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Abstract: China has long faced the exponential increase of wastewater. Therefore, sludge 

as the byproduct of wastewater treatment is a worldwide and difficult problem to treat and 

dispose. Many cities in China are trying to find an appropriate method of achieving this. 

However, due to a lack of funding, technology and research, some methods suitable for 

local conditions are still not available, even in the most modern and biggest cities in China. 

This thesis is intended to describe the method used for the treatment and disposal of sludge 

from industries now in Shanghai, Beijing and Chongqing. Compared with these three 

cities, Beijing produces more sludge per day, while Shanghai has the least sludge 

production. Further, the industrial waste piping system is not separated from the domestic 

system in these three cities. Moreover, the percentage of treated sludge is still very low in 

Shanghai, Beijing and Chongqing. Among these three cities, even the highest treatment 

rate of sludge is 35.41% (Beijing). The lowest is only 10.08% (Chongqing). Considering 

that much more sludge will be produced in the next a few years, the current situation in 

these three cities presents a stern challenge. Also, a calculation about the cost of disposal 

of sludge in these cities is included in this thesis. Incineration is most expensive method of 

disposal of sludge in China, while composting is the cheapest. Considering the huge 

population, the current technology and the economic conditions in China, composting is 

the best option for the disposal of sludge. 
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1. Introduction: 

1.1. Background of wastewater in China 

Due to the vastness of the land and the rich natural resources, and also the low-cost labor, China has become 

famous worldwide factory. Moreover, with the development of socialization and urbanization, China has 

long faced the exponential increase of wastewater. The sewage coming from industry and from the 

residential parts of towns is increasing continuously; meanwhile, the city’s equipment which is used to drain 

sewage and dispose of sewage is inadequate, and some harmful substances which have not been properly 

disposed of have been directly or indirectly deposited into rivers. Subsequently, the problem of water 

pollution has arisen and this has damaged the aquatic environment (Report of Ministry of Environmental 

Protection of China 2008).  

 

Until 2008, approximately 1692 wastewater treatment plants have been established to solve these 

increasingly serious environmental problems. The plants are designed to treat 907.9*10
6
m

3
/day wastewater. 

These factories have the capability to treat 237.3*10
8
m

3
/y wastewater, including domestic sewage 

202.9*10
8
m

3
/year. The treatment rate of household wastewater is 57.8% (Report of Ministry of 

Environmental Protection of China 2008). However, this is far from enough. Over the next 20 years, China 

will continue to promote economic growth and the issue of the increase of wastewater cannot be avoided. 

536*10
8
m

3
/day is the estimated amount of wastewater which will need to be treated in 2020. 

 

Investment in the environmental wastewater treatment in the whole country is up to 449.03*10
10

 RMB in 

2008. Furthermore, it makes up 1.49% of GDP within the same year (Report of Ministry of Environmental 

Protection of China 2008). 

 

1.1.1. Discharge of Waste Water by Industrial Branch 

Among the 39 categories of industries, the paper industry produces the highest percentage of wastewater 

discharge rates. After this, the chemical manufacturing industry, the textile manufacturing industry and the 

electricity production industries follow. These, combined with the paper industry, make up 52.0% of the 

sewage emission rate (Figure 1). 
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Figure 1 Sewage Discharge Rate (Report of Ministry of Environmental Protection of China 2008) 

 

 

The industrial products, which made in China, appear all over the world. From the data illustrated, it can also 

be seen. 

 

On the other hand, according to a statistic based on 84,290 industrial companies, 76.4% of data of total 

factories near the seven key river systems have been collected. Factories near the catchments of the seven 

key river systems are also covered (Table 1). 

 

Table 1 Wastewater discharge situation (National Environment Statistical Yearbook 2008) 

Year 
Wastewater(*109t) 

Sum Industrial Domestic 

2005 379.3 172.5 206.8 
2006 412.0 180.8 231.2 
2007 433.6 191.0 242.6 
2008 447.3 185.3 262.0 

  Increase Rate (%) 17.9 7.4 26.7 

 

From 2005 to 2008, the amount of wastewater discharge increased, and the amount of sewage of two sources 

is still increasing on the whole. The only decrease happened between 2007 and 2008 in industrial emissions 

(National Environment Statistical Yearbook 2008). 

 

1.2. Current wastewater treatment methods in China 

Due to different kinds of wastewater quality characteristics, the method of treating sewage is important to 

the efficiency. The aim is to introduce the used treatment and disposal of sludge from industries now in 

Shanghai, Beijing and Chongqing, and to explore possible solutions put forward to improve the treatment of 
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industrial sludge. These three modern cities have some similar circumstances; firstly, they are all the most 

developed cities in China. Secondly, they are heavy industrial cities. Due to the lack of advanced technology, 

these heavy industry factories are always the main source of wastewater, which is significantly more 

important to the environment in China (Lin, 2008; Li and Zhao 2010). 

 

Therefore, the choice of wastewater treatment plant processes directly relates to the building and operating 

costs, treating effects, convenient managements and so on. 

 

Until now, two main treatments have been widely used (Lin, 2008; Li and Zhao 2010). 

1.2.1. Activated sludge 

The activated sludge method is the artificial enhancement of water purification. This mechanism is to make 

suspended microbes come into contact with sewage in the aeration tanks, including the standard activated 

sludge process, step aeration, long time aeration, segmented aeration, restricted aeration and amended 

conventional activated sludge methods, such as adsorption biological (AB), anoxic oxygenic (AO), the 

anaerobic anoxic oxygenic (AAO) process and other, recently developed highly efficient nitrogen and 

phosphorus removal processes (Lin, 2008). 

 

Until now, the dominant activated sludge process has been widely used to treat domestic wastewater of some 

big cities in particular. However, with the development of the technology, the AO, AAO, AB process, and 

other new methods are being investigated. The efficiency of industrial sewage treatment is also being 

improved. Nowadays, there are mainly four different kinds of activated sludge methods used worldwide. 

1.2.1.1. The Conventional Activated Sludge 

This method involves the following steps: 

 Import the primary precipitated wastewater and return sludge from the secondary settling tank to 

the aeration pool.  

 Mix sludge and wastewater in the pool.  

 Aerate them in it by diffusion.  

In this process, the activated sludge removes the organic matters from the sewage by absorption, flocculation 

and oxidation. The mixture flows into the secondary settling tank to precipitate. After this process, 25%-50% 

of the sludge flows back to the aeration pool (Lin, 2008). 
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When this method is utilized to treat the sewage, the BOD removal rate can still be up to 95%. Initial costs 

of the construction will be high, but the operation costs will be low. However, long residence time is 

required. Moreover, the equipment is bulky and, additionally, a huge infrastructure investment is needed. As 

a result, a variety of structures should be added and, correspondingly, the volume of these structures will be 

increased. The treatment plant area will increase as a consequence, and the difficulty of management will be 

greater as well (Lin, 2008). 

 

So far, the conventional activated sludge treatment involves calculating and adjusting the wastewater 

pretreatment system in order to make the component and concentration of wastewater uniform. We have to 

select the appropriate microorganism during the activated sludge process (Li and Zhao, 2010). 

1.2.1.2. Sequencing Batch Reactor (SBR) 

With the rapid expansion of city scale in recent years, the facilities of wastewater treatment have been used 

in middle and small cities, even some rural towns. However, compared with the big cities, small cities 

obvious need SBR method which is more suitable (Lin, 2008). 

 

SBR process is an intermittent aeration technology. The entire process is a cycle. The beginning is the 

influent of sewage. After the processes of mixing, aeration, precipitation, drainage and discharging sludge, 

the effluent will go back to the beginning step (Figure 2). 

 

Figure 2 Process Flow Diagram of SBR (GoTech, 2008) 

 

 

SBR is easy to operate and manage. Further, this method is convenient to maintain. The low construction 

cost is another advantage. Moreover, water quality of effluent is good. SBR process requires a treatment 
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pond for aeration, sedimentation and discharge for treated water. Consequently, the flow pattern of the pool 

is easy to understand. In addition, SBR provides a buffering capacity of responding to the changes in load. 

SBR can be efficient in removing suspended solids, organic matters and nitrogen. Two aeration and 

sedimentation tanks are generally set up in this method. Sewage is continuous discharged into the tanks. 

Each tank staggers the operation per six hour (Li and Zhao, 2010). 

 

However, this method still has some problems. Due to too frequency in reversing at influent and aeration and 

difficulty of mastering the discharge apparatus technology, it has the limitation in some countries. 

Nevertheless, SBR process is developing fast in recent years. There are many amendments in this process. 

So far, current types are as followed. First one is to continuous discharges sewage and intermits aeration. Do 

not control the influent flow. But the flow should not affect the sediment. The second one is to make two 

successive aeration tanks. Influent flow is still continuous. The first tank is successive aeration. The second 

one is intermittent aeration. Reflux the second tank to the first one in order to keep the sludge concentration. 

These two processes are continuous influent flow, so both of them are suitable for big wastewater treatment 

plants (Lin, 2008). 

1.2.1.3. AB Process 

AB process, also called adsorption biological degradation, is first used in Germany in 1970s. It is a modified 

conventional activated sludge process. Compared with the conventional activated sludge process, it has a 

special removal mechanism and many advantages. The conventional activated sludge aeration tank is 

divided into two parts. That is adsorption section and biological section. Adsorption section plays a major 

role on adsorption and absorption of organic matters, while the biological section mainly focus on absorption 

and oxidation, especially on oxidation (Lin, 2008). 

 

AB process does not flow through primary precipitation tank, the sewage through small grilles. After the 

sewage flow through the grit chamber, the water directly go to the adsorption aeration tank. Due to the 

difference kind of bacteria needed to maintain their characteristics, the A and B section strictly separated 

from each other. A section of the aeration tank works at a high load, while B section of the aeration tank 

works at a low load. The adsorption section of the aeration tank can be changed into anoxic or aerobic 

circumstance according to the component of sewage. This process can improve the biodegradability of the 

sewage, so that B section has significantly reduced the operation load. Therefore, the total volume of AB 

process is less than conventional activated sludge aeration (Figure 3) (GoTech, 2008). 
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Figure 3 Process Flow Diagram of AB process (GoTech, 2008) 

 

1.2.1.4. AO and AAO Process 

AAO and AO processes are the new biological nitrogen removal process technologies. Compare with the 

traditional chemical and biological nutrient removal, they effectively improve the effluent quality of 

Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Suspended Solids (SS). AO method 

is short for anoxic and oxygenic process. AAO method is mixed with anaerobic, anoxic and oxygenic 

conditions (Lin, 2008). 

 

Since Phosphorus Accumulating Organisms (PAOs) works on different mechanism in different environment, 

denitrification was completed in anaerobic environment, while phosphorus removal requires anoxic and 

oxygenic. In the denitrification process, the Denitrifying Phosphate Accumulating Organisms (DNPAOs) 

use NO3
-
 as electron acceptor to get energy only in the anaerobic environment. 

2NO3
−
+10e

−
+12H

+
→N2+6H2O, ΔG

0
= −333kJ/mol. And then, the wastewater flow into the anoxic and 

oxygenic tank. In this process, DNPAOs take up phosphorus only under the anoxic and oxygenic conditions 

(Figure 4). The AO method is mainly focus on removing phosphorus. In the meanwhile, AAO method can 

remove nitrogen and phosphorus more efficient than AO process (Wikipedia, 2011). 

 

Figure 4 Process Flow Diagram of AAO Process (GoTech, 2008) 

 

 

Both processes require adequate sewage aeration. In order to get the stable aerobic environment, it is 

necessary to reduce the sludge load and extend the aeration time. Also, compare with the conventional 
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activated sludge process, AO and AOO processes require more blast volume and aeration instruments. As a 

result, the use of AO method may bring a huge investment in infrastructure and a significant increase in 

energy consumption. Furthermore, AAO process should build an anaerobic tank before the anoxic pond, so 

that this method can achieve the effective removal of phosphorus. The construction cost and energy 

consumption are higher than the AO process (Lin, 2008). 

1.2.2. Biofilm 

Biofilm sewage treatment is also an aerobic biological treatment. The aim is to make the microbial 

community attached to the surface. The species of microorganism includes bacteria, fungi and protozoa. All 

the microbes make up a food chain. They take up the organic matters and even some toxic materials as food. 

Due to the strong capacity of absorbing, microbe attached on the carrier surface are efficient in the water 

purification. This kind of treatment includes the biological filter, bio wheel, bio-contact oxidation and other 

forms (Lin, 2008). 

 

Compare with the activated sludge methods, biofilm process is adaptable to the wastewater quality and 

influent flowing. Also, it is easy to manage. However, biofilm process can treat relatively low toxic 

concentration wastewater. In addition, the surface area of biofilm carrier is relatively fixed. Therefore, the 

reactor volume is a limitation. With the growth of microorganisms, the biofilm will be thicker. The inside 

where oxygen cannot filter through, become anaerobic. The anaerobic conditions are appropriate for 

removing organic matters. Therefore, since it relies on natural ventilation, this method may lead to anaerobic 

circumstance (Li and Zhao, 2010). 

2. Methods 

2.1. Literature Search 

Most reports were found in the databases of China. Combinations of the key words (sludge, treatment, 

wastewater, disposal, situation, Shanghai, Beijing, Chongqing) were used in searching articles in the 

databases (CNKI, CQVIP, Wanfang). 

 

Some information, like the energy cost is available on a government website, while process flow diagram is 

available on a technology website. 

2.2. Use a model to predict the wastewater sludge disposal cost 

This model is established by Zhang (2006). He describes the aspects of the model include energy consuming 

cost, transportation cost, landfill cost and depreciation (Zhang et al., 2006). 
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2.3. Aim 

The aim of this thesis is trying to figure out a suggestion to treat the sludge mainly comes from industries 

through describing the current wastewater sludge treatment situation in three representative cities, Shanghai, 

Beijing and Chongqing, in China. 

3. Sludge treatment in China 
So far, whatever methods we used to treat sewage, sludge is inevitable product of all kinds of industrial 

wastewater treatment. More important thing is that industrial sludge usually contains a great deal of organic 

materials, pathogens and heavy metals. That is to say, if the sludge is not treated appropriately, they will 

pollute the environment again. 

 

The conventional methods to deal with the sludge include safe landfill disposition, reclamation and sludge 

incineration (Xue, 2010; Li and Wu, 2003; Yu et al., 2007). 

 

Safe landfill disposition was first introduced in 1960s. This method requires a suitable location and effective 

prevention from landfill leachate. However, since the amount of sludge increase sharply, it is more difficult 

to find the place. Further, sludge contains nutrition useful for pathogens. Moreover, with the degradation in 

the environment, sludge will produce CH4 and release to the air in the process of the biodegradation of 

anaerobic bacteria. Also, the landfill leachate is still a problem which may pollute the soil. Furthermore, the 

cost of this method is high. Therefore, safe landfill disposition is not such a good way to treat sludge (Xue, 

2010). 

Reclamation is another way to treat sludge. Nevertheless, this method can reclaim land from the sea which 

may benefits small territory. Since it obviously pollutes the marina waters and estuaries, many countries 

have forbidden dumping sludge to the sea (Xue, 2010). 

 

Compare with all the methods, incineration produces least residue. Further, there are almost no odors during 

the process. However, the cost of construction and operation is the highest. Secondly, this method will 

produce slags, ashes during the processes of incineration. Owing to abundant nutrition inside, sludge will 

release plenty of hazardous materials to the air. However, few researches and investigates elaborate methods 

of purification of smoke from incineration in China. The only description indicates that wastewater treatment 

plants use activated carbon to adsorb exhaust in the excessive air condition during the incineration. 

Excessive air is to try to avoid the product of Dioxins. Moreover, electrostatic precipitator and dry washing 

process is used to adsorb dioxins, methyl mercaptan, SOx and other ashes. Heavy metal treatment in 

incineration is lack of information (Xue, 2010). 

http://www.iciba.com/landfill/
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Nowadays, some new treatment methods are introduced. Compost is another now widely used technology. 

Sludge usually contains ample nutrition, which are appropriate to fertilize. Meanwhile, some toxic 

component inside is the biggest obstacle in applying. 

 

As a kind of building materials is another utilizing of sludge. Besides, pyrolysis derivatives of sludge can 

also be used as industry briquette binder. 

 

Considered the limitation of technology and current situation in China, compost is the conventional methods 

to treat the sludge. However, the accurate data is absent. 

 

In this thesis, the three typical modern cities, Shanghai, Beijing and Chongqing, are introduced to illustrate 

the current sludge treatment situation in the process of wastewater treatment. However, the wastewater 

treatment plants do not separate the pipe systems and the sources of wastewater. Therefore, the produced 

sludge is mixture of household and industrial. These three big cities have common characters in industry 

background. They all have immense population base. Nevertheless, they still have some different aspects. 

These three cities are different kinds of industrial cities. Next part will discuss more deeply in these three 

representative cities in China. 

3.1. Industrial Sludge treatment in Shanghai 

Shanghai is the biggest city in China. In the early 1930s, Shanghai is known by the biggest industrial city in 

China. This city has a deep industrial base. However, economic transition has taken place in Shanghai. 

Nowadays, the heavy industries mostly have moved to other cities around, such as Suzhou, Kunshan. In 

spite of moving large part of heavy industries, the composition of sludge will not change in a short time. 

 

So far, Shanghai still retains some kinds of industries. Generally, industrial wastewater are the biggest 

problem to a city. This kind of sewage always have some commen characteristics, such as complicate 

components, toxic materials, huge amount of effluents. Through a statistic of Shanghai the most important 

70 industrial enterprises, the percent of wastewater sources are mainly from 6 sectors (Figure 5). The four 

major wastewater sources all produce poisonous byproducts (Chen et al. 2006; Deng and Wang 2000). 
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Figure 5 Sectors Distribution of Industrial Enterprises (modified from Zhang et al. 2006) 

 

 

Current widely used processes to treat sludge are mechanical dewatering (includes frame filter dewatering, 

belt filter dewatering and centrifugal dewater), gravitational condensation, digestion+natural drying and 

natural drying (Figure 6). Mechanical dewatering process use porous materials to filter the sludge by 

machines. Frame filter dewatering uses frames to extrude the water from the sludge, while belt filter 

dewatering utilizes the pressure and tension of filtrations to dewater sludge. The mechanism of centrifugal 

dewatering is to use the centrifugal tendency of different gravity of sludge and water. Gravitation 

condensation is to stir the sludge in the tank, in order to utilize the different gravity of solid and water to 

separate from each other. In the process of digestion, the saprophyte bacteria transfer the organic matters into 

organic acids in the anaerobic condition. Then, the methanogenic bacteria transform organic acids to CH4 

and CO2. Natural drying is a process that establish a construction where can dump the sludge. The 

mechanism is to filter down and evaporate the water by nature (Zhang et al., 2006; Wu et al., 2010). 

 

Figure 6 Treatment Technology of Industrial Wastewater Sludge (modified from Zhang et al. 2006) 
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Most of the wastewater treatment plants uses frame filter to treat sludge. Convenient structures, easy 

operation, running stable and adaptable to materials are the reason to use this kind of method. Frame filters 

are efficient, although the cost of construction may up to 100 million RMB. The moisture content of sludge 

is only 58%. More details and results are as followed (Table 2). 

 

22% plants use gravitational condensation treatment. Most of them are electric power industries, because the 

main contents from these factories are fly ashes. Due to thermal power generation is the main generate 

electricity form, fly ashes is the byproduct. Most thermal plants use hydraulic ash removal system. They can 

be easily dried by simple gravitational condensation. Others use this kind of method are textile, metallurgy 

of iron and steel and chemical industries. However, it is not suitable for these kinds of factories. This kind of 

sludge contains toxic organic materials and heavy metals. The byproducts may hazard to the environment. 

 

There are 17% plants prefer belt filter treatment. This kind of methods requires low quality of administrators. 

Also, it has some advantages, such as low noise, easy structures. Therefore, some factories use this kind of 

method (Zhang et al. 2006). 

 

11% of plants use natural drying process. Although, natural drying costs the lowest compared to the other 

methods and convenient management, they may affected by area, weather and other conditions. Besides, the 

sludge may leach into the underground water. 

 

Only 1% plants use digestion and natural drying to treat sludge. Use digestion before natural drying can 

reduce 30-50% volume of sludge. Moreover, it can remove odors and pathogens. Another 1% of industries 

centrifugal dewater the sludge. However, this process needs high energy. In addition, it has other 

disadvantages, such as high noise and high moisture contents. As a result, there is few plants use this method 

(Zhang et al. 2006). 

 

Table 2 Results of Different Treatment Technologies (modified from Zhang et al. 2006) 

 

Sludge Treatment Technology Moisture Content of Sludge Shape

Frame Filter Dewatering 55-90% Mud Cake

Belt Filter Dewatering 65-90% Mud Cake

Centrifugal Dewater 60-85% Mud Cake

Gravitational Condensation 95-97% Paste

Digestion+Natrual Drying 30-70% Mud Cake

Natural Drying 30-80% Mud Cake
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The disposals of sludge are divided into five ways. They are incineration, reclamation, building materials, 

land use and discard (Figure 7). 

 

Figure 7 Disposal Modes of Industrial Wastewater Sludge (modified from Zhang et al. 2006) 

 

 

There are 35% factories choose incineration as their treatment method. However, due to lack of management, 

incineration may produce waste gas, which will pollute the environment again (Zhang et al., 2006; He et al., 

2002). 

 

30% reclamation is the second biggest disposal mode of industrial wastewater sludge. This kind of method 

will hazard environment. Toxic heavy metals may leach into the underground water. Moreover, the sludge 

may content K, P, N, Ca, Mg, Si, Fe, Zn and some organic matters, which can be used to fertilize are wasted 

by this method (He et al., 2002). 

 

5% discard is used as a disposal of sludge. Sludge is gathered on the open space by this kind of disposal. 

Due to a lack of technology, toxic materials may be easily leached into the soil and underground water. This 

kind of activity extremely threatens the environment. However, this kind of behavior will be forbidden and 

heavily punished (He et al., 2002). 

 

Although the rest methods are not mainly used, they have many advantages to be introduced. Land use 

includes agriculture fertilizing, city landscaping and so on. So far, Shanghai has recommended land use and 

utilization of building materials, after the sludge has been special treated (He et al., 2002). 

 

Until now, there are 15 wastewater treatment plants, including just been built Shidongkou, Zhuyuan and 

Bailonggang plants, in the central city. 50 sewage treatment plants have been established in Shanghai. If all 
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99% moisture, wet sewage sludge (He et al. 2004). A report calculated the total sludge in Shanghai (Table 3). 

Among all the plants, Bailonggang wastewater treatment plant is the biggest scale of Asia. Further, the 

second phase project of Bailonggang factory will be completed in 2012. The aim is to treat and recycle 50% 

sludge from the wastewater treatment plants in the city center. This plant process of treating sludge includes 

anaerobic digestion, partly drying, fuel of the incinerator and city landscaping. 

 

Table 3 Shanghai Wastewater Treatment Plants Current Situation (modified from He et al. 2004)

 

Note: 80% moisture content of sludge gravity is calculated by 1t/m
3
 

Numbers noted by * represent that the plant uses chemical enhancement technology. Per 1*10
4
m

3
 

wastewater will produce 1.5t sludge. 

Others per 1*10
4
m

3
 wastewater will produce 1.75t sludge. 

 

There is few articles report the accurate data of contents in sludge in Shanghai. However, one article 

mentioned average heavy metal contents in the sludge of Shanghai wastewater treatment plants (Table 4) (Li 

et al., 2006). 

 

Table 4 Average Contents of Heavy Metals in Sludge of Shanghai Wastewater Treatment Plants (modified 

from Li et al., 2006) 

 

Influent Flow

(*10
4
m

3
/day)

Dried Sludge

(t/day)

Influent Flow

(*10
4
m

3
/day)

Dried Sludge

(t/day)

Influent Flow

(*10
4
m

3
/day)

Dried Sludge

(t/day)

Shidongkou 40 60 40 60 40 60

Wusong,Sitang 6 9 6 9 6 9

Taopu 6 9 6 9 6 9

No.1 Zhuyuan 170 255* 170 297.6 170 297.6

No.2 Zhuyuan 50 75 50 75 50 75

Quyang 6 9 6 9 6 9

Bailonggang 120 180* 120 210 250 437.5

Longhua,Tianshan,Cha

ngqiao,xinzhuang,Minh

ang

29.5 44.25 29.5 44.25 29.5 44.25

Subtotal 428 641 428 714 558 941

Jiading 5 7.5 13 19.5 40 60

Qingpu 18 27 30 45 50 75

Songjiang 11 16.5 35.2 52.8 70 105

West of Jinshan 4.5 6.75 9 13.5 17 25.5

East of Jinshan 10 15

Fengxian 4 6 4 6 45 67.5

Nanhui 10 15 20 30 80 120

Subtotal 53 79 111 167 352 528

481 720 539 881 910 1469Total

Year 2007 Year 2010 Year 2020

Name of Plants

U
rb

an

40 60
Three islands of

Yangtze River

Su
bu

rb
an

Zn Cu Cr Ni Mn Pb

Sludge 2841.2 1926.7 1130.5 1100.6 6170.2 55.4

Heavy Metals(mg/kg)
Contents
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Pb is the only heavy metal, which is below 100mg/kg, in the sludge of Shanghai wastewater treatment plants. 

Other heavy metals, except Mn, are almost the same level. From Table 4, a conclusion can be drawn that Mn 

is the main content in the sludge of Shanghai wastewater treatment plants, because Mn is common metal 

used in metallurgy of iron and steel industry and chemical industry. Mn is the most important deoxidizer and 

desulphurization in these industries. In addition, Shanghai is still famous for these two industries in China. 

That may the reason why the content of Mn is so high in the sludge of Shanghai wastewater plants. 

3.2.  Industrial Sludge treatment in Beijing 

Beijing is one of the most serious short-water big cities in the world. The local water source is only 

39.99*10
9
m

3
/year. The water of average per person occupies 300 m

3
, not including approximately 509.2*10

4
 

exotic populations, which is 1/30 that average of world. It is much lower than 1000 m
3
, the worldwide 

accepted lower limit (Zhang et al., 2009). 

 

Until 2009, 13.4*10
9
m

3
/year wastewater is produced in Beijing. 78% of wastewater can be treated in Beijing 

wastewater treatment plants. There are almost ten big wastewater treatment plants currently operated. These 

plants can treat 260 *10
4
 m

3
/day sewage. After they treat the sewage, they also produce 2700t/day, which 

contains 80% moisture content, sludge. Further, several wastewater treatment plants are still being 

established. Till 2015, it is estimated that there will be 3956t/d sludge produced. Therefore, more wastewater 

treatment plants are planned to be built (Cui et al., 2010; Wang 2004). 

 

The total sludge, which urban and suburban produced, is as followed (Table 5). 

 

Table 5 Sludge Amount of Wastewater Treatment Plants (Wu et al., 2010) 

 

 

Since data of the sludge is unknown, it is difficult to estimate the source of the industry sectors. Further, only 

five wastewater treatment plants have the ability to treat sludge. According the investigation in 2008, the 

scale of treatment plants are respectively 11.0*10
4
t/year, 2.9*10

4
t/year, 1.1*10

4
t/year, 14.6*10

4
t/year and 

18.4*10
4
t/year. Total treatment amount is 48*10

4
t/year (1310t/day). That is to say, Less than 50% sludge has 

been treated. It is far from enough. Besides, only two wastewater treatment plants have anaerobic digestion 

facilities. Other treatment factories use simple condensation to treat sludge. 

Sources Year 2008 Year 2009 Year 2010 Year 2011 Year 2012

Sludge (*t/day) Sludge (*t/day) Sludge (*t/day) Sludge (*t/day) Sludge (*t/day)

Urban 2400 2500 2700 3000 3300

Suburban 400 600 1000 1300 1700

Total 2800 3100 3700 4300 5000
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After the treatment, the sludge still has 80% moisture content. This disposal mode is still a big problem to 

the environment. In addition, due to adjustment of industrial structure, Beijing has transit into a political and 

cultural center in China. Conventional heavy industrial bases have been moved to north China. Therefore, 

less heavy metal can be found in sludge. However, Beijing has the same situation as Shanghai. The content 

of heavy metal in sludge will not decrease so quickly. Therefore, 6 representative wastewater treatment 

plants have been chosen to find the concentration of heavy metals in sludge. They are Gaobeidian (GBD), 

Beixiaohe (BXH), Fangzhuang (FZH), Jiuxianqiao (JXQ), Qinghe (QH) and Wujiacun (WJC) Plants (Table 

6). The concentration of heavy metal is the mean concentration ± SE (SE: standard error; N = 5) (Dai et al., 

2006). 

 

Table 6 Concentrations of Heavy Metals in Sludge and Chinese Legislation Law (Dai et al., 2006)  

 

The concentrations of heavy metals in sludge almost all exceed the lower limitation of Chinese legislation 

law (GB18918-2002). Since the wastewater treatment plants in Beijing do not treat different sources of 

sewage differently. High concentrations of Hg may come from hospitals and domestic, while Zn can be 

originated from industries in Beijing (Dai et al., 2006). 

  

The nutrition contents in sludge in Beijing are full of organic matters, which are needed by vegetation (Table 

7). 

 

Table 7 Nutrition Contents in sludge in Beijing (Cui et al., 2010)

 

pH<6.5 pH≥6.5

Cd 7.0±1.2 7.3±3.4 5.9±1.4 13.0±4.4 12.7±1.8 9.3±1.3 5 20

As 16.7±4.0 23.7±6.5 23.5±5.4 21.2±1.5 25.2±4.8 26.0±7.7 75 75

Cr 57.8±22.3 45.8±19.6 45.8±7.5 59.2±12.4 78.4±19.1 54.8±11.1 600 1000

Hg 21.8±2.9 19.3±2.7 23.4±3.4 18.8 ± 2.2 17.0±2.4 24.0±6.0 5 15

Ni 49.9±12.8 49.3±17.1 51.8±21.2 95.5±10.1 56.8±10.2 60.0±15.1 100 200

Pb 57.5±10.4 57.5±18.3 70.4±21.6 109.3±33.5 81.3±7.4 95±22.6 300 1000

Cu 229.0±70.4 218.0±97.5 131.2±27.8 272.2±66.7 253.6±84.2 394.5±204.9 800 1500

Zn 1431.4±395.1 1088.2±259.6 783.4±118.1 1182.8±172.2 1376.8±267.9 3096.3±1303.5 2000 3000

Maximum permitted

content used for soil

pH in China(mg/kg)
Heavy Metals GBD(mg/kg) BXH(mg/kg) FZH(mg/kg) JXQ(mg/kg) QH(mg/kg) WJC(mg/kg)

N P K Organic Matters

Urban 3.10% 1.90% 4200mg/kg 62%

Suburban 4.40% 2.60% 740mg/kg 54%

Contents
Sources
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Besides, the sludge in Beijing has high calorific value. Only calorific value of the 10% moisture content dry 

sludge from city center can reach 2800kcal/kg, which is equivalent to 0.47kg coal. 

 

According to a 2008 research, there listed all the disposal mode of sludge in Beijing (Figure 8). 

 

Figure 8 Disposal Mode of Sludge in Beijing (modified from Wu et al., 2010) 

 

 

Since lack of technology, 7.1% sludge is directly used for agricultural fertilizing. Yard is the main method of 

disposal. These two methods make up 77.2% of all the methods. Yard is one of the disposal methods of 

sludge, which means the sludge is just gathered the sludge on the open space. Land use is a disposal of 

sludge, which means the treated sludge is used in city landscaping. However, they should both be prohibited 

for use in land use and agriculture. They may threaten the organism and environment. Considering the 

technology and the heavy metals, Beijing still cannot treat sludge to meet the directly utilizing standard. 

 

Till 2010, Beijing is still establishing some wastewater treatment plants to treat sludge. Beijing promotes 

building materials as the method to treat sludge. 

 

3.3.  Sludge treatment in Chongqing 

Chongqing locates at upper headwaters of Yangtze River, which is the longest river in Asia. It became the 

only municipality directly under the central government of west China at 1997. Also, Chongqing is one of 

the oldest heavy industrial cities in China. It is one of the biggest cars, Chinese patent medicine, apparatus 

and fine chemistry industrial base in China. 

 

Further, Chongqing is also the only big city, which locates near the biggest reservoir. All the characteristics 

contribute to the particularity of this city. Therefore, Chongqing has been divided into three different areas to 

Land Use, 

10.8% 
Building 

Materials, 6.5% 

Landfill, 5.5% 

Yard, 70.1% 

Agricultural 

Fertilizing, 

7.1% 

Land Use

Building Materials

Landfill

Yard

Agricultural Fertilizing
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treat sewage sludge. They are city center, three gorges of Yangtze River and affected zone (Jiang et al., 

2006). 

 

Until 2006, there are total 36 wastewater treatment plants have been established. 9 factories are located in 

city center. 24 plants sit near the three gorges of Yangtze River. The other 3 plants are situated in the 

affected zone. The productions of sludge are respectively 950t/day, 160t/day and 52.5t/day. However, the 

treating amount is quite small (Table 8). Comparing with the three districts in Chongqing, the relatively 

more significant to the other downstream cities and environment is the city center and three gorges of 

Yangtze River districts (Lei and Ye, 2008; Ding et al., 2000). 

 

Table 8 Current Situation and Prediction of Sludge Production in Chongqing (modified from Jiang et al., 

2008) 

 

 

The main disposals of sludge are building materials, landscaping, land use, reclamation and landfill (Table 

9). Building materials are usually used in urban. Agriculture fertilizers are relevant to the seasons and the 

type of located soils. Considered Chongqing has a subtropical humid climate, this city is inadequate to 

natural drying. As the same reason, Chongqing is not appropriate for compost, because compost requires 

relatively dry conditions (Shi 2008). 

 

 

 

 

 

 

 

 

Districts Index Year 2006 Year 2010 Year 2020

Sewage Treating Amount(*10
4
m

3
/day) 75.3 185.3 405.4

Productions of Sludge(*t/day) 947.9 1738.3 3401.4

Sewage Treating Amount(*10
4
m

3
/day) 16.83 80 118.5

Productions of Sludge(*t/day) 158.73 829.2 1224.45

Sewage Treating Amount(*10
4
m

3
/day) 6.85 64.7 64.7

Productions of Sludge(*t/day) 52.5 706.7 706.7

Sewage Treating Amount(*10
4
m

3
/day) 98.98 330 588.6

Productions of Sludge(*t/day) 871.53 3274.2 5332.55

City Center

Three Gorges of

Yangtze River

Affected Zone

Total
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Table 9 Disposal Modes of Sludge in Chongqing (Jiang et al., 2008) 

 

Note: All the sludge contains 80% moisture content. 

 

Ten main wastewater treatment plants are researched to discover the contents of sludge in Chongqing (Table 

10). 

 

Table 10 Nutrient Content of Sewage in Wastewater Plants in Chongqing (Ding 2008) 

 

 

In spite of different sources and contents from these 10 representative wastewater treatment plants in 

Chongqing, high concentrations of organic matters, total nitrogen, total phosphorus and relatively lower total 

potassium is still appropriate for being fertilized. In addition, the sludge, which pH value ranged from 5.95 

to 7.73, can also be used in landscaping. Moreover, they will not to affect too much on the soil acidity (Zhao 

et al., 2008; Lei and Ye 2008). 

 

Disposal Amount(*10
4
t/year) Disposal Amount(*t/day) 

Cement 108.84 2982

Brick Making 23 630

Fertilizer 0.02 0.61

Soil Medium 100.23 2747.6

Potting Soil 0.03 8.22

Agriculture 159.51 4370

Woodland 1153.4 31600

593.67 16265

67.45 1848

2206.42 60451.43

Reclamation

Landfill

Total

Building Materials

Disposal ways

landscaping

Land Use

Wastewater Plants Moisture Rate(%) pH Value
Organic Matter

(g/kg)
TN(g/kg) TP(g/kg) TK(g/kg)

Tangjiaqiao 69.8 6.51 195.4 46.2 10.9 14.8

Jijiang 82.8 7.35 284.47 48.69 20.39 12.44

Degan 75.9 6.93 244.89 35.11 26.07 13.06

Yunyang 78.7 7.24 321.58 44.92 18.44 17.42

Wanzhou 70.1 7.63 272.1 35.86 26.56 12.44

Fuling 80.9 7.73 324.05 55.49 7.76 11.2

Miaozui 85.4 7.73 410.63 72.48 22.48 8.71

Kouqian 82.8 7.36 256.02 54.73 8.88 18.66

Tanjiagou 79.9 7.33 393.31 45.67 23.78 16.17

Shizhu 71.2 5.95 265.92 44.16 24.17 16.79

Mean Value 77.8 7.17 296.84 48.33 18.94 14.17

Pig Manure - - 302 9.4 4.7 9.5
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The five plants, which mainly receive the wastewater from industrial bases, are investigated in (Table 11) 

(Yang et al., 2009). 

 

Table 11 Heavy Metal Content of the Sludge in Wastewater Treatment Plants in Chongqing (modified from 

Yang et al., 2009) 

 

 

Although there is an obvious different heavy metal content in sludge in different part of Chongqing, the 

maximum of heavy metals content in sludge in main industrial bases are mostly under the limitation of 

Chinese legislation law. 

 

3.4.  Industrial wastewater sludge disposal cost 

In China, the investigation of the cost of industrial wastewater sludge disposal is rare. Further, land use, 

landscaping and fertilizing are classified as compost. 

 

Reclamation cost is formed by energy consuming cost, transportation cost, landfill cost and depreciation. 

The reclamation cost is according to the calculation equation by Zhang (2006). 

A= [1/ (1-η0)-1/ (1-ηe)]*150*α*Pele+0.65*L/(1-ηe)+βPf/(1-ηe)+ [1/ (1-η0)-1/ (1-ηe)]*180*α*0.17*10
4
/8000 

(Zhang et al., 2006) 

Where 

            A equals the reclamation cost, RMB/t 

            η0 equals the moisture content of sludge before treatment 

                  ηe equals the moisture content of sludge after treatment 

            Pele equals the electricity price, RMB/(kw*h) 

            α equals the labor cost index 

            L equals the transportation distance 

            β equals the volume coefficient of sludge 

Sludge Treatment Methods Cu(mg/kg) Zn(mg/kg) Pb(mg/kg) Cd(mg/kg) Cr(mg/kg) Ni(mg/kg) As(mg/kg) Hg(mg/kg)

Digestion 94.46 16.76 36.06 1.38 62.96 29.87 - 0.26

Drying 69.8 430 90.2 2.72 48.5 56 - -

Digestion 80.2 397 52.6 1.87 95 176 7.98 2.01

Digestion 170 502 50.1 2.78 47.4 46.7 13.5 3.04

Digestion 135 444 68.8 2.94 70.8 40.6 17 2.61

pH<6.5 - 800 2000 300 5 600 100 75 5

pH≥6.5 - 1500 3000 1000 20 1000 200 75 15

Wastewater Treatment Plants

Tangjiaqiao

Maximum permitted

content used for soil

pH in China(mg/kg)

Chengnan

Changshou

Fengdou

Fuling
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            Pf equals the landfill cost of the landfill site, RMB/t 

α is 1.3. β is 1.5, when the moisture content of treated sludge equals or is above 68%. β is 1, when the 

moisture content of treated sludge is below 68%. The average of Pf is 52 RMB/t. All the data are 

recommended by Zhang (2006). 

 

Incineration cost is formed by energy consuming cost, transportation cost (including the cost that transports 

the ash to the landfill site) and depreciation (including the materials used in the facilities). 

Ai= [1/ (1-η0)-1/ (1-ηe)]*150*α*Pele+0.65*L/(1-ηe)+βPf/(1-ηe)+ [1/ (1-η0)-1/ (1-ηe)]*180*α*0.17*10
4
/8000+2317

(Zhang et al., 2006) 

Where 

            Ai equals the incineration cost, RMB/t 

            η0 equals the moisture content of sludge before treatment 

                  ηe equals the moisture content of sludge after treatment 

            Pele equals the electricity price, RMB/(kw*h) 

            α equals the labor cost index 

            L equals the transportation distance 

            β equals the volume coefficient of sludge 

            Pf equals the landfill cost of the landfill site, RMB/t 

2317 equals the cost of materials used in facilities and operation fee, RMB/t 

α is 1.3. β is 1.5, when the moisture content of treated sludge equals or is above 68%. β is 1, when the 

moisture content of treated sludge is below 68%. The average of Pf is 52 RMB/t. All the data are 

recommended by Zhang (2006), Zhao (2009). 

 

Compost cost does not have transportation cost and electricity cost, because the landfill site is usually near 

the wastewater treatment plants. Compost equation is presented as followed. 

Ac=βPf/ (1-ηe) + [1/ (1-η0)-1/ (1-ηe)]*180*α*0.17*10
4
/8000+200 (Zhang et al., 2006) 

Where 

            Ai equals the incineration cost, RMB/t 

            η0 equals the moisture content of sludge before treatment 

                  ηe equals the moisture content of sludge after treatment 

            α equals the labor cost index 

            β equals the volume coefficient of sludge 

            Pf equals the landfill cost of the landfill site, RMB/t 
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           200 equals the cost of materials used in facilities and the operation fee, RMB/t 

α is 1.3. β is 1.5, when the moisture content of treated sludge equals or is above 68%. β is 1, when the 

moisture content of treated sludge is below 68%. The average of Pf is 52 RMB/t. All the data are 

recommended by Zhang (2006), Zhao (2009). 

1.1.1 Industrial wastewater sludge disposal cost in Shanghai 

The distance between wastewater treatment plants and the landfill site is from 20km to 40km in Shanghai 

(Deng et al., 2000). The electricity price in Shanghai is 1.074kw*h, when the electricity consuming is in 

peak. The price is 0.316kw*h, when the electricity consuming is in valley (Website of Shanghai Price 

Bureau, 2008). After the wastewater treatment plants treat the sludge, the moisture content of sludge is 

approximately 30%. Therefore, β is 1. Moreover, the η0 is 96% in Shanghai (Deng et al., 2000). 

 

As a result, A in Shanghai is presented in (Table 12). 

 

Table 12 the Estimated Reclamation Cost of Industrial Wastewater Sludge in Shanghai 

 

 

The ashes, which are produced by incineration, are usually transported 50km away from the wastewater 

treatment plants. Furthermore, incineration requires low moisture content in sludge. Otherwise, the 

incineration will stop due to the existence of high content of water. Usually, η0=60% or 10% in China. 

ηe=0%. β is 1, when the moisture content of sludge is below 68%. So Ai in Shanghai is calculated in (Table 

13). 

Table 13 the Estimated Incineration Cost of Industrial Wastewater Sludge in Shanghai 

 

 

Usually, the moisture content of compost in sludge is η0=60% or 45% in China. ηe=30%. So β is 1. The 

compost site is always established near the wastewater treatment plants. Therefore, transportation cost is 0 

RMB/t. Ac in Shanghai is presented in (Table 14). 

Transportation Distance(km) Electricity Price(kw*h) Total Cost(RMB/t)

20 1.074 2314.19

20 0.316 2332.76

40 1.074 1047.24

40 0.316 1065.81

Reclamation

Moisture Content(%) Transportation Distance(km) Electricity Price(kw*h) Total Cost(RMB/t)

60 50 1.074 2926.38

10 50 0.316 2423.26

Incineration
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Table 14 the Estimated Compost Cost of Industrial Wastewater Sludge in Shanghai 

 

3.4.1. Industrial wastewater sludge disposal cost in Beijing 

The distance between wastewater treatment plants and the landfill site is from 15km to 40km in Beijing 

(Zhang et al., 2006). The electricity price in Beijing is 1.019kw*h, when the electricity consuming is in peak. 

The price is 0.359kw*h, when the electricity consuming is in valley (Website of Beijing Price Bureau, 2006). 

After the wastewater treatment plants treat the sludge, the moisture content of sludge is approximately 30%. 

Therefore, β is 1. Moreover, the η0 is 80% in Beijing (Zhang et al., 2006). 

 

As a result, A in Beijing is presented in (Table 15). 

 

Table 15 the Estimated Reclamation Cost of Industrial Wastewater Sludge in Beijing 

 

 

The ashes, which are produced by incineration, are usually transported 50km away from the wastewater 

treatment plants. Furthermore, incineration requires low moisture content in sludge. Otherwise, the 

incineration will stop due to the existence of high content of water. Usually, η0=60% or 10% in China. 

ηe=0%. β is 1, when the moisture content of sludge is below 68%. So Ai in Beijing is calculated in (Table 16). 

 

Table 16 the Estimated Incineration Cost of Industrial Wastewater Sludge in Beijing 

 

 

The estimated compost cost of industrial wastewater sludge in Beijing is the same as Shanghai, because all 

the parameter is the same. 

Moisture Content(%) Total Cost(RMB/t)

60 327.56

45 293.66

Compost

Transportation Distance(km) Electricity Price(kw*h) Total Cost(RMB/t)

15 1.019 975.46

15 0.359 515.82

40 1.019 998.68

40 0.359 539.04

Reclamation

Moisture Content(%) Transportation Distance(km) Electricity Price(kw*h) Total Cost(RMB/t)

60 50 1.019 3324.96

10 50 0.059 2656.39

Incineration
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3.4.2. Industrial wastewater sludge disposal cost in Chongqing 

The distance between wastewater treatment plants and the landfill site is from 10km to 30km in Chongqing 

(Lei and Ye, 2008). The maximum electricity price in Chongqing is 0.765kw*h. The minimum electricity 

price is 0.710kw*h (Website of Chongqing Price Bureau, 2006). After the wastewater treatment plants treat 

the sludge, the moisture content of sludge is approximately 30%. Therefore, β is 1. Moreover, the η0 is 80% 

in Chongqing (Zhang et al., 2006). 

 

As a result, A in Chongqing is presented in (Table 17). 

 

Table 17 the Estimated Reclamation Cost of Industrial Wastewater Sludge in Chongqing 

 

 

The ashes, which are produced by incineration, are usually transported 50km away from the wastewater 

treatment plants. Furthermore, incineration requires low moisture content in sludge. Otherwise, the 

incineration will stop due to the existence of high content of water. Usually, η0=60% or 10% in China. 

ηe=0%. β is 1, when the moisture content of sludge is below 68%. So Ai in Chongqing is calculated in (Table 

18). 

 

Table 18 the Estimated Incineration Cost of Industrial Wastewater Sludge in Chongqing 

 

 

The estimated compost cost of industrial wastewater sludge in Chongqing is the same as Shanghai, because 

all the parameter is the same. 

 

 

 

 

Transportation Distance(km) Electricity Price(kw*h) Total Cost(RMB/t)

10 0.765 793.93

10 0.71 755.63

30 0.765 812.5

30 0.71 774.2

Reclamation

Moisture Content(%) Transportation Distance(km) Electricity Price(kw*h) Total Cost(RMB/t)

60 50 0.765 3148.07

10 50 0.71 3109.77

Incineration
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4. Discussion 
From the third part, the current situation of industrial sludge in Shanghai, Beijing and Chongqing has been 

described. However, due to lack of data, some statuses in these three cities are still unknown. 

 

The research in these three cities is separate from each other. First, they locate in different position of China, 

they have different climate. Also, they have different kinds of industry. Shanghai is still famous for its 

chemical and textile industry, while Beijing is well-known for metallurgy of iron and steel industry. 

Chongqing is the biggest car and motor industrial base in the west of China. Due to different economic 

development level, these three cities have different disposal of sludge. 

 

Compare with the three cities, Beijing produces more sludge per day, while Shanghai has the least sludge 

production. The reason is rarely described in literatures. To summary from this thesis, different kind of 

industry is still the main aspect. Moreover, different kind of technology of treating sludge is also another 

cause. 

 

Further, from the process of search relevant paper, the reports describe that the industrial waste piping 

system is not separated from domestic in these three cities. However, this kind of treatment method is not 

appropriate. Treated industrial sludge still contains more toxic matters. They can pollute the environment 

and organism. Meanwhile, treated domestic sludge mainly contains organic materials and nutrition, which is 

more suitable for agriculture fertilization. Separation the sources of sludge, piping system and treatment 

methods can make use of sludge. 

 

According to the observation of the searched articles, although many big wastewater treatment plants are 

being planned to establish, the percentage of treating sludge is still very low in Shanghai, Beijing and 

Chongqing. Among these three cities, even the highest treatment rate of sludge is 35.41% (Beijing). The 

lowest is only 10.08% (Chongqing). Considering that much more sludge will be produced in the next a few 

years, the current situation in these three cities are facing a stern challenge. 

 

From the cost calculation part, it can be concluded that among the three disposals of sludge, reclamation, 

incineration and compost, compost is the cheapest. Incineration costs more than the other two. The reasons 

can be described as the facilities and the energy consuming cost more than other disposals. Due to different 

energy consuming cost, the transportation cost and technology development, incineration in Beijing costs the 

most in these three cities. 
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5. Conclusion 
In order to get more information to find the appropriate treatment and the disposal of sludge, these three 

cities can share the data and technology. A common database on the contents of sludge, includes heavy 

metals, nutrition and other toxic matters, is necessary. We should know the accurate data of the composition 

of different sources of sludge first. Otherwise, we cannot find a more suitable treatment and disposal of 

sludge. 

 

Finally, data limitation is the key to figure out the accurate cost of disposal of sludge. Due to different 

treatment methods and disposal of sludge, different investigations should be done in these cities. Incineration 

is most expensive disposal of sludge in China, while compost is the cheapest. Considering the huge 

population, the current technology and the economic condition in China, compost is the better disposal of 

sludge. 
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