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Abstract

The only proven alternative for the recovery of value from materials that cannot be recycled is waste to energy (WTE). The
first part of the paper provides evidence as to the advantages of WTE over landfilling and examines the role of WTE in the
urban environment. The second part of the paper is a holistic analysis of the legislative instruments used in China, that have
led to the construction of nearly 400 plants from 2005 to 2019. The Chinese government was instrumental in the develop-
ment of Public and Private Partnerships (PPPs), in form of Build-Operate-Transfer (BOT), or Build-Own-Operate (BOO)
models with a lifetime of 20 years to 30 years. The government accepts most of the investment risk by participating in the
equity structure, providing strong tax and policy incentives, and becoming fully engaged in public education and accept-
ance of new WTE projects. The construction and operation of these plants by the private sector had to comply with the
governmental performance standards in order to receive incentives, such as an appreciable credit over the price of electricity
received by coal-fired plants. The last part of this paper examines how the elements of the Chinese renewable energy and
waste management laws, may be transposed to federal and state legislation for potential application in countries of the Belt

and Road Initiative (BRI) region.
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The role of waste to energy in the urban
development

The order of priority and the applicability of sustainable
waste management methods can be represented graphically
by the Hierarchy of Municipal Solid Waste (MSW) Manage-
ment (USEPA [1], where sanitary landfilling is given a lower
priority than waste to energy (WTE) (European Commis-
sion [2], although it is less costly to implement. One reason
for this is that sanitary landfilling requires much land and
has much higher environmental impacts than WTE. WTE
contributes to the energy demand, sustainable waste man-
agement, greenhouse gas emissions reduction and land and
resource preservation of cities by transforming waste mate-
rials into energy and materials [3-5]. WTE recovers two

< A. C. (Thanos) Bourtsalas
ab3129@columbia.edu

Earth and Environmental Engineering, Columbia University,
New York, NY, USA

forms of energy from the combustion of residual MSW: (a)
electricity (0.4—-0.5 MWh/t of waste), and/or (b) steam (>0.5
MWh/t) that can be used for: (i) district heating/cooling,
and/or (ii) the industry, e.g., desalination, wastewater plants,
paper mills, etc. Also, WTE allows the recovery of metals
and minerals from the WTE bottom ash residue [6].
Although research and development in this area
has existed for about one century, combustion based WTE
is the only proven and dominant method for the thermal
treatment of wastes. The other thermal treatment technolo-
gies available, pyrolysis and gasification, are currently under
development and not proven for mixed waste materials. How-
ever, we should differentiate between the highly technical
engineering process of combustion of wastes from the incin-
eration of wastes that occurs in thousands of sites that do
not recover energy, often process only hazardous materials,
and operate without advanced state-of-the-art Air Pollution
Control (APC) systems. Therefore, conventional incinera-
tion differs significantly from the high-end process of com-
bustion based WTE plants that operate with advanced APC
systems, and comply with stringent air quality standards, and
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the main feedstock to the plants is non-hazardous urban and
industrial residues [7]. Additionally, considering that these
plants operate at high temperatures, about 850-1000 °C,
the process significantly destroys the pathogens contained
in the wastes. It produces an inert material, the bottom ash,
at about 20%—25% (in weight) of the initial feedstock that
is processed for metal recovery and the remaining mineral
fraction is often used for civil engineering applications, and
the fly ash or APC residues, at about 1%-3% (in weight)
of the initial feedstock, which is a hazardous material and
is stabilized with cement and disposed of in landfills. Both
materials used or processed and disposed of in landfills must
comply with stringent leaching and civil engineering stand-
ards [8]. On average, WTE reduces the volume of wastes by
90% [3, 5, 71.

The contribution of WTE to the global renewable energy
supply from the combustion of the biogenic fraction of the
waste is about 1%. The global WTE market was valued

at about US$9 billion and is expected to increase to over
US$25 billion by 2025, an increase of about 5.5%—6% per
year, according to conservative estimates [9] that is mainly
driven by China, which indicates >6%—7% increase in WTE
capacity per year, and nations of SE Asia, Africa, and SE
Europe, similar to the Belt and Road Initiative (BRI) bound-
aries [10]. For the EU, this is also supported by the recent
peer reviewed calculations that showed that 142 million
tonnes of residual waste treatment capacity will be needed
by 2035 in order to fulfil the currently set EU targets on
municipal waste, assuming that the current ambitious recy-
cling targets will be achieved for commercial and industrial
waste. Current EU WTE capacity is 90 million tonnes and
the capacity for co-incineration is around 11 million tonnes.
This leaves a gap of around 40 million tonnes [11, 12].
The potential of WTE for urban development has been
recognized by the International Energy Association (IEA)
(Fig. 1; [7]), the United Nations Framework Convention

Fig. 1 Urban development according to the International Energy Agency [4]. Adopted by IEA
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on Climate Change [5], the Intergovernmental Panel on
Climate Change report [13], and others. According to the
IEA, the technical potential electricity and heating supplies
from MSW, wastewater and sewage gas, are estimated to
be 830 TWh of electricity and 2400 TWh of district heat by
2050, or <4% of urban electricity needs in 2050 in the ‘2 °C
increase scenario’ (2DS). If the heat is entirely used for dis-
trict cooling and by assuming a coefficient of performance
of 1.6, the cooling energy will be 3860 TWh. MSW and
wastewater are associated with significant public health and
economic costs, and WTE can provide additional revenue to
urban development plans that include energy and material
recovery from urban and industrial residues. Smaller cities
and towns can collaboratively develop strategies and jointly
operate a WTE plant [3, 7].

The perception that WTE facilities are undesirable neigh-
bors from an esthetic viewpoint has also been an obstacle to
the development of WTE. However, modern WTE facilities
operating in the US, Europe, Japan, and China are designed
with this concern in mind. WTE plants located in the center
of architecturally sensitive cities, such as Vienna, Osaka,
and Paris, have shown that such plant designs are compat-
ible with local esthetic requirements. An analysis of primary
data by the Earth Engineering Center of Columbia Univer-
sity (EEC) showed that the average distance of WTE plants
from the city center is about five kilometers, as shown in
Fig. 2 [14], and the capacity of these plants is between 50
t/d and 5500 t/d. Most of the plants in Japan and the EU are
located close to city centers. Most of the outliners in Fig. 2
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are plants located in the US. Additionally, the EU Directives,
one of the most comprehensive and stringent pieces of legis-
lation on waste management, in the period 1995-2017, have
resulted in the reduction of landfilling by approximately half.
This was achieved by increasing the recycling/composting
rates and by increasing the WTE rates, as shown in Fig. 3
[15].

Policy and fiscal tools for WTE deployment

Policy and economic incentives are required to support the
deployment of waste management infrastructure, along
with standards for renewable energy production, e.g. the R1
efficiency formula of the EU, and pollution control, e.g.,
the Waste Incineration Directive [17] or later the Industrial
Emissions Directive [18] of the EU, and the US Maximum
Available Control Technology (MACT) standards of the US
EPA [19]. Among the success factors in supporting WTE
in communities are sustained national subsidies, technical
assistance and capacity-building for implementing this tech-
nology and attractive credits for operation.

Incentives are often associated with regulations at the
national and municipal level that advocate the diversion
of wastes from landfill disposal, e.g., the EU approach of
imposing a landfill tax [20]. The main challenge of the land-
fill ban for low-income communities is the consideration that
low charges may not provide sufficient incentives against
landfilling, while high charges may lead to illegal disposal.
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Fig.2 WTE capacity (x-axis) vs. distance of WTE from city center (y-axis). The analysis represents all the about 1000 WTE plants of the world

(analysis based on data obtained from [16]). WTE waste to energy
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Fig.3 Changes in EU generation and disposition of MSW 1995-2017 (EEC graph based on Eurostat data). MSW municipal solid

waste, EEC Earth Engineering Center of Columbia University

Other incentives relate to the credit that the WTE receives
for renewable energy production. For example, feed in tariffs
or the issuance of tradable green certificates with a guar-
anteed minimum market value for capacity installed. The
European Renewable Energy Directive has been a successful
way to encourage waste-to-energy technologies in Europe
[21], amended as [22].

Subsidies are often in the form of partial-grant financing
or another type of favorable financing instrument, such as
soft loans or guarantees provided by international financing
institutions and national governments. Efficient investment
promotion can be provided through a tax-exempt/renewable
energy credit and/or through land permits and subsidized
land.

In general, the strategies for supporting WTE deployment
should (1) establish policy and government responsibility,
(2) internalize externalities, social acceptance, stakeholder
engagement, and investor mobilization, (3) provide eco-
nomic incentives and price support, and (4) set up compre-
hensive performance evaluation program [23].

An excellent summary on the policy direction of WTE
deployment can be found in [24].

Environmental impacts related
to the management of post-recycled wastes

Several studies have been conducted on the environmental

benefits of WTE plants, such as country-level assessments
on dioxins/furans [25-29] and greenhouse gases, over the
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only proven alternative for the management of post-recycled
wastes, landfilling [2-4, 13, 30-37].

One of the main advantages of WTE over landfilling is the
reduction in methane emitted during the landfilling of waste
materials. A recent study on US landfills [38] concluded that
methane emissions from landfills are on average 0.05 t CH4/t
of waste landfilled. Assuming that the potency of methane
is 8486 that of CO,, in a 20-year horizon (IPCC), US land-
fills potentially emit up to 4.3 t CO,_./t of waste landfilled.
According to current GHG inventories, landfills are the 3rd
largest source of anthropogenic methane globally and in the
United States [39]. However, new data suggest that landfill
emissions, and the opportunity to reduce them, are much
greater. A series of recent studies employing direct measure-
ment of methane plumes via aircraft downwind of landfills
have shown that measured emissions average about 2.3 times
the modeled emissions reported in current GHG inventories
[40-44]. Based on this growing set of data, the total 2019
US landfill methane emissions, as reported in US EPA [39]
were 4.58 MMT CH,, and by adjusting US inventory with
the 2.3 factor, yields total landfill emissions of 10.5 MMT
CH,. Total agricultural sector emissions, including enteric
fermentation, manure management, rice cultivation, and
field burning of agricultural residues, were 10.26 MMT CH,
[39]. Thus, landfill methane emissions are comparable to the
methane emissions from the entire agricultural sector.

The emission of CO, from 1 tonne of MSW combusted
in WTE is significantly lower, considering that 28% of C
combusted to CO,, and there is not methane production
[2, 12, 45-50]. Also, further reductions of CO, emissions
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are attenuated for the WTE industry, provided a few recent
developments that enable carbon capture and storage (CCS).
Aker Solutions, the Netherlands and Norway, has developed
a technology that is called ‘Just Catch’ and can capture
10,000-100,000 ton/year of CO, with a standardized design
that can be used in fossil fuel plants, cement factories, and
WTE facilities [51, 52]. The Norwegian Government has
initiated a full-scale CCS project in the Fortum Oslo Varme
waste-to-energy plant, which in conjunction with the Hei-
delberg Norcem cement factory in Telemark will capture
around 400,000 tons of CO,. The total cost of the project
(investment and operating costs for five years) is estimated at
13.1 billion NOK (about US$1.4 billion) [53]. Finally, recent
developments in the UK, are using Accelerated Carbon
Technology (ACT for the production of lightweight aggre-
gates from WTE fly ash residues, which indicates significant
potential in further off-setting WTE CO,_, emissions [54].

The growth of WTE in China

In China, a phenomenal growth is observed with the deploy-
ment of WTE plants with exponential growth since the
beginning of the century, as shown in Fig. 4. The number
of plants increased by about 400 WTE plants from 2000 to
2019 [55, 56], and the installed power capacity was >8 GW
[57]. In 2019, the combined capacity of the plants in China,
about 130 million t/a year or 402,000 t/d [57], was higher
than the combined capacity of the EU and US plants, about
127 million tons [58, 59].
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A comparison of the capital investment required in sev-
eral countries of the world is provided in Fig. 5 [56]. China
has demonstrated that it is possible to reduce the capital
cost of WTE plants by means of industrial and academic
Research and Development (R&D), and mass production,
instead of one plant at the time. In addition, the govern-
ment was accepting most of the risk of the investment by
participating in the equity structure, by providing strong
tax and policy incentives, e.g., land permits, disposition of
residues, energy credit, etc., and becoming fully engaged in
public education and acceptance of new WTE projects. All
these actions were associated with significant reductions in
the capital required for WTE. For instance, the WTE plant
in Dublin, Ireland, was commissioned in the late 1990s but
opened in 2018, mainly associated with the public oppo-
sition of the project. The capital investment required was
about US$1200/t, compared to about US$672/t of the West
Palm Beach plant in the US, and about US$190/t of the plant
in Nanjing, China [56].

Policy structure that encourages WTE

Despite higher capital and operating costs than sanitary
landfills, a growing number of cities in China have built
or are planning to build WTE facilities. The success of
the Chinese developments was associated with the very
strong support that the sector received from the national
and local governments, including tax incentives, such as
corporate income tax exemption for the first five years of
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Fig.5 Capital investment in WTE plants (in US$/annual ton capacity) by country (adjusted for Exchange Rates and Inflation) [56]

operation, electricity subsidies, and municipal subsidies
through waste disposal fees [60—64]. In addition, govern-
mental authorities have taken an active role in alleviat-
ing public opposition to WTE developments [61, 65]. For
example, the construction of the Nanjing WTE plant faced
significant public opposition, which was mitigated by the
application of actions, ranging from a visit of Nanjing’s
waste management stakeholders to the Suzhou WTE facil-
ity, public and media engagement, and advocacy of the
positive effect of the proposed WTE in alleviating local
poverty. Between 1990 and 2015, the annual governmen-
tal expenditures in equipment and infrastructure for MSW
management increased by 60 times. The national govern-
ment of China invested US$12.3 billion in the WTE sector,
in the period from 2011 to 2015, resulting in a dramatic
reduction in improper landfilling and the conservation of
land resources [66—69]. In addition, the 13th Five Year
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Plan (FYP) allocates more than US$40 billion of funding
to new facilities [70, 71].

A summary of the national policies that advocated WTE
development is presented in Supplementary materials S1.
National policies included WTE as a form of renewable
energy, with the first augmentation seen in the renewable
energy law of 2005, where the national government accepted
most of the risk of the investments, by advocating effec-
tive Public and Private Partnerships (PPPs) [60, 61, 72].
The laws and the following amendments enforced energy
purchase obligation by the national grid, and the creation
of a renewable energy development fund, which is financed
by budgetary allocations from the Central government, is
associated with significant deployments in the sector [69].

One of the most important policies was the increase in the
feed-in tariff for MSW combustion up to US$ 0.11/kWh
of electricity [60, 69]. WTE plants can sell their excess
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electricity to the grid at a price of US$0.09/kWh, whereas
coal-fired plants receive a price of US$0.06-US$0.07/kWh
of excess electricity [60]. The price of electricity produced
by WTE plants ranges between US$ 0.08-0.13/kWh; in
comparison, the price of electricity from coal fired power
plants ranges from US $0.03-0.05/MWh [56]. In addition,
WTE facilities receive an $10-40 per ton of waste subsidy
from the local government that also provides low-cost loans
and fiscal support to the project [73].

In most of the WTE developments, the local or national
government will provide a significant part of the initial capi-
tal investment and will seek private investors that are able
to provide 30% of the initial capital [68] and meet the finan-
cial, technical and environmental performance requirements
asked by the national government. The Central government
often provides tax exemptions on 5% earned revenue [68].
This combination of measures makes WTE development
economically attractive and sends strong signals to the WTE
industry to identify methods to advance energy production,
and to invest in research and development in collaboration
with major academic institutions [63, 69, 73].

In terms of PPP efficacy, the Chinese government fol-
lowed a structured approach by using market tools to elimi-
nate financial risk associated with WTE development by
creating strong signals and securing private investors and
firms, and by aiding the welfare of the communities. It was
able to create strong links and mutual interest during the

@Credit guarantee
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deliberation between the several stakeholders engaged in
the development. The Chinese government mainly promoted
Build-Operate-Transfer (BOT) or Design-Build-Operate-
Transfer PPP models, as it allows the financial risk to be
shared among the involved entities; however, Build-Operate-
Own models are often observed [49, 61-63]. A schematic
of a typical PPP financial model of WTE project in China is
presented in Fig. 6. The government grants the construction
and operation of the facilities to an enterprise, which is then
responsible for the investment, financing, design, construc-
tion, and operation of the WTE plant. The local government
pays waste disposal fees to the WTE plant and ensures that
the electricity generated by the plant is sold to the national
grid. After a period of operation, usually 20-30 years, the
facility is transferred to the public entity [46, 50, 64, 68, 69].

WTE development in the BRI region

In 2015, the Chinese government introduced the BRI to pro-
vide financial support to nations of the defined region (Green
BRI; [74]). This is a significant opportunity for the nations
of the Green BRI (G-BRI) region to advance sustainable
waste management and alleviate the public health problems
associated with the current improper management of waste
materials.
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Fig.6 Typical PPP financial model in WTE deployment in China
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In specific cases of the BRI region, energy recovery from
wastes (WTE) in India has progressed at a slow pace, with a
current capacity of under 300 MW of electricity; however, a
national plan in place to advocate source separation of recy-
clables and use of the post-recycling wastes as fuel in WTE
power plants can accelerate the transition from waste dumps
and landfills to WTE (IEA [70]). The Swachh Bharat Mission
is incorporated within the Smart City Proposal and considers
two components: (IV) Solid Waste Management (75% Cen-
tral contribution), and (V) Public Awareness (75% Central
contribution) [75]. The government released the Manual of
Sustainable Waste Management [76] and their influential gov-
ernmental think tank drafted the 3-year action plan [77], which
included the construction of up to 100 WTE plants [78]. The
plan is aimed at managing some 170,000 t/d of waste gener-
ated in about 8000 larger municipalities. It has also suggested
the establishment of a new Waste to Energy Corporation of
India to aid the development of public—private partnerships for
building these plants, and establishing regional field offices to
assist and monitor the progress of the projects. Also, in many
states, WTE investment is supported by feed-in-tariffs, e.g.,
Uttar Pradesh [79], through inclusion in the local renewable
energy law, e.g., Karnataka [80], or by providing tax exemp-
tions and land, e.g., Gujarat [76]. Conversely, low rates of col-
lecting and treating MSW hinder sector expansion [81].

Thailand is also in the early stages of WTE deployment.
Electricity generation from WTE is expected to increase to
over 200 MW by 2021 and the government has a long-term
target to increase WTE capacity to 550 MW, under the Alter-
native Energy Development Plan. A regulation is in place
that provides $155-$190/MWh to WTE plants. In Indonesia,
a national plan has been announced for the construction of
WTE plants in twelve major cities of the country by provid-
ing a WTE electricity price of US$133/MWh. Similar is the
case in Pakistan, where US$100/MWh is provided to WTE
plants, two of which are under construction in Lahore and
Islamabad [70, 81].

A PPP of a Chinese public entity outside China was
developed in the case of the Reppie WTE facility in Addis
Ababa. The project was constructed by China National
Electric Engineering Co., Ltd. (CNEEC, Beijing, China),
and was fully financed by the Ethiopian government; it is
expected to process 1400 tons of solid waste daily and is part
of the national plan to become an environmentally-friendly
middle-income economy by 2025. At the inaugural event,
the President of Ethiopia welcomed the advocacy of Chinese
enterprises to participate in green infrastructure projects in
Africa [82, 83].

As part of the BRI, in November 2019, Greece signed
16 MoUs with China on trade, infrastructure and culture
[84], and many other nations of the BRI region, e.g., Alge-
ria, Italy, and Switzerland, are keen to participate in similar
cooperation agreements.

@ Springer

Challenges and opportunities in cities
of the BRI region

A significant challenge is associated with the creditwor-
thiness of the BRI nations, especially the countries that
belong to developing/emerging economies, where it is
estimated that only 20% of the 500 largest cities are con-
sidered creditworthy [70]. Another obstacle is the low
Willingness to Pay (WTP) for WTE by the municipality or
the government who participate in a PPP, e.g., by means
of a waste disposal fee, as has been the case for China,
or by means of equity participation (e.g., in the case of
the Baku WTE). An aspect of significant importance
is the Willingness to Accept (WTA) by citizens/voters
of a possible increase in the waste disposal fee, or the
municipal tax that includes waste management for WTE
development.

In addition, countries of the BRI region often have
underdeveloped waste collection services, segregation
infrastructure and recycling which significantly affect the
quality of the fuel that can be processed in WTE plants,
considering that moisture and low calorific value wastes,
e.g., food, are not removed upstream [6]. Other challenges
observed in the BRI economies are the high expectations
the local stakeholders usually have from the private enti-
ties that participate in the consortium, the low level of citi-
zen compliance, inadequate public information/education
that also results in low public acceptance of the projects,
and lack of local expertise in WTE processes. Also, in
most cases, obstacles that impede WTE deployment are
fiscal and political fluctuations, high financing costs for
WTE facilities, and institutional and regulatory hurdles
associated with permitting.

These characteristics do not allow the establishment
of strong relationships between the several stakeholders
and entities interested in WTE deployment, and often the
deliberations are concluded unsuccessful. A typical chal-
lenge and opportunity for BRI regions is the practice of
informal recycling. According to the UN, about 2% of the
population in developing/emerging nations derives their
income from this activity [81, 85, 86]. The main challenge
is that these groups are not keen to be part of the formal
system, since they are isolated by the communities and
their contribution to waste management is underestimated
or neglected. Thus, inclusion of these groups into the for-
mal system will require social adjustments that citizens are
often not eager to accommodate. Experiences by authors
in India, Indonesia, and Mexico and observations by other
researchers indicate that indirect incentives must be pro-
vided for the inclusion of informal recycling in the formal
sector of the economy. These incentives can be provided
through, housing or the provision of health services, etc.,
but it is still very challenging to bridge the social and
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cultural gaps between the groups of informal recyclers and
the citizens of urban centers [87]. In China, they included
informal recyclers as workers in new WTE plants because
of their professionalism and familiarity with waste streams
and actors in the market. However, informal recycling is
still present mostly in rural areas where these groups con-
tribute to the economy, and they derive an income that
otherwise has to be provided by the government [86].

The Green BRI can act as the bridge between the
knowledge accumulated by Chinese companies during the
construction of hundreds of WTE plants, and the waste
management needs of nations in the BRI region. As an
indication of the significant contribution China can con-
tribute to the deployment of WTE in other nations, Zhe-
jiang University, sister academic institution of Columbia
University in sustainable waste management, has become
the National Center on Waste Combustion, with several
WTE pilot facilities and a training center for engineers,
managers, and policy makers. The Center operates in col-
laboration with major Chinese WTE companies and other
universities in China and abroad. A ‘Green’ Belt and Road
Initiative (G-BRI) can aid the deployment of WTE in the
participating nations by providing significant capital and
security to the required investments. The Green BRI can
aid the participating cities of other nations in obtaining
similar benefits to those already observed in hundreds of
Chinese cities, closing of waste dumps and replacing them
with state-of-the-art WtE plants that provide both renewa-
ble energy and GHG reductions. However, as noted earlier,
these new plants must employ the best available technol-
ogy and comply fully with EU, US, and recent Chinese
standards. In addition to strict environmental standards,
performance-based indicators should be used to ensure the
sustainability of the projects, and the defined subsidy or
award in return. Therefore, it is absolutely necessary for
public entities in the BRI region to ensure the sustainabil-
ity of Green-BRI-supported WTE projects, by providing
and monitoring measures and avoiding a particular WTE
plant to stigmatize the WTE technology that by now has
proven successful in over one thousand plants all over the
world.

Creditworthiness, accountability, and service delivery
practices are essential in effective urban investment strate-
gies. Technical assistance and capacity building programs
are needed to support BRI cities in bringing order to their
financing and accounting practices, thus improving credit
ratings and becoming creditworthy. Results-based financ-
ing can directly address the construction, operation, and
counterparty risks in infrastructure investments. For exam-
ple, environmental impact bonds can be used and/or energy
service companies can provide either ‘shared-savings’ or
‘guaranteed savings’ energy performance contracting (EPC)
for upfront results-based WTE investments. An excellent

summary of the financing mechanisms can be found in
GPRBA [88].

It is important for the public entity in the consortium to
secure the stability of the contracts for WTE deployment and
ensure effective PPPs, which will result in mutually benefi-
cial benefits. The government and the consortium should
be part of the actions for the mitigation of any misconcep-
tions of the project. The establishment of/or coordination
with existing regulatory authorities is key to ensuring con-
tinuous monitoring of the operations and confidence of the
public and investors. The waste should not be seen as an
environmental hazard but as a resource of energy and met-
als of value. In addition, the allocation of federal or local/
municipal investment funds between investments in waste
management and other sectors, e.g., energy and transport,
should be promoted [89]. The consortium should promote
the benefits that may contribute to the transition to a green
economy, including the potential for the future life-extension
of the green infrastructure, by the development of civil engi-
neering projects for the community, e.g., land restoration,
open dumps to land, WTE, water treatment (depending on
the economics), etc., and the benefits to the community,
e.g. cheap energy, lower collection costs, education cent-
ers, green areas, etc. Surveys should be conducted to assess
citizen compliance and identify the key elements of benefits
to the community by the consortium.

The formation of cooperatives and committees that dis-
cuss the concerns and promote the benefits of WTE has
been observed to be beneficial for the public acceptance of
projects. The inclusion of local groups in the design, con-
struction and operation of the plant aids public acceptance
and advances the social contribution of the projects. Also,
the WTE industry should show continuous commitment to
improvement through efficient industry practices. The pro-
motion campaigns should focus on the importance of devel-
oping integrated sustainable waste management systems that
include WTE and eliminate landfilling, and the benefits on
public health, the environment, and the economics of the
community.

Conclusions

The aim of this paper is to provide evidence as to the benefits
of WTE for sustainable waste management, and to analyze
and make recommendations as to how the elements of the
Chinese waste management framework and laws may be
transposed to national and regional legislation for potential
application in countries of the BRI region.

The benefits of WTE can be summarized below:

e Produces energy from waste that cannot be recycled,
instead of landfilling it.
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e Successful examples all around the world have proven
that recycling goes hand in hand with WTE.

e WTE is the only way to concentrate and remove haz-
ardous materials from the circular economy cycle.

e Allows recovery of metals and minerals from non-recy-
clable wastes.

e Saves land (estimated at 1 m?%/15-20 tons of MSW, for
sanitary landfilling) and GHG (about 1 ton of CO,_./t
of MSW) over landfilling.

e the “turns” or “cycles” in a circular economy need
energy that can be provided by WTE.

Technology is now available at an affordable capi-
tal cost in developing nations. For the advancement of
sustainable waste management of nations, China’s WTE
development model can be used as a baseline for what
can be accomplished in the regions of the BRI financial
mechanism. China’s successful WTE development can be
attributed to the efforts of a strategic nationwide approach
that can be broken into two main parts:

1. Structured approach by using market tools to eliminate
financial risk associated with WTE development, mak-
ing the path clear for private investors and firms. The
Chinese government has preferred using the BOT struc-
ture in regard to financing WTE projects, as it allows
financial risk to be shared among parties.

2. Planned approach with targets set by the national gov-
ernment for WTE development and amount allocated to
WTE growth. The planned approach is associated with
China’s Five-Year Economic Plan. WTE is recognized
by the central government as an integral part of growth,
both economically and socially. The planned approach
was critical to WTE development in China, which is due
to a combination of favorable tax policies, tax exemp-
tions, loan guarantees, and pricing on energy production
(credit for renewable energy production of $30/MWh of
electricity produced by WTE) and effective PPPs.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42768-022-00130-2.

Acknowledgements The study did not receive any financial support.
The author would like to acknowledge the contribution of Mr. Kevin
Zheng in the analysis of the policy structure in China, in his MS Thesis
at Columbia University.

Data availability statement The data used to support the findings of
this study are included within the article.

Declarations

Conflict of interest The corresponding author states that there is no
conflict of interest.

@ Springer

References

1. US Environmental Protection Agency (USEPA). 2017. Sustain-
able materials management: Non-hazardous materials and waste
management hierarchy. Available at: https://www.epa.gov/smm/
sustainable-materials-management-non-hazardous-materials-
and-waste-management-hierarchy. Accessed 3 Sept 2022.

2. European Commission (EC). 2017. Communication from the
commission to the European parliament, the council, the Euro-
pean economic and social committee and the committee of the
regions: The role of waste-to-energy in the circular economy.
Available at: https://ec.europa.eu/environment/waste/waste-to-
energy.pdf. Accessed 3 Sept 2022.

3. International Energy Agency (IEA). 2017. Energy technology
perspectives 2017—towards sustainable urban energy systems.
Available at: https://www.iea.org/etp/. Accessed 3 Sept 2022.

4. International Energy Agency (IEA). 2017. Cities lead the way
on clean and decentralized energy solutions. Available at:
https://www.iea.org/newsroom/news/2017/april/cities-lead-
the-way-on-clean-and-decentralized-energy-solutions.html.
Accessed 3 Sept 2022.

5. United Nations Framework Convention on Climate Change
(UNFCC). 2018. Mitigation benefits and co-benefits of poli-
cies, practices and actions for enhancing mitigation ambition:
implementation of circular economies with a focus on waste-to-
energy technologies and on industrial waste reuse and preven-
tion solutions. Technical Paper by the secretariat. Available at:
https://unfccc.int/sites/default/files/resource/tpMitigation.pdf.
Accessed 3 Sept 2022.

6. Themelis, J.N., Barriga, M.E.D., Estevez, P. et al. 2013. Guide-
book for the application of waste to energy technologies in Latin
America and the Caribbean. EEC-Columbia and Interamerican
Development Bank. Available at: http://www.seas.columbia.
edu/earth/wtert/pressreleases/Guidebook_WTE_v5_July25_
2013.pdf. Accessed 3 Sept 2022.&nbsp;

7. International Energy Agency (IEA). 2016. Energy technology
perspectives 2016—towards sustainable urban energy systems.
Available at: https://www.iea.org/etp2016/. Accessed 3 Sept
2022.

8. International Solid and Waste Association-Working Group on
Energy Recovery (ISWA-WGER). 2016. Bottom ash from waste
to energy plants: metals recovery and utilization. Available at:
https://www.iswa.org/home/news/news-detail/browse/21/artic
le/bottom-ash-report-now-online/109/. Accessed 3 Sept 2022.

9. Makarichi, L., Jutisdamrongphan, W., and Techato, K. 2018.
The evolution of waste-to-energy incineration: A review.
Renewable and Sustainable Energy Reviews 91: §12-821.
https://www.sciencedirect.com/science/article/abs/pii/S1364
032118302855#bib66.

10. He, J., and Lin, B. 2019. Assessment of waste incineration
power with considerations of subsidies and emissions in China.
Energy Policy 126: 190-199. https://www.sciencedirect.com/
science/article/pii/S0301421518307481#bib20.

11. Confederation of European Waste-to-Energy Plants (CEWEP).
2018. CEWEP Calculation Tool for potential impacts on waste
amounts for thermal treatment. Available at: https://www.
cewep.eu/wp-content/uploads/2019/05/Peer-Review_waste-treat
ment-need-in-2035.pdf. Accessed 3 Sept 2022.

12. Confederation of European Waste-to-Energy Plants (CEWEP).
2018. Waste-to-Energy’s contribution to the “Long-term EU
greenhouse gas emissions reductions strategy”. Available at:
https://www.cewep.eu/wte-climate-protection/. Accessed 3 Sept
2022.

13. Intergovernmental Panel on Climate Change (IPCC).
2007. 10.4.3 Incineration and other thermal processes for


https://doi.org/10.1007/s42768-022-00130-2
https://www.epa.gov/smm/sustainable-materials-management-non-hazardous-materials-and-waste-management-hierarchy
https://www.epa.gov/smm/sustainable-materials-management-non-hazardous-materials-and-waste-management-hierarchy
https://www.epa.gov/smm/sustainable-materials-management-non-hazardous-materials-and-waste-management-hierarchy
https://ec.europa.eu/environment/waste/waste-to-energy.pdf
https://ec.europa.eu/environment/waste/waste-to-energy.pdf
https://www.iea.org/etp/
https://www.iea.org/newsroom/news/2017/april/cities-lead-the-way-on-clean-and-decentralized-energy-solutions.html
https://www.iea.org/newsroom/news/2017/april/cities-lead-the-way-on-clean-and-decentralized-energy-solutions.html
https://unfccc.int/sites/default/files/resource/tpMitigation.pdf
http://www.seas.columbia.edu/earth/wtert/pressreleases/Guidebook_WTE_v5_July25_2013.pdf
http://www.seas.columbia.edu/earth/wtert/pressreleases/Guidebook_WTE_v5_July25_2013.pdf
http://www.seas.columbia.edu/earth/wtert/pressreleases/Guidebook_WTE_v5_July25_2013.pdf
https://www.iea.org/etp2016/
https://www.iswa.org/home/news/news-detail/browse/21/article/bottom-ash-report-now-online/109/
https://www.iswa.org/home/news/news-detail/browse/21/article/bottom-ash-report-now-online/109/
https://www.sciencedirect.com/science/article/abs/pii/S1364032118302855#bib66
https://www.sciencedirect.com/science/article/abs/pii/S1364032118302855#bib66
https://www.sciencedirect.com/science/article/pii/S0301421518307481#bib20
https://www.sciencedirect.com/science/article/pii/S0301421518307481#bib20
https://www.cewep.eu/wp-content/uploads/2019/05/Peer-Review_waste-treatment-need-in-2035.pdf
https://www.cewep.eu/wp-content/uploads/2019/05/Peer-Review_waste-treatment-need-in-2035.pdf
https://www.cewep.eu/wp-content/uploads/2019/05/Peer-Review_waste-treatment-need-in-2035.pdf
https://www.cewep.eu/wte-climate-protection/

Waste Disposal & Sustainable Energy (2023) 5:309-321

319

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

waste-to-energy. Working Group III: Mitigation of Climate
Change. Available at: https://archive.ipcc.ch/publications_and_
data/ar4/wg3/en/ch10s10-4-3.html. Accessed 3 Sept 2022.
Columbia Engineering. 2016. Waste-to-energy facilities world-
wide. Available at: http://www.seas.columbia.edu/earth/wtert/
newwtert/Research/sofos/WTE_Plants.xIsx. Accessed 3 Sept
2022.

European Union Statistics (Eurostat). 2018. Waste Statistics.
Available at: https://ec.europa.eu/eurostat/statistics-explained/
index.php/Waste_statistics. Accessed 3 Sept 2022.

Global WtERT Council. 2019. The List of Waste-to-Energy Facil-
ities in the World. Available at: https://gwcouncil.org/the-list-of-
waste-to-energy-facilities-in-the-world/. Accessed 3 Sept 2022.
Waste Incineration Directive (WID). 2000. Directive 2000/76/EC
of the European Parliament and of the Council of 4 December
2000 on the incineration of waste. Available at: https://www.eea.
europa.eu/themes/waste/links/waste-incineration-directive-2000-
76-ec. Accessed 3 Sept 2022.

Industrial Emissions Directive (IED). 2010. Directive 2010/75/EU
of the European Parliament and of the Council of 24 November
2010 on industrial emissions (integrated pollution prevention and
control). Available at: https://www.eea.europa.eu/themes/waste/
links/industrial-emissions-directive-2010-75-eu. Accessed 3 Sept
2022.

US Environmental Protection Agency (USEPA). 2017. National
emission standards for hazardous air pollutants (NESHAP). Avail-
able at: https://www.epa.gov/stationary-sources-air-pollution/
national-emission-standards-hazardous-air-pollutants-neshap-9.
Accessed 3 Sept 2022.

European Council Directive 1999/31/EC. 1999. Landfill of waste.
26 April 1999. Available at:https://eur-lex.europa.eu/legal-conte
nt/EN/ALL/?uri=CELEX:31999L0031. Accessed 3 Sept 2022.
European Union Directive. 2009. 2009/28/EC of the European
parliament and of the Council on the promotion of the use of
energy from renewable sources and amending and subsequently
repealing Directives 2001/77/EC and 2003/30/EC. 23 April 2009.
Available at: https://eur-lex.europa.eu/LexUriServ/LexUriServ.
do?uri=0J:L:2009:140:0016:0062:en:PDF. Accessed 3 Sept
2022.

European Union Directive (EU). 2018. 2018/2001 of the Euro-
pean parliament and of the Council on the promotion of the use
of energy from renewable sources. 11 December 2018. Available
at: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=
CELEX:32018L2001&from=EN. Accessed 3 Sept 2022.

Pan, S.-Y., Du, M.A., and Huang, I.-T. 2015. Strategies on imple-
mentation of waste-to-energy (WTE) supply chain for circular
economy system: A review. Journal of Cleaner Production 108:
409-421.

United Nations Economic Cooperation for Europe (UNECE),
survey on WTE and the Circular Economy. 2022. Available at:
https://unece.org/sites/default/files/2021-12/WP_PPP_2021_Tha-
nos_Bourtsalas.pdf. Accessed 3 Sept 2022.

Bourtsalas, A.C., Seo, Y., Alam, M.T., et al. 2019. The status
of waste management and waste to energy for district heating in
South Korea. Waste Management 85: 304-316. https://www.scien
cedirect.com/science/article/pii/S0956053X19300017.
Bourtsalas, A.C., and Nickolas, T.J. 2019. Major sources of mer-
cury emissions to the atmosphere: The US case. Waste Manage-
ment 85: 90-94. https://www.sciencedirect.com/science/article/
pii/S0956053X18307505.

Dwyer, H., and Themelis, N. 2015. Inventory of US 2012 dioxin
emissions to atmosphere. Waste Management 46: 242-246.
https://www.sciencedirect.com/science/article/pii/S0956053X1
5300775.

Nzihou, A., Themelis, N., Kemiha, M. et al. 2012. Dioxin emis-
sions from municipal solid waste incinerators (MSWIs) in France.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Waste Management 32(12): 2273-2277. https://www.ncbi.nlm.
nih.gov/pubmed/22819593.

Yating, Y., Bourtsalas, A.C., and Themelis, N. 2016. Inventory of
dioxin emissions of China. Global WTERT Conference. Available
at: http://www.seas.columbia.edu/earth/wtert/newwtert/meetings/
meet2016/Proceedings/posters/Yating.pdf. Accessed 3 Sept 2022.
Brunner, P., and Helmut, R. 2015. Waste to energy—key element
for sustainable waste management. Waste Management 37: 3—12.
https://www.sciencedirect.com/science/article/pii/S0956053X1
4000543.

Christensen, T.H., Damgaard, A., and Astrup, T. 2015. Waste to
energy: The carbon perspective. Waste Management World. 19
February 2015. Available at: https://waste-management-world.
com/a/waste-to-energy-the-carbon-perspective. Accessed 3 Sept
2022.

Coventry, A.Z., Tize, R., and Karunanithi, T.A. 2016. Compara-
tive life cycle assessment of solid waste management strategies.
Clean Technologies and Environmental Policy 18 (5): 1515-1524.
https://doi.org/10.1007/s10098-015-1086-7.

European Environment Agency (EEA). 2008. Better Manage-
ment of Municipal Waste Will Reduce Greenhouse Gas Emissions.
Briefing No1/2008. ISBN: 78-92-9167-333-9. Copenhagen, Den-
mark: EEA. Available at: https://www.eea.europa.eu/publications/
briefing_2008_1. Accessed 3 Sept 2022.

International Solid and Waste Association ISWA). 2013. Waste to
energy in low- and medium-income countries: ISWA Guidelines.
Available at: https://www.iswa.org/index.php?elD=tx_bee4m
ecalendar_download&eventUid=243&filetype=public&filen
um=2. Accessed 3 Sept 2022.

Kaplan, P. O., DeCarolis, J., and Susan, T. 2009. Is it better to burn
or bury waste for clean electricity generation? Environmental Sci-
ence and Technology 43(6): 1711-1717. https://doi.org/10.1021/
es802395e?rand=i8a2yhm6.

O’Brien, J. 2006. Comparison of air emissions from waste-
to-energy facilities to fossil fuel power plants. In: 14th North
American Waste to Energy Conference, Tampa, FL, USA. NAW-
TEC14-3187. Available at: https://pdfs.semanticscholar.org/843d/
b652e9bfb646b435d46967511f58059bd 1de.pdf. Accessed 3 Sept
2022.

Porteous, A. 2005. Why energy from waste incineration is an
essential component of environmentally responsible waste man-
agement. Waste Management 25(4): 451-459. https://www.ncbi.
nlm.nih.gov/pubmed/15869989.

Themelis, J.N., and Bourtsalas, C.A. 2021. Methane generation
and capture of US landfills. Journal of Environmental Science and
Engineering A 10: 199-206. https://doi.org/10.17265/2162-5298/
2021.06.001.

US Environmental Protection Agency (USEPA). 2021. US Inven-
tory of greenhouse gas emissions and sinks: 1990-2019. Available
at: https://www.epa.gov/ghgemissions/inventory-us-greenhouse-
gas-emissions-and-sinks-1990-2019. Accessed 3 Sept 2022.
Cambaliza, M.O.L., Shepson, P.B., Bogner, J., et al. 2015. Quan-
tification and source apportionment of the methane emission flux
from the city of Indianapolis. Elementa: Science of the Anthropo-
cene 3: 37. https://doi.org/10.12952/journal.elementa.000037/.
Cambaliza, M.O.L., Bogner, J.E., Green, R.B., et al. 2017. Field
measurements and modeling to resolve m? to km? CH, emissions
for a complex urban source: An Indiana landfill study. Elementa:
Science of the Anthropocene 5: 36. https://doi.org/10.1525/eleme
nta.145.

Peischl, J., Ryerson, T.B., Brioude, J., et al. 2013. Quantifying
sources of methane using light alkanes in the Los Angeles basin,
California. Journal of Geophysical Research: Atmospheres 118:
4974-4990. https://doi.org/10.1002/jgrd.50413.

Ren, X., Salmon, O.E., Hansford, J.R., et al. 2018. Methane emis-
sions from the Baltimore—Washington area based on airborne

@ Springer


https://archive.ipcc.ch/publications_and_data/ar4/wg3/en/ch10s10-4-3.html
https://archive.ipcc.ch/publications_and_data/ar4/wg3/en/ch10s10-4-3.html
http://www.seas.columbia.edu/earth/wtert/newwtert/Research/sofos/WTE_Plants.xlsx
http://www.seas.columbia.edu/earth/wtert/newwtert/Research/sofos/WTE_Plants.xlsx
https://ec.europa.eu/eurostat/statistics-explained/index.php/Waste_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php/Waste_statistics
https://gwcouncil.org/the-list-of-waste-to-energy-facilities-in-the-world/
https://gwcouncil.org/the-list-of-waste-to-energy-facilities-in-the-world/
https://www.eea.europa.eu/themes/waste/links/waste-incineration-directive-2000-76-ec
https://www.eea.europa.eu/themes/waste/links/waste-incineration-directive-2000-76-ec
https://www.eea.europa.eu/themes/waste/links/waste-incineration-directive-2000-76-ec
https://www.eea.europa.eu/themes/waste/links/industrial-emissions-directive-2010-75-eu
https://www.eea.europa.eu/themes/waste/links/industrial-emissions-directive-2010-75-eu
https://www.epa.gov/stationary-sources-air-pollution/national-emission-standards-hazardous-air-pollutants-neshap-9
https://www.epa.gov/stationary-sources-air-pollution/national-emission-standards-hazardous-air-pollutants-neshap-9
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:31999L0031
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:31999L0031
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:en:PDF
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://unece.org/sites/default/files/2021-12/WP_PPP_2021_Thanos_Bourtsalas.pdf
https://unece.org/sites/default/files/2021-12/WP_PPP_2021_Thanos_Bourtsalas.pdf
https://www.sciencedirect.com/science/article/pii/S0956053X19300017
https://www.sciencedirect.com/science/article/pii/S0956053X19300017
https://www.sciencedirect.com/science/article/pii/S0956053X18307505
https://www.sciencedirect.com/science/article/pii/S0956053X18307505
https://www.sciencedirect.com/science/article/pii/S0956053X15300775
https://www.sciencedirect.com/science/article/pii/S0956053X15300775
https://www.ncbi.nlm.nih.gov/pubmed/22819593
https://www.ncbi.nlm.nih.gov/pubmed/22819593
http://www.seas.columbia.edu/earth/wtert/newwtert/meetings/meet2016/Proceedings/posters/Yating.pdf
http://www.seas.columbia.edu/earth/wtert/newwtert/meetings/meet2016/Proceedings/posters/Yating.pdf
https://www.sciencedirect.com/science/article/pii/S0956053X14000543
https://www.sciencedirect.com/science/article/pii/S0956053X14000543
https://waste-management-world.com/a/waste-to-energy-the-carbon-perspective
https://waste-management-world.com/a/waste-to-energy-the-carbon-perspective
https://doi.org/10.1007/s10098-015-1086-7
https://www.eea.europa.eu/publications/briefing_2008_1
https://www.eea.europa.eu/publications/briefing_2008_1
https://www.iswa.org/index.php?eID=tx_bee4mecalendar_download&eventUid=243&filetype=public&filenum=2
https://www.iswa.org/index.php?eID=tx_bee4mecalendar_download&eventUid=243&filetype=public&filenum=2
https://www.iswa.org/index.php?eID=tx_bee4mecalendar_download&eventUid=243&filetype=public&filenum=2
https://doi.org/10.1021/es802395e?rand=i8a2yhm6
https://doi.org/10.1021/es802395e?rand=i8a2yhm6
https://pdfs.semanticscholar.org/843d/b652e9bfb646b435d4696751ff58059bd1de.pdf
https://pdfs.semanticscholar.org/843d/b652e9bfb646b435d4696751ff58059bd1de.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15869989
https://www.ncbi.nlm.nih.gov/pubmed/15869989
https://doi.org/10.17265/2162-5298/2021.06.001
https://doi.org/10.17265/2162-5298/2021.06.001
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2019
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2019
https://doi.org/10.12952/journal.elementa.000037
https://doi.org/10.1525/elementa.145
https://doi.org/10.1525/elementa.145
https://doi.org/10.1002/jgrd.50413

320

Waste Disposal & Sustainable Energy (2023) 5:309-321

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

observations: comparison to emissions inventories. Journal of
Geophysical Research: Atmospheres 123: 8869—-8882. https://
doi.org/10.1029/2018JD028851.

Wecht, K.J., Jacob, D.J., Sulprizio, M.P., et al. 2014. Spatially
resolving methane emissions in California: constraints from the
CalNex aircraft campaign and from present (GOSAT, TES) and
future (TROPOMI, geostationary) satellite observations. Atmos-
pheric Chemistry and Physics 14: 8173-8184. https://www.atmos-
chem-phys.net/14/8173/2014/acp-14-8173-2014.pdf.
Bourtsalas, A.C., and Nickolas, T.J. 2020. Wastes disposed in
the US MSW landfills, methane generation and capture. Nature
Climate Change. (in press)

Liu, Y., Sun, W., and Liu, J. 2017. Greenhouse gas emissions from
different municipal solid waste management scenarios in China:
Based on carbon and energy flow analysis. Waste Management
68: 653-661. https://www.sciencedirect.com/science/article/pii/
S0956053X17304610#bi005.

Themelis, N.J., and Ulloa, P.A. 2007. Methane generation in land-
fills. Renewable Energy 32: 1243-1257. http://citeseerx.ist.psu.
edu/viewdoc/download?doi=10.1.1.558.9057 &rep=rep 1 &type=
pdf.

US Environmental Protection Agency (USEPA). 2019. Landfill
gas emissions model (LandGEM). Available at: https://www3.
epa.gov/ttncatc1/dirl/landgem-v302-guide.pdf. Accessed 3 Sept
2022.&nbsp;

Wang, Y., Yan, Y., Chen, G. et al. 2017. Effectiveness of waste-
to-energy approaches in China: From the perspective of green-
house gas emission reduction. Journal of Cleaner Production 163:
99-105. https://www.sciencedirect.com/science/article/pii/S0959
652615012871.

Wang, Y., Geng, S., Zhao, P. et al. 2016. Cost-benefit analysis
of GHG emission reduction in waste to energy projects of China
under clean development mechanism. Resources, Conservation
and Recycling 109: 90-95. https://www.sciencedirect.com/scien
ce/article/pii/S0921344916300301.

Aker Solutions. 2019. Carbon capture utilization and storage at
WTE plants. Available at: https://www.akersolutions.com/what-
we-do/products-and-services/carbon-capture-utilization-and-stora
ge/. Accessed 3 Sept 2022

Twence. 2019. Carbon capture and utilization from WTE plants
with Aker solutions technologies. Available at: https://www.
twence.nl/en/twence/about-twence.html. Accessed 3 Sept 2022.
Fortum. 2019. A full-scale carbon capture and storage (CCS) pro-
ject initiated in Norway. Available at: https://www.fortum.com/
media/2018/11/full-scale-carbon-capture-and-storage-ccs-proje
ct-initiated-norway. Accessed 3 Sept 2022.

Carbon8. 2019. Production of lightweight aggregated from
WTE fly ash residues. Available at: http://c8s.co.uk/technology/.
Accessed 3 Sept 2022.

Khan, M.S., Mubeen, I., Caimeng, Y., et al. 2022. Waste to
energy incineration technology: Recent development under cli-
mate change scenarios. Waste Management & Research 40 (12):
1708-1729. https://doi.org/10.1177/0734242X221105411.

Wu, J. 2018. Capital cost comparison of waste-to-energy (WTE),
facilities in China and the US. MS Thesis, New York, NY, USA:
Columbia Engineering. Available at: http://gwcouncil.org/wp-
content/uploads/2018/07/Jane-Wu_thesis.pdf. Accessed 3 Sept
2022.

National Bureau of Statistics of China (NBSC). 2019. The China
Municipal Solid Waste Industry Development Report by China
association of urban environmental sanitation & China urban
construction research institute co. http://data.stats.gov.cn/easyq
uery.htm?cn=CO01 or http://www.stats.gov.cn/tjsj/ndsj/2016/
indexeh.htm or http://www.stats.gov.cn/english/Statisticaldata/
AnnualData/.

@ Springer

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Confederation of European Waste-to-Energy Plants (CEWEP).
2019. Waste to energy in EU. Available at: https://www.cewep.
eu/waste-to-energy-plants-in-europe-in-2017/. Accessed 3 Sept
2022.

Energy Recovery Council. 2019. Directory of US WTE plants.
Available at: http://energyrecoverycouncil.org/wp-content/uploa
ds/2019/10/ERC-2018-directory.pdf. Accessed 3 Sept 2022.
Song, J., Song, D., Zhang, X. et al. 2013. Risk identification for
PPP waste-to-energy incineration projects in China. Energy Policy
61: 953-962. https://www.sciencedirect.com/science/article/pii/
S0301421513005260.

Wu, Y., Xu, C., Li, L. et al. 2018. A risk assessment framework
of PPP waste-to-energy incineration projects in China under
2-dimension linguistic environment. Journal of Cleaner Produc-
tion 183: 602-617. https://www.sciencedirect.com/science/artic
1e/pii/S0959652618303834.

Xu, Y., Chan, A.P.C., Xi, B. et al. 2015. Critical risk factors affect-
ing the implementation of PPP waste-to-energy projects in China.
Applied Energy 158: 403—411. https://www.sciencedirect.com/
science/article/abs/pii/S0306261915009769.

Zhao, X.-G., Jiang, G.-W., Li, A. et al. 2016. Economic analy-
sis of waste-to-energy industry in China. Waste Management 48:
604—-618. https://www.sciencedirect.com/science/article/pii/S0956
053X1530163X#b0080.

Zhao, X.-G., Jiang, G.-W., Li, A, et al. 2016b. Technology, cost,
a performance of waste-to-energy incineration industry in China.
Renewable and Sustainable Energy Reviews 55: 115-130. https://
www.sciencedirect.com/science/article/pii/S1364032115012162#
bibliog0005.

Liu, Y., Sun, C., Xi, B. et al. 2018. Impact of community engage-
ment on public acceptance towards waste-to-energy incineration
projects: Empirical evidence from China. Waste Management 76:
431-442. https://www.sciencedirect.com/science/article/pii/S0956
053X18300941.

State Council. 2011. The state 12th five-year plan of environmen-
tal protection, Beijing, China. Available at: http://gcs.mep.gov.cn/
hjgh/shierwu/. Accessed 3 Sept 2022 (in Chinese).

State Council. 2012. The 12th five-year plan on facility construc-
tion of urban waste harmless disposal. Beijing, China. Available
at: http://www.gov.cn/zwgk/2012-05/04/content_2129302.htm.
Accessed 3 Sept 2022 (in Chinese).

Zhang, D., Huang, G., Xu, Y. et al. 2015. Waste-to-energy in
China: key challenges and opportunities. Energies 8(12): 14182—
14196. https://www.mdpi.com/1996-1073/8/12/12422.

Zheng, L., Song, J., Li, C. et al. 2014. Preferential policies pro-
mote municipal solid waste (MSW) to energy in China: current
status and prospects. Renewable and Sustainable Energy Reviews
36: 135-148. https://www.sciencedirect.com/science/article/pii/
S$1364032114002871.

International Energy Agency (IEA). 2019. Will energy from
waste become the key form of bioenergy in Asia? Analysis from
Renewables 2018. Available at: https://www.iea.org/newsroom/
news/2019/january/will-energy-from-waste-become-the-key-
form-of-bioenergy-in-asia.html. Accessed 3 Sept 2022.

State Council. 2016. The 13th Five-Year Plan of Environmental
Protection. Beijing, China. Available at: http://en.ndrc.gov.cn/
newsrelease/201612/P020161207645765233498.pdf. Accessed
3 Sept 2022.

Cheng, H., and Hu, Y. 2010. Municipal solid waste (MSW) as a
renewable source of energy: Current and future practices in China.
Bioresource Technology 101 (11): 3816-3824. https://www.scien
cedirect.com/science/article/pii/S0960852410000970.

Cheng, K. 2017. Study of policies and regulations for waste man-
agement in China and potential for application in the US. MS The-
sis. Columbia Engineering and SIPA. Available at: http:/www.


https://doi.org/10.1029/2018JD028851
https://doi.org/10.1029/2018JD028851
https://www.atmos-chem-phys.net/14/8173/2014/acp-14-8173-2014.pdf
https://www.atmos-chem-phys.net/14/8173/2014/acp-14-8173-2014.pdf
https://www.sciencedirect.com/science/article/pii/S0956053X17304610#bi005
https://www.sciencedirect.com/science/article/pii/S0956053X17304610#bi005
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.558.9057&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.558.9057&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.558.9057&rep=rep1&type=pdf
https://www3.epa.gov/ttncatc1/dir1/landgem-v302-guide.pdf
https://www3.epa.gov/ttncatc1/dir1/landgem-v302-guide.pdf
https://www.sciencedirect.com/science/article/pii/S0959652615012871
https://www.sciencedirect.com/science/article/pii/S0959652615012871
https://www.sciencedirect.com/science/article/pii/S0921344916300301
https://www.sciencedirect.com/science/article/pii/S0921344916300301
https://www.akersolutions.com/what-we-do/products-and-services/carbon-capture-utilization-and-storage/
https://www.akersolutions.com/what-we-do/products-and-services/carbon-capture-utilization-and-storage/
https://www.akersolutions.com/what-we-do/products-and-services/carbon-capture-utilization-and-storage/
https://www.twence.nl/en/twence/about-twence.html
https://www.twence.nl/en/twence/about-twence.html
https://www.fortum.com/media/2018/11/full-scale-carbon-capture-and-storage-ccs-project-initiated-norway
https://www.fortum.com/media/2018/11/full-scale-carbon-capture-and-storage-ccs-project-initiated-norway
https://www.fortum.com/media/2018/11/full-scale-carbon-capture-and-storage-ccs-project-initiated-norway
http://c8s.co.uk/technology/
https://doi.org/10.1177/0734242X221105411
http://gwcouncil.org/wp-content/uploads/2018/07/Jane-Wu_thesis.pdf
http://gwcouncil.org/wp-content/uploads/2018/07/Jane-Wu_thesis.pdf
http://data.stats.gov.cn/easyquery.htm?cn=C01
http://data.stats.gov.cn/easyquery.htm?cn=C01
http://www.stats.gov.cn/tjsj/ndsj/2016/indexeh.htm
http://www.stats.gov.cn/tjsj/ndsj/2016/indexeh.htm
http://www.stats.gov.cn/english/Statisticaldata/AnnualData/
http://www.stats.gov.cn/english/Statisticaldata/AnnualData/
https://www.cewep.eu/waste-to-energy-plants-in-europe-in-2017/
https://www.cewep.eu/waste-to-energy-plants-in-europe-in-2017/
http://energyrecoverycouncil.org/wp-content/uploads/2019/10/ERC-2018-directory.pdf
http://energyrecoverycouncil.org/wp-content/uploads/2019/10/ERC-2018-directory.pdf
https://www.sciencedirect.com/science/article/pii/S0301421513005260
https://www.sciencedirect.com/science/article/pii/S0301421513005260
https://www.sciencedirect.com/science/article/pii/S0959652618303834
https://www.sciencedirect.com/science/article/pii/S0959652618303834
https://www.sciencedirect.com/science/article/abs/pii/S0306261915009769
https://www.sciencedirect.com/science/article/abs/pii/S0306261915009769
https://www.sciencedirect.com/science/article/pii/S0956053X1530163X#b0080
https://www.sciencedirect.com/science/article/pii/S0956053X1530163X#b0080
https://www.sciencedirect.com/science/article/pii/S1364032115012162#bibliog0005
https://www.sciencedirect.com/science/article/pii/S1364032115012162#bibliog0005
https://www.sciencedirect.com/science/article/pii/S1364032115012162#bibliog0005
https://www.sciencedirect.com/science/article/pii/S0956053X18300941
https://www.sciencedirect.com/science/article/pii/S0956053X18300941
http://gcs.mep.gov.cn/hjgh/shierwu/
http://gcs.mep.gov.cn/hjgh/shierwu/
http://www.gov.cn/zwgk/2012-05/04/content_2129302.htm
https://www.mdpi.com/1996-1073/8/12/12422
https://www.sciencedirect.com/science/article/pii/S1364032114002871
https://www.sciencedirect.com/science/article/pii/S1364032114002871
https://www.iea.org/newsroom/news/2019/january/will-energy-from-waste-become-the-key-form-of-bioenergy-in-asia.html
https://www.iea.org/newsroom/news/2019/january/will-energy-from-waste-become-the-key-form-of-bioenergy-in-asia.html
https://www.iea.org/newsroom/news/2019/january/will-energy-from-waste-become-the-key-form-of-bioenergy-in-asia.html
http://en.ndrc.gov.cn/newsrelease/201612/P020161207645765233498.pdf
http://en.ndrc.gov.cn/newsrelease/201612/P020161207645765233498.pdf
https://www.sciencedirect.com/science/article/pii/S0960852410000970
https://www.sciencedirect.com/science/article/pii/S0960852410000970
http://www.seas.columbia.edu/earth/wtert/newwtert/Research/sofos/Kevin%20Cheng%20thesis.pdf

Waste Disposal & Sustainable Energy (2023) 5:309-321

321

74.

75.

76.

7.

78.

79.

80.

81.

82.

seas.columbia.edu/earth/wtert/newwtert/Research/sofos/Kevin%
20Cheng%20thesis.pdf. Accessed 3 Sept 2022.

Sandalow, D. 2019. Guide to Chinese Climate Policy. Colum-
bia SIPA, Center on Global Energy Policy. Available at: https://
energypolicy.columbia.edu/sites/default/files/file-uploads/Guide%
20t0%20Chinese%20Climate%20Policy_2019.pdf. Accessed 3
Sept 2022.

Swachh Bharat Mission Urban (SBMU). 2016. Ministry of Hous-
ing and Urban Affairs, India. Available at: http://swachhbharaturb
an.gov.in/. Accessed 3 Sept 2022.

Central Public Health and Environmental Engineering Organiza-
tion (CPHEEO). 2014. Municipal Solid Waste Manual. Ministry
of Urban Development, Government of India. Available at: http://
www.indiaenvironmentportal.org.in/files/file/municipal %20sol
id%20waste%20management.pdf. Accessed 3 Sept 2022.

Niti, A. 2017. Three year action agenda: 2017-18 to 2019-20. New
Delhi, India: Government of India. Available at: https://niti.gov.in/
writereaddata/files/coop/ActionPlan.pdf. Accessed 3 Sept 2022.
India Smart City Mission. 2018. Smart city proposal. Ministry
of Urban Development. Available at: http://smartcities.gov.in/
upload/uploadfiles/filess/NDMC_SCP.pdf. Accessed 3 Sept 2022.
International Energy Agency/International Renewable Energy
Agency (IEA/IRENA). 2014. Uttar Pradesh renewable energy
feed-in tariff 2014-2019 levels. Global Renewable Energy Joint
Policies and Measures database. Available at: https://www.iea.
org/policiesandmeasures/pams/india/name-140455-en.php?s=
dHIWZT1yZSZzdGFOdXM9T2s,&return=PG5hdiBpZD0iYnJ
1IYWRjenVtYil-PGEgaHJ1Zj0iLyI-SGOtZTwvY T4gInJhcX Vv
OyA8YSBocmVmPSIveG9saWNpZXNhbmRtZWFzdXJlcy8iP
IBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOy
A8YSBocmVmPSIveG9saWNpZXNhbmRtZWFzdXJlcy9yZWS5
1d2FibGVIbmVyZ3kvIj5SZWS51d2FibGUgRW 5lcmd5PCOhPjwvb
mF2Pg. Accessed 3 Sept 2022.

Karnataka Renewable Energy Development Limited (KRED).
2014. Draft Karnataka Renewable Energy Policy 2014-2020:
(Wind, Small Hydro, Biomass, Cogeneration and MSW). Ban-
galore, India. Available at: http://kredlinfo.in/Policy/RE%20Pol
icy%202014-20.pdf. Accessed 3 Sept 2022.

Kaza, S., Yao, L.C., Bhada-Tata, P. et al. 2018. What a waste
2.0: a global snapshot of solid waste management to 2050. Urban
Development, Washington, DC, USA: World Bank. Available
at: https://openknowledge.worldbank.org/handle/10986/30317.
Accessed 3 Sept 2022.

Messenger, B. 2018. Reppie waste to energy plant opens in Addis
Ababa, Ethiopia. Waste Management World. 24 August 2018.

83.

84.

85.

86.

87.

88.

89.

Available at: https://waste-management-world.com/a/video-
reppie-waste-to-energy-plant-opens-in-addis-ababa-ethiopia.
Accessed 3 Sept 2022.

Reppie WTE Homepage. 2019. Available at: https://www.afric
awte.com/. Accessed 3 Sept 2022.

State Council. 2019. China, Greece ink BRI memorandum. The
People’s Republic of China. Available at: http://english.www.
gov.cn/state_council/state_councilors/2018/08/28/content_28147
6278845176.htm. Accessed 3 Sept 2022.

The Economist. 2018. India shows how hard it is to move beyond
fossil fuels. Available at: https://www.economist.com/briefing/
2018/08/02/india-shows-how-hard-it-is-to-move-beyond-fossil-
fuels. Accessed 3 Sept 2022.

Velis, C., Wilson, D., Rocca, O. et al. 2012. An analytical
framework and tool (‘InteRa’) for integrating the informal
recycling sector in waste and resource management systems in
developing countries. Waste Management and Research 30:43.
https://www.iswa.org/index.php?elD=tx_iswatfg_download&
fileUid=39.

Wilson, D.C., Araba, A.O., Chinwah, K., Cheeseman, C.R. 2009.
Building recycling rates through the informal sector. Waste Man-
agement 29(2): 629-635. https://doi.org/10.1016/j.wasman.2008.
06.016. ISSN 0956-053X

Global Partnership for Results-Based Approaches (GPRBA).
2018. Innovative finance solutions for climate-smart infrastruc-
ture: new perspectives on results-based blended finance for cities.
Supported by the World Bank Group. Available at: http://docum
ents.worldbank.org/curated/en/917181563805476705/pdf/Innov
ative-Finance-Solutions-for-Climate-Smart-Infrastructure-New-
Perspectives-on-Results-Based-Blended-Finance-for-Cities.pdf.
Accessed 3 Sept 2022.

Van Ewijka, S., and Stegemann, J.A. 2016. Limitations of the
waste hierarchy for achieving absolute reductions in material
throughput. Journal of Cleaner Production 132: 122-128.
https://www.sciencedirect.com/science/article/pii/S095965261
4012384.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


http://www.seas.columbia.edu/earth/wtert/newwtert/Research/sofos/Kevin%20Cheng%20thesis.pdf
http://www.seas.columbia.edu/earth/wtert/newwtert/Research/sofos/Kevin%20Cheng%20thesis.pdf
https://energypolicy.columbia.edu/sites/default/files/file-uploads/Guide%20to%20Chinese%20Climate%20Policy_2019.pdf
https://energypolicy.columbia.edu/sites/default/files/file-uploads/Guide%20to%20Chinese%20Climate%20Policy_2019.pdf
https://energypolicy.columbia.edu/sites/default/files/file-uploads/Guide%20to%20Chinese%20Climate%20Policy_2019.pdf
http://swachhbharaturban.gov.in/
http://swachhbharaturban.gov.in/
http://www.indiaenvironmentportal.org.in/files/file/municipal%20solid%20waste%20management.pdf
http://www.indiaenvironmentportal.org.in/files/file/municipal%20solid%20waste%20management.pdf
http://www.indiaenvironmentportal.org.in/files/file/municipal%20solid%20waste%20management.pdf
https://niti.gov.in/writereaddata/files/coop/ActionPlan.pdf
https://niti.gov.in/writereaddata/files/coop/ActionPlan.pdf
http://smartcities.gov.in/upload/uploadfiles/files/NDMC_SCP.pdf
http://smartcities.gov.in/upload/uploadfiles/files/NDMC_SCP.pdf
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
https://www.iea.org/policiesandmeasures/pams/india/name-140455-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s,&return=PG5hdiBpZD0iYnJlYWRjcnVtYiI-PGEgaHJlZj0iLyI-SG9tZTwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy8iPlBvbGljaWVzIGFuZCBNZWFzdXJlczwvYT4gJnJhcXVvOyA8YSBocmVmPSIvcG9saWNpZXNhbmRtZWFzdXJlcy9yZW5ld2FibGVlbmVyZ3kvIj5SZW5ld2FibGUgRW5lcmd5PC9hPjwvbmF2Pg
http://kredlinfo.in/Policy/RE%20Policy%202014-20.pdf
http://kredlinfo.in/Policy/RE%20Policy%202014-20.pdf
https://openknowledge.worldbank.org/handle/10986/30317
https://waste-management-world.com/a/video-reppie-waste-to-energy-plant-opens-in-addis-ababa-ethiopia
https://waste-management-world.com/a/video-reppie-waste-to-energy-plant-opens-in-addis-ababa-ethiopia
https://www.africawte.com/
https://www.africawte.com/
http://english.www.gov.cn/state_council/state_councilors/2018/08/28/content_281476278845176.htm
http://english.www.gov.cn/state_council/state_councilors/2018/08/28/content_281476278845176.htm
http://english.www.gov.cn/state_council/state_councilors/2018/08/28/content_281476278845176.htm
https://www.economist.com/briefing/2018/08/02/india-shows-how-hard-it-is-to-move-beyond-fossil-fuels
https://www.economist.com/briefing/2018/08/02/india-shows-how-hard-it-is-to-move-beyond-fossil-fuels
https://www.economist.com/briefing/2018/08/02/india-shows-how-hard-it-is-to-move-beyond-fossil-fuels
https://www.iswa.org/index.php?eID=tx_iswatfg_download&fileUid=39
https://www.iswa.org/index.php?eID=tx_iswatfg_download&fileUid=39
https://doi.org/10.1016/j.wasman.2008.06.016
https://doi.org/10.1016/j.wasman.2008.06.016
http://documents.worldbank.org/curated/en/917181563805476705/pdf/Innovative-Finance-Solutions-for-Climate-Smart-Infrastructure-New-Perspectives-on-Results-Based-Blended-Finance-for-Cities.pdf
http://documents.worldbank.org/curated/en/917181563805476705/pdf/Innovative-Finance-Solutions-for-Climate-Smart-Infrastructure-New-Perspectives-on-Results-Based-Blended-Finance-for-Cities.pdf
http://documents.worldbank.org/curated/en/917181563805476705/pdf/Innovative-Finance-Solutions-for-Climate-Smart-Infrastructure-New-Perspectives-on-Results-Based-Blended-Finance-for-Cities.pdf
http://documents.worldbank.org/curated/en/917181563805476705/pdf/Innovative-Finance-Solutions-for-Climate-Smart-Infrastructure-New-Perspectives-on-Results-Based-Blended-Finance-for-Cities.pdf
https://www.sciencedirect.com/science/article/pii/S0959652614012384
https://www.sciencedirect.com/science/article/pii/S0959652614012384

	Energy recovery from solid wastes in China and a Green-BRI mechanism for advancing sustainable waste management of the global South
	Abstract
	The role of waste to energy in the urban development
	Policy and fiscal tools for WTE deployment
	Environmental impacts related to the management of post-recycled wastes
	The growth of WTE in China
	Policy structure that encourages WTE
	WTE development in the BRI region
	Challenges and opportunities in cities of the BRI region
	Conclusions
	Anchor 11
	Acknowledgements 
	References




