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To accommodate the rapidly increasing amount of municipal solid waste (MSW) sustainably and effectively,
public-private partnership (PPP) waste-to-energy (WTE) incineration has achieved rapid growth in China. This
study provides an insight into current practice and identifies key opportunities and major challenges in the
further development of PPP implemented in China’s WTE incineration industry. The results show that the publicprivate-partnership market is currently under a period of rapid expansion, with a large number of well-funded
and highly professional public-private partnership suppliers emerging in recent decades, but at a level of mar
ket concentration that is significantly lower than in mature markets such as in the United States and Japan.
Meanwhile, excellent market potential and preferential policies, as well as booming technological innovations,
provide sufficient motivation for further development. However, the quality and quantity of municipal solid
waste supplied, emerging public opposition, policy changes and the development dilemmas involved are major
challenges to the sustainable and healthy development of the waste-to-energy incineration industry in China.
These findings make strong contributions and have both theoretical and practical implications for researchers
and practitioners, including policymakers and incineration professionals in the PPP WTE incineration industry.

1. Introduction
The disposal and management of increasing municipal solid waste
(MSW) has been identified as a critical challenge to sustainability goals
globally [1]. Waste-to-energy (WTE) incineration provides an effective
solution for achieving both “Prevention” and “Recovery”, because of its
advantage of unlocking useable energy stored in MSW [2], especially in
nonrecyclable waste [3]. In recent years, WTE incineration has devel
oped rapidly worldwide to provide an effective solution for governments
to alleviate the pressure on MSW disposal and provide a diversified
renewable and sustainable energy supply. In China, WTE incineration
plants have grown rapidly, increasing from 3.70 to 133.08 million
metric tons of designed capacity between 2003 and 2018, respectively
[4]. Meanwhile, the high-investment, long-term nature of WTE incin
eration projects, lack of management capacity, public budget constraints
and other factors make it difficult for local governments to invest,
construct and operate them alone. As an effective means to address this
problem in the face of an increasing need for WTE incineration facilities,

public-private partnerships (PPP) have been widely used in the WTE
incineration industry, taking advantage of the innovation, know-how,
flexibility, and financing potential of the private sector [5,6]. Over 80
projects with a total investment of CNY 35 billion are planned or con
structed in 2019, with at least 80% of WTE incineration projects in China
procured and operated through PPP [7].
Along with the rapid growth of the PPP WTE industry in China, some
political, economic, social, and legal obstacles have emerged that are
affecting its sustainable development. For example, strong public op
position from local communities has led to a number of PPP WTE
incineration plants being cancelled, suspended, or closed before their
scheduled closure dates [8,9], while such inappropriate behaviors as
overstandard emission of pollutants and corruption of local government
officials, PPP investors, and operators have also prevented some projects
from reaching their expected performance levels [9,10]. It is thus
important to provide insight into current practice and identify key op
portunities and major challenges in the further development of PPP
implemented in China’s WTE incineration industry.
There are many studies relating to China’s WTE incineration
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List of abbreviations including units and nomenclature
PPP
WTE
MSW
OECD
SPV
BOT
BOO
TOT
O&M
VAT
USD
CNY

TWh
LULU
NIMBY
DAD
ACTE
DCES
IRR
TEQ
GHG
LHV
ng
t
d

Public-private partnership
Waste-to-energy
Municipal solid waste
Organization for Economic Cooperation and Development
Special purpose vehicle
Build-operate-transfer
Build-own-operate
Transfer-operate-transfer
Operation & maintenance
Value-added tax
United States dollar
Chinese Yuan

industry, with most concentrating on the technological and environ
mental issues involved (e.g., Cheng and Hu [11]), focusing on the
technical and economic analysis of specific projects (e.g., Zhao et al.
[12]), or using different analytical frameworks to review the industry’s
current and likely future practices (e.g., Song et al. [13]). However, no
systematic academic analysis has yet focused on PPP implemented in
China’s WTE incineration industry. In response, this study collects a
large number of up-to-date data and information to investigate the status
of the industry and the current practices in use, identifies the key ob
stacles and opportunities available, and considers its sustainable
development. The objectives and the novelty of the study’s overview lie
in contributing to a holistic picture of current PPP WTE incineration
industry practices in China, benefiting both researchers and practi
tioners at home and abroad (e.g., policymakers and WTE incineration
professionals) by identifying the market prospects of, and the main
challenges faced in, China’s PPP WTE incineration industry.

109Kwh
Locally unwanted land use
Not-in-my-backyard
Decide-announce-defend
Authorized MSW collection and transportation entities
Division of city environmental sanitation
Internal rate of return
Toxic equivalent quality
Greenhouse gas
Lower heating value
Nanogram
Metric ton
Day

per capita GDP in 2019 [4]. Due to its rapid advancement in industri
alization, increasing numbers of people have been migrating from rural
to urban areas - continuously increasing the urbanization rate. By the
end of 2019, the total urban population in China was 848.43 million,
representing an urbanization rate of 60.6% [4].
Rapid industrialization and urbanization, as well as changes in
consumption patterns due to improvements in living standards, have led
to a rapid growth in MSW generation. According to the Asian Devel
opment Bank, the country is ranked the world’s second largest producer
of MSW [14]. As Fig. 1 indicates, the annual quantity of MSW increased
from 155.1 to 228.0 million metric tons between 2004 and 2018–with
an annual rate of increase of 3.1%–and an increase from 80.9 to 225.7
million metric tons of harmless-treated MSW over the same period, at an
11.9% average annual rate of increase [4].
Table 1 compares the annual quantities and rates of MSW generation
(collection) between other countries and China, indicating that China
ranks second in terms of the total quantity of MSW, but last in terms of
per capita MSW.
Though China’s total annual quantity of MSW is lower, its growth
rate is significantly higher than in the United States. As Table 1 in
dicates, China’s average annual MSW growth rate is 6.2% while that of
the United States is only 1%, from which it can be predicted that China
will surpass the United State as the world’s largest generator of MSW by
2021. Meanwhile, per capita MSW of China is just one-third of that in
the United States, and even lower than in other Asian countries, also
suggesting that the quantity of MSW generated in China will increase

2. MSW management and WTE incineration industry in China
2.1. MSW generation
Since the implementation of China’s 1978 “Reform and Opening”
policy, a series of remarkable economic and social achievements has
been accomplished. The country has currently become the world’s sec
ond largest economy, with a CNY 99,086.5 billion (USD 14,015.1
billion) Gross Domestic Product (GDP) and CNY 70,892 (USD 10,027)

Fig. 1. MSW collection and treatment in China.
(Source: China Statistical Yearbook 2005–2019)
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Table 1
MSW generation (collection) of various countries compared.
Country

2015

Australiaa
Belgiuma
Chinac
Germanya
Italya
Japana
Koreaa
OECDa,b
UKa
USAa States
a
b
c

2016

2017

2018

Total

Rate

Total

Rate

Total

Rate

Total

Rate

1000 t

kg/capita

1000 t

kg/capita

1000 t

kg/capita

1000 t

kg/capita

14003.0
4642.6
191419.0
51625.0
29524.0
43981.0
18705.0
670792.0
31475.0
237782.2

585.1
411.3
248.2
631.2
487.4
343.6
368.0
524.0
477.9
736.1

13539.0
4745.8
203620.0
52133.0
30112.0
43170.0
19627.0
679183.0
31710.0
242055.0

558.0
418.0
256.8
634.3
496.4
337.9
385.0
527.6
478.3
744.6

13751.0
4671.9
215209.0
51790.0
29572.0
42894.0
–
680798.0
30911.8
242935.0

559.3
409.1
264.6
626.6
487.4
336.4
–
525.9
463.3
742.7

–
4698.0
228018.0
51013.0
30165.0
–
–
682779.0
30786.2
–

–
409.2
274.3
613.7
497.5
–
–
524.7
458.5
–

OECD statistics database (2020.03) [16].
Means of all OECD countries.
China Statistical Yearbook (2004–2019) [4].

continuously in the future. The total annual amount of MSW in China
may also have been underestimated, because over 60% of the population
was living in rural areas in 2019, a considerable portion of which gen
erates MSW that is not properly collected by the existing MSW disposal
system. According to the World Bank, China’s annual amount will in
crease to 480 million metric tons or more by 2030 [15]. Similarly, in
contrast with Fig. 1, according to the Asian Development Bank, more
than 220 million metric tons of MSW was generated in 2007, with an
annual growth rate of 8–10% [14].

operated as a two-tier system: primary collection and second trans
portation. Primary collection means collecting and transporting MSW
from households to the local MSW transfer station. For institutional
refuse and commercial refuse, the producers perform the primary
collection themselves; for household and public refuse, this is usually
undertaken by the authorized MSW Collection and Transportation En
tities (ACTE). Secondary transportation signifies transporting pretreated
and compressed MSW from the local MSW transfer station to disposal
facilities and is usually carried out by the ACTE [18]. In the direct
transportation mode, rather than being transported to the local MSW
transfer station for pretreatment, the primarily collected MSW is directly
transported by the ACTE to disposal facilities for harmless treatment
[19]. The direct transportation mode is widely implemented in some
developed cities in southeast China, such as Shanghai and Hangzhou,
taking advantage of the lower secondary pollution and the abolition of
highly controversial MSW transfer stations [20].
For MSW from residential areas, there are three types of primary
household collection: fixed-site collection, collection at the “refuse
chute”, and “ring bell” collection [19,21] Fixed-site collection is a method
whereby residents put bagged and sorted refuse into appointed garbage
containers outside their house or at the roadside and is widely used in
most large and medium-sized cities. Refuse chute collection signifies that
a specific facility, namely, a refuse chute, is designed to centralize and
collect MSW generated from the residents of high-rise buildings and is
gradually being replaced by fixed-site collection in large and
medium-sized cities [19]. ‘Ring bell’ collection refers to the method by
which, following the collection crew’s ringing bell, residents bring the
refuse to the street and place it in an authorized truck. This type of
collection is very popular in southern China (e.g., Guangzhou and Hai
kou), particularly in urban-rural fringe zones and rural areas where the
MSW collection and transportation system is established [21].
Meanwhile, garbage classification has been promoted vigorously in
China in recent years. In 2017, the General Office of the State Council
released the Implementation Plan for the Domestic Garbage Classifica
tion System and set up 46 important pilot cities. As the first pilot city,
Shanghai issued the Regulations of Shanghai Municipality on the
Administration of Domestic Garbage (the Regulations) on January 31,
2019 and entered the strictest garbage classification implementation
substantially from July 1, 2019. Citizens in Shanghai were asked to
divide the refuge into dry waste, wet waste, recyclable waste and haz
ardous waste. After that, in compliance with Shanghai’s policies, other
cities successively issued waste classification standards. However, many
cities applied different standards than in Shanghai. Many local gov
ernments (e.g., Chongqing, Hangzhou) asked citizens to classify waste
into perishable waste, recyclable waste, hazardous waste and residual
waste, while many other cities categorized garbage as kitchen waste,
recyclable waste, hazardous waste and residual waste. Until November

2.2. MSW collection
According to The Law of the P. R. China on the Prevention of Environ
mental Pollution Caused by Solid Waste, many governmental agencies are
involved in MSW management [17]. Normally, the Division of City
Environmental Sanitation (DCES) directly under the City Management
and Administration Execution Bureau (which plans, manages, and ad
ministers the collection, transportation, and final disposal of MSW) and
the Bureau of Environmental Protection (which supervises and monitors
the secondary pollution generated by the construction and operation of
MSW disposal facilities) are the two major governmental agencies.
Under the administration and supervision of the relevant governmental
authorities, state-owned or market-procured enterprises (contracted and
authorized by DCES) are responsible for the collection, transportation,
and disposal of MSW (See Fig. 2).
There are two types of MSW collection and transportation modes in
China: the traditional mode and the direct transportation mode (See
Fig. 3). In the traditional mode, MSW collection and transportation is

Fig. 2. MSW management entities in China.
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Fig. 3. China’s MSW management system.

15, 2019, urban domestic garbage was uniformly divided into recyclable
waste, hazardous waste, food waste and residual waste in the Domestic
Waste Classification Mark launched by the Ministry of Housing and
Urban-Rural Development [22]. At the same time, the uniform garbage
classification mark was recommended for extensive use (Fig. 4.).

practices, are critical factors in improving the efficiency and impact of
MSW management [26]. However, although the government and other
MSW authorities have conducted pilot schemes for MSW separation in
many large and medium-sized cities, a formal MSW separation system
has not yet been substantively established [23,27]. As a typical example
of the informal recycling systems in developing countries, the collection,
separation, and delivery of recyclable resources from MSW are accom
plished by informal sectors [27,28]. These play a linkage role between
waste sources and redemption depots, and make profits through the cash
value of recyclable waste. They can be divided into junk-buyers and
junk-pickers, the former being the door-to-door collectors who buy
recyclable resources from residents and the latter seeking and picking
recyclable materials from MSW [29–31]. Most informal sectors are not
under the administration of local governments or other formal MSW
authorities [17], resulting in a situation in which the precise proportion
of recycled MSW is unknown. However, some studies estimate the MSW
recycling rates of informal sectors; for example, Linzner and Salhofer
(17–38%) [28], Fei et al. in Suzhou (22%) [27], and Xu in Guangzhou
(37.3%) and Beijing (42.7%) [32].

2.3. MSW treatment
The central and local governments have implemented many mea
sures to improve the capability and efficiency of the MSW management
system, by which the harmless-treatment percentage of MSW increased
from 52.15% in 2004 to 98.98% in 2018, with more than 220 million
metric tons of MSW harmless-treated in 2018 (See Figs. 1 and 4).
However, there is still a large amount of MSW remaining untreated,
which is becoming a difficult problem for municipal governments. Ac
cording to Zhang et al. [23], China was producing more than seven
billion metric tons of untreated MSW annually before 2013, which
occupied over three billion square meters of land and resulted in a series
of garbage disposal problems such as pollution and public resistance
[24]. Meanwhile, sanitary landfills, incineration, and composting are
the three main MSW harmless-treatment methods used [13,25]; their
current implementation is shown in Fig. 5. Since 2010, the percentages
of MSW treated by sanitary landfill (60%) and compost (2%) have been
essentially stable, while the percentage for incineration increased
sharply from 14.66% in 2010 to 44.67% in 2018. Consequently, it can be
concluded that the increased proportion of MSW which is
harmless-treated is mainly due to the rapid development of the WTE
incineration industry.
In terms of waste separation and recycling, the establishment of an
appropriate and feasible MSW separation system for separating waste at
source, as well as methods of changing residents’ waste handling

2.4. WTE incineration
WTE incineration technologies have numerous advantages, such as
energy recovery, GHG emission mitigation, and resource (e.g., land)
savings [2,3]. In addition to useful energy generation, WTE incinerators
are designed for safe and effective disposal of MSW. Thus, they are
considered the most favorable alternatives to sanitary landfills, espe
cially for large and medium-sized cities where space for landfills may be
limited. By 2015, as many as 1179 MSW incineration plants, with a total
capacity of more than 700,000 t/d, were operated and utilized around
the world [33]. Among them, China, the EU, Japan and the U.S. ranked
the highest four countries/regions, with designed capacity of 255,850
t/d, 207,104 t/d, 92,203 t/d and 88,765 t/d, respectively [33–35].
The central and local governments of China have adopted WTE
incineration as a core technology to achieve the goal of renewable and
sustainable MSW disposal and promulgated a series of policies and
regulations to facilitate its sustainable implementation. In 2004, there
were only 54 incinerators in China, with a designed annual capacity of
6.17 million metric tons and treating 2.9% of collected MSW (4.49
million metric tons). By 2018, there were 331 incinerators with a
designed annual capacity of 133.08 million metric tons, treating 44.67%

Fig. 4. China’s uniform garbage classification mark.
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Fig. 5. Percentages of untreated and harmless-treated MSW.
(Source: China Statistical Yearbook 2005–2019)

of collected MSW (101.84 million metric tons) (as shown in Fig. 6), and
at least 80 WTE incineration plants under construction.
Favorable economy and dense population have definitely and
directly influenced the development of WTE incineration [33], while a
variety of other factors, such as policy, culture, and dietary habits, may
also affect the implementation of incineration technologies. The
implementation of waste incineration in China is different in various
regions because of the variation in regional economic development and
population density. On the one hand, because WTE incinerators involve
a large capital investment and high operating costs [23], 150 of the 220
WTE incinerators were located in the most developed eastern regions (i.
e., Guangdong, Jiangsu, Zhejiang, and Shandong) by the end of 2015
[13]. On the other hand, five densely populated provinces (i.e., Henan,
Shandong, Anhui, Hebei, Zhejiang) each operated more than 30 WTE
incineration plants until 2019 due to the huge demand for harmless
MSW treatment caused by dense population. In addition, the WTE
incineration projects in the central and western regions, as well as in the

third and fourth tier cities, have great development potential, because
the market in developed areas is gradually saturating, and the demand in
underdeveloped areas is gradually increasing. Public-private partner
ships provide sufficient financial support for the development of WTE
incineration projects in underdeveloped and developing areas [10,13].
Many developing provinces/autonomous regions located in the center
and west (i.e., Jiangxi, Gansu, and Xinjiang) have launched many WTE
incineration plants in the last 5 years [7].
Along with the expansion of WTE incineration utilized in China’s
MSW disposal industry, relevant research on China’s WTE industry has
emerged over the past few decades. Turning waste into energy can be
one key to a circular economy, enabling the value of products, materials,
and resources to be maintained on the market for as long as possible,
minimizing waste and resource use [36]. Based on a typical Chinese
WTE incineration project with a 25-year concession and capacity of
1000 t/d (electricity feed-in tariff of 0.68 CNY/kWh and MSW disposal
subsidy of 70 CNY/t), Zhao et al. [37] concluded that the WTE

Fig. 6. Capacity/disposal quantity of incineration and number of incinerators in China.
(Source: China Statistical Yearbook 2005–2019)
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incineration industry in China may expect relevant margins and stable
profit, with an internal rate of return (IRR) of 12.2% and a payback
period of 11.3 years. However, the operational costs of WTE facilities are
heavily affected by the tourism and tariff system [38], while the per
formance of the WTE incinerators may also be significantly influenced
by such factors as population density and lifestyles [39].
Imported or domestic incineration technologies; e.g., rotary kilns,
grate furnaces and fluidized beds, are widely used in the WTE industry
[40], and it can be predicted that grate furnaces, which are popular in
developed countries, will gradually become the mainstream incinera
tion technology in China [13]. However, the high economic profit may
not result in environmental improvement in the WTE incineration in
dustry [41]. A lower standard for pollution control before 2014 has
heavily affected public perception related to WTE incineration in China.
Ni et al. [42] reported that the average dioxin emissions from the 19
incinerators with a daily treatment capacity between 150 and 500 t was
0.423 ng TEQ/m3, which is much higher than the EU limit. On June 16,
2014, the central government released a new revision of the standard, in
which the smoke criteria were reduced significantly. On March 4, 2018,
the Ministry of Environmental Protection further improved the envi
ronmental access conditions of WTE incinerations projects.
Due to advantages of the improvement of environmental quality, the
reduction of GHG emissions, sustainable energy recovery, and efficient
MSW treatment, WTE incineration is considered an effective alternative
to such traditional approaches as sanitary landfills and composting [17,
43]. WTE incineration is capable of rapid growth and has tremendous
market potential for investors in future decades, because a series of
preferential policies and regulations have been promulgated by the
central and local governments to facilitate its expansion [44]. Thus, the
proportion of MSW incinerated in China will continue to increase during
the “Thirteenth Five-Year Plan” period [45].

mainly drawn from specific WTE incineration projects rather than from
overviews of the PPP WTE incineration industry in China. Although PPP
has made tremendous contributions to China’s sustainable infrastruc
ture delivery, its improper application has also led to a series of prob
lems such as rising local government debt [47] and poor operating
performance [48]. Song et al. [13] even proposed that the extensive
application of PPP might be regarded as one of the key challenges in the
WTE incineration industry. Thus, a comprehensive overview of PPP
implemented in the WTE incineration industry in China is crucial for its
sustainable and healthy development.
3. Research methods
The aim of the current study is to present a systematic overview of
PPP implementation in the WTE incineration industry and to identify
key opportunities and major challenges in the further development of
the industry. The research methods used in this overview consist of two
steps. First, a systematic search for relevant materials, such as academic
articles, relevant databases and annual reports of WTE enterprises, was
conducted to collect data for the main analysis. Second, a content
analysis of the materials collected was carried out to describe the status
of the industry, as well as to identify key opportunities and major
challenges faced by China’s PPP WTE incineration industry.
The sources of content or data in the current study can be divided
into four categories. The first category consists of academic articles on
MSW management and incineration practice in China identified through
comprehensive research on the Web of Science, which is regarded as one
of the most reputable academic databases with a broad scope of disci
plines [49]. The second category includes statistical data on MSW
collection and treatment, WTE incineration and other relevant aspects of
the industry in China and typical countries and regions collected from
the China statistical yearbooks and other relevant databases, such as the
OECD database and the World Bank. The third category includes policies
and regulations promulgated by the central and local governments of
China over the past decades. The fourth category of data is related to
individual WTE incineration projects, as well as main PPP suppliers in
the WTE incineration industry in China, comprehensively collected
through the China Public-Private Partnership Center under the Ministry
of Finance of China, the E20 Environment platform and the annual re
ports of selected PPP WTE contractors in China.
As an observational research method to evaluate the symbolic con
tent of all forms of materials, content analysis, either qualitative or
quantitative, is frequently used to identify the major facets of a set of
data [50]. In the current study, the content analysis method was utilized
to describe the up-to-date practice of MSW management and PPP WTE
incineration implementation in China and to identify key opportunities
and major challenges faced in China, because this method involves
drawing conclusions from different types of data by weaving together
new information into theories/concepts [51], especially for those
studies which lack formal knowledge about the subject [52]. After the
collection of relevant materials (described above), an open-minded
analysis of the text or data of collected materials was conducted to
summarize meaningful subjects corresponding to the aim of study, while
the data or information obtained were presented in words and themes to
enable drawing conclusions [53]. First, desk research was performed by
studying statistical data and technical documents collected, from which
an overview of current practices of the PPP WTE incineration industry in
China was made. Then, compared with developed countries/regions
such as the EU and the United States, the market trend, as well as certain
key opportunities for the PPP WTE incineration industry in China, were
summarized through qualitative content analysis. Moreover, an induc
tive content analysis of collected literature, industrial reports, etc. was
conducted to identify key obstacles affecting the sustainable develop
ment of the PPP WTE incineration industry in China.

2.5. Research gap
Significant progress has been achieved in WTE incineration tech
nologies over the past decades, especially in optimizing the efficiency of
combustion systems and in improving flue gas treatment [46]. However,
there are also critical barriers challenging the sustainable development
of the WTE incineration industry in China. A variety of obstacles; e.g.,
high costs and air pollutant emissions [11,23], public opposition [13,
23], equipment corrosion [11,23], the lower heating value of MSW [13,
23], policy changes and government decision-making capacity [13] and
the huge “Throw Away” society [46]; have been identified that heavily
affect the expansion of WTE incineration in China.
Of these, high investment needs, high requirements for technical
expertise and management capacity, and public budget constraints are
considered to be the challenges that must be met for governments to
initiate a massive and sustainable WTE incineration industry [13]. PPP,
which is considered an effective scheme for the provision of large-scale
projects, is thus widely used in the WTE incineration industry [5,6].
According to the China Statistical Yearbook 2019, there were 331 WTE
incineration plants being operated at full capacity in 2019, with most
WTE incineration projects invested and operated through PPP [4,13].
PPP now provide sufficient financial support and advanced management
capabilities for the rapid development of the industry, which has
become one of largest WTE incineration markets in the world [13].
Despite PPP having played an important role in WTE incinerator
delivery, research related to PPP implementation in China’s WTE
incineration industry has been far less than sufficient. On the one hand,
studies relating to China’s WTE incineration industry have mainly
focused on technical or economic issues [11,12] or current and likely
future practices of China’s WTE incineration industry [23]. No system
atic academic analysis has yet focused on PPP implemented in China’s
WTE incineration industry. On the other hand, although Song et al. [10,
13] and Xu et al. [9] analyzed critical risks PPP WTE incineration pro
jects have faced through case studies, their conclusions, however, were
6
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4. PPP in China’s WTE incineration industry: status
4.1. Current implementation
As an effective instrument for governments to promote economic
growth, optimize economic structure and expand the supply of public
infrastructures, PPP has been, and is, widely used to deliver a variety of
infrastructure developments (e.g., highways and water treatment
plants) in China, contributing significant benefits to the public sector,
the private sector, and other consumers [13,54]. Meanwhile, as with the
huge demand for infrastructure, with its high investment intensity and
strict requirements for professional management capability, direct in
vestment in WTE incineration projects is often too heavy a financial
burden for most governments and perceived by the public as
less-than-satisfactory [9,10]. According to Simões and Marques’s sum
mary [55], 31 studies conducted over the past 45 years have revealed
the private sector to be more efficient than the public sector in waste
management, although with some incentive losses over time. Thus,
learning from the experiences of developed countries and such other
infrastructure projects as highways and water treatment plants, WTE
incineration projects in China are increasingly being financed, con
structed and operated by the private sector through PPP under the
impetus of a series of related policies and regulations [45].
According to Song et al. [13], the private sector has gradually
become significantly involved in WTE incineration development since
2010, and at least 108 WTE incineration plants with a total investment
of CNY 48.9 billion were deployed through PPP from May 2012 to
January 2017. Except for some WTE incineration plants constructed
earlier than 2005 still operated by local governments or state-owned
enterprises without concession agreements, almost all new WTE incin
eration plants (constructed after 2005) have been financed and operated
by the private sector with concession agreements through PPP. Table 2
summarizes the main concession contract details of certain typical PPP
WTE incineration projects.
A typical PPP in the WTE incineration industry generally stipulates
that the municipal government grant a Special Purpose Vehicle (SPV)
(set up by the private sector or jointly by the public and private sectors),
a concession contract to finance, construct, and operate the WTE
incineration plant for a certain period, whereupon the SPV may transfer
(or may not transfer) the project to the municipal government. For the
public sector, a PPP can significantly ease the burden on government
financing as well as improve the impact and efficiency of public WTE
disposal facilities through market mechanisms [10,29]. Private sector
partners are able to make profits by cash inflows from grid-connected
income, MSW disposal subsidies, and such other government in
centives as tax cuts and carbon emission reduction rewards [45], as
shown in Fig. 7.
Generally, there are four types of specific PPP modes popular in
China’s WTE incineration industry, namely, build-operate-transfer
(BOT), build-own-operate (BOO), transfer-operate-transfer (TOT), and
operation & maintenance (O&M) (see Fig. 8). For new WTE incineration

Fig. 7. Profit model of private sectors in typical PPP WTE projects.

plants, the private sector is usually involved through BOT or BOO ar
rangements. The former is considered to involve a low degree of pri
vatization, because the SPV is obliged to transfer the ownership of the
WTE incineration plant to the municipal government at the end of the
concession period. The latter, however, is considered completely pri
vatized, because the private sector will hold ownership of the WTE
incineration plant after the concession period. For incremental WTE
incineration plants, which include those originally transferred from the
private sector and those constructed by the municipal government to
achieve high construction quality [13], the private sector usually par
ticipates through TOT or O&M arrangements. The main differences
between TOT and O&M lie in the private sector’s contractual opera
tional tasks and profit models. Under the TOT arrangement, the private
sector needs to “operate” the plant in terms of management and main
tenance, covering the operating cost and gaining profit by cash inflows
from grid-connected income, MSW disposal subsidies, etc. Under the
O&M arrangement, however, the private sector only needs to “manage
and maintain” the plant and make profit by charging operating and
maintaining fees.
4.2. PPP suppliers in the WTE industry
Along with the increasingly important role played by incineration
plants, the WTE incineration industry has become one of the fastest
growing and most market-oriented infrastructure industries in China.
Strong market demands have stimulated the industry to develop rapidly,
and a large number of well-funded and highly professional PPP suppliers
have emerged over the years. According to Song et al. [13], investors
currently focusing on the delivery and operation of incineration plants
can be primarily divided into local government-oriented financing
platforms, professional O&M enterprises with imported incineration
technologies, and investors with independent incineration technologies.
Of these, “WTE PPP suppliers” mainly refers to the latter two, and can be
defined
as
professional,
market-oriented,
enterprises
that

Table 2
Details of some typical PPP WTE plants.
Plant

Location

PPP
Mode

The Lujiashan Plant
The Jiangqiao Plant

Beijing
Shanghai

BOT
BOT

The Jiangnan Plant
The Jiufeng Plant
The Third Plant
The Heimifeng
Plant

Nanjing
Hangzhou
Guangzhou
Changsha

BOT
BOT
BOT
BOT

a

Concession
period

Designed
Capacity

Total
Investment

Disposal
Subsidiesa

years

t/d

CNY, M

CNY/t

30
30

3000
1500

2040
920

30
30
30
30

2000
3000
4000
5000

1060
1800
1386
2080

MSW disposal fees, usually paid by the local government as subsidies.
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Operation
time

Private sector partner

173
213

2013
2005

69
260
240
–

2014
2017
2015
2017

Shougang Bio S&T
Shanghai
Environment
China Everbright
China Everbright
The Grantop
Junxin Environment
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Fig. 8. Popular PPP arrangements in China’s WTE incineration industry.

finance/construct/operate WTE incineration plants through PPP by
using imported or independent incineration technologies. From the
perspective of incineration technology, PPP suppliers can be categorized
as either.

Table 3
Summary of WTE PPP investors with designed capacity over 20,000 t/d.

(1) Professional investment operation enterprises with imported
incineration technologies, such as China Everbright International
and China Environment Protection. For example, China Ever
bright International usually finances/constructs/operates WTE
incineration plants by using imported Mitsubishi-Martin grate
furnace technologies.
(2) Professional investment operation enterprises with independent
incineration technologies, such as Jinjiang Environment and
Dynagreen Environment. For instance, Jinjiang Environment
usually finances/constructs/operates WTE incineration plants by
using independent heterogeneous circulating fluidized-bed
technologies.

PPP Investors

Capacity (t/d)a

Categoryb

Location

Jinjiang Environment
China Everbright International
China Environment Protection
Beijing Enterprises Environment
Chongqing Sanfeng Environment
Dynagreen Environment
Sound Environment
Shanghai Environment
Shengyun Environment
Shenzhen Energy Environment
Zhejiang Wangneng Environment

56,030
53,650
48,350
45,075
38,000
32,270
30,330
28,450
25,700
25,450
21,150

Private Ltd
Central SOE
Central SOE
Local SOE
Local SOE
Local SOE
ECOS
Local SOE
Private Ltd
Local SOE
Private Ltd

Hangzhou
Hong Kong
Beijing
Beijing
Chongqing
Beijing
Beijing
Shanghai
Tongcheng
Shenzhen
Hangzhou

a
From E20 Environment Platform (2017). Both capacities under operation
and construction are involved.
b
SOE – State Owned Enterprises; ECOS – Enterprises of the CompositeOwnership System.

Although it is very difficult to count the number of PPP suppliers
accurately in the WTE incineration industry because of its rapid devel
opment and dynamic changes, it is estimated that they have currently
increased to approximately 50 [13,45]. Many of these are large
state-owned enterprises or listed companies, such as China Everbright
International and China Environment Protection. In terms of market
concentration, the WTE incineration market is currently experiencing a
period of high-speed expansion, while its level of market concentration
is significantly lower than in such mature markets as the United States
and Japan.
The market shares of the leading player in the WTE industry in the
United States, for example, Covanta Holding Corporation (CVA),
accounted for approximately 53% of the total, and the company treated
15.9 million metric tons of MSW annually by the end of 2008 [56]. In
contrast, although the top ten PPP suppliers treated 77% of incinerated
MSW, the market share of a single enterprise is not high. By the end of
2016, there were 11 PPP suppliers with design capacity of no less than
20,000 t/d, for a total design capacity of 404,450 t/d (see Table 3). In
the year 2019, the market shares of the top three PPP suppliers, namely,
China Everbright International, Henan City Environment and Shanghai
SUS Environment, were 19.7%, 13.2%, and 10.5%, respectively (see
Fig. 9.). Visible market space provided rapid development opportunities
for some new PPP suppliers (e.g., Henan City Environment). In addition,
it is estimated that the market concentration of the PPP WTE incinera
tion industry will be further enhanced with continuous improvement in

market maturity.
5. Opportunities
5.1. Great market potential
It is clear that, along with increasing economic development and
urbanization, the total annual amount of MSW generated will increase
continuously in the coming decades. As Table 1 indicates, the per capita
MSW is very low (lower than other countries and just one-third of that of
the United States). The huge gap between China and other developed
countries will gradually shrink or even diminish with the continuous
development of people’s living standards and the great changes in
people’s consumption patterns [13]. Thus, there will be substantial
growth in MSW generation in the future. It is estimated that the annual
quantity of MSW generated will increase to at least 480 million metric
tons by 2030, with an annual growth rate of 8–10% [14,15]. Meanwhile,
with the popularization of sustainable development, the MSW collection
and disposal system will be further improved. First, additional areas,
particularly urban-rural fringe or rural areas, will be included in the
existing MSW collection and disposal system. Second, the harmless
treatment proportion of MSW will be further promoted due to the
increasing attention that central and local governments have attached to
environmental and health issues.
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Fig. 9. Market share of the PPP suppliers in the WTE incineration industry in 2019.
(Source: CIConsulting, 2019)

The increasing annual amount of MSW collected and treated paves
the way for the vigorous development of the MSW disposal industry.
However, due to restrictions on urban land use and imperfect MSW
separation systems, the development potential of landfills and com
posting is limited [45]. Meanwhile, compared with such developed
countries as Japan and Finland (see Table 4), the incineration level of
MSW treated in China is still low [12]. It can be seen from Table 4 that
74% of MSW harmless-treated in Japan, 54.04% in Denmark, and 50%
in Switzerland and Sweden was incinerated in 2012. In China, this figure
was 44.67% in 2018. Thus, incineration will play a significant role in the
future development of the country’s MSW disposal industry, and a va
riety of measures are being taken to facilitate the development of the
WTE incineration industry. According to the 13th Five-year Plan on Na
tional Facility Construction of MSW Harmless Disposal, the total design
capacity of WTE incineration facilities in China will increase from 235,
200 t/d in 2015 to 591,400 t/d in 2020, with the percentage of MSW
incinerated increasing from 34% to 54%. In economically developed
regions such as Beijing, Shanghai, and Zhejiang, more than 60% of
collected MSW will be treated by incineration by 2020 [7].
The rapid development of China’s WTE incineration industry, which
is considered to be in the rapid growth stage of a whole industrial life
cycle [45] and to have a promising future [59], provides a huge market
potential opportunity for the growth and improvement of PPP WTE
incineration. From 2015 to 2020, 356,200 t/d of design capacity will be
added to the WTE incineration industry, with a compound annual
growth rate of 18.16% [7]. According to data estimated by Song et al.
[13], the average investment intensity in megalopolises, eastern regions
and the Midwest of China is approximately 0.5–0.7, 0.4–0.5 and
0.25–0.4 million CNY/t*d respectively. Taking 0.475 million CNY/t*d
(the average value) for example, the total investment of the WTE
incineration industry will increase to CNY 169.20 billion during the

period of the 13th five-year plan (2016–2020). Meanwhile, according to
the current price of electricity generated by MSW (0.65Yuan/kwh, and
no more than 280 kwh/t) and the MSW disposal subsidies estimated by
Zeng [58] and Zhao et al. [37] (70 Yuan/t), the total annual revenue of
the WTE incineration industry, equipped with a design capacity of 591,
400 t/d, will be as high as CNY 54.4 billion in 2020. Thus, with
increasingly mature incineration technologies, as well as the continuous
reduction of operational costs, the WTE incineration industry is facing
favorable market prospects [12].
5.2. Policy support
Since Shenzhen built the first WTE incineration plant in 1987, cen
tral and local governments have promulgated a series of policies and
regulations to facilitate and regulate the development of the WTE
incineration industry. According to the policy analysis conducted by
Song et al. [13], the existing policy system can be divided into industrial
development policies, economic policies, technological policies and
environmental protection policies. Of these, industrial development
policies (which encourage the industrialization of WTE incineration)
and economic policies (which attract public/private investment in the
WTE incineration industry), are two main policy supports for the
implementation of the PPP [37,45]. For example, the State Council’s
Decision on Reform of the Investment System promulgated in 2004 has
paved the way for private investors to finance/construct/operate WTE
incineration plants. Similarly, the 2012 Notice on Improving the Price
Policies in WTE Incineration for Power Generation, promulgated by the
National Development and Reform Commission, has laid the foundation
for creating a prosperous PPP WTE incineration market by determining
the feed-in tariff for electricity generated from MSW incineration.
Based on existing policies, and to facilitate the development of the
PPP WTE incineration industry further, a series of support policies were
promulgated by the central government at the beginning of the 13th
five-year plan, as shown in Table 5. From policies recently issued, it can
be seen that the central government is implementing a variety of mea
sures (i.e., industrial planning, technical guidance, waste supply and tax
incentives) to encourage and guide the private sector to participate in
the WTE incineration industry through PPP and is promulgating a series
of regulations to establish a competitive and market-oriented PPP WTE
incineration market.
Several support policies to facilitate R&D activities related to WTE
incineration technologies have also been issued by the central govern
ment [13]. As early as 2014, WTE incineration technologies were
included in the National Catalogue for Emphatically Popularized
Low-carbon Technology, and a cumulative funding of CNY 26 billion was
planned for investment in promoting R&D and innovation in the WTE
incineration industry. Meanwhile, the central government, especially
the Ministry of Science and Technology (MOST), supported the indus
try’s R&D and technical updates by establishing such special research

Table 4
Comparison of MSW treatments between China and developed countries.
Countries
Chinab
Japanc
South
Koreac
USAc
Switzerlandc
Denmarkd
Swedend
UKd
Germanyd
a
b
c
d

Recycled
(%)

Landfill
(%)

Compost
(%)

Incineration
(%)

Othersa
(%)

–
17
49

52
3
36

–
0
0

45
74
14

3
6
1

24
34
27
33
28
47

54
1
1
1
28
1

8
16
17
16
17
17

14
50
54
50
27
35

0
0
1
0
0
0

Includes composting, pyrolysis, etc.
China Statistical Yearbook (2019).
Hoornweg and Bhada-Tata [57].
Cucchiella et al. [1].
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funding as the “863” research program and the China Torch Program
(CTP).
The refuge classification of waste management could make waste
more homogeneous and stable, improving the calorific value of material
and reducing the emission of pollutants [60]. Due to the benefit of waste
classification to the utilization of back-end resources [61,62], the waste
incineration industry gains huge business opportunities. On the one
hand, refuse classification strengthens the construction of municipal
solid waste treatment facilities, improves the calorific value of garbage
and reduces the cost of sorting for WTE incineration plants. On the other
hand, mandatory waste classification policy not only reduces pollution
emissions but also provides knowledge communication about WTE
incineration projects with the public, thereby achieving a
resourced-based and publicly acceptable development [63].

Table 5
Industrial policies of the WTE incineration industry (since the 13th five-year
plan).
Date

Policy

Main contents

Jun. 2015

VAT discount directory of
comprehensive utilization of
resources and services.
Regulation of guaranteed
acquisition of renewable energy
power generation
Suggestions for the further
enhancement of WTE
incineration treatment

A special 70% discount in VAT
(value added tax) is applicable in
the WTE incineration industry.
All the electricity generated by
WTE incineration plants will be
purchased by the state grid.
Proposing the urban yellow line
system for WTE incineration
projects; integrating WTE
incineration development into
urban management priorities;
establishing clean incineration
evaluation systems and standards
before 2017; by the end of 2020,
the incineration rate is no less than
50% in large and medium-sized
cities.
Promoting the implementation of
WTE incineration technologies in
large and medium-sized cities; by
the end of 2020, the incineration
rate is no less than 40%.
Encouraging the private sector to
invest in WTE incineration
projects through PPP
arrangements; by the end of 2020,
the incineration rate is no less than
50% in large and medium-sized
cities and no less than 60% in
eastern regions. The design
capacity of the WTE incineration
industry will increase from
235,200 t/d in 2015 to 591,400 t/
d in 2020, with the percentage of
MSW incinerated increasing from
34% to 54%.
By the end of 2020, a replicable
and popularized classification
mode of domestic waste will be
formed. In cities where the
compulsory classification of
domestic waste is implemented,
the recycling rate of domestic
waste will exceed 35%.
The rate of MSW incinerated will
increase from 38% in 2015 to 54%
in 2020, and a designed MSW
harmless disposal capacity of
509,700 t/d will be added during
the period of the 13th five-year
plan; encouraging private
investors investing/constructing/
operating WTE incineration
projects.
Emphasizing selection of
incinerators with advanced
technology, mature reliability and
strong adaptability to local
domestic waste characteristics;
Encouragement to build “BIMBY”
service facilities.
Selecting approximately 10 cities
with conditions, foundation and
appropriate scale, and carrying
out the pilot construction of “no
waste city”. The construction
index system of “no waste city”
will be established systematically
by 2020.

Mar.
2016
Oct. 2016

Nov.
2016

The national 13th five-year plan
of environmental protection

Dec. 2016

The 13th five-year plan on
national facility construction of
MSW harmless disposal

Mar.2017

Implementation plan for
classification system of MSW

May 2017

The 13th five-year plan on
national municipal
infrastructure construction

Feb. 2018

Environmental access conditions
for WTE incineration projects

Dec. 2018

“No waste city” construction
pilot program

5.3. Technological innovation
The most popular incinerators used in the WTE incineration industry
before 2010 were fluidized beds, because the technology was developed
independently and manufactured domestically as early as 1997. In
contrast, grate furnaces, which are widely used in such developed
countries/regions as Japan, the United States and Europe, were only
equipped in some eastern and economically developed areas in China
[59]. There are two reasons for this. Grate furnaces, which are usually
imported from foreign suppliers, such as the Mitsubishi-Martin grate
from Japan and the Seghers SHA multigrade grate from Belgium, were
too expensive to be utilized in most Midwestern regions as well as in
small and medium-sized cities [44]. Meanwhile, the imported grate
furnaces designed to treat MSW with high heating value and low
moisture content in developed countries are inefficient and ineffective in
treating China’s low heating value and high moisture MSW [13,59].
Since 2010, when WTE incineration was considered an effective
solution for government to alleviate the pressure of MSW disposal,
increasing numbers of large-scale enterprises with secondary develop
ment capabilities of imported technologies were becoming involved in
the WTE incineration industry. Such famous equipment suppliers as
Mitsubishi, Alstom, and ABB jointly developed specialized incinerators
to meet the requirements for WTE incineration by cooperating with
domestic PPP suppliers [11]. For example, based on technologies from
the Mitsubishi-Martin grate, Everbright International has independently
developed the multistage hydraulic mechanical grate furnace, which
matches China’s MSW characteristics and can be manufactured
domestically. Thus, the ratio of plants using fluidized beds was
decreasing due to various realistic reasons such as higher operation cost,
larger quantities of fly ash, etc. [33], and grate furnaces with low
operating costs and emissions were becoming increasingly popular and
were adopted in the majority of new WTE incinerators in large and
medium-sized cities. Fig. 10 summarizes the technical characteristics of
China’s existing WTE incinerators. It can be seen that the grate furnaces
surpassed the fluidized beds and have become the most popular kind of
incinerator since 2011. By the end of 2016, the market share of grate
furnaces was 69.33%. The technological innovations originally con
ducted by PPP suppliers have eliminated a critical obstacle to the sus
tainable development of the PPP WTE incineration industry.
In addition to incinerators, pollutant emission standards have been
promoted during the past decade for adoption by the WTE incineration
industry. Currently, the standards of several new WTE incineration
projects in municipalities and large-sized cities in eastern regions are in
consistent with those of developed countries (i.e., the EU). The flue gas
emission standards adopted in the Hangzhou Jiufeng WTE incineration
plant, for example, comply with the EU’s current standards (EU2000/
76/EC) [65]. Meanwhile, the technical specifications of grate furnaces
and fluidized beds define the equipment parameters and application
scope for reducing emissions (Table 6.). The improvement of pollutant
emission standards will help to reduce the potentially hazardous risks to
the environment and health of local residents, which may improve their
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moisture) and quantity (the potential amount of MSW supplied) of MSW
in a location may affect the investment, equipment selection, and
operational pattern for a specific WTE incineration plant [13] and are
crucial for the sustainable development of the WTE incineration in
dustry. However, low MSW quality with high moisture and low heating
value, as well as the insufficient MSW supply in some small cities, are
two of the main challenges affecting the sustainable development of the
PPP WTE incineration industry.
In terms of quality of MSW, China’s MSW has high moisture and a
low heating value (see Table 7). According to the World Bank, the
average minimal heating value of MSW for incineration should be no
lower than 6000 kJ/kg [67]. In China, to ensure complete combustion,
the average lower heating value (LHV) should exceed 4127 kJ/kg [68].
However, the average LHV of MSW is only 5337 kJ/kg, with large
fluctuations due to regions and seasons (the highest is 9436 kJ/kg in
Macao, while the lowest is 2810 kJ/kg in Xi’an) [69], which is far lower
than the 7500–10450 kJ/kg in developed countries or even such other
Asian counties as Korea (11,000–12200 kJ/kg) [70] and Malaysia
(9125 kJ/kg) [71]. The lower and variable heating value of MSW may
not only affect the stability of incinerator operations but also increase
operation costs, because the recycled heat is low, and auxiliary fuels are
needed to facilitate the incineration process. Meanwhile, the average
MSW moisture in China, which accounts for 48.12% of the solid mass
and varies due to differences in climate and lifestyle [69], is much higher
than in developed countries, where it ranges from 10% to 30% [72].
Therefore, such MSW pretreatment as drying and torrefaction are of
great importance before incineration but increase operation costs and
may cause secondary pollution.
In terms of the quantity of MSW, in contrast with PPP WTE incin
eration plants in large and medium-sized cities, where increasing MSW
is forcing incinerators to run at full capacity, some plants in small
Midwestern cities suffer heavy losses due to insufficient MSW supply.
Examples include the Kunming Wuhua WTE incineration plant in
2006–2008 and the Guangxi Laibin WTE incineration plant in
2008–2010 [9,10]. Small incinerators with a design capacity of less than
300 t/d are usually inefficient in terms of economy, technology, and
environmental protection, and have not been recommended by the
central government for investment after 2016 [7]. Moreover, in many
circumstances, the design capacity of a new WTE incinerator will be
higher than the existing amount of MSW generated in the region because
some surplus capacity needs to be reserved for potential future MSW
growth. However, due to the outflow of population and uneven devel
opment of regional economies, growth in MSW generation is sometimes
less than expected in some small cities, resulting in insufficient MSW
supply. This may lead to a series of problems in operating performance,
such as idle and damaged equipment, economic losses, and environ
mental pollution, which can severely affect the PPP WTE incineration

Fig. 10. Market shares of PPP suppliers in the WTE incineration industry.
(Source: CAEPI-CMD, 2010–2017 [64])
Table 6
Technical specifications of grate furnaces and fluidized beds.
Equipment

Parameter

Application
scope

Grate
furnaces

Treatment capacity ≥50 t/d;
Combustion temperature in furnace ≥850 ◦ C;
Flue gas residence time ≥ 2S;
Burning reduction rate of incinerator slag
≤5%;
Emission complying with the standard of
GB18485-2014.
Treatment capacity ≥200 t/d;
Combustion temperature in furnace ≥850 ◦ C;
Flue gas residence time ≥ 2S;
Burning reduction rate of incinerator slag
≤5%;
Emission complying with the standard of
GB18485-2014.

Municipal
sludge
Industrial
sludge
Domestic waste

Fluidized
beds

Domestic waste

public perception of the industry [66], and is of great significance to the
future sustainable development of the PPP WTE incineration industry.
6. Challenges
6.1. The quality and quantity of MSW
For PPP investors, the quality (i.e., the heating value and the

Table 7
Comparison of MSW composition between typical Chinese cities and other countries.
Nations/Cities
Beijing (2010)a
Guangzhou (2012)b
Chongqing (2014)c
China (2014)d
Finland (2010)e
USA (2011)f
Singapore (2019)g
a
b
c
d
e
f
g

Food

Paper

Plastic

Textile

Wood

Glass

Metal

Moisture

Heating Value

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(kJ/kg)

65.98
46.4
72.97
55.86
23.9
14.5
18

11.02
7.2
9.34
8.52
14.9
27.4
44

12.33
28
8.4
11.99
21.4
21.4
4

1.51
3
3.16
3.16
9.5
–
4

3.81
3.4
1.91
2.94
11.9
6.3
66

0.96
1.3
1.46

0.3
0.1
0.36

2.5
4.6
14

3.8
8.9
99

62.93
62.2
54.15
48.12
29
–
–

4513
8272
4523
5337
15,000
–
–

Wang and Wang (2013) [73].
Zhang et al. (2015) [59].
Zhang et al. (2014) [74].
Zhou et al. (2014) [69].
Horttanainen et al. (2013) [75].
U SEPA (2014) [76].
National Environment Agency (NEA), Singapore (2008) [77].
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perceive, local residents are keen to be involved in, and obtain an ability
to have an input into LULU siting decisions and usually become angry
because the authorities are being unfair [83].

industry’s sustainable development.
In addition, the waste incineration industry also faces several chal
lenges regarding waste classification. On the one hand, waste classifi
cation may not bring high heat value, because many residents may still
not be able to participate in waste classification and meet waste classi
fication standards automatically [78]. On the other hand, waste classi
fication brings a high caloric value but fewer combustion materials.
There is still no evidence to show whether calorific value hedging would
reduce generation benefits [63].

6.3. Policy changes
Policy changes bring policy environment challenges to WTE incin
eration projects with regard to PPP implementation. A series of policy
documents related to the financing of PPP specifications have been is
sued by the Central Government, the Ministry of Finance, the National
Development and Reform Commission and other departments since
2014 (Fig. 11). The gradually upgrading and constantly changing PPP
implementation situation has been presented with these policies [84].
After rapid development of PPP projects from 2014 under supporting
policies, thousands of PPP projects were purged from the PPP projects
data center since 2017 based on strict PPP definition criteria.
Influenced by PPP policy changes, primary researchers have found
that local government debt flow rapidly rose after the introduction of
PPP projects, and there is a significant positive correlation between PPP
capital amount and the stock of debts [85]. In addition to explicit debt,
long-term subsidies for PPP WTE projects increase the hidden debt of
local governments stemming from government subsidy influenced by
political considerations (outside the legal provisions and the terms of
contracts) [86]. Meanwhile, local government financial resource
reduction and debt risk increase within the context of the new round of
fiscal and taxation system reform, especially under the unprecedented
tax reduction efforts [87].

6.2. Public opposition
As one kind of Locally Unwanted Land Use (LULU) facility, WTE
incinerators are deeply influenced by the Not-in-My-Backyard (NIMBY)
syndrome around the globe, because their benefits (e.g., efficient and
effective MSW treatments) are usually broadly distributed, while most of
the costs (potentially hazardous risks, such as stench and dioxin) tend to
be localized [79]. Protests against incinerators, or anti-incinerator
campaigns, have been documented in many regions, including the
United States [80], Canada [81], Europe [82], and Asia [8]. In China,
continuous public opposition from local communities, eventually man
ifesting as mass incidents, has led to the failure of WTE incineration
projects in many cities (see Table 8). It has also been observed that
anti-incinerator campaigns have evolved from technical and environ
mental problems into sensitive social issues that have become major
threats to social stability [1]. Thus, public opposition from local com
munities caused by the perceived environmental and health hazards
involved is regarded a critical obstacle to the sustainable development of
the PPP WTE incineration industry.
The perceived environmental and health risks and low public trust in
PPP WTE incineration authorities, as well as the traditional DecideAnnounce-Defend (DAD) decision-making approach adopted by local
governments, are considered the possible causes of public opposition
[81,83]. First, the potential risks that PPP WTE incineration facilities
create for local residents are related to health and environment and are
considered the core reason for the current prominent lack of credibility
and trust over WTE incineration in China [48]. Second, a steady flow of
environmental pollution and health hazards originating from the oper
ation of PPP WTE facilities has severely decreased public trust in, and
the credibility of, such PPP WTE authorities as local governments and
operators. In addition, the top-down, closed DAD decision-making
approach adopted by local governments may be the root cause of
emerging anti-incinerator campaigns all over China. Rather than being
generally opposed to WTE incineration facilities as observers may

6.4. Sustainable development dilemma
Another urgent challenge currently facing the PPP WTE industry is
the sustainable development dilemma, which is referred to as “the
tragedy of the commons” caused by a highly competitive market and
insufficient market regulation. The great market potential has attracted
a large number of state-owned or private enterprises, such as China
Environment Protection and Shengyun Environment, to the industry–
significantly enhancing market competition. Accordingly, the increas
ingly fierce market competition has led to a continual decline in MSW
disposal subsidies. It is estimated that, in order to maintain the break
even point of an incinerator with a design capacity of 600 t/d, the
subsidy per ton of MSW disposal should be CNY 65–70 [58,69]. How
ever, the subsidies provided in many concession contracts signed in the
last five years were far below this, especially in some medium and
small-sized cities (see Table 9).
In spite of the unequivocal improvements in the performance of WTE
incineration, plants may be effectively induced by sunshine regulations
and daily administration [55]. Low subsidies may also lead to financial
losses and to financial pressures on PPP WTE incineration project op
erators. To obtain profits, PPP operators try their best to increase rev
enues, as well as reduce operating costs. Some PPP operators win the
bidding through low prices first and then try to find ways to raise the
subsidies through negotiations by the usage of “incumbent advantages”.
Meanwhile, PPP operators often try to reduce their operating cost by
reducing the pollutant emission standards and illegally disabling envi
ronmental protection equipment, resulting in a series of issues (e.g.,
environmental pollution and safety accidents) affecting public percep
tion of the WTE incineration industry, which is closely associated with
public acceptance of the industry. Given the immature state of the reg
ulatory system in the WTE incineration industry, this strategy is often
effective in reducing the operating costs of incinerators It can also be
observed from the frequent administrative penalties made by various
local governments that the past and current environmental operating
performance of many PPP WTE incineration plants is failing to meet
national pollutant emission standards.
Thus, low subsidies caused by high market competition may lead to
financial losses or such low operating performance as excessive

Table 8
Public opposition events caused by WTE incineration since 2014.
Year

Province

Main Events

2014

Zhejiang

2014

Hubei

2015

Jilin

2016

Tianjin

2016

Hubei

2016

Jiangsu

2016

Zhejiang

2016

Guangdong

2016

Zhejiang

2017

Hainan

The Ningbo Fenglin plant was strongly opposed by the local
residents and closed before the scheduled closure date.
The North Hankou plant was strongly opposed by the local
residents and closed before the scheduled closure date.
The Siping plant was strongly opposed by local residents and
suspended.
The Jixian plant was opposed by thousands of local residents
and forced to stop construction.
The Xiantao plant was strongly opposed by locals and
officially cancelled by the local government.
The Nanjing Luhe plant was strongly opposed by locals and
officially cancelled by the local government.
The Haiyan plant was strongly opposed by locals and
officially cancelled by the local government.
The Zhaoqing plant was strongly opposed by locals and
officially cancelled by the local government.
The Hangzhou Qiaosi plant was strongly opposed by local
residents and closed before the scheduled closure date.
The Wanning plant was strongly opposed by local residents
and suspended by the local government.
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Fig. 11. Distribution of PPP policies.
Table 9
Summary of the low subsidies of typical PPP WTE incineration concession contracts.
Plant
The
The
The
The
The

Gaoyou WTE Plant
Bengbu WTE Plant
Lianyungang WTE Plant
Songyuan WTE Plant
Panzhihua WTE Plant

Location
Jiangsu
Anhui
Jiangsu
Jilin
Sichuan

Operation time
2015
2015
2010
2015
2015

Designed capacity

Total investment

Disposal subsidies

(t/d)

CNY, Millions

CNY/t

700
1210
800
1000
800

350
504
250
307
368.42

26.5
26.8
30
30
38.5

pollutant discharges and safety breaches, which are closely associated
with local residents’ perception of WTE incinerators. Both financial
problems and low operating performance may affect the sustainable
development of the PPP WTE incineration industry.

Private sector
Tianjin TEDA Environment
Dynagreen Environment
China Everbright International
Jinjiang Environment
Zhejiang Wangneng Environment

these obstacles, the governments should first strengthen their daily
administrative supervision of the operational performance of existing
WTE incinerators, especially those frequently occurring issues such as
financial losses and environmental pollution. Second, a better market
supervision system needs to be established to effectively regulate the
behaviors of PPP suppliers and then facilitate ordered market competi
tion. Governments also need to guide the orientation of private invest
ment to promote market concentration, as well as the PPP WTE
incineration industry’s market maturity in China. Moreover, for incre
mental plants, involving the public in siting/operating processes by a
more open and democratic approach in the decision-making stages and
increased transparency over the whole life cycle is crucial and essential
in the delivery of sustainable PPP WTE incineration projects. Finally, an
appropriate and feasible MSW separation system should be established
to improve the quality of MSW incinerated.
For private interests that have entered or intend to enter the Chinese
WTE incineration market, due to the increasing MSW generation as well
as preferential policies, the PPP WTE incineration industry in China has
a promising market prospect. However, the negative public perception
caused by poor operational performance (e.g., environmental pollution
and falsified emission data) and the low subsidies caused by malignant
competition, have restricted its further development. Given that an or
dered market is crucial for the sustainable development of the PPP WTE
incineration industry, private sectors may also contribute their own

7. Summary of results and implications
By offering an insight into the current practices of PPP in the WTE
incineration industry, this study contributes to both governments and
private sectors by identifying the opportunities and main obstacles
facing the PPP WTE incineration industry of China, which is crucial for
the establishment of a sustainable MSW disposal system, by which a
large amount of renewable energy is generated. Other developing
countries interested in using PPP and WTE technologies to build a sus
tainable MSW disposal system and maximize the recovery of renewable
energy from MSW generated domestically can also learn from the pre
sent overview by referring to China’s political, economic, social, tech
nological, environmental and legal framework in the PPP WTE
incineration industry while avoiding similar obstacles.
For the central and local governments, although rapid growth has
been achieved in the WTE incineration industry over the past decades,
weak daily supervision, emerging public resistance and the chaotic PPP
WTE incineration market have heavily affected the sustainable devel
opment of the PPP WTE incineration industry in China. To overcome
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strengths through the following actions. First, gain competitive advan
tages through diversified competition (e.g., advanced technologies and
higher emission standards) rather than malignant price wars. Second,
the public perception should be significantly improved by operational
performance promotion, emissions reductions, transparency, public
involvement, etc.
For other developing countries interested in accelerating their do
mestic WTE incineration industries through the PPP arrangement, there
are also managerial recommendations drawn from China’s practices that
will be beneficial for building healthy and sustainable PPP WTE incin
eration industries. On the one hand, legislation and corresponding in
dustrial promotion policies at the national level are crucial in initiating
and facilitating a PPP WTE incineration industry. On the other hand,
under the background of a globally intensified anti-incineration
campaign, an open, transparent, and public-involved democratic
decision-making approach should be adopted by governments to
respond effectively to rising Nimbyism (Not-in-my-backyard). In addi
tion, although PPP can provide an effective solution for rapidly devel
oping the WTE incineration industry by taking advantage of the massive
investment and competitive management capabilities of the private
sector, the performance of many PPP WTE incineration projects is
heavily influenced by moral risks of profit-driven SPVs, such as the
overstandard emissions of pollutants and corruption. Thus, effective
daily administrative supervision should be established correspondingly,
as it plays a vital role in the sustainable development of the PPP WTE
incineration industry.
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Effective and efficient MSW management, as well as a reliable
renewable energy supply, are considered key issues in achieving China’s
sustainable development goals, and PPP WTE incineration provides an
effective and integrated solution. By using up-to-date data drawn from
2004 to 2019 Chinese Statistical yearbooks, such industry associations
and authorities as governments and PPP operators, and current prac
tices, the market prospects and main obstacles for the PPP WTE incin
eration industry have been summarized. The results show the PPP WTE
incineration market in China is currently under a period of rapid
expansion, and a large number of well-funded and highly professional
PPP suppliers have emerged during recent decades, while its market
concentration is significantly low. Meanwhile, the great market poten
tial and preferential policies promulgated by the central and local gov
ernments, as well as booming technological innovations, provide
sufficient motivation for further development. However, the quality and
quantity of MSW, emerging public opposition, and the sustainable
development dilemma are to be considered the main challenges to the
sustainable and healthy development of the PPP WTE incineration in
dustry in China.
The current study makes strong contributions and has both theo
retical and practical implications. Theoretically, this study presented a
detailed overview of the status, opportunities and challenges of China’s
PPP WTE incineration industry, which contributes to the body of
knowledge related to PPP WTE project management. The findings can
also guide researchers in selecting research topics in the future by
providing the status quo of the PPP WTE industry. Practically, the
findings drawn from the current study not only have important impli
cations for both governments and private sectors by identifying the
opportunities and main obstacles facing the PPP WTE incineration in
dustry of China but also provide guidelines for other developing coun
tries interested in developing PPP WTE projects.
Although the objectives of this study have been achieved, there are
limitations. The present study summarizes the market prospects and
major obstacles of China’s PPP WTE incineration industry at the na
tional level, while there are differences in levels of economic and social
development between the eastern and western regions of China. Thus,
the market prospects and main obstacles faced by different regions may
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