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Abstract With economic development, the quantity of solid
waste is increasing rapidly in China; the total quantities of
municipal solid waste (MSW), industrial solid waste (ISW),
and hazardous waste (HW) in 2002 were 136.5 million tons,
945 million tons, and 10 million tons, respectively. In 2002,
the quantity of MSW disposed of was 74.04 million tons,
89.30% of which was landfilled, 3.72% was incinerated, and
6.98% was composted. There are currently 651 disposal
facilities for MSW in China. Mining gangue is the largest
component of ISW, making up 27.5% of the total. In the
Chinese industrial sector, the coal mining and processing
industry contributed most to the total quantity of ISW, with
16.0% of the total quantity of ISW generated by this sector.
In total, 44% of HW was recycled, 27% was stored, 13.5%
was disposed of, and 15.4% was discharged. Of the total HW
generated, 40% was produced by the chemical materials
and chemical products industry. Five categories of HW, i.e.,
waste alkali, waste acid, inorganic fluoride waste, copper
waste, and inorganic cyanide waste, made up 57.8% of the
total HW generated. Solid waste pollution has become a
huge challenge faced by those involved in Chinese environmental management, but this can be seen as an
opportunity to improve environmental quality. This article
introduces the strategies taken to improve solid waste management in China.
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Introduction
The control of solid waste pollution is an important aspect
of environmental protection in China.According to Chinese
law, solid waste is classified into three types: industrial solid
waste (ISW), municipal solid waste (MSW), and hazardous
waste (HW). Along with the recent economic development of China, the quantity of solid waste generated has
increased rapidly. This represents a huge challenge for environmental management in China and has exacerbated the
problem of solid waste pollution.

Generation and disposal of solid waste in China
Municipal solid waste
In 2002, 39.1% of the Chinese population lived in cities, and
the urban population was 500 million people. The largest
660 cities had a population of 350 million.1
Municipal solid waste is collected and transported by
local Sanitary Bureaus in China. Most MSW is produced in
the daily life of local citizens, including dust (produced in
coal furnaces for cooking and heating), tiles, paper, plastic,
textiles, glass, metal, wood, and residual food. The total
quantity of MSW collected and transported in 2002 was
136.5 million tons. (This figure of 136.5 million tons comes
from the statistical data for collected and transported MSW,
and was not the total quantity produced, because MSW produced in some cities was not collected and transported.)2
Between 1979 and 2001, the quantity of MSW collected and
transported increased continually in China (Fig. 1). The
quantity of MSW collected and transported in 1981 was 26.1
million tons; in 2002, 4.2 times that amount was handled,
representing an annual rate of increase of 8.2%, which was
higher than the average annual rate of population increase
of 4.4% (Table 1).2,3
The composition of MSW is closely related to the level
of economic development and lifestyle of the residents. In
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Fig. 1. Variation of quantity of
municipal solid waste (MSW)
between 1979 and 2001

Table 1. The urban population and the quantity of MSW collected and transported in China
Year

1981

1985

1990

1995

2000

2001

2002

Annual average
increase (%)

Urban population (×104)
Quantity of MSW collected and
transported per year (×104 tons)
Per capita quantity of MSW
(kg/day · person)

14 400
2 606

20 893
4 477

32 530
6 767

37 790
10 671

38 824
11 819

35 747
13 470

35 220
13 650

4.35
8.20

0.50

0.59

0.57

0.77

0.83

1.03

1.06

3.69

MSW, municipal solid waste

Table 2. Water content of MSW in Beijing

Table 3. Water content of MSW in Chongqing

Year

Year

2001
1998

Sources (%)
Houses

Apartments

Business area

Offices

Hospitals

50.2
41.0

64.2
51.8

34.9
27.5

38.5
48.8

39.2
35.0

1998

Districts (%)
Jiulongpo
district

Shapingba
district

Jiangbei
district

Beipei
district

average

56.7

49.1

59.0

47.2

53.6

The business area is where many markets, hotels, and restaurants are
centralized
Table 4. Water content of MSW in Luoyang (Henan province)

different districts of the same city, the composition of MSW
will be different.
On the whole, the composition of MSW in China is as
follows: the moisture content of MSW varies with the district and the season, but is normally more than 40%–50%
(Tables 2–4); organic materials (food scraps, leaves, grass,
wood, and animal matter) and packaging make up more
than 50% on a dry-weight basis; the ash and dust content
is 10%–20% on a dry-weight basis. The majority of waste
paper, waste metal, waste containers, and waste plastic is
separated and sold to private collectors, so the proportion
of recoverable materials has not increased. Figure 2 shows
the composition of MSW in China, and Table 5 shows the
composition of MSW coming from different sources in
Beijing.2,4,5

Year

2001

Seasons (%)
Spring

Summer

Autumn

Winter

47.6

61.2

48.8

42.7

The data show that the inorganic component is decreasing and the organic component is increasing; the amount of
plastic package materials has increased sharply. The metal
content shows no obvious variation because the imbalance
of economic development has resulted in many people
making a living by picking out and selling waste materials,
and most recoverable materials in MSW have thus already
been removed.
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Table 5. Composition of MSW in Beijing
Components (%)

Houses

Apartments

Business area

Offices

Suburbia Hospitals

Dust
Tiles
Paper
Plastic
Textiles
Glass
Metal
Wood
Food
Other
Calorific Value
(KJ/kg)
Water content (%)

23.2
0.26
7.83
8.57
1.79
1.05
0.14
5.21
51.9
0.06
3636

0
0.07
10.4
10.5
3.35
2.09
0.23
1.65
71.7
0.06
4977

0.31
0.15
37.1
22.7
2.78
5.09
2.77
1.02
28.1
0.03
11876

4.99
1.49
16.4
12.1
3.34
8.65
2.14
16.3
34.4
0.17
8277

0
1.32
29.6
11.8
8.43
1.57
0.21
7.95
38.8
0.35
6542

0
0
31.3
18.4
1.98
12.7
0.69
3.75
31.1
0.1
9249

50.2

64.2

38.5

53.2

39.2

Fig. 2. Composition of MSW in China (2002, dry-weight basis)

The treatment and disposal of MSW was started in the
1980s in China. Before the 1970s, MSW was transported to
rural areas as fertilizer because the quantity of generated
MSW was small and its composition was simple. From the
1970s to the mid-1980s, the composition of MSW changed,
chemical fertilizer became widely used, and MSW could no
longer be used as fertilizer. A large quantity of MSW was
dumped to in ponds, scrubland, and roadsides around the
cities. Cities were becoming surrounded by MSW. From
the mid-1980s, local governments began to pay attention to
the disposal of MSW and disposal facilities began to be
built. The first landfill site for MSW was Tianziling MSW
Landfill Site in Hangzhou city, Zhejiang province, and the
first incineration plant was built in Shenzhen city, Guangdong province. By 1990, the total disposal rate of MSW was
lower than 2% in China. Since 1990, the quantity of disposed MSW has increased continually. At the end of 2002,
660 cities had 651 MSW disposal facilities with a capacity of
78.66 million tons per year. Figure 3 shows the variation in
the quantity of MSW collected and transported and its disposal rate from 1979 to 2001.2
In 2002, the quantity of MSW disposed of was 74.04
million tons, which was 54.2% of the total quantity of
MSW collected and transported. The rest was dumped at
appointed sites. Of the 74.04 million tons of MSW disposed
of, 89.30% was landfilled, 3.72% was incinerated, and 6.98%

34.9

was composted.2 Figure 4 shows the proportions of MSW
disposed of by different methods. Many cities have no
modern MSW landfill sites because of poor economic conditions, but the MSW produced has to be disposed of every
day, so the MSW is dumped at some selected sites. If MSW
is dumped at a site appointed by local government, it is
called “dumping at an appointed site” and is legal. If MSW
is dumped at a site not appointed by the local government,
it is called “discharging” and is illegal.
Currently, there are 651 disposal facilities for MSW in
China, including 528 landfill sites, 78 composting plants, and
45 incineration plants.2 The majority of incineration plants
are located in eastern China. Of the total of 45 incineration
plants, 25 are in Shanghai, Jiangsu, Zhejiang, and Guangdong, which are the littoral provinces, and possess 80% of
the incineration capacity of the whole country.
Most composting plants use the static aeration system;
dynamic vessel systems with high temperatures are used
in about 20% of composting plants. Half of the total 78
composting plants with a capacity of 16 000 tons/day are in
eastern China.
Landfill is the main disposal method for MSW in China,
but most landfill sites do not satisfy the national pollution
standards. In the Standard for Pollution Control on Landfill Sites for Municipal Solid Waste, the chemical oxygen
demand (COD), biologic oxygen demand (BOD) and NH4+N levels should be lower than 1000 mg/l, 600 mg/l and
25 mg/l, respectively. But it is difficult for most MSW landfill sites to meet these standards. In addition, there is no
landfill gas collection equipment at most landfill sites.
Higher requirements have been adopted for newly constructed landfill sites, including being equipped with high
density polyethylene (HDPE) geomembrane to prevent
leakage, leachate collection and treatment systems, and gas
collection and emission systems. These newly constructed
landfill sites make up one-third of the total number of landfill sites.

Industrial solid waste
According to the environmental statistics for the whole
country (2002), the quantity of ISW generated in China was
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Fig. 3. Variation of quantity of
MSW (collected and transported)
and the disposal rate

Fig. 4. Disposal methods for MSW

945 million tons, of which 50.4% was reused as source material or energy, 16.7% was disposed of simply, 30.2% was
stored temporarily, and 2.7% was discharged directly into
the environment.2
In recent years, the quantity of ISW generated in China
has been increasing continually. Compared with 1989, the
quantity of ISW generated in 2002 had increased by 66%
(Fig. 5).2
The categories of ISW are closely related to the industrial structure in China. The largest component of ISW is
mining gangue, which is 27.5% of the total. The other major
components of ISW are coal gangue (15.8%), coal ash
(14.4%), boiler slag (11.5%) and iron blast-furnace slag
(6.73%). These five categories of ISW make up 75.9% of
total ISW.6,7
The coal mining and processing industry generated the
most ISW among Chinese industrial sectors, producing
16.0% of the total; nest came the ferrous metal mining and
processing Industry with 15.7% of total ISW, the production
and supply of power, steam and hot water with 14.0%, the

ferrous metal smelting industry with 14.0%, the nonferrous
metal mining and processing industry with 11.0%, and
chemical materials and chemical products with 5.50%. The
combined of ISW from these six industrial sectors makes up
76.2% of total ISW.2,6,7
The current quantity of stockpiled ISW is 2.8 billion tons.
Although the recycling rate of ISW was 50.4% (in 2002),
the recycling rates of some ISW categories that generate
high levels of waste were small, such as mining gangue (with
a recycling rate of 8.48%), coal gangue (32.0%), and coal
ash (36.2%).2
The categories and quantity of ISW vary by region. The
quantity of ISW generated in north China, east China, and
northeast China make up 71.1% of the total quantity. But
the areas where the quantity of discharged ISW is highest
are north China, the southwest and the middle south. The
quantity of ISW discharged from these three areas made up
70.6% of the total discharged ISW.
The generation and discharging characteristics of ISW
are different in different regions. It is related to the industrial structure, the level of industrial development, and the
source sector. Shanxi Province is a coal-producing region
and the categories of ISW generated are mainly coal
gangue, mining gangue, coal ash, iron blast-furnace slag, and
boiler slag. These five categories make up 86.8% of the
total ISW generated in Shanxi. The main products in Heilongjiang Province are coal and corn, so the categories of
generated ISW are mainly coal gangue, mining gangue, coal
ash, boiler slag, and waste from corn processing. These five
categories of ISW make up 90.5% of the total ISW generated. In Shanghai City, the categories of ISW generated are
mainly iron blast-furnace slag, coal ash, boiler slag, steelmaking slag, and industrial ash. These five categories of ISW
make up 75.4% of the total ISW generated.8,9
Currently, 2.7% of ISW, i.e., 25.52 million tons, is directly
discharged into the environment in China. This causes
serious pollution problems.
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Fig. 5. Quantity of industrial solid
waste (ISW) generated in China
from 1989 to 2002

Hazardous waste
Based on the National Hazardous Waste List enacted in
1998, HW is classified into 47 categories. The quantity of
HW generated from 1999 to 2003 is shown in Fig. 6. The
quantity of HW was about 10 million tons in 2002, of which
44% was recycled, 27% was stored, 13.5% was disposed of,
and 15.4% was discharged, which means that 1.5 million
tons of HW was discharged to the environment annually.2
HW was generated in almost all industrial sectors, but
93% of the total HW was generated in 20 industrial sectors,
and 40% of total HW was generated in the chemical materials and chemical products industry.10 Five categories of
HW, i.e., waste alkali, waste acid, inorganic fluoride waste,
copper waste, and inorganic cyanide waste, make up 57.8%
of the total HW generated.
The recycling rate of HW in 2002 was 44%, but the technical level of recycling was not advanced; e.g., some enterprises recycled lead–acid batteries, waste oil, and electronic
waste without environmental protection facilities, and waste
water, waste gas, and solid waste were discharged directly,
leading to serious damage to the environment. Usually, the
local Environmental Protection Bureau has not enough
manpower and resources to supervise these enterprises. The
categories of HW generated in the highest quantities did
not have high recycling rates. For instance, the recycling rate
of waste alkali was only 29% and that of inorganic fluoride
waste was 38%. Meanwhile, the low recycling levels result
in secondary pollution during the recycling process.
The disposal rate of HW in China in 2002 was only
13.5%, which reflects the low technical level of disposal
facilities in China. Currently, high-level disposal facilities
are not adequate to satisfy the disposal requirements. A lot
of HW was disposed of by being mixed with ISW, or even
with MSW. For example, coal ash, boiler slag, and MSW are
often mixed with waste chemicals, reagents, and paint.
Because large quantities of HW are disposed of
inappropriately, HW has damaged the environment. A few

Fig. 6. Quantity of hazardous waste (HW) generated in China from
1999 to 2003

million tons of chromium residues has been dumped on
open land and has polluted the groundwater.10,11 The inappropriate treatment of electronic waste has created serious
air pollution and water pollution problems. The compensation paid out as a result of HW pollution is about €2 million
annually, and the number of lawsuits is increasing. During
the outbreak of SARS in China in the spring of 2003, the
suddenly increased levels of medical waste were not able to
be treated safely because of the lack of treatment facilities
for medical waste.

The prospects for solid waste management in China
Reducing the quantity of waste from the source
The Cleaner Production Mechanism has been promoted in
China. From 1999, three groups of the Catalog of Out-ofdate Facilities, Techniques and Products have been promulgated, and will be added to in the future. A total of 353 kinds
of out-of-date facilities, techniques, and products were
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required to be eliminated, including 70 items in volved in
the production of 57 kinds of HW.12
With the development of living standards, the fuel for
producing the energy used by urban residents has changed
from coal to natural gas. From 1981 to 2002, the proportion
of energy produced from natural gas increased from 11.6%
to 67.2% in cities. This has significantly reduced the amount
of dust and ash in MSW. However, the increasing amount
of packaging waste counteracted the decreasing amount of
dust and ash and resulted in an increased amount of MSW
overall. The reusing and recycling of packaging should be
promoted. Now the government is drafting a regulation
on collecting packaging materials to reduce the quantity of
MSW.

Promoting the recycling of solid waste
Both the recycling rates and the technical level of the recycling of ISW are still low. The key to controlling solid waste
pollution is to improve the recycling of solid waste. The
establishing of central and local centers of solid waste management and exchange networks are being planned to
promote and regulate recycling of ISW. The Chinese Solid
Waste Law is being amended, to promote the intensification
of a circular economy and new favorable policies for products recycled from solid waste are being introduced.
MSW contains a large proportion of useful materials. In
China, MSW is sorted three times. First at the domestic
level, Chinese people have the tradition of selecting and
selling recoverable materials to private collectors. Second,
in the collection and transportation process, some collectors
and transporters sort and sell recoverable materials to
increase their income. This happens again at transport sites
and landfill sites. Because of imbalances in economic development, many people make a living by sorting and selling
waste materials; the result is that there are few metal materials and plastic bottles in MSW in the final landfill site. It
is estimated that from 10% to 20% of MSW is removed and
recycled as recoverable materials in China.
Separated collection of MSW has been implemented in
some cities. By the time of the Olympic Games in 2008, 30%
of the whole area of Beijing will have separated collection
of MSW. Separated collection of MSW will be come
common popular in most cities.

Improving disposal levels
The low disposal levels of solid waste are related to undercapitalization. In 2002, aggregate investment in MSW disposal facilities was about €0.3 billion,2 but investment in
MSW disposal facilities will be increased. In Beijing there
are seven MSW disposal facilities with 8800 tons per day of
disposal capacity. Before 2008, Beijing will complete the
construction of three new landfill sites, three incineration
plants, and seven comprehensive disposal plants with composting, incineration, and landfill. By 2008, the MSW disposal rate will reach 98%.11,13

The Government plans to improve investment in ISW
and HW disposal facilities. A major scheme will invest €1.7
billion to build up to 30 regional plants for the disposal of
hazardous waste; one medical waste disposal plant will also
be built in each city.
Reforming the solid waste management system
The solid waste management system is undergoing currently reform. Professional companies have been involved
in solid waste management and a domestic market for solid
waste management is forming. To regulate this market, a
series of criteria, standards, and regulations on solid waste
management is being compiled.
The collection, transportation, and disposal of MSW
have been operated by Local Environmental Sanitary
Departments, which means that administration, supervision,
and operation of MSW disposal were carried out by same
organization. This MSW management system is now being
reformed. Professional companies involved in MSW management will be separate from the administrator; market
competition will be promoted; investment in construction
and operation will be raised from diversified channels;
social and overseas capital will be encouraged to enter the
MSW management market. To develop solid waste management technology, the Science and Technology Development Plan is being carried out to research and develop new
technology and equipment for solid waste management.

Conclusions
Along with economic development in China, the quantity
of solid waste generated has increased rapidly. The total
quantity of MSW collected and transported in 2002 was
136.5 million tons; the quantity of ISW generated in China
was 945 million tons and that of hazardous waste was 10
million tons.
The composition of MSW in China is as follows: the
moisture content is high, normally above 30%–50%; the
organic materials and packaging content is high, more than
50% on a dry-weight basis; the ash and dust content is
10%–20% on a dry-weight basis. The proportion of recovered material has not increased noticeably. In 2002, the
amount of MSW disposed of was 74.04 million tons, of
which 89.30% was landfilled, 3.72% was incinerated, and
6.98% was composted. There are currently 651 disposal
facilities for MSW in China, including 528 landfill sites, 78
composting plants, and 45 incineration plants.
The largest component of ISW is mining gangue, which
makes up 27.5% of the total. The coal mining and processing industry generates the most ISW of any Chinese industrial sector, with 16.0% of the total ISW generated in this
sector.
For HW, 44% was recycled, 27% was stored, 13.5% was
disposed of, and 15.4% was discharged. 93% of the total
HW; Twenty industrial sectors generate 40% of all HW is
generated by the chemical materials and chemical products
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industry. Five categories of HW, i.e., waste alkali, waste acid,
inorganic fluoride waste, copper waste, and inorganic
cyanide waste, make up 57.8% of all the HW generated.
The challenges now being faced by solid waste management in China include reducing the quantity of waste from
the source, promoting the recycling of solid waste, improving disposal levels and reforming solid waste management
systems.
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