a less-advantageous position compared to upstream cities or the cities they buy water from. 

In order to be more independent, such a city usually would search for other alternatives to solve 

the problem by themselves. Singapore is such a city when it comes to water supply. Because it is 

also a country, it is more urgent to get independence from the other country, i.e. Malaysia in the 

case.  

 

However, in a single country and in the context of China, the situation is quite different. Many 

Chinese cities entertain privileges, especially the bigger, developed ones. Privileged cities 

usually can exert political and economic power over their counterparts either by using 

governmental power to order, or money to buy water from elsewhere. This is often the case with 

water transmission projects. Strong governmental force and incentives behind the projects mean 

that the water supplying regions have no choice but watch their resources depleted in the short 

run or in the future. 

 

In the case of Beijing, since it is the capital, all kinds of resources and basic needs are seen 

strategic and are guaranteed by the central government. This applies to food, power, and water, 

without marked increases in prices for the end consumers even if they are transferred from far 

away.  This is without doubt beneficial for the local citizens, but the actual waste and damages it 

can bring to both local environment and the supplying places have been neglected and 

underestimated. When a resource is guaranteed and there is no clear signal of any crisis reflected 

by market prices, people tend to have little understanding and awareness about the real situation 

they are facing and the motivation of proactively conserving the resource becomes low. Wastage 

and pollution will go on, which leads to a vicious circle.  

 

Beside political status, large event that is seen as important image of the country can also receive 
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this privilege. The 2008 Olympic Games, which has left many visitors in Beijing as well as the 

whole world impressed and with unforgettable memories, has also brought a lot of criticism to 

the authorities regarding depletion of other places’ water resources. In order to guarantee enough 

water for the water sports games, scenic spots in parks and the city, massive newly built hotels, 

resorts, golf courses and other tourism services in the dry capital, 479 million cubic meters of 

water from the Yellow River was drawn and diverted through three provinces for the main 

purpose of refilling a lake close to Beijing area in 2006/2007 as the first step and another 600 

million cubic meters were drawn as the second step of the project in 2008 before the Games. The 

total amount of water reached to the lake was about 200 million cubic meters (People.com).   

 

6.2.3 Water prices 

Low water prices and wastewater fees are also hindering the promotion of water reuse schemes. 

Water as an important strategic resource is quite special and rare in many cities nowadays. 

Therefore the price of tap water and wastewater treatment fee should reflect at least two aspects: 

one is its value and rareness as well as the influence of discharges to our environment, and the 

other is its production / treatment cost. Furthermore, it should reflect a social equity. The water 

tariffs of many cities in China hardly meet any of these requirements. In order to conserve, 

Beijing has raised water tariffs for residential use several times, from USD 0.25 (RMB 1.6) in 

2000 to the current USD 0.61 (RMB 4), but the fees are still too low to cover the real costs. 

Therefore, the maintenance of the system is poor or tax money is subsidizing, or both (Circle of 

Blue, 2012). Even though the water tariffs across China have doubled on average in recent years, 

they are still some of the lowest among the world’s major economies (Circle of Blue, 2012). 

While the water rates are increasing in general, it would be more reasonable to introduce a more 

flexible and justified system: progressive water tariffs that is similar to progressive tax rates 

means that the price of water will rise as the consumption goes up.  

 

According to the results of the survey, most of the respondents think a big problem is that low 

water tariffs make it economically undesirable and unfeasible for users as well as utilities to 

integrate or change to grey water reuse system. Interviewee 3 have said that the savings on water 

bills and wastewater treatment fees in a villa in western countries can cover the cost of installing 

a grey water reuse system in a reasonable number of years while this is impossible in China, 

since both tap water prices and wastewater treatment fees are too low (Interview 3).  

 

Nevertheless, it is not easy to raise water prices because there is the pressure from public opinion 

– water is a special commodity and it directly relates to social stability that is crucial for the 

current regime - and official procedures to go through. Right now, many cities have different 

prices for different usages. Household water is still very cheap while water for special purposes 

like car washing, hotel, sauna center, etc. is usually several times more expensive. Interviewee 1 

thinks it is okay to raise the prices for business and industries, but not for residential usage 

because it will hurt a big part of the public (Interview 1). However, if the water prices for 

municipal usages are not raised it is very difficult to motivate people to recycle grey water at 

home or office. Therefore, it is necessary to have a progressive water tariff system in order to 

encourage people to save water, gain more margins for water companies and last but not least, 

guarantee the basic water needs of those who are economically vulnerable in the society. In June 
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2012, the National Development and Reform Commission (NDRC), the top economic planner, 

and two other ministries of the government announced water conservancies plan, stating that 

China will steadily introduce a progressive pricing scheme for water use before 2015, and it will 

also adopt high water rates for water-intensive industries and encourage reusing recycled water 

(China.org.cn, June 2012). 

 

6.2.4 Land ownership 

In China, all land belongs to the state and the so-called right of using the land or building for 

people is granted for a maximum of 70 years. This means that, when a real estate developer has 

bought the right of using a piece of land from the government to build residential buildings, there 

is less than 70 years left for the flat owners to own and use their flat. After 70 years the state can 

decide whether to take back the land or not, depending on if there is a need of public interests 

such as urban planning. Although a lot of discussions are going on about what to do, there is no 

clear legal decisions made yet, which can be problematic in the future. This has put more risks 

on investment of grey water reuse system. 

 

Besides, as said in the previous session, the comparatively low water tariffs in China means that 

it will take much longer time to recover the investment and costs of a grey water reuse system 

compared with many other countries. Therefore, due to this state-ownership of land as well as 

the uncertainty of what will happen after the 70 years, developers and private persons usually do 

not have a long-term view on the investment and the rewards of installing grey water reuse 

system. As Interviewee 3 has said, real-estate developers are not likely to have grey water reuse 

system introduced, and the only possibility is to have trial projects in large grey water producers, 

such as hotels, provided that they are newly designed and built and also have a big quantity of 

water to be treated and reused (Interview 3). Interviewee 1 who works in this business has also 

mentioned that investors these days are often shortsighted and are not willing to do long-term 

investments (Interview 1).  It has to do with the Chinese business culture and mentality, but the 

author thinks the fundamental reason lies more in the system of land ownership.  

 

6.2.5 Governance, corruption and supervision 

The results of the survey and interviews reflect that people think the government should be the 

major player and leader in promotion of reuse systems in China. This is very much due to a top-

down regime in which the power is centralized. As a result, governance becomes an extremely 

important player. The new water strategy with three Red Lines shows that the central 

government now has made its mind and started taking actions regarding principle questions. 

 

Unfortunately, the current situation is not satisfactory. When it comes to the evaluation system of 

governmental decision-makers’ performances – which is very important to the promotion of 

decentralized grey water reuse - the current system has a big flaw because it mainly focus on a 

municipality’s economic performance reflected through figures such as GDP etc. This directly 

leads to more industries and constructions. In China, we see constructions above the ground 
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undergo tremendous development in many cities, including new wastewater treatment plants. 

However, very little attention and focus have been drawn on the unseen part of the infrastructure, 

i.e. the pipes in the ground. Insufficient pipe networks lead to wastewater being charged directly 

into nature while wastewater treatment plant capacity is idle. On the other hand, as interviewee 4 

mentions, it is too costly and complicated to change or upgrade existing piping system, which 

gives decision-makers more reasons not to do anything about it (Interview 4). Nonetheless, in 

new cities and town districts, the options are open, but few decision-makers see the issue.  

 

As mentioned, a problem also lies with the evaluation system for local politicians and 

governments. Since it is not precisely and explicitly stated by the central government how local 

governments should meet their “Energy saving and less emission” goal, local government can 

usually interpret the requirements in their own way. Very often simply building a wastewater 

treatment plant is counted in their goal without considering its performance and other results.  

Besides, the period of most of the major posts is usually five years, i.e. after working for five 

years on one position the leader will usually be shifted or promoted to another position. This 

kind of system tends to make leaders see quite shortsightedly on the future and become more 

interested in projects of grand scale and fast result. Grand projects that cost huge amounts of 

money and can be seen easily by people are preferable to local leaders in China and elsewhere, 

since they can easily push up local GDP and add political credits for promotion. When the 

constructions are completed, the responsible ones who have been promoted to a higher level in 

the government or to another city are no longer in charge for the follow-up of those projects. 

Decentralized grey water reuse system requires heavy investment in the beginning yet the pay-

back time, if everything goes smoothly, will probably come in a much longer time than the 

leader-in-charge can stay in the same post. It is therefore likely that many leaders prefer grand, 

ambitious projects that can be easily seen by both the public and superiors. Interviewee 2 has 

also addressed this problem (Interview 2). This is a system flaw in current China, but it is the 

reality.  

 

China does not lack laws and all kinds of regulations when it comes to environmental protection. 

Rules are relatively easy to make. The real problem lies in enforcement and public and media’s 

supervision. Corruption and cheating habits, which are deep-rooted in the Chinese culture and 

mentality, are making the enforcement of all the rules extremely difficult. Take water prices for 

example. In order to encourage water conservancy and reuse in special industries and services, 

the municipal water prices are set much higher than ordinary municipal rates in most of the 

Chinese cities. It is reported by China Finance that, in Beijing, the water price for car-wash 

business was raised from 21 Yuan per cubic meter to 41.5 Yuan in 2004 (households pay 3.7 

Yuan). But, this huge price increase did not push forward reuse of grey water as intended, 

because secretly businesses connected their water pipes to households nearby. The result was, 

that 90% of the water consumed by car-wash business in Beijing was ‘stolen’ from municipal 

water pipes, as calculated with data from 2008 (China Finance, 2012). The reasons behind, of 

course, include lack of reuse network or good business model, which made it impractical and 

non-economical to use the reclaimed wastewater from central treatment plants. Moreover, a lack 

of supervision and legal enforcement contributed to the failure of a good price policy. There are 

also targets set by the central or superior government that the local or inferior government 

departments are supposed to fulfill and even to surpass. In order to be able to hand in a pleasant 

report of results, treating of figures or bribing is a common practice that is considered an “open 
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secret”. Up to now, people’s voice is weak and media very often cannot walk away from 

censorship or pressure from local or central government. When the governance is poor, the reuse 

scheme is not likely to succeed. Like Interviewee 1 said, poor governance and lack of 

consciousness are the fundamental problems in his opinion (Interview 1). Thanks to new social 

media, such as Weibo, a Chinese equivalence of Twitter, the situation is hopefully getting better. 

 

When it comes to policy, management and supervision, right now there are too many 

governmental sectors and authorities that have direct influence or impact on wastewater / grey 

water reuse scheme in China, such as Ministry of Water Resources, National Development and 

Reform Commission, Ministry of Housing and Urban-Rural Development, Ministry of 

Environmental Protection in the central government, and at local level there are, for example, 

Beijing Water Authority, Beijing Municipal Water Conservancy Bureau, etc. Beside these, there 

are either state-owned or private water utilities, like wastewater treatment plants and water 

supply companies in cities. It is a big challenge how a good system can be well established and 

work smoothly under the policies and guidelines of the central government and through local 

municipalities’ implementation as well as the cooperation among different parallel sectors. In the 

last question of the survey, eight respondents have mentioned the existing problem of poor 

cooperation among different authorities. There is a need of breaking the old scattered 

institutional system and establishing a more coherent and cooperative system among different 

sectors when it comes to promotion of wastewater / grey water reuse.  

 

6.2.6 Awareness and mind-set 

Many respondents have commented on a low awareness in water conservation and environment 

protection among Chinese public and decision-makers. In urban China, we have an all-

connected-pipe-system in the cities. We use water from the taps at any time we want, and we 

rarely know where the used water goes and many people do not care. When the wastewater is 

out of sight, people tend to overlook the environmental, economic and social impacts as well as 

potential challenges of the water they discharge. Moreover, the relatively low water prices, make 

many people do not use it carefully and efficiently. According to a survey that conducted by the 

Chinese Social Survey Institute on public water-saving consciousness, 83% answered “No” or 

“Hard to say” (Zheng, 2006). In the survey, a respondent from a water utility in Zhoushan 

claims that they are only using very basic wastewater treatment and it will take quite a long time 

until people adopt grey water reuse system, because few people really care about nature and 

resources conservation. It is not just about wastage of water but also a habit of the thinking and 

attitude. This makes social change and shift even more challenging and time consuming. 

 

Interviewee 1 also blames this partly on the government (Interview 1), since “they are not setting 

a good example for the public. Instead, in some places they are calling for ‘Pollute first and clean 

afterwards’ in order to develop local industries and economy, at any cost.” This is an outcome of 

the poor evaluation system that focuses very much on GDP as discussed before and also an 

evidence of lingering low awareness of environmental protection and water resource 

conservation among those decision-makers. Even if the decision-makers have enough awareness, 

there is a higher level of prerequisite for them to be able to make the right decisions, i.e. they 

need to have enough knowledge and experience. Unfortunately, most of them are still stuck in 
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the old, traditional way of thinking when it comes to water management. Due to severe water 

shortages in some areas, supply management is gradually replacing demand management, which 

is a step forward. However, the majority of decision-makers still hardly see the need and trend 

towards reuse management beyond supply management.  

 

6.3 Discussion of opportunities for the future 

Despite all the problems and challenges mentioned in the previous section, the urge of a change 

is not avoidable and the situation can be improved little by little, if we know what problems we 

are facing and how to solve them. In this section we discuss the positive signals in the current 

Chinese political and social-economic strategy as well as steps that could be taken regarding 

adoption and promotion of reuse water management in urban China.  

 

6.3.1 More stringent water policies and rules 

China is facing a change and adjustments of its industry portfolios after its fast economic 

development. In recent years government authorities have issued many new policies and rules in 

order to combat ongoing degradation of environment and heavy pollutions to achieve a more 

sustainable development. Among these, the Three Red Lines can be seen as general guideline to 

sustainable water management. It has set more stringent rules and regulations on water 

management and consumption for the coming years – from 2015 to 2020. Although it is general 

and holistic, it is a sign of the shift of water management and thus has very positive impact on 

wastewater and grey water reuse schemes. To be more specific, the first Red Line has put 

restrictions on the utilization of water resources, which means that the traditional way of water 

supply management has to be turned into demand management and further into reuse 

management. The second Red Line focuses on water efficiency, which will drive more 

individuals and companies to use water more carefully or in a recycling manner. The third Red 

Line targets wastewater and pollution, which implies that the current situation of illegal 

discharge of wastewater will decrease, wastewater treatment plants will receive more funding 

and will be fully loaded to produce more reclaimed water for reuse. All these will possibly give 

the reuse schemes a chance to develop and foster a bigger market and industry.  

 

Beijing, a city badly relying on water resources from the outside, is also a city that has strict rules 

and regulations regarding water use, and has the best performance when it comes to water reuse. 

The MOHURD report shows figures of the amount of recycling and percentage of treated 

sewage in different cities and provinces in year 2010. Among more than 30 cities and provinces, 

Beijing reused 68,014 cubic meters that year, representing 58.5% of the wastewater, which 

greatly surpasses other parts of China. The province of Xinjiang where Urumqi is, reuses 6,427 

cubic meters or 18.9%; Zhejiang, where Hangzhou, Jiaxing and Zhoushan are situated, reuses 

only 1.6%; while Guangdong province with Guangzhou, reuses 1.14% and the last city 

Chongqing reuses just 0.5% (MOHURD, 2012). These numbers tell us that there is a big 

potential for the other cities to catch up. Right now, many cities already have introduced their 
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own regulations on water saving plans. In the survey, some respondents have also mentioned that 

in their cities, car washers, new hotels and other large grey water generators are required to 

recycle grey water. The low percentages of the recycling amount show that it is far from enough, 

but it is a starting point.  

 

6.3.2 Establish reuse management models  

First of all, from the responses to Question 2, we can learn that “buying water from neighbouring 

areas” has not been a popular measure. The reasons are twofold in the author’s opinion. One is 

because water resources, like air, is seen as public good and neither legally nor morally not easily 

accepted as a commodity that has a price tag and ownership to it. Hence there is no free market 

established to balance its supply and use right now in China. The other is as discussed in chapter 

6.2.2 that some cities enjoy a political privilege which allow them use governmental orders to 

meet their demands of water. This is happening based on an extremely centralized power 

structure and top-down regime.  

 

Experts also argue that China's water problems cannot be solved through mere administrative 

and technical means. Instead, they propose the establishment of a national water rights system 

and the introduction of a trading mechanism for water use rights as important means to solve 

such problems as water resources shortages (Caijing News, 2013). It seems water rights and 

water trading have no direct link to what we focus on in this paper i.e. wastewater or grey water 

reuse, but there is actually an indirect connection between these two. When water resources are 

managed like private property for different administrative areas, it would – in theory - be more 

carefully handled and better managed within each administrative area. Unlike carbon trading, 

water trading has been there in history much longer time. There are many examples world-wide, 

such as the agreements between Singapore and Malaysia which lasted for half a century until 

Singapore could sustain more by their own through advanced technology and a reusing system. 

In China, a fair water trading mechanism should also be established. This can help to regulate 

governments’ actions, and prevent unnecessary wastage of water and abuse of political privilege.  

 

The designation of the Three Red Lines has already answered three basic questions according to 

Caijing News (2013), including how much water will be distributed in the initial stage of water 

rights allocation, to whom it will be given, and how it will be divided. On this basis, the basic 

framework of China's water rights system has already been partially outlined, with the water 

distributed to various regions regarded as self-possessed water rights. The next steps include the 

establishment of a water rights trading system between different provinces, as well as the 

construction of a comprehensive and flexible water resources allocation mechanism. 

 

Secondly, a clear rewarding / punishing system needs to be introduced. Based on amounts of 

water use and reuse ratio, social units (households, companies, real estate developers etc.) will be 

rewarded with prizes and economic benefits as well as being publicized in social media, or to the 

disincentives if they cause water wastage or discharge illegally, such as fines and meantime 

being exposed as bad examples to the public. This has to be advocated by governmental 

authorities through policy-making, implementation, supervision and offering support. The public 

and media should also be part of the supervision and play an important role in the promotion of 
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water reuse. When people get reward from their action of recycling water, the motivation will 

increase and the result will improve steadily. This should not just apply to individuals and 

industries, but also municipalities as an indicator of their sustainability index.  And this 

sustainability index shall be taken into consideration of a local governmental official’s work 

evaluation in the end. In this way, local governments will not only focus on GDP figures. 

 

6.3.3 Public awareness, education and call for higher water tariffs 

Politically, China is a heavily centralized country. Many respondents and interviewees count on 

the government to advocate reuse system or blame the government for not doing a good job of 

environmental protection. However, much of the water is managed by households and industries. 

Although in the Chinese context governmental decisions and support are decisive for the reuse 

scheme, it is not less important to raise public awareness of water conservation and reuse. After 

all, the decision-makers are also citizens and what the public say and do will eventually influence 

the decision-makers. Nonetheless, to have a good start and serve as a model, it is necessary for 

the water authorities and governments to take initiatives in informing and educating the public 

about the water crisis they are or will be facing and how to cope with that in their daily life.  

 

Information and encouragement combined can make the citizens realize that they can actually 

contribute. Responses to Question 4 also show that more than half of the respondents hold a 

positive opinion about the future of grey water reuse. In order to get a public understanding and 

involvement of people, it is very important to pursue information education. When it comes to 

more detailed technical aspects of decentralized grey water reuse, it is crucial to have control at 

the source, i.e. we should add as few chemicals and contaminants as possible while using the 

water. Thus, the wastewater quality is better and facilitates treatment as well as improves water 

safety and quality for reuse. When users are aware of the whole process and that they will reuse 

the water themselves, they are likely to be more willing to do what they are supposed to do. 

Taking the experiment at a Spanish hotel as example, there is a brochure left in each room for the 

guests to know what grey water is and how it is treated and reused for toilet flushing. A survey 

shows that social acceptance can be obtained, provided there is adequate information (March, 

2004). 

 

Media and the current expanding social communication tools on the Internet can also play an 

important role in various campaigns. In the past decade, information technologies have greatly 

changed our ways of acquiring information, living a life, and acting in the society. The 

prevalence of new media tools with direct and fast-spread information and a growing highly 

educated population will make public information more transparent and the power of citizens 

together with media will be strong enough to supervise enforcement and restore justice. Along 

with this, private organizations and NGOs nowadays are also becoming more active in China, 

which will add extra strength. Along with more transparent and fast-spread information reaching 

millions of Chinese netizens and an increasing number of successful environmental protests by 

the public in recent years (Gleick, 2011), people in the cities are becoming more and more aware 

and caring for the environment they are living in and they do take actions to defend it. There is 

hope and possibility of decentralized grey water reuse system being adopted by individuals and 

communities on small scales. Considering that China is a rather centralized top-down country 
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and there is already a rise of environmentalism in society, to increase the percentage of water 

reuse in both small and larger scales is likely to be achieved successfully if both the governments 

and citizens work together towards the same goal. 

 

Before that, the problem of low water tariffs for municipal usages needs to be solved in order to 

make the reuse economically feasible. As already discussed, this is not an easy matter to raise 

water prices and get acceptance from the general public when people are used to comparatively 

low prices. In the author’s opinion, it is a question about public awareness and education. Only 

when the public understands that even if the water tariffs is raised to several times higher than 

the present, the actual extra expenses they have to pay is not as big as they might think while the 

impact to the whole situation can be pivotal. They can understand the reasons for an increase and 

support it. People also need to realize that there is no water security. Society will have to pay 

much more for the water if it is sourced from far away, than when reused locally or collected 

from the rain. It is already happening in many cities where people pay less for tap water and 

wastewater treatment bills than buying bottled water for drinking and cooking. It is a vicious 

circle because of bad quality of tap water due to water scarcity and poor water management. For 

the middle class and rich people in society, raising water tariffs will not affect their lives very 

much, but for people with less income, are very vulnerable. Therefore, a compensating 

mechanism should be introduced to mitigate the negative effects brought by higher prices. 

People who are eligible for the compensation should be able to get a certain amount of water for 

free each month as in Singapore. Another way is to design a progressive water tariff that has a 

low water price for the first few cubic meters used. Such measures will also get the support from 

the strongest opponents of an adjustment of water tariffs.  
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7. Conclusion 

Fresh water, as a resource available for the needs of human being in their daily life and 

production activities, is quite limited. The increasing population and continuously expanding 

economy put great pressure on water supply in many Chinese cities. Problems brought by the 

increasing demand are seriously affecting the future of cities and individuals as well as the 

quality of environment in which we are living. Nevertheless, we can change our mind-set and 

management from the traditional supply or demand management to a higher level - reuse 

management - in order to use the limited resources more efficiently and in a sustainable way. 

Grey water has lower concentration of microorganisms compared with black water, and it is 

constantly generated as long as there is human activity and can be used onsite. Thus it is a 

promising candidate in sustainable water management schemes for people and companies in 

cities to cope with the challenges brought by water scarcity and can provide benefits in the long 

run. However, grey water is not a concept familiar by the majority of Chinese, even for those in 

the water sector. Instead, a similar term called the “neutral water” or reclaimed wastewater – 

which also includes grey water in general - is more common to people.  

 

This promising system – decentralized grey water reuse - is studied as for the potential to work 

in China. Two research questions are formulated and a survey in seven cities across China plus 

four interviews with experts and decision-makers in this field were conducted. In order to get a 

general picture of the situation and to make the respondents understand it without difficulty, the 

Chinese term “reclaimed wastewater” was also included in the questionnaire together with grey 

water. The first research aim to find out if there is a water shortage in most of the surveyed 

cities, the answer is yes. For most cities, water resources are or will be in short supply due to 

either quantity or quality reasons, or both. Among all these cities, some face scarcity mainly 

because of geographical and climatic reasons such as cities in the north and west regions - 

Beijing and Urumqi in the sample cities - and island city like Zhoushan. Some face scarcity 

because of pollution, which means that they lack quality water, such as Jiaxing; and some are 

because of the demands brought by rapid increase of population and economic growth – 

including most of the provincial capital cities. Many cities have two or even three of these 

problems. Generally speaking, cities in the north and west have all the problems and are already 

short of water, while cities in the south and east of China have plenty of water but due to the 

latter two reasons they are facing or will soon face water shortage.  

 

The second research question about decentralized grey water reuse system shows that currently 

this option is not particularly favored by the Chinese authorities when it comes to solving urban 

water shortages. The main reasons are not very much about technology or money, but more 

because of social-economic and social-political backgrounds. From the results of the 

questionnaires as well as interviews, water transmission is considered as a main and better 

solution than wastewater reuse, but quite high percentage of respondents hold very positive 

opinion towards the future development of grey water or wastewater reuse. The Three Red Lines 

also prove that there is an emerging positive perception among Chinese authorities on 

conservation and efficiency of water, though there is a legacy to favour transmission. Besides, 

low water tariffs is also a key issue hindering the reuse of grey water or wastewater since 
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perceived high investment cost of reuse system making them less feasible when the price of tap 

water is comparatively low and wastewater treatment fees are even lower than tap water. 

 

Although the result from this study is surprisingly negative on the future development of water 

reuse, there are still positive signs in current China and they are, or will be, changing the whole 

situation. Local governmental authorities have started to adopt demand management measures 

by putting more restrictions on water use and raising water tariffs, while the central government 

has also made up its mind to bring about a change to combat the water deficit. It has issued new 

policies and guidelines such as the Three Red Lines that will affect the current ways of water 

management and consumption. Many cities in the comparatively dry area, according to the 

respondents, have already been working on water saving, reuse and rain harvesting projects.  

 

The key issues in the Chinese context are: 1). The mind-set needs to be changed from traditional 

demand management or supply management gradually to reuse management phase - it is not 

only water that is seen as resources but also wastewater and sludge; 2). Governments are the 

most important and decisive part among all stakeholders in China and should continue to take 

initiatives and be supportive; 3). Water tariffs should reflect the true value but the current low 

prices make grey water reuse economically not desirable; 4). The public including the decision-

makers generally have quite low consciousness of environmental protection and water 

conservation so information and education are very necessary; 5). The current evaluating system 

of governmental officials needs to be improved and the water sector needs adjustment in order 

to make planning, decision-making, governance, and supervision more consistent, efficient and 

effective.  

 

In a few words, decentralized grey water reuse systems are not likely to become popular in 

Chinese cities immediately, as Interviewee 3 claims: it is too early (Interview 3). Even in the 

long run, some people believe it has a rather grim future (Interview 4).  However, if the 

government can bring in new ideas in a shift of water management and take a proactive roll in 

the promotion of wastewater or grey water reuse, together with a reasonable adjustment of water 

tariffs in order to make the reuse economically feasible, there is still a future with great potential 

for decentralized wastewater and even grey water reuse in Chinese cities. 
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Appendix 

Interviews 
 

1. Interview with Pan on instant messenger about the current situation and problems of 

decentralized grey water reuse system. 
 

Date: 2012-03-19 

 

Pan has been working at private wastewater treatment companies for many years and 

decentralized grey water treatment system is also part of their business. 

 

Original dialogue in text: 
 

潘：中水这块也不是很给力的。没多少人愿意做，有很多做了也就是个摆设。 

 

我：你觉得是技术上过不去吗? 还是其他的原因？ 

 

潘：其他原因。就是不重视环保，还有不舍得投资。说白了，就是不愿意花这个钱。 

 

我：你觉得目前的水价太低是不是一个重要原因？要是国内水价高，估计会有点动力吧？ 

 

潘：这个，对工业用水费用提高还是可行的。市政的话，会让平民百姓伤心的。况且现在自

来水费里也包含不少污水处理的费用了。 

 

我：像一些服务行业，特殊用水行业的水价不是天价么？洗车洗浴中心之类。 

 

潘：呃··· 可是人家没有看到长远啊。洗车洗浴水量小，做一套中水设备成本也高的。 

 

我：这样的地方现在有在废水回用么？ 

 

潘：很少很少。这个，还是要看政府了。如果政府不采取什么强制手段，企业是不会把环保

搞好的。 

 

我：你能总结下，这个问题的根源是在哪儿？官员腐败？教育不行导致缺乏环保意识？ 

 

潘：政府管制不力，人民缺乏意识，打着先污染后治理的口号。能环保呢? 

 

Translation: 

 

Pan: The grey water part is not very good in business. Few people would like to use the system 

and among those who have installed the system, many are not really used, more like a decoration. 

 



 
 

Me: Do you think it is a problem of technology or others? 

 

Pan: Other reasons. Simply that people don’t care about environment protection, and are not 

willing to invest. To put it clearer: they don’t want to spend money on it. 

 

Me: Do you think if the current low water prices are an important reason? If the water prices are 

higher, will they be more motivated? 

 

Pan: Hmm, it is okay to increase the water prices for industrial usages but for domestic usage, it 

will shock the public citizens. Besides there is already wastewater treatment fee included in the 

water price.  

 

Me: But the water prices for some special businesses and services are set very high right? Such 

as car-washing and sauna center etc. 

 

Pan: Yeah, but they don’t have a long-term view. Besides their water consumption is not huge yet 

the investment for a set of grey water reuse system is considerably high. 

 

Me: Do they actually recycle the grey water? 

 

Pan: Very few of them. This is still very much depending on the government. If the government 

doesn’t enforce it, businesses and companies will not take care of our environment. 

 

Me: Can you summarize the root cause of the problem? Is it because of governmental corruption 

or lack of education and consciousness of environment protection?  

 

Pan: Poor governance and lack of consciousness. There was even a slogan saying ‘Pollute 

before clean (our environment)!’ Environment protection?! 

 

 
 

 

2. Interview with Xu on instant messenger about the water supply situation in Hangzhou 

and the feasibility of grey water reuse system.  

 

Date: 2012-04-01 

 

Xu works as engineer at a water-related institute in Zhejiang and currently is in charge of a water 

transmission project in the province. 

 

Original dialogue in text:  
 

徐：我给你介绍下啊。千岛湖引水工程马上就要上了，所以从水质，水量，还有水价上分析         

来看，杭州不缺水。 

 

我：嗯，那就是说跨区域引水是首选叻?   

 



 
 

徐：是啊. 因为目前水质较差，然后要改善水环境效果缓慢，需要很长时间，所以跨流域调水

比较立竿见影。 

 

我：这个成本不会被计算在水价里吧? 

 

徐：成本要算到水价中的。但总的来说，水价还算便宜。 

        然后中水、灰水这个东西是很好, 但你忘记了管道改线的投资。目前中国国内城镇的管道

是统一供水的，喝的用的冲马桶的工用民用是一条管道，这个    跟产业结构调整有关系。比

方说现在城市规划工业区、高新科技区、居民生活区是分开的，但这只是在新区块中。但是

老城区，或者说没有经过规划的城市比如临海，老杭州等，不可能实行分值供水，只能实行

大分值供水，管道调整的投资比跨流域调水的投资可能更大。 

       还有一点，一个地区的领导，任期太短，他需要短期效益，很少考虑长远利益，所以领

导对你的项目感兴趣的不多。 

 

我：跨流域调水是短期的么? 

 

徐：工期不长，顺利的话5年。跨流域的最简单，水质最有保障。 

        还有部门利益牵扯，你让我选，肯定选跨流域。 

 

Translation: 

 

Xu: Let me tell you. The Qiandaohu Lake water transmission project will start soon, so judging 

from water quality, quantity and prices, Hangzhou has no water shortage. 

 

Me: Ok. So you mean long-distance water transmission is the first choice? 

 

Xu: Yes. Since right now the (local) water quality is quite bad and it takes a long time to improve 

the water environment. Therefore water transmission is more effective and direct. 

 

Me: Would the cost of the project be included in the water price? 

 

Xu: Yes the cost will be included into the water price, but overall the water price is still cheap. 

 

And about grey water, it is very good but don’t forget the cost and investment for changing the 

piping system. Right now the Chinese urban piping system uses the same pipeline for drinking, 

washing, flushing toilet, industrial and domestic usages. It has something to do with the 

adjustment of industrial structure. For example now there are many newly planned and built 

industrial district, high-tech district and residential district. These districts can have separate 

systems, but in the old, already-built areas or towns where lack city-planning, such as Linhai 

and the old Hangzhou, it is impossible to have a separate piping system. The cost to change and 

build new system probably is higher than to have long-distance water transmission. 

 

And one more thing, the governmental decision-makers have quite short post period. They 

prefer to have projects that can generate short-term result or benefit. They seldom think about 

the long-term plan and benefits. Therefore there are few governmental decision-makers who are 

interested in grey water reuse system. 



 
 

 

Me: Water transmission projects are usually short-term? 

 

Xu: Not very long, 5 years if everything goes well. It is very simple and the water quality is 

mostly guaranteed. 

 

There are also benefit struggles among different sectors. Anyway if you let me choose I would 

definitely choose water transmission. 

 

 

3. Interview with Bi via email about his opinion on Chinese domestic grey water reuse 

system. 

 

Date: 2012-03-20 

 

Bi has studied the collection and treatment of grey water for his master thesis and currently 

works for an environmental consulting company in Germany.  

 

Original text: 

 

“国内很少提灰水，灰水在污水处理上是从属于EcoSan-System的一个概念。国内一般提

倡的是中水回用。中水是污水处理的尾分离，即不同用途的水处理到不同程度，但灰水

强调的是源分离，是避免轻污染水在排往污水处理设施的过程中被二次污染。从国内来

讲，由于房屋的产权时限问题导 致开发商不会在设计中采用这套系统，唯一可能的是在

宾馆饭店等灰水产生大户进行试点，但这要求全新的设计（MEP部分），旧有的房屋改

造几乎不可能。另外，这套系统可以节省大量的污水处理费，可是国内污水处理费比较

低，效益不明显。国外这套系统一般用在乡间的私人别墅建造上，省下来的水费几年就

可以把设备成本拿回来。可是国内没有这个条件，水价差异太小。所以国内大致还处于

中水回用的阶段，谈灰水的收集与回用为时尚早。” 

 

Translation:  

 

‘‘In China grey water is rarely mentioned. Grey water is a concept from EcoSan-System. In 

China it is more popular to advocate the reuse of treated wastewater. Reclaimed wastewater is 

a final product from wastewater treatment, i.e. wastewater is treated to different levels 

according to the reuse purposes, while grey water is focused on the separation from the 

beginning - to avoid less-polluted wastewater being contaminated again when it is sent to 

wastewater treatment plants. In China, because of the time issue of properties, real estate 

developers would not adopt this system. Maybe only some trial projects in big grey water 

generator such as hotels, but this requires a brand new design (MEP part). It is almost 

impossible with converting old buildings. Moreover, this system can save a lot wastewater 

treatment fees, but in China the fees are quite low so the economic benefit is not obvious. Here 

abroad the system is usually used in building private villas and the saved water and wastewater 

fees can recover the costs in several years. However, the conditions are not the same in China 

since the water price difference (between tap water and reclaimed grey water) is too small. Thus 



 
 

it is still in the phase of using reclaimed wastewater. It is too early to talk about the collecting 

and reusing of grey water.’’ 

 

4. Interview with the president of an Israeli company Yamit E.L.I Filtration and Water 

Treatment through Mr. Hagai Gat, sales manager at its Beijing office. 

 

Date: 2012-12-17 

 

Original text:  

 

“Just a quick intro about the president: 

He has been in the water filtration and treatment for more than 25 years. Israel is the world 

leader of water reuse, when 75% of the wastewater is being treated and reused. Moreover, the 

company has been running a Rep Office in China for more than a decade, so as you can 

understand, he's quite experienced in the market and knows the process... 

 

Regarding greywater in general: 

He claims that greywater is a gimmick since already today you treat them along with the "black 

water" and reuse them for agriculture or other applications. 

 

The reason that greywater's a gimmick is the fact that by creating a separate system for them 

what you do is: 

1. You waste money and space of duplicate systems 

2. You waste money on technicians and other experts of those systems 

3. Since you leave the "black water" all alone without the grey water which dilute them, the 

treatment systems for this kind of water produce less water while consuming more energy... 

According to the 2 latter you can understand that you waste a lot more energy, space and money 

to achieve almost the same... 

4. Another issue is the fact that if you add another system (for example a domestic greywater 

treatment for a household) you suffer the chances of leakage, which can create another pollution. 

 

Regarding China. 

The reason it hasn't caught up the market yet is the fact the Chinese people are smart and 

cautious - they want to make sure that this concept is efficient and right for them. 

 

Regarding the future - our company's president thinks that as a gimmick, it has a grim future in 

the long run. In the short run, it's hard to predict...” 

 

 

 

 

 

 
 


