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AbstractAbstractAbstractAbstract
With the rapid and large increase of waste quantities, China, surpassed the USA as the
world’s largest municipal solid waste (MSW) generator since 2004. The phenomena
and critical issues of MSWM in China inspired this paper to investigate and analyse
the MSWM in an urban area of China. Comparing with the increasing rates of MSW
generation, little has been done concerning the municipal solid waste management
(MSWM). Not only the local government and authorities are responsible for the
MSWM, but also the individuals are playing a significant role in MSWM. An
integrated waste management system should be built in order to improve the holistic
MSW system and reduce the waste production. The aim of the study is to investigate
and analyse the current status and problems of MSWM in an urban area of China and
to analyse to what extent a viable reduction of the MSW can be implemented and
management systems to be improved in the near future. In this study, two case studies
of Shanghai and Linköping are employed and compared to explore the challenges and
potentials for improving the MSWM system in China. The result indicated that
inadequate facilities and infrastructure, less advanced technology, insufficient public
participation, low awareness of environmental protection, problems in policy and laws
are the major barriers for the improvement of MSWM. Involving international
environmental cooperation activities, planning a sustainable and comprehensive
policy and framework for MSWM, introducing economic incentive approaches,
promoting the capacities of waste management technologies, raising public
environmental awareness are believed to be viable solutions to improve the MSWM
system in China.

KeyKeyKeyKey words:words:words:words: Municipal solid waste management, source reduction, composting,
biogas, incineration, landfill
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1111 INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Continuous economic activities, rapid urbanization, population growth and the rise of
living standards have greatly accelerated the generation of municipal solid waste
(MSW). This poses considerable challenges for governments, civil society and private
sectors to protect and promote the environment and sustainable development.
Johannesburg Declaration on sustainable development has declared to “advance and
strengthen the interdependent and mutually reinforcing pillars of sustainable
development: economic development, social progress and environmental protection at
the local, national, regional and global levels” (WHO, 2002). The Basel Convention
contributes to sustainable development in aim of “protect human health and the
environment against the adverse effects resulting from the generation, management,
transboundary movements and disposal of hazardous and other wastes” (UNEP,
1992). Moreover, UN commission on sustainable development also considers waste
as one focus area. In the Millennium Declaration, UN aimed to minimise the
generation of wastes, prevent illegal transboundary movements of hazardous wastes
and manage the wastes in a sustainably sound manner (UN, 2000). These international
agreements highlight the importance of effective municipal solid waste management
(MSWM) and the crucial role of waste management in economic and social
development of a country.

Waste recently is more considered as a resource rather than garbage of no value
(Zaman, 2010). Waste as a resource, refers to resource recovery that can be converted
into other material and energy. MSW has great potentials to transform into other form
of resource and energy through proper treatment. Additionally, increasing challenges
of climate change resulting from MSW have raised people’s attentions on waste
management. The generation, treatment and disposal of waste account for greenhouse
gases (GHG) emissions and other climate impacts. In ten years this amount is
expected to increase (UNEP, 2010). For instance, landfilling, waste incineration and
decomposition generate substantial amounts of methane, which are potent emissions
contributing to global warming (Forster et al., 2007). However, if methane is captured
and used to generate electricity and waste is converted into energy resources, then it
will bring numerous climate benefits (UNEP, 2010). Also, the energy generation from
waste can replace the dependence of fossil fuel to some extent and reduced the
emissions from fossil fuels. Furthermore, waste reuse and resource recovery can
reduce the volumes of total waste and reduced the cost of waste management, thus
creating economic opportunities. Reduce resource requirements in the production of
new products using the recovered materials. Hazardous waste threatens and endangers
human health and sustainable livelihood. Due to raising awareness and political will,
hazardous waste management has been tackled on top priority basis in many countries
at local, national, and international levels (UNEP, 2010).

The phenomena and critical issues of MSWM in China inspired this paper to
investigate and analyse the MSWM in an urban area of China. China is now facing
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enormous challenges of fast and large increase of MSW volumes (World Bank, 2005).
A solution to this problem is to adopt an effective MSWM system (Zhu et al., 2009).
The waste hierarchy approach provides an integrated process of waste minimization,
reuse, recycling, recovery and disposal of waste1 (Figure 1). Shanghai, a
representative city of China is challenged by the substantial quantity of waste, and
Linköping, city of Sweden can be a good example to introduce the advanced MSWM
system. Thereby, case studies of two cities’ MSWM system will be compared and
analysed to explore the barriers and possible solutions for Shanghai to achieve
optimal MSWM system. Once a safe and environmentally sound MSWM system is in
place at all levels, there is great potential to improve the living standards for residents
and bring economic benefits.

1.11.11.11.1 ProblemProblemProblemProblem FormulationFormulationFormulationFormulation

With the rapid and large increase of waste quantities, China recently (2004) has
surpassed the USA as the world’s largest MSW generator. According to the report of
Urban Development Working Paper by World Bank (2005), China is supposed to
produce 480,000,000 tons by 2030 compared to the 190,000,000 tons in 2004, i.e. it is
a 150% increase. Assumed, the growing quantities of MSW will have a significant
impact on the development of social, environmental and economic aspects. However,
there are several critical issues facing China such as deficiency of information and
knowledge, less developed policy and strategic planning, lack of technology support,
and lack of financial investment. Therefore, it is urgent and challenging for the
Chinese government to move up the “waste management hierarchy” promoting waste
minimization, reuse and recycling, as well as to upgrade the MSW system in response
to the increasing wastes.

1.21.21.21.2AimAimAimAim

The aim of the thesis is to investigate and analyse the current status and problems of
MSWM in an urban area of China and to analyse to what extent a viable reduction of
the municipal solid wastes can be implemented and management systems to be
improved in the near future.

1.31.31.31.3 ResearchResearchResearchResearch QuestionsQuestionsQuestionsQuestions

What are the current states and problems exist regarding MSWM in Shanghai?

What obstacles and potential solutions are there for optimizing efficiency and
effectiveness of the MSWM system in Shanghai in the future?

Sub-Questions

1 The waste hierarchy refers to the 3Rs of reduce, reuse and recycle, which classify waste
management strategies according to their desirability. The 3Rs are meant to be a hierarchy, in order of
importance. However, in Europe the waste hierarchy has 5 steps: reduce, reuse, recycle, recovery and
disposal (Waste Framework Directive, 2008).

http://en.wikipedia.org/wiki/Reduce_(waste)
http://en.wikipedia.org/wiki/Reuse
http://en.wikipedia.org/wiki/Recycling
http://en.wikipedia.org/wiki/Waste_management
http://en.wikipedia.org/wiki/Waste_management
http://en.wikipedia.org/wiki/European_Waste_Hierarchy
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� What are the similarities and differences of the MSWM system between Shanghai
and Linköping?

� What environmental impacts can be identified regarding MSWM?

� Who should take the role and responsibility to improve the MSWM?

� What are the barriers and opportunities of implementing an improved waste
management hierarchy for MSWM?

2222 LITERATURELITERATURELITERATURELITERATUREREVIEWREVIEWREVIEWREVIEW
Since the definition of MSW is differentiated among international waste management
literature, it is important to discern the MSW from the full range of waste streams and
give the waste management hierarchy (Ramachandra and Shruthi, 2006).
Conventional and innovative waste management technologies and systems such as
sanitary landfill, composting, incineration, and mechanical biological treatment are
addressed, and a small content of the sustainability of practices is assessed. Finally, a
legislation perspective of the application to MSWM is discussed in relative to the
relevant MSW regulations, policies, and laws at a global, national and regional level.

2.12.12.12.1 MMMMunicipalunicipalunicipalunicipal solidsolidsolidsolid wastewastewastewaste managementmanagementmanagementmanagement

There is a large diversity of the definition of MSW between countries. Generally,
“MSW includes wastes generated from residential, commercial, industrial,
institutional, construction, demolition, process and municipal services”
(Ramachandra and Shruthi, 2006). In Europe, MSW is often defined as “all waste
arising within a municipal boundary, including any commercial, industrial,
construction, and hazardous waste” (UNEP, 2010). In the US, industrial solid waste
is not part of MSW but included in overall solid waste2. According to U.S EIA
(Energy Information Administration), MSW is defined as “total waste excluding
industrial waste, agricultural waste and sewage sludge” (Fred, 2008). It is very
common that some sources such as industrial, construction and demolition and
municipal services are excluded from MSW (Ramachandra and Shruthi, 2006). For
example, in Austria, MSW only refers to residential waste and commercial waste
including construction and demolition waste if collected with residential waste. In
some countries, bio-solids extracted from wastewater treatment plant are also
included in solid waste (UNEP, 2010). Such differences in definitions of MSW make
the calculation of the quantity and generation rate difficult. Therefore, it is important
to define the source of municipal solid waste in a clear and coherent manner.

Municipal solid waste management refers to the management of generation, collection,

2 In Texas, solid waste includes hazardous waste, municipal solid waste, industrial solid waste, special
waste. Retrieved on April, 2011 from
http://www.tceq.texas.gov/permitting/waste_permits/msw_permits/msw_types.html

http://www.tceq.texas.gov/permitting/waste_permits/msw_permits/msw_types.html


4

transfer and transport, treatment, recycling, resource recovery and disposal of MSW
in urban areas in concern of its impacts on public health, economics, and environment
(Schübeler et al., 1996; Ramachandra and Shruthi, 2006). Basically, governments are
responsible for the management of MSW in terms of administrative (setting goals and
strategies), financial (budgeting and cost control), legal, planning and engineering
functions (operation and maintenance, monitoring and evaluation) involved in the
MSWM (Schübeler et al., 1996; Tchobanaglous et al, 1997).

2.22.22.22.2 TheTheTheThe wastewastewastewaste managementmanagementmanagementmanagement hierarchyhierarchyhierarchyhierarchy

The waste management hierarchy is a generally accepted guiding principle for
prioritizing waste management practices to achieve minimum adverse environmental
and health impacts from wastes. The waste management hierarchy in Figure 1 shows
the preferred order of waste management practice, from most to least preferred.
Source reduction, reuse, and recycling are the best options for environment while
landfilling is the least favoured practice (Figure 1).

Figure 1 Waste Management Hierarchy3

SourceSourceSourceSource reductionreductionreductionreduction is the most preferred option since it avoids the generation of waste.
Reduction reduces or minimises the quantity of waste before it reaches the waste
stream. Source reduction could be achieved by improvements in product design,
manufacture, Environmentally Preferable Purchasing (EPP), and use of materials or
products (including package materials) to reduce the amount or toxicity of a product
or packaging.

ReuseReuseReuseReuse is the second preferred option. It means that the discarded waste can be reused
in its original form or new products. For example, furniture, bikes, cloths, shoes,
books, etc. can be reused as second-hand products in manners of repairing, donating
or selling them.

RecyclingRecyclingRecyclingRecycling follows source reduction and reuse in the waste management hierarchy.

3 This figure particularly refers to “the solid waste management hierarchy” by incineration and
landfilling, which are the most common waste management practices, whereas the general “waste
management hierarchy” includes “avoid, reduce, reuse, recycle, recover, treat, and dispose”.

倒棱锥图倒棱锥图

倒棱锥图

Source Reduction

Recycling

Resource Recovery

Reuse

Reuse

Most Preferred

Least Preferred
Landfilling
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Recycling (including composting) means that resources contained in the waste can be
recovered, and processed to other forms of products. Recycling can use recyclable
materials to produce new products, and mostly result in less energy or fewer resources,
and provides economic benefits with less environmental impacts.

ResourceResourceResourceResource recoveryrecoveryrecoveryrecovery is the fourth preferred option. It refers to composting and
anaerobic/biogas digestion. Resource recovery is prior to incineration and landfilling
since this method can achieve energy recovery from waste residues through certain
facilities that produce energy.

IncinerationIncinerationIncinerationIncineration is last second option prior to landfilling. Incineration involves the
combustion of waste materials and converts the waste into ash, flue gas and heat. It is
important to remove hazardous, bulky or recyclable materials before combustion
since the ash mostly contains the inorganic substances of waste. The flue gases must
be cleaned of gaseous and particulate pollutants before they are dispersed into
atmosphere.

LandfillingLandfillingLandfillingLandfilling is the least preferred option for waste management. Historically,
landfilling is the oldest and most common method of waste management which still
remains in many countries around the world. Landfilling could cause a number of
adverse environmental and social impacts, such as air, water and soil pollution,
production of methane by decomposing organic waste and disease dissemination, etc.

2.32.32.32.3 SustainableSustainableSustainableSustainable wwwwasteasteasteaste managementmanagementmanagementmanagement practicespracticespracticespractices

Following the rapid expansion of wealth and products, many countries in the world
have responded to the importance of MSWM since the late 1970s. They have built
integrated management systems to handle the waste (Su et al., 2008). An integrated
waste management system (IWMS) is viewed as the key for sustainable waste
management. The notion of IWMS is introduced by UNEP based on 3R (reduction,
reuse, recycling). More sustainable practice and alternative options of MSWM are
proposed to place conventional waste management approaches in order to achieve
sustainable development from long term perspective. The most common techniques
and processes are presented in the following.

2.3.12.3.12.3.12.3.1 SourceSourceSourceSource reductionreductionreductionreduction

Source reduction is also known as “waste minimization4” in some countries.
Changing manufacturing process to reduce the generation of hazardous wastes and
materials is referred to source reduction (Scott, 2005). Optimizing the use of raw
materials, reusing scrap material, improving quality control and process monitoring
may also minimise the amount of waste produced. In industrial sectors, fewer
materials are used, the less waste is produced; the less electricity is used, the less cost
is used. In the manufacturing process, resource reduction can most easily be done at
the design stage. For example, changing the design of product or package can make it

4 In the United States, resource reduction together with recycling and treatment are three general
methods of waste minimization (Scott, 2005).
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easier to recycle at the end of its lifespan. In some cases, improving product durability
can reduce waste and optimize the use of resources. Many developed countries have
designed environmental and ecological products in response to source reduction,
whereas in less developed countries, it has not been implemented. For the households,
buying fewer products and buying eco-labelled products that minimise the use of
packaging is a method to reduce the waste they create. Using electricity thoughtfully
by purchasing energy-saving products, turning off lights and equipment when it is not
needed can also achieve resource optimization.

2.3.22.3.22.3.22.3.2 ReuseReuseReuseReuse

From a domestic perspective, lifestyle is a key factor for the possibility and potential
of reuse. For instance, people may always purchase new products to follow fashion
trends when their old products are still usable. Mending broken or worn items of
clothing or equipment is a good method to reduce unnecessary waste and to save
money. In many developed countries such as UK, US, Germany, France, Sweden,
second-hand shopping is very popular where people can buy used products at a low
price. This has largely reduced the purchasing of new products and extended the life
cycle of old usable products. However, there is few or no second-hand shop in
developing countries. For example, there are no formal second-hand shops in China as
the price of new product is not very high, the demand and market for second-hand
products is low. Also, the lifespan, quality and durability of products are quite low,
therefore people prefer to buy new products instead of used products. Because of this,
the reuse rate of products is limited.

2.3.32.3.32.3.32.3.3 RecyclingRecyclingRecyclingRecycling

Recycling differs from reuse in that recycling can make use of old products to
manufacture not only the same products but also new products from recovered
materials and other sources. To this extent, it is be considered as the reuse of used
products to produce different forms of products. For example, used office paper can
be converted into new office paper or other forms of paper for different purposes (e.g.
cardboard). Recycling can also handle the items that are broken, worn out, or
unsuitable for reuse. Another form of recycling is the salvage of certain materials (e.g.
mercury) or complex products (e.g. batteries, electronic and electrical products)
because of their intrinsic value and hazardous nature. When throwing away a pack or
can, it is essential to remove any remaining substances, especially hazardous content
before the container can be recycled5. In the UK, a life cycle analysis proposes that
where recycling schemes and systems are available, people can be proactive to
involve in recycling. To facilitate recycling, certain infrastructures such as collection,
drop-off sites, pay-back system and source sorting should be improved.

5 http://www.recycling-guide.org.uk/etiquette.html

http://www.recycling-guide.org.uk/etiquette.html
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2.3.42.3.42.3.42.3.4 CompostinCompostinCompostinCompostingggg andandandand anaerobicanaerobicanaerobicanaerobic digestiondigestiondigestiondigestion

The rising concerns on landfill space limitations, there is a growing tendency to
recycle materials by means of composting, since composting systems can convert
biodegradable waste such as paper, food, garden waste and agricultural residues into
useful stable waste (Friends of the Earth, 2008; UNEP, 2010). Simple composting
facilities become effective and low-tech solutions for developing countries to handle
organic waste and produce high quality compost products that are beneficial to
agriculture. Composted organic materials can be natural fertilizer to replace or reduce
the need for chemical fertilizers, improve soil structure, and control land erosion as
well as contribute to land reclamation. Recently, approximately 2,000 composting
systems were built to treat household organic waste in Europe (Boldrin, 2009). Home
composting, the practice of turning the garden waste into compost is considered as a
method of waste minimization. Moreover, composting is also applied in non-OCED
countries. For instance, UN Economic and Social Commission for Asia and the
Pacific (ESCAP) endeavour to support the development of composting facilities in
Bangladesh, Pakistan and Viet Name (UNESCAP, 2009). In India, around 9% of
MSW is composted and composting has largely benefited the agriculture (Sharholy,
2008).

Anaerobic digestion (AD) is an alternative to aerobic composting systems since it can
digest waste under anaerobic conditions (with little or no oxygen) to produce biogas6.
The biogas from AD plants can be burnt in a combined heat and power (CHP) plant to
generate heat or electricity or be used as vehicle fuel (Friends of the Earth, 2007). In
addition, the remaining residue “digestate” contains which is rich in N, P and K can
be used as a soil conditioner to fertilize land (Friends of the Earths, 2007; Scurlock,
2009). Concerning the climate impacts, composting and AD systems can reduce GHG
emissions from manure and agricultural residue. Also, the generated energy avoids
the emission from energy generation can offset the emissions from fossil fuel, and
thus provide higher net carbon savings than composting (Friends of the Earths, 2007).
Furthermore, composting and AD products replace costly manufactured fertilizer with
digestate contained nitrogen and other nutrients. To achieve sustainable composting
and anaerobic digestion, it is essential to enhance local community education and
public awareness to ensure proper source separation and material recycling.

2.3.52.3.52.3.52.3.5 MechanicalMechanicalMechanicalMechanical bbbbiologicaliologicaliologicaliological ttttreatmentreatmentreatmentreatment

MBT refers to an integration of waste management technologies such as material
recovery facilities and biological waste plants7. MBT8 can combine both mechanical
sorting (waste preparation and waste separation) and biological treatment processes

6 AD produced biogas contains 60% methane and 40% carbon dioxide.
7 e.g. sorting and composting plant or anaerobic digester plant.
8 The term of MBT sometimes also known as BMT (biological mechanical treatment) refers to the
order of processing. e.g. the biological phase of the system precedes the mechanical sorting.
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(aerobic bio-drying, aerobic in-vessel composting and anaerobic digestion). The MBT
plant was first built to reduce the environmental impacts of the landfilling residual
waste. It enables to separate and recover recyclable materials and reduce the organic
content in the residues (Juniper, 2005; Enviros, 2006; UNEP, 2010). Bogner et al.
(2007) proposed that the MBT process could reduce 90% of methane that is generated
by wastes from landfilling. MBT composted output can be used as Refuse Derived
Fuel (RDF) for incineration with energy recovery or co-combustion. MBT technology
for MSW stream is mostly found in Europe as the EU Landfill Directive raises the
landfilling cost and establishes regulatory incentives to support the application of
MBT (UNEP, 2010). The MBT plants in Europe are small scale and treating less than
20,000 tonnes of MSW every year (Kelleher, 2007). UK is increasingly embracing the
MBT technology in line with the Landfill Directive and national recycling targets.
Australia also vigorously embraces MBT due to the rising landfill cost. The MBT
technology is still relatively uncommon in the rest of the world since the equipment
for MBT plants are sophisticated and expensive, thus it is not affordable and feasible
solution for developing countries or where landfilling is cheap (UNEP, 2010).

2.3.62.3.62.3.62.3.6 IncinerationIncinerationIncinerationIncineration

Incineration is a criticized method for waste management and many experts argue and
dispute the sustainability of waste incineration. On the bright side, landfilling requires
a large space while incineration has smaller spatial demands for lands (Lin et al.,
2007). On a global scale, incineration has relatively smaller climate impacts compared
to landfilling, contributing 40 Mt CO2-e (Bogner et al., 2007). EU considers energy
generated from biogenic waste by incinerators as non-fossil renewable energy as only
the fossil CO2 is counted as GHG emissions (Michaels, 2009). Landfills release large
amounts of methane, whereas incineration avoids methane emissions. Approximately
130 million tons of MSW are incinerated in 35 countries (Bogner et al., 2007). In
Europe, with its legislation against landfilling, incinerators have been built to replace
landfilling in the last decades. Sweden, France, the Netherlands and Switzerland have
very high rates of incineration (Bogner et al., 2007). The UK government restricts
landfilling9 to reduce the GHG emissions produced by landfills. Therefore
incineration as an alternative method plays a more important role in MSW treatment
and supply of energy (Youde, 2010).

On the negative side, the capital costs of building incineration systems are
substantially high for developing countries. More than half of the money spent on
incineration relates to air pollution control (Connett, 2010). Jones10 (2009) highlighted
that building, operating and maintaining incinerators require a long time to recover
the initial investment cost. To some countries, landfill is still the cheapest and easiest
MSW treatment technology. Regarding the potential of energy production from
incineration, researchers have different voices. Gallagher (2010) argues that

9 The Landfill Directive, Waste and Emissions Trading Act (2003) and Landfill Allowances Trading
Scheme Regulations.
10 The Mayor of London’s waste representative.
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incineration recovers only 10% of the energy used to make the products. Connett
(2010) states that many studies have estimated recyclable materials save three-four
times more energy than incineration. A combination of composting and recycling can
reduce 46 times more GHG gases than burning fossil fuels generated electricity
(Connett, 2010). “Zero Waste” supporters consider incineration and other waste
treatment technologies as barriers to recycling, and the waste resource is sacrificed by
energy recovery (Connett, 2006; Friends of the Earth, 2007). Although energy
extracted from waste incineration has the potential to provide the future energy with a
large secure supply, waste incineration with energy recovery is not widely accepted in
Europe due to environmental concerns (Ipsen, 2005). Waste incineration contributes
to air pollution to a large extent as it releases bottom ash and very toxic fly ash, heavy
metals11 and dioxins12 emissions (Lin et al., 2007; Connett, 2010). Jaffrin et al. (2003)
state that incineration produce toxic ash and large volumes of smoke which contain
acid vapour and dioxins. Incineration is rejected by some OECD countries due to
local communities’ opposition for the concerns over the particle effects on health. To
reduce the adverse impacts of incineration, the high toxic ash must be safely disposed
of and fly ash trapped. According to Canada Federal Ministry for Environment (2005),
new governmental policies and laws have resulted in large reduction in the amount of
dioxins and furan emissions.

2.3.72.3.72.3.72.3.7 MechanicalMechanicalMechanicalMechanical hhhheateateateat ttttreatmentreatmentreatmentreatment

Mechanical heat treatment (MHT) is a new technology for MSW processing. MHT
processes are steam based technologies that use thermal treatment along with
mechanical processes. The latter involves mechanical sorting or pre-treatment process
that can be accomplished by a material recovery facility. MHT can separate organic-
rich content of waste through biological processing, produce RDF to ensure energy
security, and extract materials13 for recycling and recovery (Defar, 2007). The most
common method for MHT is termed “autoclaving”, where waste is heated by steam
pressure, whereas the other method of MHT is a non-pressurized heat treatment
process, where waste is dried by externally applied heat. Autoclaving is typically used
to treat clinical (hospital) waste, since the processes also sanitize the waste by killing
microorganisms and reduce its moisture content. MHT can be also used in
conjunction with Mechanical Biological Treatment (MBT). However MHT does not
comprise biological degradation processes such as anaerobic digestion or composting.
So far, there is only a small track record on MHT application to MSW, therefore more
research and practical experiences should be reported on this method (Defar, 2007).

2.3.82.3.82.3.82.3.8 LandfillLandfillLandfillLandfillinginginging

Landfilling is a significant and historically dominant waste management method.

11 e.g. vanadium, manganese, chromium, nickel, arsenic, mercury, lead, and cadmium, which can be
toxic at very minute levels.
12 Polychlorinated dibenzodioxins (dioxins and furans) (PCDDs, PCDFs, PBDDs, PBDFs etc)
13 Typically are metals and glass, or potentially plastic, fibrous organic and paper fraction.
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Since traditional landfill fails the first three steps of the hierarchy a new focus is given
toon sustainable landfills (Wagner, 2011). Several studies have been carried out and
Allen (2004) defines sustainable landfills as “The safe disposal of waste within a
landfill, and its subsequent degradation to the inert state in the shortest possible time-
span, by the most financially efficient method available, and with minimal damage to
the environment”. The aim of sustainable landfill is to mitigate the environmental
impacts by reducing pollution, preventing leachate and closing poorly run and small
landfills (MfE, 2007). Energy gasification of methane from landfills can reduce the
environmental effects of GHG emissions by 95% (Landcare Research, 2007).

Landfill bioreactor, which is also known as “wet landfill” has gained increasing
attention worldwide. It relates essentially to the organic material in the landfill.
Landfill bioreactor refers to adding moisture to wastes which increases natural
degradation impacts of organic wastes in the landfill, treating waste in a lifetime and
containing the products of degradation in a way (Kurian et al., 2004; Hudgins et al.,
2011). Anaerobic landfill reactors have been built in Japan, and an aeration system
has been used in Austria since 1991 (Hudgins et al., 2011). From a life-cycle
perspective, landfill bioreactors could be the basis for a cost-effective sustainable
solution to MSWM (Hudgins et al., 2011). In the past, open dumps were used and
they are still common practices in many developing countries. Dry tomb landfill was
introduced to eliminate the leachate problems of open dumps. However, dry tomb
landfilling is also criticized to be unsustainable due to space demands every few years.
Furthermore, it needs monitor expanding potential environmental impacts in a long
term. The landfill gas contains methane (CH4) and carbon dioxide (CO2) both of
which are GHG gases. Landfill bioreactors can optimize methane recovery and
stabilize the organic materials quickly. About 20% of global anthropogenic methane
emissions are from landfills but landfill biogas could become a renewable energy
source which is eco-friendly and efficient (Kurian et al., 2004). Landfill biogas could
be an alternative cheap fuel for heating purpose and could provide CO2 supplement
for plant growth (Jaffrin et al., 2003). France has projected to use landfill gas for
heating greenhouses and make nutrient solutions to feed plant for few years. The
Clean Development Mechanism (CDM) project, under Kyoto Protocol also provides
opportunity for developing countries to implement landfill gas capture scheme for a
few years. It is estimated that 75% of “the produced methane” escape across the cover
soil (Hettiaratchi, 2003). In the aerobic landfill system, methane can be collected and
purified for sale or use in short time. Landfill bioreactors can not only reduce the
landfill emitted methane, but also produce more landfill gas within a short time which
can be harvested (Kurian et al., 2004). Another advantage of landfill bioreactor is that
waste stabilizes much faster than dry tomb landfill system. For example, waste may
not stabilize for thirty years in dry tomb landfills, while less than ten years is needed
in an anaerobic bioreactor. Once the wastes are stabilized, aerobic landfills will be in
state to allow waste mining. Land mining can extract the recyclables, reuse the
landfill space and extend the life time of landfills (Kurian et al., 2004).

2.42.42.42.4 LegislativeLegislativeLegislativeLegislative frameworkframeworkframeworkframework ononononMSWMMSWMMSWMMSWM
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Laws, policies and regulations are important instruments for waste management.
Waste management legislations are formulated in accordance with the types of waste
or waste management practices at international, national and regional level. Normally,
the international laws concerning waste management particularly focus on nuclear and
hazardous waste. Countries like China, Canada, Australia, US, and UK have
established their own MSWM laws, and European countries follow the EU waste
directives. The following environmental legislations14 are the most relevant for
MSWM.

2.4.12.4.12.4.12.4.1WasteWasteWasteWaste frameworkframeworkframeworkframework legislationlegislationlegislationlegislation

European countries comply with the EU Waste Management Directive. The Waste
Framework Directive (WFD) is an EU Directive issued in 2008 for all wastes where
MSW is only a part. The WFD was first enacted in 1975 and substantially amended in
1991. According to Dubois et al. (2004), WFD is based on the waste management
hierarchy, the Principle of Best Available Technology, the Principle of Proximity,
Principle of Self-sufficiency, and Polluter Pays Principle (PPP). In 1996, China
enacted the Law of the People's Republic of China on the Prevention and Control of
Environmental Pollution by Solid Waste15, which is the main legislation for solid
waste management and pollution control (Chen et al., 2010). Moreover, relevant
administrative and governmental authorities issued MSWM regulations and policies.
For example, the Ministry of Construction issued Management Measure on Urban
Waste (2004) and Stipulation on Urban Construction Waste Management (2005).

2.4.22.4.22.4.22.4.2 LandfillLandfillLandfillLandfill legislationlegislationlegislationlegislation

Mazzanti and Zoboli (2009) attributed EU’s success in waste management to
involving waste from landfills in EU’s Landfill Directive (1999) and relevant
environmental policies and regulations. Many EU countries rely heavily on landfilling,
and especially UK delayed the approval of the directive (Dubois et al., 2004). With
the support of governmental and national strategies, finally UK raised landfilling fees
introduced and relevant policies to limit landfills and reduce landfill GHG emissions.
China published The Pollution Control Standard for Landfills16 (2008) to place
stricter regulations on the construction of landfill sites (Chen et al., 2010). However,
Australia, New Zealand, Canada and the US have no legislation restricting landfilling,
and landfilling still remains a cheap disposal option (UNEP, 2010).

2.4.32.4.32.4.32.4.3 IncinerationIncinerationIncinerationIncineration legislationlegislationlegislationlegislation

EU addressed Waste Incineration Directive (WID) to prevent and reduce the negative
environmental impacts of air pollution, water quality and human health from
incineration. China passed the Pollution Control Standard for Municipal Solid Waste

14 This paper mainly focuses on the Chinese MSWM laws and EU waste management directives as
Sweden follows the EU waste management directives.
15 It is also known as the Law on Solid Waste.
16 The standard was issued in 1997 and amended by Ministry of Environmental Protection in July 2008.



12

Incineration in 2002. The technical standards of incineration facility contribute to the
control of emissions which stipulating that the bottom ash should be treated as general
MSW and the fly ash should be treated as hazardous waste (Chen et al., 2010).

2.4.42.4.42.4.42.4.4 HazardousHazardousHazardousHazardous wastewastewastewaste legislationlegislationlegislationlegislation

Hazardous waste should be treated properly and separately from other waste. China
pays attention to the management of hazardous waste with the publications of related
laws such as Measures on Duplication Form for Transfer for Hazardous Waste
Measures on the Management of Hazardous Waste Manifest (1999) and National
Catalogues of Hazardous Waste (2008). EU adopted the Restriction of Hazardous
Substances Directive (RoHS17) in 2003 and issued European Waste Catalogue (EWC)
in 1994, and amended in 2001.

2.4.52.4.52.4.52.4.5 ElectronicElectronicElectronicElectronic wastewastewastewaste legislationlegislationlegislationlegislation

Regarding the treatment for electronic waste, EU introduced Waste Electrical and
Electronic Equipment Directive (WEEE) along with RoHS Directive to set collection,
recycling and recovery targets for electronic waste. In China, many administrative
agencies address Management Measure on Prevention of Environmental Pollution
Caused by Electronic and Information Industry (2006), and State Environmental
Protection Association passed Management Measure on Prevention of Environmental
Pollution Caused by Electronic Waste in 2007.

2.4.62.4.62.4.62.4.6 PackagePackagePackagePackage wastewastewastewaste legislationlegislationlegislationlegislation

The EU Packaging Directive was introduced to harmonize packaging system and
enable a free market (Dubois et al., 2004). This directive set targets for higher rates of
recycling and higher standards for recovery. In China, the White Pollution18 is a
critical issue. China released Proposals on Strengthening the Management of the
Plastic Package Wastes along Main Roads, in River Basins and at Tourist Attractions
(1998) to reduce the plastic package waste. Later in 2008, China has banned free
plastic shopping bag and posed Plastic Bag Tax according to Plastic Bag Law19
(2008). This law has remarkably reduced the plastics package use by 50% which also
helped to prevent 100 billion plastic bags from polluting waterways and entering
landfills (Green Energy News, 2010).

17 The Directive on the restriction of the use of certain hazardous substances in electrical and electronic
equipment 2002/95/EC, commonly referred to as the Restriction of Hazardous Substances Directive or
RoHS)
18 "White pollution" mainly refers to the two negative effects on the environment: "visual pollution"
and "potential hazards" due to the ineffective management and disposal of plastic waste.
http://www.shanghai.gov.cn/shanghai/node17256/node17745/node17811/node17813/userobject22ai28
589.html
19 http://www.renewable-energy-news.info/plastic-bag-ban-china/
http://www.chinaenvironmentallaw.com/2009/06/11/plastic-bag-ban-update/
http://www.prlog.org/10205201-chinas-new-law-on-plastic-bags-detailed-in-new-report.html

http://www.shanghai.gov.cn/shanghai/node17256/node17745/node17811/node17813/userobject22ai28589.html
http://www.shanghai.gov.cn/shanghai/node17256/node17745/node17811/node17813/userobject22ai28589.html
http://www.renewable-energy-news.info/plastic-bag-ban-china/
http://www.chinaenvironmentallaw.com/2009/06/11/plastic-bag-ban-update/
http://www.prlog.org/10205201-chinas-new-law-on-plastic-bags-detailed-in-new-report.html
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3333 METHDOLOGYMETHDOLOGYMETHDOLOGYMETHDOLOGY
The methods or procedures section are really the heart of research (Wiersma, 1995:
409). In this section, the methods used in the thesis are presented. The literature
review and case study method provide an overall working guidance during the
collection of the material.

3.13.13.13.1 CaseCaseCaseCase studiesstudiesstudiesstudies

When intending to get a better understanding of the current situation and problems of
MSWM in an urban area of China, the chosen method is investigate and analyse the
MSWM systems and technologies in one city. Shanghai is the biggest city in China
and generates huge amounts of MSW every day. Additionally, Shanghai has the most
“international standard” waste stream (e.g. higher fraction of plastic and paper and
low moisture), the waste management challenge is expected to have generated a need
for development. These reasons make it worthwhile for me to study the case of
Shanghai, China. In the paper, a brief background of the MSW status is described and
the main MSWM methods in use are illustrated and explained. Furthermore, the
government and local authority environmental or waste management policy, and their
impacts on MSWM are exploited. Moreover, I will try to explore the opportunity and
potential of Shanghai for improving MSWM. Such a case study can provide a
powerful and persuasive answer to the research questions. To some extent, a case
study is an easy and adaptable method for the reader to understand and accept.

3.23.23.23.2 ComparativeComparativeComparativeComparative analysisanalysisanalysisanalysis

In order to describe the critical issues in Shanghai in depth, it is of great importance to
have another case to compare with and to project the problems. Sweden has one of the
most pioneering MSWM procedures, and there is a range of lessons and experiences
that China can draw upon. Linköping, as the fifth largest city in Sweden and has
effectively handled the MSW with least environmental impacts. Furthermore, the
success of MSWM largely contributes to its advanced MSWM system. After
collecting the data of waste streams, we use comparative analysis tool to discuss and
analyse the results. In addition, I will compare and analyse the differences and
similarities between the Swedish and Chinese MSWM system, with the purpose to
improve the Chinese MSWM system and indicate solutions to handle the MSW
problems.

3.33.33.33.3 OtherOtherOtherOther materialsmaterialsmaterialsmaterials

Data collected in this paper are secondary data based on literature, publications and
reports. To obtain a clear understanding of definition, hierarchy, sustainable waste
management practices and legislative framework of MSWM, I have reviewed a large
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number of reports and studies. As the concepts are defined and explained in different
years by different authors, it is essential to find the most accepted and present the
disputes in previous studies. The arguments surrounding the concepts are based on
discussions and debates. To support the analysis and ensure the reliability and validity
of the data, I reviewed not only past studies but also the latest information presented
on related environmental official websites. For example, websites like Friends of the
Earths, United Nation Environmental Programme (UNEP), and United Nations
Framework Convention on Climate Change (UNFCCC) provide us the most updated
and informative publications and news.

4444 BACKGROUNDBACKGROUNDBACKGROUNDBACKGROUNDTOTOTOTO STUDYSTUDYSTUDYSTUDYSITESSITESSITESSITES
Many studies and pilot projects have been carried out relating to MSWM including
waste collection, sorting, recycling and disposal in different cities in China, e.g.
Beijing (Li et al., 2009; Wang, 2010; Zhao et al., 2010), Shanghai (Hong et al., 2006;
Zhang et al., 2008), Guangzhou (Chung and Poon, 1998; Medina, 2011)., Tianjin
(Geng et al., 2007; Zhao et al., 2009), Hangzhou (Zhao et al., 2009). In order to
enable the specific case cities to be applied in other cities in China, it is essential to
review the overall background of MSW in China. The following chapter provides an
overview of the current state in relation to MSWM in China. In addition, the existing
problems will be discussed based on the case study of Shanghai as an example in
China.

4.14.14.14.1 SourceSourceSourceSource reductionreductionreductionreduction

Source reduction is in the process to become a priority to MSW planning in China in
accordance with the waste management hierarchy. The source of waste varies from
country to country. In China, organic waste (e.g. food waste) constitutes a relatively
large proportion of all waste. Consumption and the dietary habit are the major drivers
for generation of waste, however, they are not easy to change. Individual production
of waste has only a small impact on overall waste volumes produced by society,
policy instruments can help to minimise the waste production. In 2008, China enacted
a policy of charging for plastic bags to ban the use of packaging, which proved
effective ( Chen et al., 2010). Furthermore, more and more eco-labelled products are
produced to meet the demands of environmental-friendly products.

4.24.24.24.2 MSWMSWMSWMSWgenerationgenerationgenerationgeneration andandandand compositioncompositioncompositioncomposition

The growing population and concentration, economic development (e.g. GDP20) and
urbanization give rise to the increase of total quantity of MSW. Generally, the MSW
generation quantity increases with the growth of urban populations and GDP but in

20 GDP=Gross Domestic Product.
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varies composition. Table 1 shows the data of collected and transported MSW21,
urban population, GDP and per capita quantity of MSW from 1981 to 2008 in China.
There are around 660 cities in China that produce 190 million tons of MSW annually
(Huang et al., 2006). The urban population was 144 million in 1981 and increased 4.2
times to 606 million in 2007. In addition, the GDP grew 62-fold during these 27 years
from 489,100 million in 1981 to 30,067,000 million in 2008 (Figure 2). In China,
MSW is collected and transported by the local Sanitary Bureaus (Huang et al., 2006).
Between 1981 and 2008, the amount of collected and transported MSW shows a
steady increase (Figure 2). According to Raninger (2009), the total amount of MSW
generated was 212 million tons in 2006 and equivalent to 0.98 tons/capita/year. The
quantity of collected and transported MSW in 1981 was 26 million tons, and in 2008,
5.9 times that amount was handled, representing per capita quantity of MSW of 0.70
kg/capita/day. Zhang et al. (2010) also pointed that per capita waste generation rate
varied among different cities in China.

Table 1. The urban population, GDP, per capita quantity of MSW and collected and
transported MSW in China.

Year Urban population
(104 persons)

Amount of
collected and
transported
MSW (103 tons)

GDP (100
million yuan)

Per capita
quantity of MSW
(kg/capita/ day)

1981 14400 26060 4891 0.50
1985 20893 44770 9016 0.59
1990 32530 67670 18667 0.57
1995 37790 106710 60793 0.77
2000 38824 118190 99214 0.83
2001 35747 134700 109655 1.03
2002 35220 136500 120332 1.06
2003 52376 148570 135822 0.78
2004 54283 155090 159878 0.78
2005 56157 155770 183217 0.76
2006 57706 148410 211923 0.70
2007 59379 152140 257305 0.70
2008 60667 154370 300670 0.70

(Source: China Statistical Yearbook, 2001-2008; Huang22 et al., 2006)

21 Note that the MSW collected and transported was not the total amount of MSW generation since
MSW produced in some cities was not collected and transported. In addition, most information
available based on “MSW collected and transported” rather than “MSW generation”. In the China
Statistical Yearbook, there is no reference relating to MSW generation, thus we choose the collected
and transported MSW.
22 The data from 2001 to 2008 is based on China Statistical Yearbook, and the other data from 1981 to
2000 refers to Huang et al.
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Figure 2. Trends of collected and transported MSW, urban population, and GDP from
1981 to 200823.

The composition of MSW varies among cities, districts, and seasons due to
differences in climate, culture, the level of living standard and income as well as
consumption and dietary habits, etc. (Huang et al., 2006; Zhang et al., 2010; Chen et
al., 2010). Waste production stabilises after 2004 despite a rapid increase in GDP.
This is done to that the local governments have taken actions to control the waste
generation. In general, the components of MSW are divided in different types of
wastes such as organic garbage, paper (cardboard), plastic, glass, metal, textile, wood,
ash and others. Figure 3 presents a comparison of collected MSW composition in
China between 1991 and 2009. The composition of MSW in China is dominated by a
high organic and moisture content, since the organic garbage (especially the kitchen
waste) in MSW occupied the highest proportion at approximately 60% (Yuan et al.,
2006; Du et al., 2010; Chen et al., 2010). In these years, the increasing trend was
reversed and reduced to 50% in 2009 because extra money was used to buy other
products than food. The proportion of paper content increased 5.3 times from 3% to
16%. The amount of plastic increased sharply to 16% in 2009 compared to 3% in
1991, while the content of dust and tile showed a falling trend. On the whole, most
metal, textile, glass and wood were separated and sold to private collectors, so they
did not show obvious variation and most recoverable materials had been removed in
2009.

23 The data in Figure 2 is based on Table 1, where the unit of collected and transported MSW is 103 tons,
the unit of urban population is 104 persons, and the unit of GDP is 100 million yuan.
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Figure 3. Composition of MSW in China between 1991 and 2009 (Source: Du24 et al.,
2010; UNEP, 200925).

4.34.34.34.3WasteWasteWasteWaste separationseparationseparationseparation

Currently, MSW is collected in a mixed state, and source separation is a relatively
new approach and has not been widely introduced and implemented (Chen, 2008).
Generally, source-separated collection is based on residents’ voluntary contribution
and private scavangers and no governmental administration was involved in waste
separation service until mid 1990s (Chen et al., 2010).

4.44.44.44.4 MSWMSWMSWMSWcollectioncollectioncollectioncollection andandandand transportationtransportationtransportationtransportation

MSW in major cities of China is collected in two ways. Storing and transporting
MSW from household to local collection points, transporting collected waste from
local collection points to places of treatment and disposal (Zhang et al., 2010). When
it comes to household collection systems, there are two types of methods: collection at
roadsides and household collection. Roadside collection requires that residents
separate recyclable materials in specific collection containers which are offered by
local authorities. In residential areas, residents are advised to gather their garbage in
bags and put it in designated garbage bins for collection, and the municipality
transports the waste by truck to a transfer centre. In China, most waste services in
large cities were offered by the local municipality. Recently, private companies began
to provide waste service in large cities such as Beijing, Shanghai, Guangzhou,
Shenzhen, and Hangzhou, in order to improve the efficiency and quality of collecting
and transporting MSW (MOC, 2006).

4.54.54.54.5 MSWMSWMSWMSW treatmenttreatmenttreatmenttreatment andandandand disposaldisposaldisposaldisposal

China has made efforts to improve MSW management and operation for years in
terms of landfills, incineration and composting. However, most of the earlier projects
and programs were not cost or ecologically efficient, and are not feasible to other
cities due to socio-economic, institutional and technological barriers (Gao, 1994; Fang,
1996, Chen et al., 2010). In recent years, the Chinese government pays more attention
to the sustainability of waste management practices due to various changes in
technical options, economic instruments and legislative framework (Piresa et al.,
2011). In mid 1990s, the local government began to invest in building urban
sanitation facilities and infrastructure, therefore MSW treatment capacity and rate
have been considerably improved (Chen et al., 2010). In 2009, there were 567
harmless treatment plants/grounds, with a capacity to treat 51% of the total waste.

24 Du, W. P., Gao, Q. X., Zhang, E. C., (2010) “中国城市生活垃圾排放现状及成分分析”. Retrieved on April,
2011 from http://www.cn-hw.net/html/32/201001/13315_4.html.
25 UNEP Open Burning of Waste 4th Toolkit Expert Workshop (2009). Retrived on July, 2011 from
http://www.chem.unep.ch/Pops/pcdd_activities/toolkit%20experts%20meetings/4thToolkitExpertMtgp
dfs/Annex%20VI_G%20Solorzano-Cat%206b%20Open%20waste%20burn.pdf

http://www.sciencedirect.com/science/article/pii/S0301479710004275
http://www.cn-hw.net/html/32/201001/13315_4.html
http://www.chem.unep.ch/Pops/pcdd_activities/toolkit experts meetings/4thToolkitExpertMtgpdfs/Annex VI_G Solorzano-Cat 6b Open waste burn.pdf
http://www.chem.unep.ch/Pops/pcdd_activities/toolkit experts meetings/4thToolkitExpertMtgpdfs/Annex VI_G Solorzano-Cat 6b Open waste burn.pdf
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However, an analysis of 388 MSW treatment sites in 255 cities of China indicated
that the harmless MSW treatment rate was around 25%, regarding the operation and
management factors, the actual rate was less than 20% (Xie26, 2010).

Table 2. Treatment and disposal of MSW in urban area of China.
2003 2004 2005 2006 2007 2008

Wastes disposed (104 tons) 7545 8089 8051 7873 9438 10307
Treatment capacity (ton/day) 219607 238519 256312 258048 271791 315153
Treatment rate of MSW (%) 51 52 52 52 62 67

(Source: China Statistical Yearbook, 2003-2008).

Figure 4. Disposal methods for MSW in 2006 (Raninger, 2009).

4.5.14.5.14.5.14.5.1 ReuseReuseReuseReuse andandandand recyclingrecyclingrecyclingrecycling

There are few formal second-hand shops in China which means that few formal
channels are available to deal with used products. Second-hand shopping is relative
new concept in China as the customers prefer to buy new products. There does not
show great price advantage of second-hand products comparing with new products.
According to my research, most used products are sold on internet by individuals, so
the market for second-hand products is very small. Furthermore, there are few
governmental recycling and recovery agencies and campaigns. Recyclable items are
mainly collected by scavengers and collectors of reusable materials, who are informal
agents, resulting in serious environmental and social problems.

4.5.24.5.24.5.24.5.2 CompostingCompostingCompostingComposting

Composting is not widely used in China as the technology is not mature and
developed. There were 70 composting plants in 2006, but reduced to 16 by the end of
2009. Actually, China has already utilized composting technology for a long time, but
the result is not effective owing to low efficiency of source separation, poor quality of
composting fertilizer and small market demand (Chen et al., 2010; Xie, 2010). As
Chen et al. (2010) proposed that composting requires additional process of separating
at source which adds extra cost, therefore composting is less competitive pricewise

26 Xie, J. H., (2010) “城市生活垃圾的处理与资源化”. Retrieved on April, 2011 from
http://paper.solidwaste.com.cn/view/id_2467

http://paper.solidwaste.com.cn/view/id_2467
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and produces less profits.

4.4.4.4.5.35.35.35.3 IncinerationIncinerationIncinerationIncineration

Incineration technology was firstly introduced to China in 1980s, and developed
rapidly in 1990s. Incineration has been actively embraced and a large number of
incinerating plants were built in over 30 cities up to the end of 2002 (Li et al., 2002).
The incineration plant has positively developed in China as the average heating value
of the MSW in China is about 3300KJ/Kg (Li et al., 2002). The number of
incineration plants in 2009 reached 93 compared with 47 in 2003. Furthermore, there
are many incineration projects under construction. By 2006, the incineration capacity
was 15000 tons/day. According to Chen et al. (2010), the fast development of
incineration in China due to three reasons. 1) Incineration is encouraged and
subsidized by government for electricity generation. 2) Many private sector
enterprises begin to invest in building incinerators which reduces the financial burden
of government. 3) Incineration has high efficiency of waste volume reduction where
space for a new landfill is limited.

4.5.44.5.44.5.44.5.4 LandfillingLandfillingLandfillingLandfilling

Landfilling is a dominant disposal method for MSW in China because it is cost-
effective and it can treat mixed waste without separation. According to Zhang et al.
(2010), there were 79 million tons of waste in 2006, 91% was landfilled, 6% was
incinerated, and 2% was composted. In 2003, there were 457 landfill sites, with a
storage capacity of 187,092 tons/day. At the end of 2009, landfill sites reduced to 447
(China Statistical Yearbook, 200327-200928). Table 2 shows the quantity of waste
disposed and treatment capacity of MSW in China from 2003 to 2008. Waste
collection rate of MSW has increased from 51% in 2003 to 67% in 2008, and the
storage capacity is also increasing. Figure 4 presents the disposal methods for MSW
in 2006, of which 24% of controlled landfills with basic sanitary facilities, and 40% of
uncontrolled landfill. It also reveals that about 30% waste is not collected due to
inadequate financial and investment, inappropriate guidelines for new landfills, and
unclosed open dumps (Zhang et al., 2010).

5555 CASECASECASECASE STUDIESSTUDIESSTUDIESSTUDIES

5.15.15.15.1 MSWMSWMSWMSWmanagementmanagementmanagementmanagement inininin Shanghai,Shanghai,Shanghai,Shanghai, ChinaChinaChinaChina

5.1.15.1.15.1.15.1.1 SourceSourceSourceSource reductionreductionreductionreduction

In Shanghai, many inhabitants buy new clothing to follow the fashion trends and

27 http://www.stats.gov.cn/tjsj/qtsj/hjtjzl/hjtjsj2003/t20050707_402261362.htm
28 http://www.stats.gov.cn/tjsj/qtsj/hjtjzl/hjtjsj2009/t20101206_402687953.htm

http://www.stats.gov.cn/tjsj/qtsj/hjtjzl/hjtjsj2003/t20050707_402261362.htm
http://www.stats.gov.cn/tjsj/qtsj/hjtjzl/hjtjsj2009/t20101206_402687953.htm
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discard old ones. As there is few formal second-hand shopping, those old clothes are
not reused which produces unnecessary waste. Increased consumer awareness of
source reduction towards buying decisions could have a strong impact and power to
make manufacturers to change the product and packaging design. For example, some
consumers avoid purchasing products without eco-labelling or choosing products that
minimise the use of packaging. Eco-labelled products usually last longer and are
environmentally friendly, but they are more expensive than other products which is a
dilemma for the consumers to make buying decisions. Since most consumers do not
consider the benefit of eco-labelling products in a long term (e.g. energy saving,
durability, lifespan), most consumers buy ordinary products. Actually, the Chinese
government has realized the importance of source reduction, thus a policy for
charging for the use plastic bags was formulated. In Shanghai, people begin to bring
cotton bags or reuse the plastic bags which has reduced the use of plastic bags.

5.1.25.1.25.1.25.1.2WasteWasteWasteWaste generationgenerationgenerationgeneration andandandand compositioncompositioncompositioncomposition

The total MSW generated in Shanghai City increased from 2.8 million tons in 1990 to
7 million tons in 2007, of which 5.2 million tons were produced by residents
(Shanghai Statistical Yearbook, 2009). This can be attributed to a rapid growth in
urban population, economic development and improved living standard. The urban
population in 1990 was 8.6 million persons and 12 million persons in 2007. GDP has
increased from 78 billion yuan in 1990 to 1370 billion yuan in 2007, with an average
annual increase of 18%. Table 3 shows the MSW generation quantity and MSW per
capita in Shanghai from 2004. From 1995 to 2002, the average annual increase rate of
MSW generation in Shanghai was over 11%. Although the rate was still increasing in
the following years, it had declined sharply to 5% (Zhu29, 2009).The local
government made efforts to control the quantity of MSW generation which was
decreased 3.4% in 2008 compared to that of 2007.

Table 3. MSW generation quantity and MSW per capita in Shanghai from 2004 to
2008 (Source: Shanghai Statistical Yearbook, 2009).
Year 2004 2005 2006 2007 2008
Urban population (104 persons)30 1098 1149 1173 1197 1217
MSW generation quantity (104 tons/year)31 610 622 658 702 678
MSW per capita (kg/capita/day) 1.52 1.48 1.54 1.61 1.53

In 2007, Sun et al. (2008) made experiments on the composition, combustion
characteristics, and caloric value of MSW in Shanghai, which indicated that 65% of
MSW was organics, 30% was combustible (including plastic, paper, textile, packing,
block), 2.5% was recyclable32 (including glass and metal), 0.4% was hazardous

29 Zhu, Y. L. (2009).“上海市城市生活垃圾处理处置现状与对策”. Retrieved on April, 2011 from http://www.cn-

hw.net/html/32/201002/13578.html.
30 The figures of urban population are provided by Municipal Public Security Bureau.
31 Data in this table are provided by Shanghai Environmental Protection Bureau.
32 The definition of recyclable differs from the earlier definition. And also that much of glass and metal

http://www.cn-hw.net/html/32/201002/13578.html
http://www.cn-hw.net/html/32/201002/13578.html
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materials (including bulb, batteries, cosmetics), and 2.1% was the inorganic without
biological origin.

Figure 5 shows the MSW composition of Shanghai in 2005 and projection for 2015.
In 2015, organic (kitchen) garbage tends to decrease, paper and textile are on the
increase, and other components do not show apparent changes. Food garbage
accounts for some 56% of total MSW, and the waste for recycling and reuse remains a
small proportion which is about 20% - 28%, but glass component of Shanghai is
much more than the figure found in China (Zhang & Yang, 2007). Since most
recyclables are sold to scavengers and private collectors rather than handled by the
municipal recycling system, the actual quantities of paper, plastic, glass, wood and
metal are higher than shown by these tables. The circles refer to the total MSW
collected by the municipality. Comparing with other cities in China, the MSW
composition of Shanghai has characteristics of larger quantity of organic garbage,
fewer recyclable materials, higher moisture contents, and lower heating value.

Figure 5. MSW composition of Shanghai in 2005 and projection for 2015 (Zhang &
Yang33, 2007).

5.1.35.1.35.1.35.1.3WasteWasteWasteWaste separationseparationseparationseparation

Since 2000, Shanghai was selected as a pilot city to implement waste separation in
households. The program has covered more than 1800 residential areas, but the results
of this voluntary endeavour is disappointing (Asian Institute of Technology, 2004).
They suggest two reasons for the failure: 1) the local residents were not actively
involved in waste separation and collection, 2) residents are willing to separate waste
while the municipal waste collection and transportation go adrift (Liu, 2010). Even
though the local authority, community, logistic companies have promoted the
importance of waste separation, the residents still have very low awareness or little
knowledge of separating waste. Actually, the labels and instructions on trash bins or
waste containers are confusing, and makes it is difficult for residents to separate
MSW in a correct way. Some trash bins are labelled “organic and inorganic”, others

is actually collected by scavengers.
33 Zhang, Y., Yang, C. X., (2007). “上海市区生活垃圾产生量及成分分析”. Retrieved on April, 2011 from

http://www.cn-hw.net/html/32/200708/3687.html.

http://www.cn-hw.net/html/32/200708/3687.html
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are labelled “recyclable and unrecyclable34” could be different, and residents don’t
know which are organic and which are not. In addition, the definition of recyclable
and unrecyclable are different for different disposal methods, for example,
incineration and composting have different scopes for recyclables. Collection of
separated waste in foreign countries is well served, while it is only limited to the
household waste separation in residential areas in Shanghai till now. The waste
treatment and disposal place does few activities on separation but, for example, the
incineration sites do not separate waste, and only a minority of composting sites have
separating system (Zhu, 2010).

5.1.45.1.45.1.45.1.4WasteWasteWasteWaste collectioncollectioncollectioncollection andandandand transportationtransportationtransportationtransportation

MSW collection and transportation is conducted by the municipality of Shanghai.
Shanghai has been practicing MSW collection since 1996, however the current waste
collection and transportation system is not satisfactory. Shanghai government has
invested 42,237 million yuan on environmental protection, of which 28,430 million
yuan was invested on improving urban environment infrastructure and facilities
(Shanghai Statistical Yearbook, 2009). There were 2,965 collection points of
residential garbage, 56,485 trash cans, 5 transfer stations and 8 canal docks by 2008
(Shanghai Environmental Protection Bureau, 2009). Besides this municipal service,
three large private companies are involved in waste collection and transportation in
Shanghai (Zhu et al., 2009). These companies are responsible for collecting waste
from waste collection points by truck, and transporting the wastes to transfer stations
and disposal sites every morning. Although MSW transportation system has been
enhanced, it still cannot meet the requirement of the present waste stream. According
to Zhu (2009), the waste was collected separately by bag collection system (from
where different bags for different content) and garbage containers at first, but there
were problems during the waste transportation step. In order to reduce the MSW
quantity, the waste was compacted again in compaction stations at a mixed stage (did
not segregate any more), and then transported to disposal landfill sites. As a result, the
finally disposed MSW increased which was difficult for separation, recycling and
reuse. Furthermore, the collection and transportation facilities are inadequate
compared with the large MSW generation.

5.1.55.1.55.1.55.1.5WasteWasteWasteWaste treatmenttreatmenttreatmenttreatment andandandand disposaldisposaldisposaldisposal

Shanghai Environmental Protection Bureau (SEPB) is in charge of the MSW disposal
of the city, and each district has its own local bureau which is administrated by SEPB.
A number of MSW disposal facilities have been completed and put into full operation.
There are 6 large MSW treatment and disposal facilities35, including 3 landfill sites
with disposal capacity of 6400 tons/day for one year, 2 incinerators with a capacity of
2000 tons/day, 1 composting site with a capacity of 1000 tons/day (Zhu, 2009).

34 The understanding of these words we face the same difficulty in this study.
35 Laogang landfill site, Songjiang landfill site, Liming landfill site, and Jiangqiao incineration plant,
Yuqiao incineration plant, and Meisheng composting plant.
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According to Shanghai Statistical Year Book (2007), 3.77 million tons of MSW has
been disposed of by landfilling in 2007, approximately 54% of the total MSW
generated, 1.1 million tons of MSW was incinerated, accounting for 15% of total
MSW production, and 0.7 million tons of MSW was treated by composting per year,
accounting for 10% of total MSW generation. Furthermore, 1.45 million tons of MSW
was stacked in open dump due to lack of disposal facilities, which accounts of 21% of
total MSW generation (Figure 6).

Figure 6. Disposal methods for MSW of Shanghai in 2007 (Zhu, 2009)

Reuse and recycling

In Shanghai, the government pay little attention to the reuse of products. There is no
formal market for the commercialization of used products. Existing used products can
be purchased from individual sellers or on internet, so the pricing for the used
products varies. The system for the transaction of used products has not been built,
therefore it is very hard to develop the market for second-hand products. Recyclables
are valuable wastes which can be bought back and sold to waste collection centres and
factories as raw materials for making new products. Shanghai has built a solid waste
recycling network with 272 recycling stations to help people earn money from wastes
and prevent the disposal of valuables in landfills (Shanghai Environmental Protection
Bureau, 2006). In this regard, the government has made some efforts to implement
recycling. Regarding waste recycling, there are two ways for collecting separated
recyclables in Shanghai. The formal recycling services are provided by local authority,
and the informal ways are offered by private agents or scavengers. More residents
prefer to sell to the scavengers, but it could result in many problems such as second-
hand pollutions and health concerns.

Composting

Composting is not common in China due to the small market demand, but it is
practised in Shanghai. Shanghai Meisheng Biochemical Company and Meishang
biological Hi-tech Environmental Protection Co. Ltd provide the composting services.
The Meisheng biochemical treatment plant came into operation in 2003 for
comprehensive utilization of food residues and other organic waste. The Meishang
biochemical facility handles 1000 tons/day of urban waste residues, and the
technology has reached world-leading level. With the support of local government and
lower environmental impacts, more attention will be paid to the development of
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biological technology in the future.

Incineration

The Yuqiao incineration site is situated in Pudong New Area. It is China’s first MSW
incineration plant with disposal capacity of 1000 tons/day, and it has 3 incinerators
and two turbine generator with rated power of 8500KW. Yuqiao incineration plant
incinerated 1000-1100 tons of MSW and generated 300-350MW electricity per day.
Yuqiao incineration facility has operated for almost 10 years, since 2001, and catered
for 437,000 tons of MSW by 2006 (Zhu et al., 2009). The Jiangqiao incineration site
is located in Baoshan district with 13.5 ha, which is the largest incineration station in
China. It provides service for the incineration of MSW from five districts. Some 1500
tons/day of MSW were incinerated in this incineration plant, accounting for 10% of
the total MSW generation in Shanghai (Shanghai Environmental Protection Bureau,
2009). Additionally, the total electricity generation capacity is planned to reach 25MW.

Landfilling

Landfills dominate MSW disposal methods in Shanghai as it is simple, cost effective
and efficient, but generates emissions. The Liming landfill site in Pudong has
operated since 1999 and was upgraded later in 2004. As of 2006, it has disposed of
240800 tons of MSW (Shanghai Environmental Protection Bureau, 2009). The
Songjiang landfill site was built in October of 2001, with a capacity of 1.53 million
cubic meters. The designed MSW capacity is 200 tons/day of MSW, and has-been
increased to 700 tons/year at present (Huo36, 2007). Due to poor pre-treatment of
MSW in Songjiang landfill site, about 400 tons/day of leachate are not collected and
treated before being discharged on the ground which could pollute land, air and
groundwater. Moreover, the gas produced from landfill is not collected and which
could risk the health of workers and residents who are exposed to landfill gas. These
problems are the result of years of bad management and inadequate attention paid to
environment protection. From the pollution control season report, the landfill site was
unable to meet the standard for pollution control for domestic waste. Based on the
results, the concentration of odours oozed from MSW had surpassed the
internationally accepted standard. Considering these challenges, the project manager
of Songjiang landfill site planned to implement an integrated comprehensive landfill
technology which combined source separation, composting and landfill for waste
recycling and reuse (Huo, 2007).

5.25.25.25.2 MSWMSWMSWMSWmanagementmanagementmanagementmanagement inininin LinkLinkLinkLinkööööping,ping,ping,ping, SwedenSwedenSwedenSweden

5.2.15.2.15.2.15.2.1 SourceSourceSourceSource reductionreductionreductionreduction

With a high awareness of waste minimization, living standard, and income level,
many consumers in Linköping tend to buy eco-labelled products (e.g. ecological food,

36 Huo, S. J. (2007). “沪饭量最大填埋场在松江开建日处理垃圾将达千吨”. Retrieved on April,
2011 fromhttp://sh.eastday.com/qtmt/20071229/u1a387859.html

http://sh.eastday.com/qtmt/20071229/u1a387859.html
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energy saving light etc.). Manufactures follow the need of consumers, they produce
and design products with minimised packaging that are easy to recycle and free from
hazardous substances. After using products, they are effectively collected and
recycled. Once both consumers and manufactures are involved in source reduction,
waste minimization can be achieved.

5.2.25.2.25.2.25.2.2WasteWasteWasteWaste generationgenerationgenerationgeneration andandandand compositioncompositioncompositioncomposition

In Linköping, the quantity of MSW generation increased steadily during 2004 to 2008,
amounting to 30,276 tons/year in 2004 to 31,114 tons/year in 2008 mainly due to
population increase. In 2007, the MSW volume had fallen to 31,076 tons/year
compared to 31,110 tons/year in 2006 due to global financial crisis. The economic
depression influenced the consumption and buying power of residents, thus the refuse
produced was reduced. Table 4 shows the collection of household waste quantity and
per capita in Linköping from 2004 to 2008. Generally, the MSW quantity increases
owing to the rise in consumption due to the growth in population and GDP. But the
MSW quantity and MSW per capita decreased in 2008 despite the population increase.
The reasons for the decrease are improvement in source separation, reform of law,
tariff-setting and increase in recycling of various types (Linköping Kommun, 2009;
Tekniska Verken, 2009).

Table 4. Collection of household waste in Linköping from 2004 to 2008 (Source:
Statistical Yearbook of Linköping37 , 2010).
WasteWasteWasteWaste collectioncollectioncollectioncollection
(household(household(household(household includingincludingincludingincluding bulkybulkybulkybulky waste)waste)waste)waste)

2004200420042004 2005200520052005 2006200620062006 2007200720072007 2008200820082008

Total population (persons)38 136912 137636 138580 140367 141863
MSW generation quantity (tons/year)39 30276 30679 31110 31076 31114
MSW per capita (kg/capita/day)40 1.00 1.02 1.05 1.08 1.06

According to the Usitall report (2010), the combustible materials in Linköping
accounts for 38% and the organic waste accounts for about 29% of the total MSW.
Organics is not suitable for incineration due to higher moisture and lower caloric
value, while combustible is suitable for burning due to low moisture level and high
caloric value. Figure 7 presents the MSW composition in Linköping city. The waste in
Linköping is sorted by the households into 12 fractions. Apart from combustible and
organics fractions, 7.2% is newspaper, 5.7% packaging paper, 5.5% soft plastic, 4.4%
hard plastic, 3.9% metal, 2.4% glass, 2% cardboard, 0.01% hazardous waste, 0%
electronic products and 2% others. Electronic waste is handled separately.

38 This data is the total population of Linköping not the urban population since the urban population of
each year is not accessed from the statistical yearbook of Linköping. “Insamling av hushållsavfall”.
Retrieved on May, 2011 from http://app.linkoping.se/statdok/sabok/143.pdf
38 “Folkmängd I Linköping kommun”. Retrieved on May, 2011 from
http://app.linkoping.se/statdok/sabok/17.pdf
39 Avser bostäder (Refers to dwellings).
40 Inkl. grovavfall från Återvinningscentralen och trädgårdsavfall (Incl. bulky waste from the recycling
center and garden waste).

http://app.linkoping.se/statdok/sabok/143.pdf
http://app.linkoping.se/statdok/sabok/17.pdf


26

Figure 7. MSW composition in Linköping city41.

5.2.35.2.35.2.35.2.3WasteWasteWasteWaste separationseparationseparationseparation

The MSW of Linköping is source-separated and recycled effectively by residents. The
success of waste separation can be contributed to awareness raising, provision of
facilities, and the implementation of producer responsibility. Producer responsibility
is applied to both householders and manufactures. Householders are required to
separate their waste and deliver it to the appropriate place for safe treatment. The
reuse and recycling ideas motivate manufacturers to produce products (packaging)
more resource efficient, easier to recycle and environmental friendly (Linköping
Kommun, 2009).Table 5 shows the collected amounts of source-separated material in
Linköping. According to the Sanitation Scheme report (2006), the collection and
recycling rate of newspaper and packaging paper is 12.8%, while the collection rate of
metal and glass container42 is only 6.3%, thus it is essential to enhance the collection
and the recycling of metal and glass.

Table 5. Collection rates of source separated materials in Linköping (kg/residents by
type and year)43.

2004200420042004 2005200520052005 2006200620062006 2007200720072007 2008200820082008 2009200920092009
Newspaper 25,39 49,13 49,82 55,20 64,91 56,98
Packaging paper 7,59 7,77 9,32 11,83 10,29 11,62
Glass 13,82 12,93 15,45 16,21 14,02 21,38
Metal 4,25 3,57 1,91 1,81 2,22 1,30
Plastic 1,11 1,26 0,78 1,63 1,40 3,18
Electronic wastes44 7,49 9,16 9,91 10,40 6,70 7,10

41 Data retrieved from http://www.sakab.se
42 The collection of metal and glass container in is Linköpinglower than the national average.
43 Data provided by Tekniska Verken i Linköping AB, och Förpacknings- och Tidningsinsamlingen
(FTI) Retrieved May, 2011 from
http://statistik.linkoping.se/pxweb2008/dialog/varval.asp?ma=mhu73&ti=Insamlade+m%E4ngder+k%
E4llsorterat+material+i+Link%F6pings+kommun++kg%2Fkommuninv%E5nare+efter+typ+och+%E5
r%2E+&path=%2E%2E%2FDatabase%2FValfard%2FMHU%2F&xu=&yp=&lang=2
44 Note: Electrical and electronic product is not 0% as stated earlier due to the difference in definitions

http://www.sakab.se/
http://statistik.linkoping.se/pxweb2008/dialog/varval.asp?ma=mhu73&ti=Insamlade+m%E4ngder+k%E4llsorterat+material+i+Link%F6pings+kommun++kg%2Fkommuninv%E5nare+efter+typ+och+%E5r%2E+&path=%2E%2E%2FDatabase%2FValfard%2FMHU%2F&xu=&yp=&lang=2
http://statistik.linkoping.se/pxweb2008/dialog/varval.asp?ma=mhu73&ti=Insamlade+m%E4ngder+k%E4llsorterat+material+i+Link%F6pings+kommun++kg%2Fkommuninv%E5nare+efter+typ+och+%E5r%2E+&path=%2E%2E%2FDatabase%2FValfard%2FMHU%2F&xu=&yp=&lang=2
http://statistik.linkoping.se/pxweb2008/dialog/varval.asp?ma=mhu73&ti=Insamlade+m%E4ngder+k%E4llsorterat+material+i+Link%F6pings+kommun++kg%2Fkommuninv%E5nare+efter+typ+och+%E5r%2E+&path=%2E%2E%2FDatabase%2FValfard%2FMHU%2F&xu=&yp=&lang=2
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Hazardous waste 1,72 1,79 2,02 1,75 1,75 1,73
Batteries 0,19 0,17 0,24 0,21 0,20 0,17

5.2.45.2.45.2.45.2.4WasteWasteWasteWaste collectioncollectioncollectioncollection andandandand transportationtransportationtransportationtransportation

In Linköping, the MSW is collected and transported by Technical Works45, which is
authorised by the municipality. As for 2004, the Technical Works collected 30,000
tons of household waste (including bulky waste), and 11,600 tons of waste were
transported to a recycling centre. The Technical Office provides service to single
house and apartment households, and the wastes are collected in different ways and
costs. For single households, biodegradable waste is gathered in garbage container
and the Technical Office assigned garbage truck collects the waste every other week.
The organic waste container is emptied into waste water treatment plant or biogas
plant, and the fee paid by single houses for waste collection is based on actual weight
to make householders aware of the costs (Linköping, Kommun, 2006). For apartment
households, waste is also collected in a similar refuse container, while the charging
system is different. The company charges the housing company according to weight,
while they in turn charge each household according to the average, thus giving less
incentive to reduce the waste volumes. Bulky waste from households is managed by
the Technical Office. Apartment households can leave their bulk waste at the
containers provided by their housing company. Regarding park and garden waste,
residents have more options. They can leave it at recycling centre or any of the garden
waste dumps for free. They can also order a receptacle for compostable garden waste
for 500 SEK (70 USD), which the Technical Office empties regularly during summer
and autumn. Special waste including hospital waste, hazardous waste and electrical
and electronic waste (EEA) are collected separately by Technical Office.
Pharmaceutical waste is a producer responsibility and the pharmacies receive this
from households. The technical Works is responsible for collecting household
medicines discarded needles from pharmacies and pharmaceutical waste from
hospitals in accordance with the contract with Östergötland County since 2000.
Householders can leave hazardous waste in hazardous waste reception sites or
recycling depots. The Technology Works and contractors are also responsible for
transferring hazardous waste to Gärstad recycling centre. Large amounts of electrical
and electronic (EEA) products are collected in Linköping with about 7.5 kg/capita in
2004. All households are free to leave EEA at collection points for EEA at Gärstad.

5.2.55.2.55.2.55.2.5WasteWasteWasteWaste treatmenttreatmenttreatmenttreatment andandandand disposaldisposaldisposaldisposal

There are four major MSW treatment and disposal method in Linköping; material
reuse and recycling, biological treatment (digestion and composting), energy recovery

of collection and generation. Since electronic waste is handled separately, it presents 0% in the MSW
composition, but the generation of electronic waste is presented as shown in Table 5.
45 Technology Works is a regional company with Linköping as a base and with energy and
environmental as cornerstones.
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through incineration and landfilling. In compliance with the waste hierarchy, landfill
is the least favoured option, and waste recycling and reuse and energy recovery from
waste are more preferred. Figure 8 shows the treatment methods. 48% of MSW are
recycled including material recycling and biological treatment, 47% MSW are treated
by energy recovery through incineration, and 5% MSW is landfilled (Jacobsson et al.,
2010).

Figure 8. Disposal methods of MSW in Linköping (Jacobsson et al., 2010).

Reuse and recycling

Waste can be used as resource which can reserve the raw materials and reduce the
exploitation of natural resources (Strauss, 2011). In Linköping, residents can sell their
old clothes, shoes, bicycles, television, and other recyclables to second-hand shops for
reuse. This means people can buy used products or materials at a cheaper price and
the life cycle of usable products is extended. Recycling systems for beverage
containers (plastic, aluminium and metal tin) save money for the soft drink
manufactures. The company Returpack recycles PET bottles and aluminium cans, and
customers get the money deposit back when returning the empties in any shop.
Packaging paper and plastic are separated and collected to recycle and produce new
products or materials. This economic incentive for recycling and environmental
protection is successful. There are two recycling centres in Linköping: one is Gärstad
and the other Ullstämma. Residents can also leave newspapers, paper packaging,
plastic packaging, glasses, electronic and electrical products to recycling points
outside their buildings. In 2006, the Swedish Parliament posed a tax on incineration in
order to encourage more material recycling (Swedish Environmental Protection
Agency, 2011).

Composting and anaerobic digestion

Composting and digestion reduce the need for landfills, recycle biodegradable waste
and can extract nutrients. Composting is an option to recycle biodegradable waste
when anaerobic digestion is not available. In Linköping, there are 3 biogas production
plants providing fuel gas to 13 public fuelling stations for vehicles, and 1 bus depot.
Composting is a natural way which can be implemented by any households. The local
government calls on residents to compost organic waste or garden waste voluntary to
achieve environmental objectives. Compost and digestion residues are used as bio-
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fertilizer, soil products and soil improvers to the soil (Östlund, 2011). The production
of bio-fertilizers has increased by 3422 tons per year, and the production of
phosphorous and nitrogen has increased by 689 kg and 7.1 tons, respectively46.

Anaerobic digestion is developing rapidly in Linköping, which contributes to convert
biodegradable waste into biogas and digestion residues. Biogas is a renewable energy
which can be used as the cleanest vehicle fuel without leaving a carbon footprint
(Philipsson, 2011). With the support of local investment programme, the municipality
of Linköping launched a project to collect and process the organic waste from
canteens and restaurants for biogas production in 2001 (Thörnelöf, 2011). This results
in reducing the volume of MSW and dependence of fossil fuel. By 2010,
approximately 7% of the city’s vehicles used biogas from biodegradable waste instead
of fossil fuel and majority of public transport buses are converted to biogas.
Linköping also endeavoured to develop the infrastructure system and supply chain of
biogas.

Energy recovery through incineration

Incineration is an alternative to reduce the volumes (combustible and non-recyclable
waste) that are otherwise sent to landfill. It is also an effective method of producing
electricity and heat. Gärstad incinerated 390,000 tons of MSW per year from around
30 municipalities in central Sweden, of which only 17% of MSW are from Linköping
(Tekniska Verken, 2009). In Linköping, waste-to-energy plant is invested by Tekniska
Verken47, with an experience of 50 years. Gärstadverket has four boilers, of which the
latest is the most modern waste-to-energy plant built in 2005. The new Gärstad plant
increased the capacity of waste incineration by 350,000 metric tons/year (Tekniska
Verken, 2009). The fuel for the new boiler is mainly household waste and industrial
waste. By 2005, the annual energy recovery of Gärstad plants increased from 600
GWh to 1000 GWh (Tekniska Verken, 2009). Figure 9 presents the replacement of
fossil fuels for energy by the thermal treatment in Linköping from 1980 to 2008.
Energy produced through incineration of waste replaces large amounts of fossil fuel
and reduces the “waste mountain” and the emissions of CO2 from 325 kg/MWh to 80
kg/MWh.

46 http://www.symbiocity.org/en/Cases/Linkoping/
47 Tekniska Verken in Linköping is Europe’s largest producer of biogas and is a world leader within
waste incineration.

http://www.symbiocity.org/en/Cases/Linkoping/
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Figure 9. Replacement of fossil fuels for energy in the municipality of Linköping
from 1980 to 2008 (Hjerdt, 2009).

Landfill

Sweden implemented EC Landfill Directive (99/31/EC) in the Swedish law in 2001
by issuing the Ordinance on the Landfill of Waste, and enacted the Council Decision
(2003/33/EC) on Waste Acceptance Criteria in 2005.The number of operating landfill
sites has reduced sharply due to the strengthened regulations. The greenhouse gas
emission and many pollutants that are harmful to human health have been
significantly mitigated as a consequence of limitation of landfilling. There are 157
active landfill sites in Sweden, and only 1 landfill site in Linköping, where the bottom
ash and stones are deposited. Also, there is no problem of leachate. According to a
Usitall report, only 5% of the total waste is landfilled (Jacobsson et al., 2010).

6666 CCCCOMPARISONOMPARISONOMPARISONOMPARISONANDANDANDANDANALYSISANALYSISANALYSISANALYSIS OFOFOFOFMSWMMSWMMSWMMSWMANDANDANDAND

OUTCOMESOUTCOMESOUTCOMESOUTCOMES ININININ SHANGHAISHANGHAISHANGHAISHANGHAIANDANDANDAND LINKLINKLINKLINKÖÖÖÖPINGPINGPINGPING
The environmental objectives, economic level, technology feasibility and capability,
political governance, policy regulation, educational level, and environmental
awareness of residents could influence the implementation of different MSWM
system (Yuan et al., 2006). Comparing the MSWM system in Shanghai and Linköping
can help us to analyse the similarities and differences of two systems, and the existing
problems in the MSWM system of Shanghai. The results of the findings can be
applied to improve the MSWM system in Shanghai and other cities in China.
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Figure 10. Comparison of disposal methods utilized in Shanghai and Linköping.

Figure 10 shows the comparison of disposal methods utilized in Shanghai and
Linköping. Landfill is a dominate method utilized in waste disposal in Shanghai
which accounts for 54% and only 5% in Linköping. On the contrast, incineration
method is widely used in Linköping but less used in Shanghai. Recycling rate of
Linköping is 48% includes material recycling (including 37% composting) and 11%
biological treatment (biogas production), while Shanghai only uses composting
technology which is 10%. Material recycling is not defined as a disposal method and
collected differently in Shanghai which is only 2.5%, so it is not appropriate to
compare with that of Linköping. Open dump can only be found in Shanghai as there is
no open dump in Linköping. Reuse rate is inaccessible in both cities.

Table 6 compares the management of waste streams in Shanghai and Linköping.
There are mainly five waste streams: organic, paper, metal, glass and plastic.
Householders in Shanghai are not responsible for waste separation, but this situation
are different in Linköping. Wastes are collected by authorised company in Linköping.
In Shanghai, only the organic wastes are collected by the company, while the others
are mostly collected by private collectors or scavenger. There are formal stations for
different waste in Linköping. However, the waste stations treat all waste together in
Shanghai, so there is no station for separated waste. Regarding the treatment of waste
streams, except the organic wastes are treated by biogas reator, others are recycled in
Linköping. In Shanghai, almost all wastes are treated by landfilling or incineration
and only a part of paper, metal and glass are recycled. Therefore, the emission of
GHG and leakage exist in Shanghai, and most emissions are transported besides the
organic in Linköping.

Table 6. Management of waste streams in Shanghai and Linköping.

WhoWhoWhoWho ShanghaiShanghaiShanghaiShanghai LinkLinkLinkLinkööööpingpingpingping

Organic Paper Metal Glass Plastic Organic Paper Metal Glass Plastic

House-
holders

no no no no no separated separated separated separated separated

Collector company private
collectors/
scavenger

private
collectors/
scavenger

private
collectors/
scavenger

private
collectors/
scavenger

company company company company company

Station no no no no no yes yes yes yes yes
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6.16.16.16.1 MSWMSWMSWMSWgenerationgenerationgenerationgeneration andandandand compositioncompositioncompositioncomposition

Due to differences in living standard, income level, administrative traditions,
population, consumption habits, and source reduction, the composition and amount of
MSW and MSWM are likely to differ between the two cities. Surprisingly, the MSW
per capita in Shanghai is 1.54 kg/day and that of Linköping is only 1.04 kg/day.
Comparing Figure 5 and 7, we find that organic waste accounts for 62% of the total
waste volume in Shanghai, but only 29% in Linköping. This means that Shanghai
residents dispose of 0.97 kg/day of organic material and 0.57 kg/day of other matter,
while those living in Linköping dispose of 0.31 kg/day and 0.73 kg/day respectively.

Residents in Shanghai produce three times more organic waste than residents in
Linköping. This difference can be partly explained due to different diets where
Shanghaians eat more bulky vegetables and Linköpeans eat more meat, more prepared
vegetables, and perhaps more importantly more pre-prepared food. Some of the
organic material in Linköping is therefore found in the organic waste from the food
industry. Another part of the explanation may due to with the
definitions/characterisations of organic wastes. In Linköping, the organic waste
category includes organic materials (bagged, mixed household waste in traditional
bins, food waste, non-combustible, garden waste, bulky waste), separately collected
packaging (glass packaging, plastic packaging, metal packaging, paper packaging)
and newsprints, hazardous waste including WEEE (waste electronic and electrical
equipment), other waste delivered to recycling centres and waste not collected
(Dahlén, 2008). In Shanghai, they also have organic, plastic, glass, paper and metal,
and there is extra category for miscellaneous (wood, textile, dust and tile, others that
does not belong to any other category such as leather, shoes, soap, complex products),
while Linköping does not have this category. Moreover, hazardous waste and WEEE
are not presented in the waste composition in Shanghai. This means some non-organic
items are included in the organics or not shown separately in the figure of waste
composition so that the actual data for non-organic in the two cities differ. This also
explains why the amount of non-organic matter in the waste differs rather little, 0.57
kg/day to 0.73 kg/day.

The large amount of organics in Shanghai causes great GHG emissions where
landfilled, and it is impossible to trap all gases and the gradually decreasing amount
of gas makes it economically less viable to trap the gas from the landfills. Shanghai
could however benefit from biogas production and recycling of nutrients to
agriculture and at the same time reduces the GHG emissions. Unlike Linköping, there
is no government regulation or rule for separate treatment of organics in Shanghai.

Treatment landfill landfill/
Incinerated/
recycle

landfill/
recycle

landfill/
recycle

landfill/
incinerated

Biogas
reactor

recycle recycle recycle recycle

Emission GHG GHG leakage - GHG/leakage no transported transported transported transported
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Since the MSW are not effectively separated, organic waste with high moisture
content are mainly mixed with other waste and landfilled. Moreover, the biogas
technology utilized in Linköping is not installed in Shanghai at the present, thus it is
impossible to use the organics for biogas production and nutrient recycling. It is a
chance for shanghai to revise relevant laws and regulations for organic waste
treatment, and improve waste collection and recycling system, as well as to introduce
advanced waste management technology from developed country, for example, the
biogas production technology from Linköping.

6.26.26.26.2 MSWMSWMSWMSW separationseparationseparationseparation atatatat householdhouseholdhouseholdhousehold levellevellevellevel
Table 6 summarises how the two cities manage their major waste streams. Organic,
paper, metal, glass and plastic are the common major waste in waste composition in
Shanghai and Linköping. Hazardous waste and electronic and electrical products are
treated separately in the two cities. At a household level, source separation is not a
common practice in Shanghai since the municipality does not provide the necessary
practical arrangements. There is no separate collection station in the house or street
for different types of waste, so that all the MSW is mixed (Table 6). Residents do not
have high awareness of waste separation as it is voluntary. They do not separate
organic waste, paper, metal, glass and plastic, etc. (Table 6). This result is not only the
responsibility of householders but also the municipality. The waste containers have
poor signage: recyclable and non-recyclable, or organic and inorganic. Poor waste
separation results in the difficulty to recycle materials. Many valuable wastes are not
recycled and instead disposed inappropriately. In Linköping, householders have high
awareness and they are responsible for separating waste and place them in marked
containers. The municipality and house-owners have established source-separated
stations for up to eight different waste categories. Waste containers are distinguished
by labels with pictures and clearly written instructions (e.g. organics, newspapers,
metal, glass, plastic, etc) so that people know where to discard their garbage (table 6).

The differences between two cities can be explained by the awareness of waste
separation in households and the infrastructure of waste separation. In Linköping,
source separation is effectively implemented in accordance with a producer
responsibility and broad municipality responsibility. In Shanghai, residents do not
have the responsibility and they do not need to separate the waste. The infrastructure
of waste separation is not completed in Shanghai although these containers are
available all over the city. It is important for the government in Shanghai to make the
waste containers more distinguished and better signage for different waste.

6.36.36.36.3 MSWMSWMSWMSWcollectioncollectioncollectioncollection andandandand transportationtransportationtransportationtransportation

Organic waste is collected by the municipality in Shanghai, while paper, metal, plastic,
and glass, etc. are collected by private collectors and scavengers (Table 6). The
scavengers succeed in recycling which the government has failed to do, but as the
MSW is collected in an informal way, it is difficult to regulate and cause negative
impacts on environment and sanitation (Chung and Poon, 2001; Yuan et al., 2006;
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Zhang et al., 2010). According to Swedish law, municipalities are responsible for all
waste. In Linköping, all the MSW is collected by companies authorised by the
municipal. Sweden gradually introduced the notion of producer responsibility for
waste management from 1994, which meant that producers became responsible for
collecting and taking care of a growing number of discarded products (Östlund, 2011,
Linköping, Kommun, 2006). Collection and recycling of containers, tires, paper,
automobiles, electrical and electronic products, batteries, medicines and radioactive
products are compulsory obligations for producer responsibility, and office paper,
construction waste and agricultural plastic film are voluntary obligation (Swedish
Environmental Protection Agency, 2011).

The difference between the cities can be explained by the loopholes of law and lag in
technology on waste management in Shanghai. It becomes essential for China to
revise the laws and policies for waste collection to regulate the private collectors and
scavengers in a formal way. To make the waste separation and collection become a
responsibility for residents will reduce the waste generation. Introducing the biogas
production technology is also a method to improve the current situation for waste
treatment.

6.46.46.46.4 WasteWasteWasteWaste treatmenttreatmenttreatmenttreatment forforforfor recyclingrecyclingrecyclingrecycling ofofofof resourcesresourcesresourcesresources andandandand finalfinalfinalfinal

destinydestinydestinydestiny ofofofof materialsmaterialsmaterialsmaterials

6.4.16.4.16.4.16.4.1 SourceSourceSourceSource reductionreductionreductionreduction

According to the waste management hierarchy, source reduction is the most
favourable option as it minimises the generation of waste that is to be taken care of.
By comparing the products and packaging in Shanghai and Linköping, we can explore
to what extent source reduction is practiced in the two cities. In the past, customers in
Shanghai could use plastic bag for free in supermarket and large amount of plastic
bags caused white pollution, while customers in Linköping have to pay for plastic
bags and they usually reuse the plastic bag. Recently, the Chinese government posed a
fee on plastic bag which had effectively reduced the generation of plastic bags.
According to “Solid Pollution Prevention Law of the PRC48” 38, Chinese government
propose “clean vegetables into the city49” to reduce uneatable vegetable leaves which
are always discarded on the street. It is estimated that the waste is decreased by 5%,
and the organic matter back to the field can help to maintain soil fertilizer, reduce the
use of fertilizer and avoid soil compaction. Packaging industry developed rapidly in
China over the last decades, however this has brought a new problem of excessive
packaging. Chinese government have taken some measures against excessive
packaging. The companies are required to follow the guideline of “clean production”,
guiding manufacturers to improve packaging design, the selection of packaging
materials, packaging recycling, etc. in order to reduce the amount of packaging used

48 People’s Republic of China.
49 http://www.cn-hw.net/html/31/200804/5955_2.html

http://www.cn-hw.net/html/31/200804/5955_2.html
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and save natural resources. At the same time, “clean production” also guides
consumer to form a correct view of consumption, consciously resist the excessive
packaging of goods. Limit the extensive use of disposable products is also an effective
method to protect the limited natural recourses and reduces the use of paper, plastic
and other packaging waste production.

In Linköping, there are many green products, which are not only healthy but also
contain more organic materials that are easy for biological treatment or recycling.
Owing to different consumption opinion and low awareness of environmental issues,
more residents in Shanghai prefer to buy non-green products to save money rather
than buy green products to reduce environmental impacts. However, many
manufacturers in Shanghai use toxic chemicals in packaging or products in order to
reduce the cost, which are harmful to health and difficult for recycling. In Linköping,
industrial operators are forced to improve production processes by law, including
operations and maintenance, product modernization, environmental packaging, in-
process recycling of production material to reduce the source before it becomes waste.
These actions have significantly reduced the total MSW quantity and changed the
MSW composition. In addition, the manufactures in Linköping need to pay a fee to
recycling companies (e.g. E.on, Sita, Returpack) to manage the collection and
recycling of paper packages, plastic packages and metal packages. This is a strong
incentive to reduce packaging materials in order to collect less. As a result, source
reduction could be one practical reason why the amount of waste is smaller in
Linköping than in Shanghai.

6.4.26.4.26.4.26.4.2 ReuseReuseReuseReuse

The reuse rate has not been calculated in the two cities. From the results of case
studies, the fact is that the reuse rate of used products in Linköping should be higher
than in Shanghai. Newspapers sent to the pulp industry for making new paper is reuse
of the material. But the newspaper in Shanghai are not fully collected as the fee for
selling is too low, therefore most people do not care about that money and just discard
newspaper with other waste. Generally, consumers’ awareness of environment and
consumption habits also influences the success of reuse. Apparently, residents in
Shanghai do not have the conscious of reuse and have a habit of wasting compared
with residents in Linköping.

6.4.36.4.36.4.36.4.3 RecyclingRecyclingRecyclingRecycling

Material recycling is estimated to only 2.5%50 of total waste in Shanghai and the
figure is 48% (including material recycling and biological treatment) for Linköping.
For example, there is little demand for second hand products in Shanghai, it is
difficult to achieve market commercialization of used products. Due to lack of
recycling system, material recycling is not carried out effectively in Shanghai at

50 The statistics is only the portion of the actual waste reaching the landfill that is counted. The
scavengers’ work is not taken in to account.
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present. Scavengers or private collectors collect and recycle some paper, metal and
glass, otherwise these are landfilled or incinerated (Table 6). However, the
municipality and residents in Linköping have strong awareness of recycling and they
implement recycling efficiently. Recyclable wastes are collected and recycled by
householders in Linköping. Swedish Parliament also imposed a tax on incineration of
household waste in order to encourage material recycling (Ejner, 2011).

The difference between the two cities can be explained due to Linköping happens to
be some years ahead, but conditions will force Shanghai to take similar steps. For
example, milk bottles were introduced in Sweden in 1940s (before they brought a can
to fetch the milk), and the bottle was reused many times. In the 1950s, they got the
Tetra Pak51 which cannot be reused but it added to the packages pile. Now, every
beverage is in a tin, plastic or paper container and the first two are recycled. While in
Shanghai, manufactured products and bottles have been on the market for a very short
time. Milk glass bottles were brought to Shanghai in the 1950s and they are still in use
now. The Tetra Pak entered Chinese market in 1972, but the market share developed
very slowly. People begin to know the brand and its advantage in 1990s, which was
several decades later than Sweden. Yet, the beverage packages have not been recycled
in Shanghai and the situation might be enhanced in the future.

6.4.46.4.46.4.46.4.4 CompostingCompostingCompostingComposting andandandand anaerobicanaerobicanaerobicanaerobic digestiondigestiondigestiondigestion

According to Swedish Environmental Protection Agency, 85% of MSW in Sweden
has biological origin, thus biological treatment of MSW is a good technology to
reserve the resource and extract useful nutrients. Composting is not widely used in
Shanghai due to declining market demand for compost, but it is vigorously
encouraged by the municipality of Linköping (Chen et al., 2010; Linköping Kommun,
2006). Only 10% of MSW was composted in Shanghai, while 48% of MSW in
Linköping was treated by composting, digestion and recycling. Anaerobic digestion is
applied to treat biodegradable waste in Linköping not in Shanghai. The products (e.g.
biogas) from digested biodegradable waste can be used as fertilizer for agriculture or
upgraded as fuel for vehicles (Jacobsson et al., 2010). However, this technology has
not been implemented in Shanghai so far. In Shanghai, the electricity and heating are
mainly generated from hydropower, while in Linköping, biogas production from
biological waste produces 48,000 MWh/year (2004).

6.4.56.4.56.4.56.4.5 IncinerationIncinerationIncinerationIncineration

Incineration is regarded as an alternative to replace landfill. The incineration rate in
Shanghai is 15% and 47% of all collected waste. In Linköping, since the MSW,
particularly organics (food waste) of Shanghai has a high moisture content which is
not suitable for incineration but perfect for biogas. Some paper and plastic waste are
incinerated in Shanghai, however incineration process is not well operated and the

51 Tetra Pak provides processing and packaging solutions for food and beverages. The aseptic
technology is developed to treat the products gently.
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waste emits GHG emission and toxic substances against the regulation. Linköping has
saved large amounts of electricity and fuels through incineration of MSW in
compliance with the idea of “waste-to-energy”. Holmgren and Henning (2004)
estimated that MSW incineration had saved 40 GWh/year of electricity, 170
GWh/year of oil, 110 GWh/year of biomass, and 65 GWh/year of coal/rubber/biomass
in Linköping. Waste incineration produced heat and electricity used for district
heating, and it is estimated that the company serves 90% of the homes through district
heating (Jacobsson et al., 2010). Although MSW incineration may produce hazardous
substances or pollutants into the atmosphere, the adverse impacts are effectively
controlled in Linköping by efficient smoke filters on the chimneys.

6.4.66.4.66.4.66.4.6 LandfillLandfillLandfillLandfillinginginging

Figure 10 presents the waste disposal methods utilized in Shanghai and Linköping.
Different characteristic of MSW changes the way of MSW treatment and disposal.
Material recycling, composting, incineration, and landfill are all utilized in Shanghai
and Linköping, while the proportion of each method utilized differed. Based on the
waste hierarchy, landfill which is the least favoured method, but it is dominating
method in Shanghai with a proportion of 54% in total MSW disposal technology,
whereas the rate is only 5% in Linköping due to the ban of landfill of combustible and
organic waste. In 2000, the Swedish government imposed a tax on landfill and
successfully decreased the landfill of waste in Sweden (Holmgren and Gebremedhin,
2004). In Shanghai, organic waste, plastic, metal, glass are mostly mixed and
landfilled due to the failure in waste separation, while they are treated with different
technology in Linköping.

The difference of two cities can be explained by governmental intervention and
enforcement of laws. Although the Chinese government has regulated landfilling to
some extent, it is still widely used in Shanghai and need further regulation. Linköping
strictly act in accordance with the Swedish law to avoid landfilling. The tax on
landfill helps Linköping reduce the landfilling proportion, while Shanghai does not
charge for landfilling. It becomes a must for Shanghai to make policies and laws to
restrict landfilling.

7777 CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS
To achieve a sustainable MSWM the authorities must foresee what amounts and
composition the generated waste will have. Waste management must occupy a central
role in city planning e.g. at the same level as traffic planning. With a car in each
family, there is a need of driving and parking half a tonne of metal per person. In the
case of waste, it is a challenge of accommodating half a tonne of garbage every year.
Each society has an obligation to allow or restrict the amounts and kinds of products
on the market, and waste minimisation is one such measure that can be applied. In this
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section I focus on three aspects of MSWM: the environmental impacts, roles and
responsibilities, and barriers and opportunities in Shanghai.

7.17.17.17.1 TheTheTheThe environmentalenvironmentalenvironmentalenvironmental impactsimpactsimpactsimpacts fromfromfromfrom thethethethe managementmanagementmanagementmanagement ofofofof

MSWMSWMSWMSW

The environmental impacts resulting from waste management deals with GHG
emissions, air, water and soil pollution, loss of natural resource, and spread of disease.
Inadequate municipal capacity could have serious adverse environment and health
impacts. For example, at local and regional level, waste landfill generates methane
gas, which contributes to GHG effect. Leachate produced as waste decomposes may
cause soil pollution. At the individual level, informal collection and recycling of
MSW could cause secondary pollution since the scavengers sort and remove the
recyclables from waste containers, and they often discard unwanted waste on the
street (Zhang et al., 2010). Moreover, informal and unregulated way of waste
collection and recycling is harmful to the health and hygiene of scavengers and
collectors (Chung and Poon, 2001; Yuan et al., 2006; Zhang et al., 2010; Chen et al.,
2010).

Incineration of paper could produce ash, and the incineration of plastic could produce
leakage and hazardous substances. The treatment of bottom ash, fly ash and residues,
especially the dioxins need special attention. Approximately 95% of chloric-waste
such as wood, paper, cotton and plastic can produce dioxins during incineration. Flue
gases from incineration plants and toxic pollutants from incineration often contain
high concentration of heavy metals which results in air pollution unless trapped and
treated. Additionally, the hazardous substances also reduce the efficiency and life-
cycle of incineration facilities as well as making the residues difficult for compost
(Zhang et al., 2010).

Most of the MSW in Shanghai is landfilled and only some of the waste can be
incinerated or recycled. The landfilling of organic, paper and plastic generates GHG
emissions, while land filled metal could cause leakage to soil and groundwater.
According to Xu et al., (2006), 47% of the leachate from landfills in China is not
treated but discharged to ground which pollutes the quality of air, soil and
groundwater. The collection and recovery of landfill gas is less than 20%, while in
western countries it is over 60% (Raninger, 2009).The GHG released from landfill
and incineration is one of the major contributors to global warming and climate
impacts, which also risks human health. However, the environmental impacts from
MSW treatment are well controlled in Linköping as the emissions and leakage are
collected and transported, thus the pre-treatment and after-treatment of the leachate
and GHG from waste disposal need to be improved.

If Shanghai employed a technology similar to that of Linköping such as biogas
production, it can deliver 45,000 MWh per year of ungraded biogas to vehicles and
save fossil fuel, produce 52,000 tonnes per year of bio-fertilizer to farming and reduce
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more than 9,000 tonnes per year of the CO2 emissions. At the same time, the
household waste, manure, abattoir waste, industrial organic waste can also be treated
by 55,000 tonnes per year.

7.27.27.27.2 TheTheTheThe rolerolerolerole andandandand responsibilityresponsibilityresponsibilityresponsibility forforforfor improvingimprovingimprovingimprovingMSWMMSWMMSWMMSWM

China, unlike Sweden does not yet have a clear role and responsibility for all the
stakeholders involved in MSWM, as indicated by the present regulations and by-laws.
Generally, the local municipality is responsible for the collection, transportation and
treatment of MSW. However, the clarity on mandates between government agencies,
delineation between central and local government responsibilities is unclear. Dong et
al. (2001) stated that the responsibility of residents in MSWM is unclear in China.
The waste owner and producer (including manufactures of products) do not have legal
responsibility for the collection and treatment of discarded waste. Although the
government encourage increased private sector to participate in MSWM, the unclear
and inconsistent regulatory framework, non-transparent purchase practices and
inadequate municipal cash flows and subsidies imped its development (Hoornweg,
2006). Things have not changes since 2005.

In Sweden, government agencies issue permits for treatment facilities and provide
guidance for MSWM. Environment grants license for large-scale operation, and the
county administrative board has a supervisory role over large-scale operations and
provides municipal authorities with guidance (Östlund, 2011). The Swedish
Environmental Protection Agency (EPA) has the role of setting the rules and
monitoring all environmental issues. It frames the environment related laws and
regulations, and provide guidance, planning national environmental objectives and
strategy, assisting the government in its EU work. There is also a Waste Council
supporting the EPA work in waste management.

Shanghai needs to extend the interests and production on Green Products. Green
Production play an important role in waste reduction as it can effectively reduce the
waste in the process of production before it becomes a finished product into the
market. Once the residents begin to know the benefits of Green Products and purchase
Green Products, this will largely change the way of consumption and achieve source
reduction. As the emissions problem is becoming more and more challenging,
Shanghai government need to put new focus on emission control. They can construct
new facilities or contemplate new laws to reduce emission. Polluter pays principle
need to be strongly implemented. The government can also draw on the experience of
tax on landfill and in Sweden to limit landfill.

7.37.37.37.3 TheTheTheThe barriersbarriersbarriersbarriers andandandand opportunitiesopportunitiesopportunitiesopportunities forforforfor ChinaChinaChinaChina totototo implementimplementimplementimplement

wastewastewastewaste managementmanagementmanagementmanagement hierarchyhierarchyhierarchyhierarchy forforforforMSWMMSWMMSWMMSWM

7.3.17.3.17.3.17.3.1 BarriersBarriersBarriersBarriers andandandand challengeschallengeschallengeschallenges

� Inadequate capacity of MSWM facilities
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� Less advanced technology
� Insufficient public participation
� Low awareness of environmental protection
� Problems in policies and laws

Although the Chinese government has made great efforts to improve the MSWM
system, there remain barriers and challenges in implementing a waste management
hierarchy for MSWM (Chen et al., 2010). First, the capacity of MSWM facilities are
inadequate and the technology has to be advanced (Dong et al., 2001; Li, et al., 2009;
Chen et al., 2010; Zhang et al., 2010). China, unlike developed countries has different
source-separated collection containers with labels for different types of waste so that
organic and inorganic waste is collected together (Chen et al., 2010). Landfills in
major cities were built in 1990s and poorly operated, not meet the internationally
accepted standards (Zhang et al., 2010). The capacity to collect leachate and methane
is relatively small, as Zhang et al. (2010) reported there are only two landfills in
Beijing designed to collect methane. Waste incineration produced electricity and heat
for district heating is not developed and implemented in China. Composting is not
widely used in China, since the technology is not mature and effective, and the market
demand is small. Digestion of biodegradable MSW is not used in China, and most of
the organic waste is treated with other waste.

Public participation in MSWM is insufficient since residents have a relatively low
awareness of environmental protection. Public participation is very essential to
support waste planning and decision making in MSWM. Historically in China, public
awareness of waste separation and recycling has not been a strong point in
comparison to that of OECD countries. Although there were over 2,000
environmental NGOs in China and millions of participants by the end of 2008, those
NGOs face many difficulties such as constraints in registration. Some environmental
organizations were registered with authority not as an NGO but as an enterprise so
that they have to pay the tax (Wu, 2002). Limited funding is another difficulty faced
by the environmental NGOs. Green Home’s funds are raised mainly by volunteers and
some NGO’s activities were stopped due to lack of funds. In addition, China’s
environmental NGOs lack influence without the support of government. As Chinese
government and local authorities do not launch many environment-related campaigns
and activities to introduce the importance of sustainable waste management, the
knowledge and information of environmental waste disposal is inadequate and there is
no channel available to improve the case.

The development of MSWM market mechanism is hindered by imperfect policies and
economic planning system (e.g. waste levying fees system). Many studies have
researched on the commercialization of MSWM market and involvement of the
private sector (Dong et al., 2001; World Bank, 2005; Chen et al., 2010). Under the
planned-economy-system, all MSWM services are administrated and monitored by
the government, as a public service (Dong et al., 2001). Outdated conventions and bad
customs impede the commercialization of the MSWM market and economic
incentives for enterprises and residents. Inefficient management of investment and
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operation by government increases the risk in the waste service and treatment markets
(Chen et al., 2010). Imperfect policies and regulations hamper the development of
commercial MSWM. According to existing policy, waste service is charged with an
extremely low fee which cannot even cover the cost of safe disposal of waste so that
private companies are not willing to involve in MSWM as it is not profitable.
Moreover, there is no economic incentive for waste reduction and recycling for waste.

7.3.27.3.27.3.27.3.2 OpportunitiesOpportunitiesOpportunitiesOpportunities andandandand possibilitiespossibilitiespossibilitiespossibilities

� Involving in international environmental cooperation activities

� Planning a sustainable and comprehensive policy and framework

� Introducing economic incentive approaches

� Promoting the capacities of technologies

� Raising public environmental awareness

In order to improve the holistic MSWM system, it is necessary to build an integrated
waste management system based on removing the identified barriers. From the
technical perspective, the government and local municipality should involve in
international environmental cooperation activities, introduce advanced legal and
incentive approaches, and promote the capacities of environmental technologies
(Dong et al., 2001). It is important to design and implement a MSWM system that is
suitable for the local conditions by analyzing the waste generation and waste
composition. China needs to move up the waste management hierarchy which puts
waste reduction, reuse, recycling and recovery as a key priority. For example, the
accessibility of waste separation and recycling facilities needs to be increased with
different types of garbage containers for sorting waste. Although leachate and gas
collection system has been introduction in landfill in China, the capacities and
application of this environmental technology be increased. Moreover, the bottom ash,
fly ash and residues from incineration should be treated properly to reduce the
climatic impacts.

The MSWM system applied in one city might not fit the local conditions and not be
feasible to other cities. Since the population, living standards, consumption habits of
each city are different, the waste generation and waste properties also vary so that a
one-size-fits-all solution would be ineffective (Chen et al., 2010). The MSWM facility
and system must be adopted in accordance with the local conditions and waste
compositions. It is important to investigate the waste generation and waste
composition (e.g. moisture content and caloric value) of local conditions firstly, then
to decide appropriate MSWM method for the city.

There is a coming shortage of nutrients to fertilise the agricultural soils and limit the
productivity of food. Lots of nutrients from organics waste are lost and landfilled
before separation. This is one main driver for sorting organic waste, and it is
important indirectly by ensuring food security. Policy-makers should strengthen law
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enforcement on sorting organic waste.

The electricity and heat production from waste incineration can be used to replace
fossil fuel and achieve district heating. Waste fuelled district heating and cooling is
more effective and energy efficiency, reliable and independent of the power grid
(Tekniska Verken, 2009). It is economically advantageous for the municipality to use
waste as a fuel for district heating purposes, and it is also economically viable to
invest in waste incineration plants for producing more fuels at a low cost price
(Holmgren and Gebremedhin, 2004). Other technology such as biogas production
from biogas plants and digestion of organic waste should be introduced. The biogas
can be used as natural fertilizer to take place of the artificial fertilizer. The ungraded
biogas can be used as fuel for vehicles with fewer environmental impacts.

Public involvement is crucial for the success of the MSW management. At current,
Chinese have a relatively low awareness of waste management and they do not take
the role and responsibility to improve waste management. The experience from
Sweden is a good example to involve the whole community in waste management. As
mentioned before, the Swedish government has used policy instruments and economic
incentive to improve MSWM. With the implementation of producer responsibility,
people have the responsibility to collect and take care of the discarded waste.
Householders are obligated to sort and deliver their waste in appropriate places.
Industrial operators also take an important role in producer responsibility in term of
the manufacturer of the products or packaging (Östlund, 2011). Manufacturers are
responsible for producing their products and packaging more environmentally which
is easy for recycling and recovery and containing few hazardous substances.
According to the producer responsibility, producers have to submit their regular
reports on their compliance with the law to Swedish EPA since 2005 (Östlund,
2011).Moreover, the government also launched many educational campaigns and
programmes for the safe disposal of waste. Since people have a high awareness of
waste separation and recycling, they are willing to participate in sustainable waste
management.

Policy instruments can be a powerful tool to regulate MSWM and develop MSW
commercialization mechanism. It is essential to improve professionalization, product
standards, market development and operating standards for the recycling industry
(Dong, 2006; Zhang et al., 2010). Sweden has set up a number of policy instruments
to achieve environmentally sustainable waste management. The producer
responsibility results great achievements in reducing the total volume of packaging
used. Swedish government also uses policy instruments in landfill, incineration and
energy system by bans, taxes and subsidies (Holmgren and Gebremedhin, 2004). The
government charged energy tax, carbon dioxide tax and sulphur tax for fossil fuel
fuelled heating, this encourages energy recovery through other alternatives. In 2002,
the landfilling of combustible waste has prohibited, and the ban was extended to
organic wastes in 2005 (Östlund, 2011). Furthermore, the government also imposed
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tax on landfill and incineration, and the use of fossil fuel. The landfill tax52 was
enacted in 2000 in order to reduce landfill, encourage resource reservation?, save
landfill space and reduce environmental impacts. The waste incineration tax53 was
imposed on fossil content of incinerated waste in 2006 which had effectively reduced
the amount of incinerated waste and increased biological treatment and recycling of
organic waste (Holmgren and Gebremedhin, 2004).

China lacks a sustainable and comprehensive policy and framework for MSWM. For
instance, the collection and recycling system of recyclables is basically informal with
government guidance and administration. Only the municipal government, State
Environment Protection Agency (SEPA) and city environment bureau have the rights
to charge a waste disposal fee (World Bank, 2005). However, the charging for waste
treatment from waste producers cannot even cover the cost for MSWM. Moreover,
the revenue for recycling is too low which could hardly attract private sectors to
participate in recycling industry. Thus, new fee system and government policy for
MSWM is required to develop the MSWM market. For the environmental issues, a
strict standard for leachate, gas, and ash from waste disposal should be set in order to
monitor and control the waste treatment. Landfill and incineration should be operated
and designed in accordance with the relevant standards and rules. The role and
responsibility for the waste producers and owners should be specified to reduce waste
generation and treat the waste properly.

Economic incentives and other government environmental activities can encourage
more people and private companies to participate in MSWM. Economic incentive is a
powerful economic instrument to manage MSW by encouraging people to recycle and
reuse their waste. However, it is not implemented in China, while it is applied in
many western countries such as Denmark, Sweden, and Germany in terms of waste
recycling. In Sweden, beverage packaging (e.g. plastic and glass bottles, metal cans)
is charged for deposit in stores in order to encourage people to return the bottles ad be
paid back. Actually, customers do not earn money from recycling, but the recycling
behaviour saves money for them. Furthermore, second-hand shops also provide a
platform for the recycling and reuse of products. People can sell their used products
for money, and buy second-hand products with a lower price. This is a good method
to earn and save money, and has come about outside government interventions. This
incentive system is a viable and attractive approach to promote recycling. It has
largely improved the efficiency of material reuse and recycling and people are
actively participating in this process. Increasing the fees for waste can help to provide
financial support for MSWM and reduce the waste production. The government and
municipality should also establish more environmental activities to raise the
awareness of people. Financial support is crucial to the establishment and
development of infrastructure and capabilities of MSWM. For example, Swedish
government invested many projects with the assistance of Local Investment

52 The current rate is SEK 435 per tonne.
53 The amount of waste incineration tax charged is based on an assumed fossil content, currently set to
12.6 percent of the waste stream.
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Programmes. Approximately 30% of the project capital cost was financed by Local
Investment Programme. Government investment grants also supported to reduce the
GHG emissions in Sweden. In China, government and municipality should make the
funding and budget transparent, seek foreign investment, and enhance international
cooperation (Zhang et al., 2010).
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