Waste-to-Energy in China

Waste-to-Energy in China: Status and Prospects

1.

Introduction ...................................................................................................99

2.

Waste management in China .....................................................................100

3.

Energy recovery or resource recycling? ...................................................102

4.

Status of WTE in China .............................................................................102

5.

Integrated WTE by sources separation in Shenyang ..............................103

6.

Conclusion ...................................................................................................105

7.

References ....................................................................................................105

Innovative strategies are needed to deal with the municipal solid wastes which we
produce today to achieve the Waste-to-Energy (WTE). The objective of the article is
to introduce the status and prospects of WTE in China. WTE meets the requirement
of renewable energy and circular. The management of MSW plays an important role.
System boundaries included collection and separation of municipal solid waste and its
treatment and disposal by landfilling, composting and incineration. An effective waste
focuses on recycling and separating the collection. Source separation can contribute
a lot for integrated WTE and environment protection. Advance technology for WTE
can reduce emission control. The WTE plants are introduced and evaluated by the net
energy efficiency of waste to energy.

1. Introduction
Solid wastes are all the wastes arising from human and animal activities that are normally discarded as useless or unwanted. Because of their intrinsic properties, discarded waste materials are often reusable and may be considered a resource for energy
recovery. Innovative strategies are needed to deal with the waste we produce today to
prevent it from causing problems for future generations. Solid waste management is an
increasingly pressing matter in many developing Asian countries especially in China
due to the growing volume of the waste and the associated negative impacts on the
environment. At present, MSW generation in Asia surpasses 1 million tonnes/day [1].
It is estimated that in 2025, this figure will increase to 1.8 million tonnes/day [1, 3].
This poses a challenge to governments, the public and environment [2]. It is also reported that the amount of waste generated strongly reflects the economic status of the
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people [5]. Waste composition is also observed to be influenced by economy in the
following way; recyclables are more in developed countries of the regions because of
the market value of these products.

2. Waste management in China
China is a developing country. Development, growth and consumption of goods
and services are on the increase in the region. The results of these factors are the
increased rate of municipal solid waste generation. The principles of collection and
management of this waste are based on the implementation of reduction, reuse
and recycling technologies [4, 5]. As shown in Figure 1, MSW generation in China
surpasses 160 million tonnes/year, and it is estimated that in 2025, this figure will
increase to 200 million tonnes/year. As shown in Figure 1 worrying trends in municipal solid waste generation in China. As shown in Table 1, the need for MSW
management therefore has become paramount. A MSW management includes those
measures aimed at reducing the wastes and their adverse effects on the environment [8]. In order to compare and define the advantages and disadvantages of the
strategies used on municipal solid waste management systems, various municipal
waste management strategies have been investigated. As can be seen in Table 1,
there are three main methods to reduce the volume of the municipal solid waste.
80 percent of MSW treatment is landfill, it is a comparatively simple and economic way for municipal solid waste disposal. Moreover, landfilling is the ultimate
disposal method waste that cannot be recovered. However, the most problem is
that there is no enough room for landfill. With the development of technologies,
incineration becomes more popular in China. The capacity of MSW treatment plant
for incineration is about 446 thousand tonnes/day. The incineration processing
of MSW, used both for volume reduction and energy recovery, is an important
element in many integrated waste management systems. It is estimated that MSW
incineration will account for approximately 35 percent of waste elimination by the
end of 2015 [6]. The main raw material of composting in China is a mixture of
living garbage and excrement and a mixture of urban garbage and sewage sludge.
Environmental conditions of temperature and pH have an important effect on the
survival and growth of microorganisms for composting. In general, optimal growth
occurs within a fairly narrow range of temperature and pH values, although the
microorganism may be able to survive with much broader limits. For instance,
temperatures below the optimum typically have a more significant effect on the
bacterial growth rate than temperatures above the optimum. Moisture content is
another essential environmental requirement for growth of microorganisms. In
many composting operations, it has been necessary to add water to obtain optimum
bacterial activity. However, there are a lot of challenges of MSW management in
China. Mixed waste collection and treatment cause unsustainable for landfill, the
low calorific value is not suitable for incineration, the low porosity and low quality
is not suitable for composting.
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Hierarchy of waste management: resource recycling and energy recovery

Table 1:

Three main modes for MSW treatment
Number of MSW disposal facilities

Year

No.

%
Landfill

Capacity of MSW treatment plant
Capacity

Composting Incineration

%

104 ton/d

Landfill

Composting Incineration

2004

559

79.43

10.91

9.66

23.85

86.32

6.43

7.09

2008

509

79.96

2.75

15.54

31.52

80.36

1.71

16.37

2009

567

78.84

4.76

16.40

35.56

76.83

3.15

20.02

2010

628

79.30

1.75

16.56

38.8

74.74

1.41

21.88

2011

677

80.80

ND

16.10

40.9

73.40

ND

23.01

2012

701

77.03

ND

19.69

44.6

69.71

ND

27.49
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3. Energy recovery or resource recycling?
Recycling, energy recovery or resource recycling, is necessary, but China is facing
several obstacles: the improvement of public awareness, the limitations of traditional
garbage classification, the lack of laws and regulations, and the garbage of recycling
facilities is not complete [6]. So it is urgent to develop a new waste management for
resources recycling and energy recovery. Waste management may be defined as the
discipline associated with the control of generation, storage, collection, transfer and
transport, processing, and disposal of solid wastes in a manner that is in accord with
the best principles of public health, economics, engineering, conservation and other
environmental considerations. The problems associated with the management of solid
wastes in today’s society are complex because of the quantity and diverse nature of the
wastes. As a consequence, if waste management is to be accomplished in an efficient and
orderly manner, the fundamental aspects and relationships involved must be identified,
adjusted for uniformity of data, and understood clearly. Figure 2 is the hierarchy of waste
management about resource recycling and energy recovery we made. In the hierarchy,
the activities associated with the management of wastes from the point generation to
final disposal have been grouped into four functional elements: (1) waste generation,
separation, storage, collection and reuse; (2) material-recycling; (3) energy recovery
and treatment including thermal treatment with heat recovery and thermal treatment
without heat recovery; (4) disposal. Energy recovery or resource recycling, it is up to
the priority of efficiency. Based on the paper as an example:
Resource recycling:
Cumulative energy demand of Raw materials 35 MJ/kg
Energy consumption of resource recovery

15 MJ/kg

Energy profit of resource recovery

20 MJ/kg

Energy recovery:
The calorific value of paper

13.2 MJ/kg

The energy recovery efficiency of WTE

21 to 76 percent

Energy profit of energy conversion

5.94 MJ/kg

4. Status of WTE in China
WTE can achieve the targets of circular economy, renewable energy, pollution control,
land saving and climate protection. Mixed MSW to Energy: Heating to Power from
mixed waste incineration and LFG Utilization from landfill. LFG recovery rate in western countries ≤ 60 percent, but in China LFG recovery rate ≤ 30 percent.
Waste incineration process includes dry stage, pyrolysis and gasification stage, combustion stage, cooling stage and secondary combustor. Main type of incineration includes
grate furnace (60 percent), CFB furnace (30 percent), pyro-incineration (5 percent) and
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5. Integrated WTE by sources separation in Shenyang
Because of the city scale, living condition and income, the average bio-waste content of MSW is above 66 percent, which is the average of 38 analysis form 27 cities
in China. In Shenyang, a central city in northeast of China, this value is 73.7 percent, which is shown in Figure 3 and Figure 4. So China cannot copy the model of
source separation from developed countries. From Figure 5 and Figure 6, it could
be found that: The best way for WTE is to separate bio-waste (BMW) and residual
solid waste (RMW). Bio-waste can be used for BMW Anaerobic Digestion to collect
energy. The net energy of BMW Anaerobic Digestion can reach up to 433.88 MJ/t.

BMW 73.7 %
Wood/Bamboo 1.0 %
Paper 6.5 %
Plastics 6.8 %
Glass 1.5 %
Textiles 0.9 %
Metal 0.3 %
Hazardous waste 1.4 %
Complex prod. 1.5 %
Minerals 0.6 %
Others 1.6 %
Fines < 10 mm 4.1 %

MSW in Shenyang

Mass distribution

Figure 3:
Average composition of MSW in
Shenyang (2005 to 2015)

Energy distribution
BMW ( 37 %)

MSW
100 % m/m FM

BMW
(74 % m/m FM)

100 % Energy

RMW
(63 % E)

RMW ( 26 %)

Figure 4:
Mass and energy distribution
of MSW in Shenyang (2005 to
2015)
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other type (5 percent). Though calculate by ICEEE, 36 million tons MSW incineration
amount in China (2012) equals to 3.72 billion m3 of natural gas or 3.54 billion liters oil
and it can reduce 14.5 million tons CO2 at the same time.
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RMW can be directly used for incineration plant, the net energy of RMW incineration
is 4,663 MJ/t, while the net energy of MSW incineration is only -3,083 MJ/t. The CO2
emission reduction of integrated WTE is also greater than MSW incineration and
landfill gas utilization.
Net Energy
MJ/t
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5,107
4,663
4,000

2,000
MSW
Incineration

0

444
RMW
Incineration

BMW Anaerobic MSW Comprehensive
Digestion
utilization

-2,000

-3,083
-4,000

Figure 5:

Integrated energy efficiency analysis of some WTE methods
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This review demonstrates that it is fully possible for WTE in China. WTE meets the
requirement of renewable energy and circular. The management of MSW can play an
important role in WTE. An effective waste focuses on recycling and separating the
collection. Source separation can contribute a lot for integrated WTE and environment
protection. The WTE plants collect electrical and thermal from solid waste. Advance
technology for WTE can reduce emission control.
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