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Abstract 

This thesis aims at providing comprehensive descriptions of Vafab and Wuhan household waste 

management systems and comparing the two systems for the purpose of better understanding over 

the similarities and differences between these two cases. Literature study, semi-structured 

interviews and field studies have been applied as methods to describe both Vafab and Wuhan 

municipal solid waste management (“MSWM”) from the past to the future. A primary feasibility 

study is also presented to further evaluate the possibility for Wuhan to implement Vafab’s 

household waste management strategy to improve Wuhan MSWM current status quo from legal, 

social and technical perspectives.  

The problems in Wuhan MSWM system are able to be identified and suggestions are provided 

based on Vafab MSWM model. This thesis also determines legal, social and technical barriers 

existed in Wuhan MSWM. 
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Summary 

Wuhan, as one of the fastest growing cities worldwide, is facing a vital task in municipal solid 

waste management (“MSWM”). With the continuous increase in economic perspective, the amount 

of MSW in Wuhan reached approximately 7,000 tonnes daily in 2014 and this growth is expected to 

continue. In order to tackle the municipal solid waste (“MSW”) challenges in Wuhan, a more 

sustainable, diverse and complete MSWM system is needed. Sweden has been considered as one of 

the leading countries internationally in the field of MSW treatments and management. VafabMiljö 

Kommunalförbund (Association of Local Authorities), which handles most of the issues regarding 

waste in Västmanland region, Heby municipality and Enköping municipality, is selected as the 

model to investigate the possibility of applying its complete and mature MSWM to Wuhan. 

This thesis aims at providing comprehensive descriptions of Vafab and Wuhan household waste 

management system and comparing the two systems for the purpose of better understanding over 

the similarities and differences between these two cases. A primary feasibility study is also 

presented to further evaluate the possibility for Wuhan to implement Vafab’s waste management 

strategy to improve its current status quo. 

Literature study, semi-structured interviews and field studies are utilized in this thesis to identify the 

problems in Wuhan MSWM system. Suggestions and solutions based on Vafab MSWM strategy is 

presented in the discussion section. This thesis also determines legal, social and technical barriers 

existed in Wuhan MSWM. 

Household waste separation at source is identified as the fundamental problem and solution to 

Wuhan MSWM. If Wuhan MSW is able to be separated at source, is it generally feasible to 

implement Vafab MSWM model from social, legal and technical perspectives.  

Keywords: Sustainable Development, Municipal Solid Waste, Feasibility Study, Wuhan, 

VafabMiljö Kommunalförbund 

Yuan Kong, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 
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1. Introduction

Wuhan, located in the central part of China (see Fig. 1), is one of the fastest growing cities in the 

world and currently has a population of 9.7 million people. The city is currently facing tremendous 

challenges on how to tackle the problem of ever-increasing waste generation. With the continuous 

increase in economic perspective, the amount of MSW in Wuhan reached approximately 7,000 

tonnes daily in 2014 and this growth is expected to continue. The two remaining landfill sites in 

Wuhan have almost reached their capacities to handle the MSW generated. A strategy to address the 

waste problem adopted by the city authorities is to climb up in the waste hierarchy by moving from 

landfilling to waste incineration. To date, five co-incineration plants are treating 90% of the MSW 

generated daily. According to Table 4., the capacities five co-incineration plants combined (6,500 

tonnes) are hardly tackling the daily MSW produced in Wuhan. In order to achieve the ambitious 

target set on pursuing sustainable development (China-UN, n.d.) and circular economy 

(Government of the People’s Republic of China, 2008) by the national government, many other 

improvements are still needed in Wuhan MSWM. From the sustainable development and circular 

economy perspective, it is fundamentally necessary to implement a much more diverse and high 

quality municipal solid waste management (“MSWM”) system than simply shifting from landfilling 

to waste incineration. 

Sweden is considered to be one of the best countries in sustainable waste-handling and waste 

management worldwide (Avfall Sverige, n.d.). 190 out of Sweden’s 290 municipalities collected 

Fig. 1. Location of Wuhan (Modified from Google Earth, 2016)
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source-separated1 food waste in 2014 (Avfall Sverige, 2015). Within the scope of Sweden’s 

household waste, the percentage of material being recycled has been increasing from 33.7% in 2010 

to 35.6% in 2014 and the proportion of household waste being handled through biological treatment 

has been growing from 14.8% in 2010 to 16.4% in 2014 (Ibid). Because of Sweden’s high recycling 

rate in waste, the amount of domestic waste cannot fulfil the feedstock requirements for entering in 

waste incineration plant. A considerable quantity of combustible waste is being transported from 

neighboring countries such as Norway and Ireland (Interviewee from Mälarenergi, 2016) to Sweden 

in order to meet the feedstock requirements for waste incineration in Sweden. 

 

VafabMiljö Kommunalförbund (“Vafab”) is a leading waste-handling association in Sweden and 

handles municipal solid waste (“MSW”) in the Västmanland region, Heby municipality and 

Enköping municipality (see Fig. 2.). Since 1999, Vafab and the 12 municipalities have successfully 

implemented household waste separation at source into their MSWM models. Together with the 

construction of Växtfraft (a biogas plant located in Västerås) where food waste and ley crops are 

utilized for producing biogas fuel and bio-fertilizers, Vafab has been mentioned several times as one 

of the successful practices in the field of MSWM (BiogasXPOSE, n.d.; Monson et al, 2007). The 

advantages Vafab obtain are the significant disadvantages in Wuhan MSWM and these factors can 

be the keys to assist the development of Wuhan MSWM in achieving a diverse MSWM model by 

making use of all the household waste for different purposes. Highlighted by its ISO 14001 

Environmental Certification, high quality and efficiency oriented waste management methods and 

strategy, Vafab could offer a great deal of experiences and successful management strategies for 

Wuhan to reference.  

 

                                                 
1 The waste separation is a motion where a waste stream is kept separately by type and nature for the purpose of facilitating a specific 

treatment (iea-biogas, 2013) 

Fig. 2. Vafabmiljö Kommunalförbund’s jurisdiction (Modified from Google Maps, 2016) 
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Would the Vafab model of waste management be a solution to Wuhan waste problem? 

 

The aim of this thesis is to explore the similarities and differences between Vafab and Wuhan 

household waste management systems. The possibility for Wuhan to implement Vafab’s waste 

management strategy to improve its current status quo is also evaluated in the thesis. In order to 

achieve this aim, the following steps are set for this thesis: 

 

• To provide comprehensive descriptions of the current household waste management systems in 

Vafab and Wuhan. 

 

• To identify similarities and differences between Vafab and Wuhan on household waste 

management from legal, technical and social perspectives.  

 

• To determine the current legal, institutional and social barriers exist in Wuhan household waste 

management. 

 

• To provide recommendations for establishing a more sustainable household waste management 

model for Wuhan based on lessons learned from Vafab. 

 
 
1.1 Scope and Limitations 
Since the topic under study contains a wide range of perspectives and actors, several limitations are 

recognized and set for this thesis. The limitations are listed below: 

 

• The study is mainly restricted to the study over household waste in Västmanland Region and 

Wuhan municipality. 

 

• The feasibility study focuses mostly on the legal, technical and social perspectives. Economic 

perspective is excluded from this thesis due to limited data availability. 

 

• Information and data regarding Wuhan incineration plants are solely based on documents 

provided by interviewee and online sources from government units due to limited of data 

availability. 

 

 
1.2 Organization of the Thesis 
Fig. 3. illustrates the structure of this thesis. Since the thesis includes relatively extensive contents, 

important subsections are also mentioned for better understanding of the thesis layout.  
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2. Theoretical Framework  

2.1 Sustainable Development  
Sustainable Development (“SD”) is a prominent discourse over various disciplines such as 

economics, environmental and social fields. It aims at harmonizing the existing and potential 

conflicts between economic growth and environmental degradation. The definition of SD comes in 

different shapes and forms. The most well-known and widely used definition came from Our 

Common Future (or the Brundtland Report) from the World Commission on Environment and 

Development (WCED), 1987.  

 

“Sustainable Development is development that meets the needs of the present without compromising 

the ability of future generations to meet their own needs.” (WCED, 1987: 43) 

 

Fig. 3. Thesis Structure 
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Bringing a commonly accepted definition on SD to the public, this definition has also received 

criticisms as being vague. Due to the presumption that the future needs and preferences are 

relatively unknown, it is difficult to grasp the losses future generations would encounter from 

development that benefits the current generation (Mori, 2013). Anand and Sen (2000) argue from 

the equity point of view that environmental sustainability would make little sense if the 

opportunities of life that are to be “sustained” in the future were miserable and filled with poverty.  

 

Perhaps, drowning in the discussion over the definition of SD would be a dead end in the sense that 

trying to define SD would somewhat omit notions that were not included from the commonly 

known definition. It is suggested by Robinson (2004) that SD shall not be conceived as a concept, 

or a consistent set of concepts but rather a community-based thinking which promotes human 

beings to approach environmental, social, and economic issues integrally. By leaving the definition 

open to interpretation would be more beneficial. Nevertheless, the essence of SD inevitably 

promotes scientific researches, decision-making and public acknowledgement and participations.  

 

Under SD framework, a three pillar model is adopted to assist general understanding of SD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in Fig. 4, setting environmental, social and economic aspects as its three pillars (or 

dimensions), this model reflects that SD requires consideration over nature, society (or human) and 

economy (or profits) (Hansmann et al., 2012). The fundamental framework of SD has been leading 

human activities, economic and technologies development for over two decades. With fast 

development from different aspects worldwide, the pursuit of a transition over natural resources and 

economic profits is required in achieving SD for mankind. The following section will introduce the 

present transition in the development of sustainability. 

 

2.2 Circular Economy  
The Linear Economy, which dates from the Industrial Revolution, is based on the idea of “take-

make-use-dispose” model of consumption (Andrews, 2015). The economy on a global level was 

developed around this model. The Linear Economy’s compatibleness starts to fade away since 

different environmental, economic and social factors have been indicating that it is no longer 

sustainable for the development as a whole today. The alternative model, a ‘circular economy’, has 

been advocated through practical application to the modern economic system and industrial process 

from the mid-1970s to 1990 by a few academics (Meadows et al., 1972; Stahel and Reday, 1981; 

Frosch and Gallopoulos, 1989). In 1972, The limits to growth was published and brought up the 

idea of creating a production system which aims at efficient reuse and recycling (Meadows et al., 

1972). Walter R. Stahel and Genevieve Reday discussed their research report, “Jobs for tomorrow, 

the Potential for Substituting Manpower for Energy” (1981) in the European Commission in 

Society 

Ecoomy 

Fig. 4. Three pillars of sustainability 

Environment 

Society 

Economy 
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Brussels in 1976, provided a vision of an economy in loops (or circular economy) and its impact on 

job creation, economic competitiveness, resource conservation and waste prevention (Kopnina and 

Blewitt, 2015). Two British environmental economists, David Pearce and R. Kelly Turner, first 

used the term circular economy in their publication of “Natural resources and environmental 

economy” in 1990 (Cited in Li, 2010, p. 36).  

 

The circular economy in recent years has been mostly promoted from the Ellen MacArthur 

Foundation (“EMF”). EMF has succeeded (with the support of the consultant McKinsey & 

Company) in getting attention from business, government, academic and other organizations with a 

new series of reports describing a variety of economic and environmental opportunities with 

circular economy (EMF 2012, 2013, 2014). EMF also estimates that a transition to a circular 

economy in the EU could lead to savings of 553 billion Euros each year through reduced material 

consumption and better use of resources. 

 

Walter R. Stahel, one of the authors from the milestone publication regarding circular economy 

‘The limits to growth’, discussed in 2016 a new relationship with materials would save resources 

and energy and create jobs. He further explains that “a circular economy turns goods that are at the 

end of their service life into resources for others, closing loops in industrial ecosystems and 

minimizing waste” (Stahel, 2016). 

 

Different from the idea of “take-make-use-dispose” model in linear economy, circular economy 

puts emphasis rather on repair, reuse and recycle. Circular economy promotes extending the 

productive use, decreasing the need for virgin resources and enhancing resource efficiency in 

society. See Fig. 5. for visualized illustration of circular economy.  

 

To date, the lack of a single and universal definition of circular economy is observed. However, the 

terminology is being described as “closing material loops” in various literatures (Preston, 2012 and 

Yuan et al., 2006). Preston (2012) further claims that it is important to generate a common 

definition of circular economy and its key principles in order to avoid confusion and promote 

cooperation. However, the lack in definition does not stop the actions worldwide to adopt this new 

concept. In 2015, European Commission adopted a Circular Economy Package which contains 

revised legislative proposals on waste in order to encourage the transition towards a circular 

economy within EU Member States (EC, 2015c). The Circular Economy Package includes an EU 

action plan for closing the loop (circular economy) which sets out an EU mandate to support this 

transition. It encourages all level of government, Member States, regions, municipalities, and 

Fig. 5. Illustration of Circular Economy (IVL, 2016) 
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stakeholders to participate in the implementation and brings a closer cooperation from all actors. 

The Swedish Foundation for Strategic Environmental Research (Mistra) and the EU Horizon 2020 

programme published their first proposal on circular economy in 2014 (Stahel, 2016). In China, for 

the past decade, circular economy has been set as the ultimate goal on the agenda. Setting targets, 

adopting policies, measures and legislations, China has adopted a 3R principle (reduce, reuse, 

recycle) into People's Republic of China Circular Economy Promotion Law in 2008 (Government 

of the People’s Republic of China, 2008).  

 

In order to achieve the development that meets the needs of the present without compromising the 

ability of future generations with the closure of resource loops,  sustainable WM strategy is a vital 

piece of the puzzle since this complex system interconnects with natural resources, human activities 

and technology development. The following section aims at further discussing the practice of WM 

for a circular economy. 

 

2.3 Integrated Sustainable Waste Management 
Worldwide, the need for implementing sustainable and consistent waste plans to tackle the waste 

problem is increasing. Besides the negative impact from waste itself, air, water, soil would be 

polluted if waste was not treated properly. History has proven that waste management is not an 

issue which should be treated with only one aspect, namely, technologies. Klundert (1999) argues 

that waste management should not be seen as a purely technical issue. He further claims that many 

cases are known nowadays of technologies that gave the impression of being unsustainable in the 

given society, economy and environment, since the approach is overemphasized from a technical 

perspective. It indicates that other perspectives should also be taken into account in waste 

management, such as environmental protection, social behavior, circular economy as well as legal 

issues. Waste management needs an interdisciplinary approach which takes various aspects into 

consideration and integrated them into one solution. The integrated sustainable waste management 

(“ISWM”) framework is an influential and clear guidance for getting closer to the state of SD and 

circular economy. 

 

ISMW was first developed by WASTE, a Dutch non-governmental organization (“NGO”), and 

WASTE’s South partner organizations in mid 1980s. In the mid-1990s, this framework was then 

further progressed by the Collaborative Working Group on SWM in Low- and Middle-Income 

Countries (CWG) (UN-HABITAT, 2010). ISWM emphasizes the evaluation of three dimensions, 

the stakeholders, the elements, and the aspects (ISWA and ABRELPE, n.d. and Klundert, 1999). 

 

The stakeholders refer to the people or organizations such as local authority, NGOs, private 

companies, collection truck’s workers, etc. The elements in the field of WM imply technical 

components (e.g. waste treatment, collection, separation, recycle, reuse, reduction, etc.). The 

aspects refer to the consideration over all different perspectives, namely, environmental, 

operational, financial, social, institutional, political and legal aspects (UN-HABITAT, 2010). 

Elaborating from the dimensions and actors within the framework of ISWM, Klundert (1999) 

further extracts the principles for ISWM, which are relevant to the construction of this thesis since 

the principles mentioned below act as guidance for the thesis analysis. 

 

• Environmental Principles: the technologies used in waste management field shall follow 

“waste management hierarchy” and be able to minimize negative impacts on the 

environment. 

 

• Operational Principles: the technologies used in waste management field shall adapt to the 

physical environment and requirements, optimize the utilization of equipments, and of good 

quality (in order to have a long life span on the equipment utilized).  
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• Financial Principles: financial management of technologies shall be based on ‘all 

beneficiaries contribute principle’, which means that waste generators, resource recovery 

sector and local government need to contribute in paying a profit tax. Ensure highest 

productivity of labour and capital. 

 

• Social-economic Principles: technologies shall be provided to every inhabitant, minimize 

risks to public health. It shall also leads towards affordable waste management system and 

take local willingness to pay into consideration. System operators’ working condition and 

income shall be as well included in the social principle. 

 

This three dimensional framework (stakeholders, elements, and aspects) shows the inevitability of 

evaluating a WM strategy from various perspectives, observing the interrelations between actors 

and providing a holistic way of planning waste management.  

 

As previously stated, the main purpose of this thesis is to investigate the possibility in implementing 

the Vafab MSWM strategy to Wuhan. With the essential frameworks and principles in line, a 

feasibility study would assist in further investigating this topic. 

 

2.4 Feasibility Analysis 
The definition of feasible in Gruneberg & Weight (2000) includes a wide range of criteria for the 

evaluation of the feasibility of a project. The key words in a feasibility study appeared as possible 

and practicable. Based on these terms one can further interpret that a feasible project needs to be 

possible to be carried through and practicable in all aspects.  

 

The fundamental reason for applying a feasibility analysis (or study) is to evaluate the viability of 

an idea. A feasibility study is therefore to answer the questions such as “is it possible to carry out 

this idea in practice?” Traditionally, studies conducted by utilizing the approach of feasibility study 

by society in general are largely concentrated on the aspect of financial feasibility. Financial 

feasibility often emphasizes the issues such as demand and supply of the market, return of 

invention, etc. (Graham, 2006). However, as for a project in sustainable waste management, it is 

insufficient to only evaluate the feasibility from financial perspective. Due to the nature of waste 

management which includes dynamic range of actors and stakeholders from diverse professions, it 

is vital to define feasibility study from the range of environmental aspects and social aspects. The 

second edition of A Dictionary of Environment and Conservation (2013) defines feasibility study as 

“An investigation to establish whether a project will work and achieve the desired results” and “A 

study to evaluate alternative remedial actions from a technical, environmental, and cost 

perspective, which normally recommends selection of a cost‐effective alternative.” The social 

feasibility should include and take key relevant social issues into consideration and “incorporates a 

participation strategy for involving a wide range of stakeholders” (Govt. of India, 2011).  

 

Based on the complex interactions in sustainable WM field, the author of this thesis uses a 

definition of feasibility study in terms of sustainable waste management: It is a study of the 

possibility of establishing a waste management project by evaluating financial, technical, 

environmental, social and legal perspectives. By evaluating the five perspectives mentioned above, 

a more comprehensive feasibility study can be constructed for the purpose of pursuing more 

sustainable waste management strategy. 

 

For investigating the possibility of applying a new WM practice in Wuhan, this is a change that will 

occur. Therefore is it necessary to mention the barriers in this change on MSWM. 
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2.5 Legal, Social and Technical Barriers  
When different perspectives are being analyzed, the existence of barriers should be addressed in 

order to further identify issues occurring in the study. Aparcana (2015) claims that barriers in the 

context of WM can be categorized into social, economic, institutional and legal barriers. In the 

context of municipal waste management, based on the findings of Aparcana & Hinostroza (n.d.) and 

additional publications, different barriers for achieving long-term sustainable waste management in 

developing countries can be interpreted as follows: 

 

• Social barriers: Low level of concern for the environment, unwillingness to pay for services, 

low awareness or participation in waste sorting activities and social tensions among 

economic classes between formal and informal sector; absence of general education on 

waste management (Chirico, 2011). 

 

• Economic barriers: Inefficient cost structures, unwillingness to pay for services, budget 

constraints, unexploited revenue streams in informal sector. 

 

• Institutional barriers: Lack of managerial skills and organizational capabilities in local 

authorities, parallel structures and unclearness on local authority’s delineation and 

distribution. 

 

• Legal barriers: Deficiency on implementing adequate and clear legislations, which results in 

misinterpretation, false implementation from stakeholders and local authorities; lack of 

verification and enforcement mechanisms, unclearness in roles and responsibilities and 

coordination. 

 

• Technical barriers: Inadequate waste infrastructures (Parrot et al., 2009); lack of staff with 

technical expertise on operation and planning of solid waste management; absence of 

technical understanding on technologies that are not suitable for local solid waste 

conditions; unreliable data. 

 

The barriers to MSWM in developing countries assist in understanding the issues of this thesis and 

in constructing discussion section. Due to limitation on data availability, this thesis focuses on 

addressing and analyzing institutional, legal, social and technical barriers.  

 

3. Materials and Methods 

In the pursuit of achieving the aim and objectives of this thesis, semi-structured interviews, 

literature studies, legislation studies and field studies were conducted. The literature studies were 

applied throughout the thesis and complemented the information gathered from the semi-structured 

interviews and field studies. By utilizing a combination of interviews and literature study, the thesis 

describes Wuhan and Vafab MSWM from the past to the future. Field studies were restricted to 

combined heat and power (“CHP”) plant owned by Mälarenergi AB in Västerås (biggest 

municipality in Västmanland region), personal encounters with junk buyers2 and observations in 

Wuhan. Due to limited access to co-incineration plants and landfill sites in Wuhan, field studies are 

only used for collecting information regarding CHP plant and the analysis on social perspective. 

 

3.1 Semi-structured Interview 
The interview method is used for the purpose of collecting data and includes presentation of oral-

                                                 
2 Junk buyer refers to an individual who purchases recyclable waste (such as cardboard boxes, plastic bottles and metal) from 

households without authorization. The recyclable waste junk buyer purchased from households will then be sold to private entities 

where recyclable waste is needed as material for production. 



 

10 
   

verbal stimuli and reply of oral-verbal responses (Kothari, 2004). This thesis utilizes personal 

interviews to gain further understanding of the topic and data collection. One of the advantages of 

conducting personal interviews compared with written questionnaires is the minimization of the 

possibility in missing returns or non-response (Ibid). Due to the difficulty in gaining contacts in 

WM field in Wuhan and Västerås, the quality of each interview must be evaluated. Within the 

scope of personal interview as a method of data and information collection, semi-structured 

interview was selected over structured interview and unstructured interview due to the advantage in 

flexibility (FAO, 1990). The flexibility mainly reflects on supplementary questions being asked 

based on respondent’s answers. All the interviews conducted for this thesis were recorded for the 

purpose of further investigation of the contexts, transcripts and accurate translation.  

 

During approximately one month of stay in Wuhan, China, two semi-structured interviews were 

conducted with the help of researchers from IVL Swedish Environmental Research Institute, 

Beijing office. The aim of the semi-structured interviews were to investigate MSWM in Wuhan 

regarding perspectives such as co-incineration plants, household waste collecting methods, different 

actors in Wuhan MSWM, residents awareness on waste separation and recycling sector. The 

interviews also tackled the negative impressions regarding co-incineration plants in Wuhan which is 

a controversial topic in waste management industry in China. The author of this thesis also 

conducted semi-structured interviews with local households in Wuhan to analyze their perceptions 

in recyclable household waste. In Sweden, interviews were conducted with Vafab and Mälarenergi 

AB in Västerås municipality with the help from the supervisor of this thesis. The essence of the 

interviews conducted were to study the household waste separation system, different household 

waste treatments and social responsibility. The detail interview questions are listed in Appendix 1. 

The context and data presented regarding Vafab has been verified by the interviewee from Vafab 

for accuracy. 

 

3.2 Literature Study 
Literature study is used as a method in this thesis since it serves the purpose of providing objective 

description of the current knowledge on a topic (Green et al., 2006) and summarizing the available 

research from previous publications on a specific topic (Baker, 2016). By gathering and summarize 

relative academic publications, research studies, official documents and other valid online articles, 

literature study contributes to a better understanding to the readers on the specific topic selected.  

 

The studies of literature and legislation in this thesis are to inform readers regarding the constructions 

of MSWM systems in Vafab and Wuhan. As stated before, MSWM includes large amount of actors 

which shall be considered as an interdisciplinary topic, a sufficient amount of literature and legislation 

studies can complement on the overall understanding of MSWM. Together with semi-structured 

interviews, the thesis provides an integrated knowledge on the topic from three dimensions: time, 

perspectives, and actors. 

 

 

3.3 Field Study 
Field studies were conducted both in Västerås and Wuhan. In Västerås, CHP plant was visited for 

the purpose of gaining more insights of the development in waste incineration industry in Sweden 

and obtaining information for the better comparison of Vafab and Wuhan in MSWM. Personal 

observations were able to achieve during one month stay in Wuhan. The observations served the 

purpose of analyzing social opinions on the current household waste disposal and recycling 

methods in Wuhan and the comparison of the willingness in household waste collection system 

within the jurisdiction of Vafab. Field visits to co-incineration plants and landfill sites in Wuhan 

were not possible due to limited access and contacts in Wuhan MSWM industry. 
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4. The EU and Sweden’s Waste Legislations  

Waste management is a field that heavily depends on legislations and regulatory decision making 

by the politicians. When implementing a new waste plan or planning to construct a waste treatment 

facility, legislations are the foundation in guiding and regulating a variety of activities. Legislations 

from the EU and Swedish national level are described in this section. EIA process is presented for 

the purpose of assisting the construction of any waste treatment facilities if the potential exists. 

 

4.1 The EU Waste Legislations 

4.1.1 The Waste Framework Directive 

The Waste Framework Directive which was published by the European Parliament and of the 

Council defines waste as “Any substance or object which the holder discards or intends or is 

required to discard” (Directive 2008/98/ECa: Art. 3). Sweden, as a Member State of the European 

Union, has to fulfil goals, objectives and priorities that the EU waste legislations require. Released 

in 2008 and coming into force on 12 December 2012, the European Framework Directive 

(2008/98/ECb) on Waste has set a solid foundation for all the EU Member States to perform 

environmental sound waste management in the countries respectively. This Directive sets the 

definitions, principles, as well as agenda within the scope of EU waste management. Essential 

waste management principles and frameworks such as “polluter pays principle”, “extended 

producers responsibility” and “waste hierarchy” (see Fig. 6) were presented in the Directive. The 

Waste hierarchy is a five-step hierarchy of waste management option that all EU Member States 

shall be applied to their waste management plans. The five steps in the waste hierarchy refers to 

reduce, reuse, recycle, recover energy, and landfill.  

 

 

 

 

Based on the context in 2008/98/EC, each member state is obliged to establish and implement a 

national plan on waste management. There are negative sanctions from the EU for those Member  

States which do not follow the objectives, the sanctions are performed in the form such as fines.  

 

Key features focusing on the operations of waste management from the other EU waste legislations 

of relevance to the current study are presented in section 4.1.2 to 4.1.5.  

Fig. 6. The EU’s waste hierarchy (Source: EC, 2016b) 
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4.1.2 Landfilling  

By categorizing and classifying waste, Council Directive 1999/31/EC of 26 April 1999 on the 

landfilling of waste is aimed to restrict and prevent the adverse effects from landfilling waste to the 

environment (EC, 2015a). This Directive also provides standard procedure in the operation of landfill 

to avoid risks as well as a systematic operation for the applications on landfill permits. The primary 

requirements is the pre-treatment of waste before landfill. The Directive bans liquid waste, flammable 

waste, explosive or oxidizing waste, hospital and infectious clinical waste, used tyres (with 

exceptions), and any other types of waste being landfilled according to Annex II in 1999/31/EC (Ibid). 

It is obliged that EU member states need to decrease the amount of biodegradable municipal waste 

landfilled to 35% of 1995 levels by 2016 according to this Directive. 

4.1.3 The Waste Incineration Directive 

The Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000 on 

the incineration of waste came into force on 28 December 2000 (EC, 2015b). Its aims at preventing 

and reducing the adverse effects resulted from incineration and co-incineration of waste by obliging 

all the operating incineration plants within the EU to meet technical terms such as emission limits 

and monitoring requirements for the purpose of continuing the incineration operations.  

In Directive 2000/76/EC, definitions and differentiation regarding incineration plant and co-

incineration plant are provided. Incineration plant refers to “any stationary or mobile technical unit 

and equipment dedicated to the thermal treatment of wastes with or without recovery of the 

combustion heat generated. This includes the incineration by oxidation of waste as well as other 

thermal treatment processes such as pyrolysis, gasification or plasma processes in so far as the 

substances resulting from the treatment are subsequently incinerated” (Directive 2000/76/EC: 94). 

Co-incineration plant is defined as “any stationary or mobile plant whose main purpose is the 

generation of energy or production of material products” (Ibid: 94). It further defined that co-

incineration plant uses waste as a regular or additional fuel. In co-incineration plant, waste is 

thermally treated for disposal. 

4.1.4 Biodegradable Waste  

According to European Commission (2016), biodegradable waste treatment varies from country to 

country in the EU. The publication from the European Commission set the treatment for 

biodegradable waste as a recommended method in the waste stream. It is clearly stated by the 

European Commission (2016) that landfilling is the worst bio-waste treatment option due its 

production of methane and incineration with energy recovery is less encouraged than utilizing 

biological treatments. 

4.1.5 Packaging Waste  

Directive 94/62/EC sets rules in packaging and packaging waste and was adopted on 20 December 

1994. In 2015, Directive (EU) 2015/720 of the European Parliament and of the Council of 29 April 

2015 was published to amend Directive 94/62/EC on minimizing the consumption of lightweight 

plastic carrier bags (Directive (EU) 2015/720). The Directive regarding packaging and packaging 

waste requires EU Member States to increase the percentage of recycling in packaging and 

packaging waste. It also requires Union-wide markings and identifications of packaging material in 

order to assist consumers’ recycling.  

4.2 Sweden’s Waste Legislations 
4.2.1 Swedish Environmental Code 
The Swedish Environmental Code is an essential national legislation, as well as in the waste 

management industry in Sweden. It was adopted on 1 January 1999 (Naturvårdsverket, 2016). The 
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content integrates fifteen prior environmental acts and sets fundamental environmental rules for 

different actors who play parts in the waste management puzzle. Chapter 15 in the Swedish 

Environmental Code (Ds 2000: 61) has laid out definitions, principles and responsibilities regarding 

waste and waste treatment in Sweden. Detailed provisions are presented in Ordinances made by the 

Government. 

In Chapter 15 of the Swedish Environmental Code, various definitions are given in relations to 

waste and waste management. ‘Waste’ defined as “any object, matter or substance belonging to a 

specific waste category which the holder disposes of or intends or is required to dispose of” (Ds 

2000: 61: 83). ‘Household waste’ refers to “waste generated by households and comparable waste 

from other sources” (Ibid). ‘Waste management’ means “activities or measures involving the 

collection, transport, recycling and removal of waste” (Ibid). The essence of the Swedish 

Environmental Code reflects on the following sections in Chapter 15: 

Section 8 - It is obliged for municipalities to collect, transport, and recycle the municipal waste 

generated inside the municipalities. 

  

Section 11 - Each municipality in Sweden shall carry out a waste management plan for domestic 

waste disposal and related regulations to assist the operation of the waste management in the 

municipality.  

 

Section 20 - Under the purpose of reuse, recycle, health or environment related reasons, the 

Government may prohibit treating combustible and organic waste to landfill. 

4.2.2 The Waste Ordinance 

Beside the Swedish Environmental Code, the Waste Ordinance (SFS 2001:1063) is another primary 

waste management policy in Sweden. It aims at assisting the Swedish Environmental Code in 

setting provisions for the regulation of waste management (Tam, 2014). Various regulations are 

influenced by the incineration chapter in the EU Industrial Emission Directive (2010/75/EU). Issues 

regarding disposal of waste (Annex 5 of SFS 2001:1063), specific waste classification when 

reporting according to the EU waste statistics regulation (Annex 2 of SFS 2001:1063) and recovery 

of waste (Annex 4 of SFS 2001:1063) are regulated in the Waste Ordinance. The Waste Ordinance 

also emphasizes the physical, economic and legal responsibilities on a wide range of waste owners, 

municipalities, and producers (Naturvårdsverket, 2005). 

4.2.3 Landfill  

The landfill Tax Act (SFS 1999:673) was promulgated in 1999 and implemented in January 2000 

(Naturvårdsverket, 2005). This tax aims at increasing the financial incentive for reducing waste 

quantities and treating and recycling waste in resource-efficient methods. It is regulated that all the 

material entering landfill sites shall be taxed and material removing from landfill sites is qualified 

for a deduction (EEA, 2013). The tax shall be paid by the owner of the landfill site and it was set at 

250 SEK (approx. 25 Euros) per tonne in 2000 for the waste that is landfilled. From 2000 to 2006, 

landfill tax witnessed an increase of 74% (Naturvårdsverket, 2010). In January 2006, landfill tax 

raised to 435 SEK (equals to 47 Euros) per tonne. 

On July 2001, Council Directive 1999/31/EC was successfully implemented into Swedish law by 

issuing the Ordinance on the Landfill of Waste (SFS 2001:512) (Naturvårdsverket, 2014) for the 

purpose of discouraging waste disposal at landfills and promoting recycling and incineration. The 

Ordinance on the Landfill of Waste’s essence is to offer guidance on issues such as landfill 

licensing, inspection for both authorities responsible and landfill operators (Naturvårdsverket, 

2004). The ban on disposing organic waste into landfill site (SFS 2001:512) has set a clear 
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stipulation for the municipalities and MSWM operators in Sweden. This ban has promoted Swedish 

waste management industry to move from landfilling organic waste to treating organic waste in 

another manner.  

4.2.4 Incineration  

Ordinance regarding waste incineration was adopted in 2002 and regulated on the issues such as 

operation procedure of waste incineration plant and energy recovery. The most up-to-date version of 

Swedish waste incineration Ordinance is SFS 2013:253. It was issued on 8 May 2013 and published 

on 21 May 2013. The purpose of Swedish incineration ordinance is to provide technical 

requirements and emission limitations for waste incineration. Different from the landfill Ordinance, 

no ban is implemented in SFS 2013:253, which indicates that within the technical requirements and 

emission limits, all household waste can be incinerated. The waste incineration Ordinance also 

provides regulations regarding the procedure during start-up, close-down and operation. An 

incinerator shall be designed, equipped, built and operated in such way that, even under the most 

adverse conditions, the temperature of flue gases in the combustion process is raised in a controlled 

and homogeneous fashion 

1. at least 850 degrees Celsius and shall be at this level for at least two seconds, or 

2. at least 1100 degrees Celsius and shall be at this level for at least two seconds. If the combusted 

hazardous waste contains more than 1 per cent of halogenated organic substances, chlorine will be 

generated. 

 

In 2010, the tax on incineration of household waste was abolished in Sweden (EEA, 2013). In the 

document published by Swedish Government Official Reports (Statens Offentliga Utredningar), it is 

stated that the tax does not assist as an instrument in achieving targets that motivated the 

implementation of tax on incineration of household waste (SOU 2009:12). The document also 

speculated the consequences of the tax abolishment on incineration of household waste. From an 

environmental aspect, the influence of the abolishment of this tax is not possible to determine. The 

abolishment of the incineration tax would affect the prices of other household waste treatments but 

no major effects on material recycling has been detected; this abolishment would decrease the 

households’ waste collection fees (Ibid). 

4.2.5 Other Related Ordinances  

Ordinances focusing on batteries, packaging, waste electrical and electronic equipment (“WEEE”) 

are also adopted into related Swedish legislations based on the principals and targets set by the 

European Commission. Regulation regarding producer responsibility for packaging (SFS 

2006:1273) was issued in 2006 and it aims to ensure packaging is manufactured in the manner that 

its volume and weight is limited to the level required to maintain a good safety and hygiene 

standards. In addition, the packaging waste shall also be collected in an environmental acceptable 

manner. The producer responsibility lays down on providing an organized system for the collection 

of packaging waste. 

 

Ordinance on producer responsibility for batteries (SFS 2008:834) was issued and published in 

2008. The purpose of this Ordinance is to set a waste preventing orientation in manufacturing and 

design of batteries and to ensure the batteries is recyclable. 

 

The Swedish regulation on WEEE (SFS 2014:1075) was issued in 2014 and it is aiming at 

promoting measures that reduce the amount of WEEE become waste, preventing health and 

environmental problems caused by WEEE, encouraging producers to take responsibility regarding 

WEEE, regulating safety disposal of WEEE, and promoting WEEE resource efficiency. 



 

15 
   

4.2.6 Environmental Impact Assessment 

The guidance of Environmental Impact Assessment (“EIA”) in Sweden is reflected mainly in the 

Environmental Code and the Ordinance (SFS 1998:905) on Environmental Impact Assessments 

(Rosengardten, 2014) based on EIA Directive 2011/92/EU. The Environmental Code (Ds 2000: 61, 

Chapter 6) describes the purpose of an EIA in Sweden. An EIA’s purpose is to establish and 

describe the direct and indirect impact of a project on people, animals, plants, land, water, air, the 

climate, the landscape and the cultural environment. Another purpose of establishing EIA is to 

enable an assessment to be made of this impact on people’s health and the environment. The 

process of an EIA in Sweden commonly consists six steps. 

 

1. Screening. Screening is regulated in annex I under the Directive 2011/92/EU and it focuses on 

whether a certain project would have significant impact. A description of the project proposed 

shall be delivered to the County Administrative Board (Länsstyrelsen). The description shall 

include the project location, impacts on the environment and the residents. 

2. Scoping. If a certain project is identified to have impact on different aspects, an EIA is required 

and the significance would be classified. According to Rosengardten (2014), scoping step is not 

mandatory in Sweden, although it is stated the County Administration Board should work for the 

Environmental Impact Statement (“EIS”) to have scope and direction for the permit application. 

3. Alternatives. Alternatives for the project proposed is obliged to be developed and examined in 

order to choose the most environmentally sound alternative project. The developer of the project 

is obliged to present the alternative locations and designs (Ibid).  

4. Decision-making. At this stage the EIA is reviewed by the Environmental Permit Office 

(Miljöprövningsdelegation) within the County Administration Board to determine if the EIA can 

serve as a foundation for decision. The decision of whether the EIS meets the requirement may 

not be appealed unless the decision of the decision of the permit is also appealed (Zhukova, 

2012). 

5. Follow up. The stage of follow up serves the purpose of checking if the measures are adequate 

and if further adjustments are needed. The monitoring is usually responsible and conducted by 

the project developer. When the project needs a permit, the project developer shall hand in an 

environmental report to the relevant authorities every year (Ds 2000: 61, Chapter 26).  

 

 

5. About Vafab  

5.1 Past 
Sweden has shown great commitment to environmental sound strategies, policies and performance 

in the field of waste in the past decades. In 1969, environmental obligations and duties were 

executed by the publication of the Environmental Protection Act (Naturvårdsverket, 2011). In the 

beginning, similar to many municipalities in Sweden, Västerås utilized landfilling as the treatment 

to all waste (Vafab interviewee, 2016). Since the Environmental Protection Act was published, 

regulations such as reducing landfill as the treatment of waste have been emphasized in the WM 

industry in Sweden. Thirty years later, the Environmental Code was adopted and came into force by 

replacing the Environmental Protection Act and integrating the former environmental laws and 

regulations (Naturvårdsverket, 2016). The Environmental Code established a series of 

environmental sound legislations on governing various environmental impacts (EEA, 2013). In the 

case of Västerås, source separation has been implemented in 1999 (Monson et al., 2007) due to the 

enforcement of the Environmental Code and the municipal recognition of the values within waste. 

The local government in Västerås acknowledged that waste is a resource. Hence, it is not 

sustainable to discard, landfill or incinerate waste in general (Vafab interviewee, 2016). In 

Västmanland region, Heby municipality and Enköping municipality, municipal governments and 

Vafab were the driving force on the implementation of municipal waste separation (Ibid). 
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5.2 Decisions about waste management since 1990’s 
Vafab was co-owned by 12 municipalities (Arboga, Enköping, Fagersta, Hallstahammar, Heby, 

Kungsör, Köping, Norberg, Sala, Skinnskatteberg, Surahammar and Västerås) and was mainly 

responsible for the waste treatments in these municipalities. Waste management plans at the 

beginning were carried out by each municipality respectively (Vafab interviewee, 2016). Waste 

plans among these municipalities were somewhat similar since all municipalities had mostly the 

same goals. 
 

The WM goals in each municipality were guided by goals set on the national level. Sweden’s Waste 

Plans has been setting up targets for the whole country’s WM to move forward for over a decade. 

 

A strategy for Sustainable Waste Management - Sweden’s Waste Plan published in 2005 based on 

the Government’s sustainable development goal (Naturvårdsverket, 2005) and set up directions and 

targets in waste management industry in Sweden. In this publication, five interim targets for waste 

management sector were set for achieving the Good Built Environment environmental objective. 

The main target was to cease the increase in total quantity of waste (Ibid). In particular, as 

compared with 1994, the quantity of waste ends in landfill (1,380,000 tonnes) shall be reduced at 

least 50 per cent by 2005. By 2010, at least 50 per cent of household waste shall be recycled by 

recovery materials (including biological treatment). 35 per cent of the food waste from households 

shall be handled by biological treatment by 2010. It is shown in the report from Naturvårdsverket 

(2015) that in 2010, the total treated quantity of household waste was 4,203,290 tonnes and the 

amount of household waste being recycled was 2,037,610 tonnes. This indicates that 48.5 per cent 

of household waste was recycled in 2010. By the year 2014, the ratio of household waste being 

recycled in Sweden has reached 52 per cent. 

 

Pursuant to Directive 2008/98/EC of the European Parliament and of the Council, each Member 

State is required to form a waste plan. Swedish Environmental Protection Agency thus published a 

revised Swedish waste plan in order to fulfil the requirement from the European Parliament and the 

Council, at the same time set new target for 2012 to 2017. The new target for Sweden’s waste plan 

is to move forward from waste management to resource efficiency (Naturvårdsverket, 2012). It aims 

at assisting the reduction in quantity and hazardous nature of waste, enhancing the performance in 

the utilization of waste and improving waste management overall. It also promotes the notion of 

partnership between actors (e.g. municipalities, industry, public authorities, etc.). Interim target is 

set in this publication that by 2018 at least 50 per cent of food waste from households shall be 

source separated and be handled through biological treatment. 

 

Data regarding the percentage of household waste being treated through biological treatment within 

the jurisdiction of Vafab was unable to assess since the quantity of food waste produced by 

households was unknown.  

 

5.3 Organic Waste - Växtkraft Biogas Plant 
Since the oil crises in 1973, the technology for producing biogas through the anaerobic digestion of 

organic waste has been seen as a compelling method for energy production and an alternative of oil 

in Sweden (Heiskanen, 2006). In 1996, a landfill ban on disposing organic waste in landfill site was 

proposed by the Swedish Environmental Protection Agency (Naturvårdsverket) and this ban was 

adopted in the year 2005. In the meantime, local farmers around Västerås showed the interest in 

utilizing the residue from the anaerobic digestion of organic waste as fertilizers due to the lack of 

certain nutrients in the soil of Västerås (Vafab interviewee, 2016). According to Thyselius (1999), 

taxes on CO2 and nitrogen oxide emissions strengthened the competitive position of biogas in the 

vehicle fuel industry. With the adoption of landfill ban, the need for good fertilizer and the 
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competitiveness in vehicle fuel industry, Växtkraft biogas plant was taken into operation for 

digesting food waste in Västerås in 2005 (Thorin et al., 2012).  
 

Växtkraft biogas plant is located in Gryta which is around 8 km away from Västerås city centre. 

Växtkraft was first operated by a consortium which includes Vafab, Mälarenergi AB (local energy 

company), local farmers in Västerås and LRF (the National Federation of Swedish Farmers) 

(Monson et al., 2007). According to Vafab interviewee (2016), in 2012, Växtkraft was fully owned 

by Vafab. Later from 2014, Växtkraft was incorporated into Vafab.  

Organic waste (food waste) from households and restaurants, forage crops from farmers and grease 

separator sludge from institutional kitchens are being digested in Växtkraft. The biogas produced in 

Västerås is used as vehicle fuel for vehicles such as public buses and cars. It also generates a 

byproduct, bio-fertilizer, which can be utilized in the agricultural sector. This organic waste 

digestion process created a circulation between energy and nutrients (see Fig. 7.).   

 

 

5.4 Combustible Waste - Mälarenergi AB 
The combustible MSW collected from Vafab is transported to Mälarenergi AB’s CHP plant (for the 

purpose of energy recovery) in Västerås. It is a cogeneration plant with a full capacity of treating 

approximately 1,400 tonnes of waste per day. Its boiler utilizes circulating fluidized bed (“CFB”) 

technology. As its name suggested, CHP plant transforms MSW and industrial waste into heat and 

electricity. District heating is supplied through underground pipelines to a district heating substation 

which in turn heats radiators and hot water for daily uses. The electricity is also lead via substations 

to houses and apartments, schools, companies and industries (Mälarenergi, 2016). According to the 

Mälarenergi AB interviewee (2016), the total amount of combustible waste collected from Västerås 

cannot fulfil the need for fueling the CHP plant due to the high recycling efficiency (approximately 

51% of MSW is recycled within the jurisdiction of Vafab in 2015). In order to meet the feedstock 

requirements for the CHP plant, Mälarenergi AB imports waste from European countries such as 

England and Ireland. Norway also pays Mälarenergi AB to import waste for incineration. The ash 

generated from incineration is later laced with heavy metals and sent back to Norway for follow-up 

treatments. 

 
 

Fig.7. Overall concept of Växtfraft (Modified from vafabmiljo.se, 2016a) 
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5.5 Waste Collection and Incentives 
Within the jurisdiction of Vafab, households have to pay for the service of having their waste 

collected. In Västerås, there are mainly three options regarding collection of household waste, 

source separation, mixed collection3 and home composting4. Mixed collection appears to be 

optional but the pricing of each option leaves little choice for the residents (Monson, 2007). The 

price for mixed collection is significantly higher than source separated collection. According to 

Vafab interviewee (2016), the collecting options operate as a form of economic incentives to 

households.  

 

For single houses, households can choose to have one bin and throw it all in there (namely, mixed 

collection), and it will cost about 4000 SEK (400 Euros) per year for household waste collection. 

Alternatively, households can have two bins and separate food waste and combustible waste. If the 

waste is separated properly, one household pays 3000 SEK (300 Euros) per year. In this way, 

incentives in source separation is reflected. If the household separates all the packaging waste and 

the recyclable waste, the waste bin for organic waste will not be full as quickly and will not require 

collection as often as mixed waste. It decreases the household waste collection frequency and thus 

reduce collection fee (around 2500 SEK (272 Euros) per year for a single house). Single houses’ 

waste is usually collected every second week. If the household separate the food waste and have 

composing facility in its backyards, in most of the municipalities, the combustible waste is even 

collected once a month or every second month. 

 

The options for household waste collection are the same for apartments. Take Mimer AB (one of 

                                                 
3 Mixed collection refers to a way of collecting household waste which no households waste is kept separately by type or by nature. 
4 Home composting is a domestic way of handling biodegradable waste. Composting refers to “the autothermic and thermophilic 

biological decomposition of separated biowaste in the presence of oxygen and under controlled conditions by action of micro- and 

macro-organisms in order to produce compost” (EC, 2001:3). 

Fig. 8. Overall waste streams within the jurisdiction of Vafab 
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the biggest rental housing companies in Västerås) as an example, Vafab collects household waste 

from different local household waste discard facilities which belongs to Mimer AB, and Vafab 

charges Mimer AB for the service. Vafab encourages Mimer AB to motivate its residents in source 

separation and waste minimization because Mimer AB pays for every waste bin and every time 

Vafab empties the waste bins. If Mimer AB can successfully encourage the residents to reduce the 

amount of waste produced by residents, then it acts as a way of saving money for Mimer AB and 

the residents. Since Mimer AB owns considerable amount of rental apartments in Västerås, more 

residents participate in separating waste results in more money saved from the waste collection 

sector. The household waste generated from one housing complex is being collected by Vafab once 

a week or twice a week, depending on the size of this local area, size of the rooms in the 

apartments, the density of apartments, etc. If the waste is not sorted out properly, Vafab 

representative would talk to Mimer AB and Mimer AB would then inform the residents. For 

apartments, as stated by the Vafab interviewee (2016), it is more difficult to manage due to the fact 

that it is harder to make sure everyone participates and to find the persons responsible for 

insufficient household waste sorting. “There could be fines, but normally there wouldn’t, we 

(Vafab) usually work around the problems as much as we can. Mimer tries very hard to get it 

right.”… “But when it comes to Mimer, there are many people living in one area, it’s hard to know 

who is doing it wrong. Vafab could fine Mimer, but I don’t think it will help.” said by Vafab 

interviewee (2016). 

 

5.6 Business Ownership 
Vafab is not a co-owned company anymore. Since September 2015, Vafab together with the 12 

municipalities have formed a VafabMiljö Kommunalförbund (VafabMiljö Association of Local 

Authorities). It is now an association of local authorities with a full council formed by 

representatives from each of the 12 member municipalities. “It’s like forming a new municipality 

but only for waste management” (Vafab interviewee, 2016). There is political leadership in 

municipalities that comes into Vafab. There is a committee of councillors who is the main actor in 

the decision-making process. In addition, the CEO from Vafab also participates in the decision 

formulation. All 12 municipalities are obliged to be involved and engaged in the process. It’s from 

the highest political level in all the different municipalities. Now Vafab is responsible for mostly all 

of the waste management process, except for deciding the level of fees and making the final 

decision of local legislation on waste management.  

 

The differences between co-owned VafabMiljö AB and VafabMiljö Kommunalförbund are, first, 

the level of fees for waste collection and treatment were decided within each municipality, whereas 

in VafabMiljö Kommunalförbund the level of fees are decided collectively within the committee of 

councillors. Secondly, in practice, VafabMiljö Kommunalförbund means that Vafab must follow 

the same legislation as municipalities do. While making this transformation, most of the 12 

members decided to move most of their waste management administration and operation to Vafab. 

It is stated on the Vafab (2016c) official website the reason for Vafab reorganizing into an 

association of local authorities is for the better possibilities in developing a regional cooperation 

from MSW perspective. The change in business ownership does not make a major transform in 

residents’ daily waste disposal. The difference for residents is that households shall contact Vafab 

instead of the municipality when it comes to issues of waste and the invoice for waste collection fee 

shall come from Vafab. New challenges in the waste area, as more waste is recycled and reused, 

allows municipalities to develop this cooperation. By forming this VafabMiljö Association of Local 

Authorities, Vafab can take care of the waste collected and then treated in the best way 

(vafabmiljo.se, 2016c). 

 

To date, most of the 12 municipalities within the jurisdiction of Vafab have handed over most of the 

WM to Vafab. Thus, Vafab produces a regional WM plan that the Full Council in each municipality 
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would adopt. Due to the fact that waste treatment and related strategies are highly professionalized, 

the WM strategy are primarily presented by the professional employees from Vafab. After the 

committee of the Full Council from respective municipalities agreed upon a final decision, Vafab’s 

CEO would then informs employees in Vafab regarding the next step in local WM. The employees 

major in different professions then implement the strategy onto varies practices. 

 

5.7 Current Goals 
All EU Member States shall treat waste according to the waste hierarchy principle (2008/98/ECb). 

Sweden has its advantage in waste recycle, reuse and energy recover. The greatest challenge in 

waste management, not only in Sweden, but internationally, is to reduce the amount of waste. 

Nationally, the amount of household waste treated in Sweden has increased from 4,203,290 tonnes 

in 2010 to 4,547,160 tonnes in 2014 (Avfall Sverige, 2015), namely, an 8% increase in the amount 

of household waste treated in Sweden. Vafab is facing the same challenge (see Table 1). As the 

interviewee from Vafab (2016) claimed, “Vafab is good at treatment, separation, and recycling, but 

the amount of waste is too much”. Even though more and more waste is being recycled in the 

region, recycling still consume great amount of energy to make new material. Table 2. shows the 

waste composition within the jurisdiction of Vafab. 

 

Table 1. Household waste (Kitchen + Bulk + Hazardous) over time (tonnes) (Source: Personal 

contact from Vafab, 2016) 
 

Categories  2010 2011 2012 2013 2014 2015 

Kitchen 63368 64158 66030 66030 66175 67253 

Bulk 82928 86357 86270 88329 88682 94464 

Hazardous  9180 8383 7768 8629 8320 8550 

Total 155477 158898 160068 162988 163177 170268 

Landfill  4399 4422 4063 4106 4001 4516 

 
 

Table 2. Vafab Waste Composition in Västmanland Region, Heby Municipality and Enköping 

Municipality in 2015 (Source: Personal contact in Vafab, 2016) 

 Weight (tonnes) Total Weight (tonnes) Percentage 

Recyclable (Plastic, 
paper, glass, metal, 
wood) 

 62154 32 % 

Bulk waste 37463   

Kitchen waste  24691   

Combustible (residual)  67490 35 % 

Bulk waste 17603   

Kitchen waste  49887   

Organic waste  34061 17 % 
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There are many campaigns nationally in Sweden (Avfall Sverige, 2015) and globally (UNEP, 2014) 

on waste reduction and prevention. Within the campaigns that Vafab has participated, Vafab 

cooperates with local supermarkets on waste reduction and prevention in the region. According to 

Vafab interviewee (2016), some super-markets located in Västerås sell food which is almost 

running out of date (a bit cheaper in price) instead of throwing away. The supermarket which has its 

own kitchen sells lunch boxes with the food that are almost running out of date.  

 

Consumption is a key factor identified Vafab interviewee (2016) in waste reduction and prevention. 

Due to the higher consumption more waste is generated together with the consumption. Vafab is 

working on different ways to encourage consumers in reducing the amount of waste produced. 

According to Vafab interviewee (2016), the promotion of swap market where people exchange 

goods that are useless to one but useful to another helps to decease the consumption and influence 

inhabitants view of consumption. In order to educate their own employees regarding minimizing 

consumption, Vafab held an internal campaign among the employees where only 3 tops and 2 

trousers shall be worn within one week. This internal campaign aims at shaping Vafab’s own 

employees opinions on consumption and assisting their external campaigns in public. 

 

5.8 Future Objectives 
Waste reduction is still the main objective for the future of Vafab. The future objective for Vafab is 

mainly to continue with what Vafab has been working on and make it better. Vafab is just about to 

start to conduct a new strategy for itself for the coming years since it is switched to 

kommunalförbund. The past few years, Vafab has been working on all the jurisdictions and 

formalities in forming this new ‘kommunalförbund’. The switch in business ownership means 

taking in all the new things from different municipalities. 

 

 

6. China’s National and Local Waste Legislations 

6.1 National Waste Legislations 

6.1.1 Law of the PRC on the Prevention and Control of Environmental Pollution by 
Solid Wastes 

On the national level, Law of the People’s Republic of China (PRC) on the Prevention and Control 

of Environmental Pollution by Solid Wastes is the first and fundamental law which regulates solid 

waste management in China. It was first issued on 1 April 1996 by The Standing Committee of the 

Bulk waste 16695   

Kitchen waste  17366   

Soil  18187 9 % 

Landfill (plaster and 
insulation) 

 4516 2 % 

Hazardous waste 
(Electronic waste, 
chemicals, asbestos, 
impregnated wood, 
etc.) 

 8550 4 % 

Total  194959 100 % 
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National People’s Congress and was then updated in 2005 (gov.cn, 2005). In this law, several of 

terminologies have been defined:  

 

Solid Waste refers to those solid, semi-solid waste materials and gaseous objects or substances 

placed in containers that are produced during production, daily life or other activities, and which 

lost their original value or has been abandoned but not yet lost the their value. This terminology 

also applies to objects and substances that are approved by laws or administrative regulations 

(gov.cn, 2005; faolex.fao.org, n.d.). 

 

Municipal Solid Waste in China is defined as the solid waste that is produced during urban daily life 

and the activities which serve urban daily life. This terminology also applies to those solid wastes 

which are specified by laws or administrative regulations as municipal solid waste. 

 

Producer responsibility is mentioned in section 5 (gov.cn, 2005) in this national law. It states that 

producer, seller, importer and user of production bear responsibility of the waste generated and 

waste pollution control. 

6.1.2 Landfills 

In 2008, Standard for Pollution Control on the Landfill Site of Municipal Solid Waste (GB 16889-

2008) was issued for the purpose of setting detailed regulation and limitation to the waste and the 

pollutants containing in the waste which are being disposed to a landfill. In GB 16889-2008, it is 

stated that mixed MSW collected by environmental authorities or workplaces can directly be 

landfilled; Clothing, food processing and similar non-hazardous industrial solid waste generated by 

industries which serve inhabitants urban daily life can directly be landfilled; Bottom ash from 

incineration (not including incineration fly ash) can be landfilled; solid residue generated from 

MSW composting can be landfilled. 

 

If MSW incineration fly ash and incineration residue from medical waste (including fly ash and 

bottom ash) are able to reach the circumstances listing below, they can be landfilled: 

1. Water content below 30%; 

2. Dioxin content lower than 3 μg TEQ/Kg; 

6.1.3 Incineration 

The Standard for Pollution Control on Municipal Solid Waste Incineration was first issued in 2001 

(GB 18485-2001) and being replaced by a set of updated standard issued in 2014 (GB 18485-2014). 

In this incineration standard the following key regulations have been addressed. Same as landfill 

standard (GB 16889-2008), mixed MSW collected by environmental authorities or workplaces can 

directly be treated in incinerators; Clothing, food processing and similar non-hazardous industrial 

solid waste generated by industries which serve inhabitants urban daily life can directly be treated 

in incinerators. Hazardous waste, electronic waste and its residue are strictly forbidden to be treated 

in co-incineration plant. GB 18485-2014 also sets detailed regulations regarding the operation of 

co-incineration plants. Main regulations are listed below: 

 

-Within the technical requirements and emission limits for incineration, sludge generated by sewage 

treatment facilities and non-hazardous industrial solid waste can be treated in incinerators. 

 

-Electronic waste and its residues and hazardous waste must not be treated in incinerators. 

 

-When starting the incineration process, MSW must be treated only when the furnace temperature 

reaches or is higher than 850°C. Gradually increase the volume of MSW until it reaches the rated 

amount of waste. Incinerator should be in stable condition for 4 hours. 
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-When shutting down the incinerator, and the MSW is no longer added, the MSW combustion 

system must be started to ensure complete combustion of the remaining waste. The furnace 

temperature should reach or be higher than 850°C. 

6.1.4 PRC Environmental Impact Assessment Law 

PRC’s EIA Law was adopted at the Standing Committee of the Ninth National People’s Congress 

in October 2002 and promulgated in September 2003. This EIA law includes general provisions of 

China’s EIA, Strategic Environmental Assessment (SEA) for programs, EIA regarding construction 

project, legal liabilities and supplementary provisions (lawinfochina.com, 2012).  According to 

Chen et al. (2007) the process of EIA in China commonly includes six parts. 

 

1. Screening. Screening is a compulsory step in the EIA process in China. Its purpose is to 

determine the necessity of a certain project to conduct EIA and to what level of EIA is required. 

Pollution discharge and sensitive areas are the two primary criteria in the screening step. They 

are used for assessing whether the proposing project would result in significant environmental 

impacts.  

2. Scoping. Scoping refers to the interaction process in EIA. Here major issues (or non-issues), 

concerns, relevant information for decision making, significant impacts and factors would be 

discussed. The developer of a certain project has to request a licensed agency to conduct an EIA 

outline when it is needed. 

3. Preparation of reports. The licensed agency which is appointed in scoping needs to report its 

findings. Five aspects shall be included in the preparation of reports: baseline analysis (which 

consists environmental baseline investigation and project engineering analysis), impact 

predictions, impact evaluation and mitigation of environmental impacts. 

4. Evaluation of reports. The environmental impact reports is reviewed and examined by EPB 

(“Environmental Protection Bureau”) together with relevant authorities.  

5. Decision making. The decision of whether a certain project is granted to proceed is made by 

EPBs and SEPA (“State Environmental Protection Agency”). No appeal will be allowed once the 

decision is made. 

6. Monitoring. This compulsory process is usually implemented during the construction and 

operation phases. The EPBs and the developers share the responsibilities in the monitoring step. 

The project developers monitoring focus lays on the pollution of air, water, waste and noise. 

EPBs in this case monitor the implementation of the environmental impact reports from aspects 

such as technology and production process. 

 

6.2 Provincial and City-level Regulations 
Provincial regulations in Hubei regarding MSWM are issued through Hubei Provincial 

Administration of City Appearance and Environmental Sanitation Management Implementation 

Measures (1995) and Hubei Provincial Environmental Protection Regulations (1997). The 

regulations are aiming at keeping the sanitation standard and fines regarding damaging of public 

sanitation goods (Key regulations can be seen in Appendix 2). 

 

In 1998, Wuhan Municipal Solid Waste Management Practices was adopted into the regulation on 

MSWM on municipality level. One of the most significant Articles (4) in this regulation is that 

MSWM shall progressively implement source separation, safe disposal and transport. There are also 

regulations regarding public sanitation goods, bulky waste disposal, electronic waste, as well as 

fines for violation of several regulations (Key regulations can be seen in Appendix 2). 
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7. About Wuhan MSWM 

7.1 History of Wuhan MSWM 
Economic growth, stated by Inglezakis et al. (2012) and World Bank (2012), is a main driving force 

in waste generation. Studies (Sjöström & Östblom, 2010; Cole et al., 1997) have shown that, for 

long decades, the quantities of MSW increase with Gross Domestic Products (GDPs). China is a 

perfect living example regarding this issue. Its economic development is often divided into two 

phases by promulgation of the reform and opening policy in 1978. During the first phase, from 

1949 to 1978, China’s economic prospect was worrisome - the entire country suffered from 

deficiencies in food, materials and manufacturing. The quantity of waste generation was much 

smaller and the average population during 1949 to 1978 was approximately 731 million 

(chinatoday.com, 2011), which is less than today (about 1.39 billion) (data.un.org, n.d.). There was 

no official waste management system operating during this period of time. All residents were to 

some extent participating in recycling at that time due to the scarcity of material. Since there was no 

advanced technology in waste treatment and relatively small in population, all the municipal solid 

waste was disposed in a simple landfill5.  

 

Since the economic reform policy was carried out in China, it has experienced a rapid growth in the 

economy, urbanization and population (from 970 million in 1979 to 1.37 billion in 2015) (National 

Bureau of Statistics of the PRC, 2002). With a positive correlation, household waste generation was 

growing along with the factors mentioned above and reaching 178 million tonnes in 2014 

(data.stats.gov.cn, 2014). Due to the fact that the Chinese government has put majority of its effort 

into economic development, waste management has been neglected. 604 sanitary landfilling6 sites 

operating with total capacity of 107 million tonnes in 2014 (Ibid), it is not hard to conclude that 

sanitary landfill is still the main method in waste treatment throughout China. With the increase 

living standards, the changes in lifestyles, and the ever-increasing volume of MSW generated, the 

composition of waste and the quantity of MSW collected have changed and pushed Chinese waste 

management industries into a new era.  

 

7.2 Present 
Due to limited land area and risk of pollution in water and soil, Wuhan sanitary landfill sites, like 

some of the landfill sites in bigger cities in China, are generally full and closed down. In bigger 

cities in China, incineration and biological treatment are slowly replacing the dominant landfilling 

method since sanitary landfill sites are nearly full and they obtain less market value and higher risk 

from environmental perspective. Wuhan, as the case study city in this thesis, was introduced to 

waste incineration technology in 2007. After 12th Wuhan National People's Congress, Wuhan city 

government set a significant goal on waste management, five incineration plants, two landfills and 

one industrial park (solidwaste.com.cn, 2014). It means that Wuhan plans to conduct five co-

incineration plants, two sanitary landfill sites and one industrial park for the purpose of tackling 

waste in five years. 

7.2.1 Mixed Collection of Household Waste and Co-incineration 

Today, MSW in Wuhan is mainly being treated by incineration. Landfilling is set as a complementary 

method in Wuhan MSW industry. Waste incineration is a waste treatment method which utilizes high 

temperature to fully oxidize the combustible component of waste (Hu et al., 2015). The main 

advantages of incinerating waste lays on the abilities in minimizing waste volume and generate 

                                                 
5 Simple landfill: Simple landfill refers to an unregulated method of landfilling waste in China. Simple landfill site does not follow the 

current national standard on landfilling. It is insufficient in design, management and construction. Simple landfill site can be understood 

as unregulated waste dumping site. 
6 Sanitary landfill: Sanitary landfill is defined as the current landfilling method in China which meets the national landfill standard. 
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electricity. Three out of five co-incineration plants7 in Wuhan utilize CFB technology, the same 

technology applied in CHP plant in Västerås. There is approximately 7,000 tons of MSW being 

treated through co-incineration plants daily in Wuhan (cenews.com, 2013), account for about 90% of 

the total amount of MSW. Wuhan MSW treated with sanitary landfill in 2014 equals to approximately 

219,500 tonnes (Wuhan Statistical Yearbook, 2015). Table 3. shows the MSW in Wuhan over time 

(from 2007 to 2014).  

Table 3. Wuhan MSW Treatment Data From 2007-2014 (Source: Wuhan Bureau of Statistics, 

2009; 2010; 2011; 2012; 2013; 2014) 

Year Percentage 
of Non-
hazardous 
Treatment for 
MSW (%) 

Volume of 
MSW 
Disposal (10 
000 tons) 

MSW Non-
hazardous 
treatment 
facilities 
(unit)  

MSW Non-
hazardous 
treatment 
capacity 
(ton/day) 

Treatment 
capacity of 
MSW (10 
000 tons) 

MSW Non-
hazardous 
treatment 
capacity (10 
000 tons) 

2007 54.07 215.35 2 3190 215 116.40 

2008 73.99 219.03  2 4440 219 162.06 

2009 77.95 217.43 2 5900 217.42 169.47 

2010 85.01 219.14 3 5600 219.14 186.29 

2011 90.24 224.40 4 5548 224.40 202.50 

2012 95.11 225.00 6 7722 225 214.00 

2013 100.00 264.00 7 10600 264 264.00 

2014 100.00 257.36 8 24016 257.36 257.36 

 

According to interviewee from Wuhan (2015), co-incineration plants in Wuhan were constructed 

according to the Chinese standard with complete facilities. Information regarding the five existing 

co-incineration plants are listed in Table 4.  
 

Table 4. Five co-incineration plants in Wuhan (Source: Personal contact from interviewee A) 

Name Location Method Capacity  Establish 
Date 

Annual 
Electricity 
Production 
(GWh) 

Operation 
Unit 

Changshanko
u Garbage 
Incineration 
Power Plant 

Jiangxia 
District  

CFB 1,000 
tonnes/day 

2009 160 China Green 
Energy 
Limited 

Hankoubei 
Garbage 
Incineration 
Power Plant 

Huangpi 
District 

CFB 2,000 
tonnes/day 

2010 90 China Green 
Energy 
Limited 

                                                 
7
 Co-incineration plant: There is no distinction between incineration plant and co-incineration plant in relevant Chinese legislations.  

For unification purpose, the definition of co-incineration plant from Directive 2000/76/EC is adopted to determine if Wuhan’s thermal 

waste treatment plants are considered to be co-incineration plants. 
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Name Location Method Capacity  Establish 
Date 

Annual 
Electricity 
Production 
(GWh) 

Operation 
Unit 

Guodingshan 
Garbage 
Incineration 
Power Plant 

Hanyang 
District 

CFB 1,500 
tonnes/day 

2012 220 Borui Green 
Energy Co. 

Xingou 
Garbage 
Incineration 
Power Plant 

Dongxihu 
District 

Grate Furnaces 

Technology 
1,000 
tonnes/day 

2012 90 Shenzhen 
Energy 
Environment 
Engineering 
Co.,Ltd 

Xinghuo 
Garbage 
Incineration 
Power Plant 

Wuhan 
Chemical 
Industry 
Park 

Grate 
Furnaces 
Technology 

1,000 
tonnes/day 

2013 120 Shenzhen 
Energy 
Environment 
Engineering 
Co.,Ltd 

 

 

Majorities of Wuhan’s co-incineration process utilize CFB incinerators. This type of incinerator 

consumes great amount of air to keep the waste flowing, as a result, the waste is also not 

concentrated during process. The incineration process in Chinese co-incineration plants consumes 

coal to assist the incineration. Normally, the amount of coal added follows the standard set up by 

the authorities. Currently, enterprises responsible for the incineration plants are preventing to add 

more coal into the incineration process since coal is not a profitable fuel in China anymore. 

 

Dioxins are a collective name for a group of chlorinated organic substances formed during 

combustion of fuels which include chlorine (Hasan and Ahsant, 2015). Dioxins can be carried with 

MSW, or created in the process of incineration. Most of the dioxins is generated after the process of 

incineration, when flue gas cools down. Poor combustion conditions, contaminated material, and 

higher temperature in dust removal equipment (above 200 degree Celsius) would assist in the 

formation of dioxins. It is vital during the combustion process to supply good amounts of oxygen to 

reduce its formation (Ibid). The temperature of combustion should be at least 850°C during at least 

two seconds. This will hinder the formation of smaller dioxins (Lind et al. 2007). When 

Electrostatic Precipitator (ESP) operates under the temperature which is too high, it will increase 

dioxin emissions in the form of fly ash. Thus, emissions from this type of incineration equipment 

are higher than the incineration facilities utilizing bag filters or electrostatic precipitators with low 

temperature (Huang et al., 2012).  

 

Due to the fact that MSW entering Wuhan’s co-incineration plants are not sorted, the treatments for 

ash generated from incineration process is a critical procedure. According to Svensson et al. (2014), 

one of the most deleterious effects of incinerating mixed waste is the formation of large volumes of 

ash, which is hazardous waste or can be identified as waste to deposit, and it must be treated 

accordingly. 

7.2.2 BOT Model in Co-incineration Plant 

BOT refers to Build-Operate-Transfer, which means that the government authorizes private 

enterprises to raise money for designing, building and operating a project for a certain amount of 

time (usually 10-30 years) before handing over the project to the public sector (Chen and Doloi, 

2008). BOT model is one of the most predominant methods in conducting waste treatment projects 
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in Wuhan, as well as in China. The author of the thesis includes this section for the purpose of 

further analyzing the differences in business ownerships between most of the co-incineration plants 

in Wuhan and CHP plant in Västerås. The introduction of BOT model would also assist readers in 

understanding the controversies among Wuhan co-incineration industry. Fig. 9. illustrates the 

process of BOT model in practice. When the government authorities are willing to grant a 

concession to a private enterprise, a bidding approach is used to select the most suitable enterprise 

to take over the project. The time for enterprise to hand over the project largely depends on when 

the construction company is believed to have earned a satisfactory return from the investment (Hu 

et al., 2015 & Quiggin, 1998). In MSWM industry, BOT model has been largely implemented in 

the process of assigning private enterprises to construct and operate co-incineration projects. 

 

7.3 Future of Wuhan MSWM 
In February 2016, Wuhan Environmental Protection Bureau (WEPB) published a first-round 

environmental impact assessment (EIA) on Wuhan Qianzishan Circular Economy Industrial Park, 

the one industrial park on the 2009 agenda. This project is aiming at tackling issues regarding 

MSW in Wuhan economic and technological development zone, Caidian District, Hannan District, 

etc. and hazardous waste (e.g. fly ash, medical waste, etc.) at the municipality-level. The estimated 

project deadline is 2020. Wuhan Qianzishan Circular Economy Industrial Park will be located in 

Caidian District, the park will replace the Qianzi sanitary landfill site. This park will be primarily 

divided into nine zones: MSW treatment zone, hazardous waste landfilling zone, construction waste 

treatment zone, kitchen waste treatment zone, municipal slug treatment zone, medical waste and 

industrial hazardous waste treatment zone, centralized sewage treatment zone and management 

department (whepb.gov.cn, 2016). Wuhan Qianzishan Circular Economy Industrial Park project is 

aiming at improving the efficiency on the utility of resources and energy, at the same time tackling 

challenges regarding contamination during MSW treatment process. MSW separation at source is 

set as the main objective and the foundation of the project.  

 

7.4 Household Waste Collection and Informal Incentives 
The MSW is being thrown out by households without sorting and is collected in large waste bins 

distributed mostly in residential area. The amount of waste bins distributed in one residential area 

varies, on average, 3 - 5 waste bins are located in one residential area (Turković and Yu, 2009). The 

waste collected on each street and residential area is then transferred into a carriage. The carriage 

delivers the waste to the nearest transfer station where the waste is roughly sorted, compressed and 

collectively transported to an incinerator. The MSW can also be directly picked up by a 

compressing vehicle. The waste is later compressed into containers which are collected and 

transported to an incinerator (Huang and Li, 2012). 

Selling recyclable MSW to recycling-shops and junk buyers are the methods to separate recyclable 

Fig. 9. Illustration of BOT model in co-incineration plant construction and 

operation project in Wuhan. (Source: Hu et al., 2015) 
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and non-recyclable MSW in Wuhan today. Households that are willing to sell their recyclable waste 

would approach to the recycling shops or junk buyers nearby and trade the recyclable waste in 

exchange for money. The recycling shops and junk buyers would then sell the recyclable waste to 

private enterprises which desires recyclable waste as materials for production purpose. For 

households in Wuhan, selling recyclable waste to recycling shops or junk buyers act as a form of 

unofficial incentive. The price of selling MSW varies, it depends on material, volume and weight of 

the recyclables. Not all recyclable MSW is accepted by the junk buyers or recycling-shops. 

Household waste such as plastic bags and paper which has lesser value comparing to recyclable 

waste such as cardboard boxes and metal are mixed together with food waste, thrown into the waste 

bins, and incinerated in the end. Plastic bottles and cardboard boxes are preferable for junk buyers 

and recycling-shops since they contain more value. There is no official data on the flow and 

amounts of recyclable MSW that goes through this unofficial recycling stream. Fig. 10 illustrates 

the current waste stream of Wuhan household waste.  

 

 

It is publicly known that selling recyclable waste to junk buyers still functions, but to what extent, 

raises another question regarding the social willingness to recycle from this particular path.  

“Without these junk-buyers as door-to-door collectors, the current Chinese recycling chain would 

break down.” - Li (2002: 334).  

The most vulnerable part of Wuhan household waste management is the recycling sector. 

According to study conducted by Li (2002), door-to-door collection of household waste is vital to 

be examined in Wuhan, since junk-buyers is the only way to collect valuable recyclables from 

household waste. Based on interviews conducted by the author of this thesis in Wuchang and 

Hankou District with two elderly (65+) citizens, five middle-aged (40 - 55) female and five young 

Fig. 10. Waste streams of Wuhan household waste 
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adults (25 - 30), the existing way for collecting recyclable waste is observed to be unstable.  

 

It is necessary to point out that junk-buyers in Wuhan are mostly migrants from rural areas. Urban 

citizens tend to disdain junk-buyers due to their lower social status. In the interviews conducted in 

Wuchang and Hankou Districts, elderly residents collected their newspaper, plastic bottles, and 

cardboard boxes and sold them to junk buyers. Middle-aged residents showed acknowledgement 

regarding recycling and were willing to participate. Young adults residents shows no interest in 

communicate with junk-buyers but concerns regarding recyclable waste. One middle-aged female 

claimed (2016) that “I don’t usually sell recyclables to junk-buyers. If I see a junk-buyer waiting 

nearby the residential area, I might carry the newspapers I collected to them and sell them. I don’t 

want junk-buyers to know where exactly I live. It would be unsafe and bothersome if they knew my 

apartment number”. Similar responds were received from younger generation (25-30 years old). 

One 28 years old male who has his own apartment in Hankou District said that (2016) “No, I throw 

everything into the big garbage bin near my apartment. And I don’t have time to bargain on the 

price with junk buyers”. He further claimed that it is sufficient in the process of collect and sell with 

junk buyers. “People usually collect their recyclable waste for months before selling them to junk 

buyers. There is not enough room for me to keep the (recyclable) waste in my apartment, but I 

know that recycling is a good thing”.  

 

7.5 Main Actors in Wuhan MSWM 
The main actors in MSWM in Wuhan include Wuhan City Management Bureau (“WCMB”), 

Wuhan Environmental Protection Bureau (“WEPB”), Property management agencies, recycling-

shops and junk buyers. WCMB is an operational unit in Wuhan MSWM system which acts as a 

representative entity of the Chinese government. WEPB is the regulatory unit which sets the 

standards for waste related operations. WEPB is responsible of supervising the construction 

procedures of waste-related projects, as well as in the operation process and after projects are 

established. WEPB also has the rights to fine waste related projects if they are not operating 

according to the set standards. Property management agencies assist in collecting household waste 

daily in residential areas. Property management agencies are supervised by the local residents 

(property owners). Recycling-shops, which handle recyclable waste sold from residents, are being 

supervised by Commercial Affairs Bureau. The Commercial Affairs Bureau has a unit called 

Supply and Marketing Cooperatives. One of the Supply and Marketing Cooperatives’ duties is 

waste recycling management. Junk buyers are working privately, not supervised by companies or 

government units. The rest of the waste will be collected by government sanitation department. 

7.6 Waste Treatment Subsidies 
Waste treatment subsidies are categorized as municipality-level financial expenses, therefore no 

national standards have been set regarding waste treatment subsidies. Since MSW in Wuhan is not 

source separated, household waste treatment fee is fixed - 60 CNY (approx. 8.1 Euros) per tonne 

(Wei, 2015). Various Chinese government levels provide subsidies to the incineration industries 

(Hu et al., 2015). If the waste treatment fee is not able to cover the expenses in operating the co-

incineration plants in Wuhan, government authorities would undertake the rest. The annual MSW 

treatment fee in Wuhan in 2014 was 476.7 million CNY (65.7 million Euros). The exact amount of 

subsidies that each incineration plant receives is unclear.  

The ability of generating electricity from co-incineration plant gives another form of subsidies - 

electricity production subsidies. Hubei Provincial People’s Government (hubei.gov.cn, 2013) has 

provided the subsidies that two companies received by utilizing incinerators to produce electricity. 

National Development and Reform Commission (“NDRC”) has set a contemporary standard stated 

that every tonne of MSW would be converted as 280 kWh on grid-connection volume. Plus, with 1 

kWh of electricity produced, the incineration plant receives 0.1 CNY (about 0.01 Euro) as 
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subsidies. Depending on the amount of MSW treated and electricity generated, each of these 

company receives approximately 3.6 million CNY (0.36 million Euros) and 6.2 million CNY (0.62 

million Euros) in three months.  

 

8. Results 
Base on utilizing legislation studies, literature studies, field studies and semi-structured interviews 

as methods, the results are presented in this section. Legal instruments are evaluated by using 

legislation studies, household waste treatment technologies are examined by applying literature 

studies, economic incentives for households are evaluated by utilizing semi-structured interviews. 

 

Since household waste management from both Vafab and Wuhan contain large amount of contents, 

it is necessary to summarize the differences and similarities between these two management models 

(see Table 5).  

 

Table 5. MSWM differences and similarities between Vafab and Wuhan  

Category Vafab Wuhan 

Management (M) Households waste separate at 
source 

Mixed collection on household 
waste 

M “Kommunalförbund” Centralized administration 

M Sound MSWM system Vulnerable MSWM system 

M MSW collection frequency: 
Generally once a week 

MSW collection frequency: 
Everyday 

M Municipality-owned CHP plant BOT modeled co-incineration 
plants 

Geography (G) Demographic and Land: Small  Demographic and Land: Large 

Social (S) Inhabitants’ MSW awareness: 
High 

Inhabitants’ MSW awareness: 
Relatively low 

S • MSW related education starts 
from the age of 6; 

• Voluntary work. 

• Voluntary work from 
government units 

Legal (L) • EU Waste Framework 
Directive; 

• Waste hierarchy;  
• EU Incineration Directive; 
• EU Landfill Directive; 
• EU Directive on Packaging 

Waste; 
• Swedish Environmental Code; 
• The Waste Ordinance  
• Ordinance on the Landfill of 

Waste; 
• the Law on landfill tax; 
• Ordinance on the incineration 

of Waste; 
• EIA 

• Law of the People’s Republic of 
China (PRC) on the Prevention 
and Control of Environmental 
Pollution by Solid Wastes;  

• 3R Principle; 
• Standard for Pollution Control 

on Municipal Solid Waste 
Incineration; 

• Standard for Pollution Control 
on the Landfill Site of Municipal 
Solid Waste; 

• Hubei Provincial Administration 
of City Appearance and 
Environmental Sanitation 
Management Implementation 
Measures; 

• Wuhan municipal solid waste 
management practices. 

• EIA 
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Category Vafab Wuhan 

Technology (T) • Before collection: Reuse 
• After collection: Recycling; 

Växtkraft Biogas; Incineration 
for energy recovery, Landfill. 

• Before collection: Reuse; 
Voluntary recycling (at recycling 
shops or junk-buyers) 

• After collection: Incineration for 
energy recovery; Sanitary 
landfill. 

 Calorific value in household 
waste incinerated: 11.52 MJ/kg 

Calorific value in household 
waste incinerated: 6.6 MJ/kg 

Economic (E) Use MSW fee gathered from 
local households as funding to 
operate work 

Government funding (mainly), 
households pay fees, but very 
little. 

 

 

8.1 Legal Instruments 
By utilizing legislation study, waste related legislations are being analyzed from both Sweden and 

China. Table 6. below illustrates and summarizes the major components from legal perspective. 

 

Table 6. Legislation comparison between Sweden and China 

Legislation Sweden China 

Landfill X X 

Landfill Ban on Organic Waste X  

Landfill Tax X  

Incineration X X 

Household Waste Incineration 
Tax 

  

Guidelines X X 

 

 

Legislations that regulate Vafab MSWM come from two hierarchies: EU level and Swedish level, 

but they hold the same principal. In certain cases, Swedish County Administrative Board 

(Länsstyrelsen) may decide that a specific hazardous waste is not hazardous waste (SFS 2011:927) 

under specifications. Wuhan MSWM is regulated by Chinese national legislations and standards. 

On provincial and city levels, the regulations focus on the implementation of the national law and 

standards set. 

The definition over waste from Sweden and China are quite similar in the way that both definitions 

mainly identify waste as the materials to be discarded. The producer responsibility in related 

Chinese legislations is not being specified as it is in Sweden. Producer responsibility is mentioned 

in various Ordinances in Swedish legislations, such as regulations on WEEE and packaging waste. 

In China, producer responsibility is only referred in the Law of the People’s Republic of China on 

the Prevention and Control of Environmental Pollution by Solid Wastes. 

8.1.1 Landfill 

The major difference between Swedish Ordinance on the Landfill of Waste (SFS2001:512) and 

Chinese Standard for Pollution Control on the Landfill Site of Municipal Solid Waste (GB 16889-
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2008) is that the ban was enforced in preventing organic waste to be landfilled in Sweden whereas 

GB 16889-2008 states that mixed MSW collected from individuals, environmental authorities and 

work places can be directly enter landfill sites (GB 16889-2008). It sets a significant drawback for 

the development of sustainable waste management in Wuhan since there is little limit on MSW 

disposal. 

Since Swedish legislation is set to be the model in this thesis, Chinese waste taxes are evaluated 

based on the existing Swedish model. China has not yet officially adopted landfill tax or 

incineration tax in any relevant legislations. However, in June 2015, the Legislative Affairs Office 

of the State Council in China issued the “Draft of People’s Republic of China Environmental 

Protection Law” (Xiao, 2015), it includes four general categories: air pollutants, water pollutants, 

solid waste and noise. This draft promotes the action in setting taxes on the four categories above. 

At this point it is difficult to predict the level of influence to tax on MSW landfilling in China. 

In Appendix 3, Sweden and China’s landfill limitation standards on contaminants in non-hazardous 

waste are also provided. The values presented are for concentrations obtained from leaching tests. 

That is, a certain amount of waste is mixed with water. The water is then being analyzed. Between 

Sweden’s and China’s landfill limitation standards, similarities are observed to be more common 

than the disparities.  

8.1.2 Waste Incineration 

Waste incineration ordinance in Sweden (SFS 2013:253) allows all kinds of household waste 

entering the incineration plant when the technical requirements and emission limits are held. GB 

18485-2014 forbids hazardous waste being treated in waste incineration plants due to the high 

content of heavy metals and dioxins precursors. Regulations regarding the procedures during start-

up, close-down and operation are very similar.  

 

Same as landfill standard, by comparing air emission limit values for co-incineration of waste in 

China, Europe and Sweden, it is observed that similarities are more common than differences (see 

Table 7).  

 

Table 7. Air emission limit values for co-incineration of waste in China, Europe and Sweden. 

(Source: Bioas.cn, 2015; Ministry of Environmental Protection of the PRC, 2014; NFS 2010:3; 

Directive 2000/76/EC) 

Pollutant Regulatory Level - 
China (GB 18485-
2001 

Regulatory Level - 
China (GB 18485-
2014) 

Regulatory Level - 
Europe (Directive 
2000/76/EC) 

Regulatory Level - 
Sweden (NFS 
2010:3** 

Total Dust (mg/m³) 80 20 30 30 

NOx (mg/m³) 400 250 500 - 800* 500 - 800* 

SO₂ (mg/m³) 260 80 50 50 

HCl (mg/m³) 75 50 10 10 

Hg (mg/m³) 0.2 0.05 0.05 0.05 

Cd + Tl (mg/m³) - 0.1 0.05 0.05 
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Since the implementation of internal waste incineration projects and related regulations in China are 

in a developing phase, air emission values are mostly set and later compared with standards applied 

within the EU Member States. As Table 7. shows, the air emission limit values for co-incineration 

plant in the EU and Sweden are identical. In the Chinese standard, total dust, NOx limit values are 

lower than the EU and Swedish level. In 2013, GB 18485-2014 drafting group concluded that in 

their investigation of 20 co-incineration plants in nationwide, the compliance rate of reaching the 

old standard (GB 18485-2001) was 100% when the limitation on NOx was set at 400 mg/m³. In GB 

18485-2014 the limit value on NOx has then being decreased to 250 mg/m³. Limitation values 

regarding SO₂, HCl, Cd+TI and Sb + As + Pb + Cr + Co + Cu + Mn + Ni + V the EU and Swedish 

NFS 2010:3 are set lower than Chinese standard GB 18485-2014. Since these emission limits are 

set based on the performance of selected samples in China and the compliance rate of the selected 

samples, standards set in GB 18485-2014 would be more realistic for the co-incineration plants in 

China to achieve at the current developing phase. 

8.1.3 Waste Hierarchy and 3R Principal 

Waste hierarchy which is promoted by the EU Commission is a detailed MSWM framework that 

provides guidance in the overall treatments of MSW. 3R (reduce, reuse and recycle) is a broader 

principal which is closely related to the idea of circular economy. Both of the frameworks act as 

guidance in pursuing a more environmental sound MSWM. In the content of People's Republic of 

China Circular Economy Promotion Law, one can see that 3R principle neglected regulating energy 

recovery which is an essential piece in waste management industry in China. Based on the current 

state of Wuhan MSWM (where 90% of the MSW generated is treated in incineration plants), the 

application of waste hierarchy principle from the EU Member State shall dominate in establishing 

the framework for waste management in Wuhan and for circular economy on a national level. The 

implementation of waste hierarchy nationwide would assist in closing the gap between pursuing 

circular economy and current local status. 

8.1.4 EIA 
Fig. 11 illustrates the process of EIA processes in China and Sweden. The purpose of evaluating the 

EIA processes in Sweden and China is to identify the differences in application procedures when 

constructing a new waste treatment plant. In Sweden screening and scoping are not mandatory in 

the EIA process. Certain projects that require EIA are presented in the annex in Directive 

2011/92/EU. In China screening is compulsory. During construction and operation period, 

monitoring is also compulsory whereas in Sweden only post-monitoring is required. Project 

developers and local EPB hold the responsibilities in monitoring in China. In Sweden only self-

Sb + As + Pb + Cr 
+ Co + Cu + Mn + 
Ni + V(mg/m³) 

- 1.0 0.5 0.5 

Dioxins and furans 
ng (TEQ/m³) 

1.0 0.1 - 0.1 

CO (mg/m³) 150 80 - 100*** Can be set by the 
competent authority 

- 

*: 500 for new co-incineration plant, 800 for existing co-incineration plant. 

**: Mälarenergi CHP plant utilizes MSW, industrial waste, recycled wood and peat as fuel to operate the incineration 

process (Mälarenergi, 2015), therefore, special standard is selected from NFS2010:3. 

***: 80 for new co-incineration plant, 100 for existing co-incineration plant 
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monitoring is necessary. It is also observed that the public participation is limited in China whereas 

in Sweden public participation is a vital aspect. In China only certified agencies can conduct an 

EIA, but in Sweden, it is not stated regarding this matter. 

 

 

8.2 Household Waste Treatment Technologies  
The results of household waste treatment technologies come from utilizing literature studies. The 

literature studies include analyzing official documents from different government units in both 

Sweden and China, literatures from related household waste treatment facilities and journals from 

accountable publishers. Table 8 provides a general idea of the existing waste treatment methods and 

the missing treatment method.   

 

Table 8. Summary of the current household waste treatments and technologies in Vafab and Wuhan 

Household Waste Treatment 
and Technology 

Vafab Wuhan 

Biogas Plant X  

Recycling Sector X  X* 

Waste incineration X X 

Landfill  X X 

*: Wuhan household waste recycling sector is an informal sector which is not being regulated by any existing legislations. Its 

functionality is highly depended on the willingness in cooperation between households and junk buyers. 

8.2.1 Combustible Waste 
Minimizing the volume of MSW and recovering energy are the main purpose of establishing co-

incineration power plants in Wuhan. CHP Plant utilizing the same incineration technology (CFB 

technology) to convert waste to renewable source of energy. In contrast to the Mälarenergi AB CHP 

plant in Västerås, the energy recovered from incineration in Wuhan is only used for generating 

electricity since Wuhan does not have central district heating system due to climate differences.  

 

Table 9. General information on GGIPP and CHP plant (Personal contact from interviewee B, 2015 

and Mälarenergi interviewee, 2016) 

Fig. 11. EIA processes in Sweden and China 
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Name Location Method Capacity Established 
Date 

Annual 
Electricity 
Production 
(GWh) 

Operation 
Unit 

Guodingsha
n Garbage 
Incineration 
Power Plant 

Hanyang 
District, 
Wuhan 

CFB 1,500 
tonnes/day 

2012 220 Borui Green 
Energy Co. 

Mälarenergi 
CHP Plant 

Västerås  CFB 1,440 
tonnes/day 

- 438 Mälarenergi 
AB 

 

Since Mälarenergi AB and most of the co-incineration plants in Wuhan utilize CFB technology in 

household waste incineration, the performance of the incinerators are largely dependent on the 

operation of the plants. 

8.2.1.1 Odors Generated from Incineration 

With a complete system including supervision unit, regulatory unit, etc., GGIPP was claimed by the 

media and local residents that the co-incineration plant operation violates the EIA requirements and 

bad smells generated from the incineration process were reported continuously by local residents. In 

2013, Wuhan Environmental Protection Bureau banned the further operation of GGIPP due to its 

breach on environmental protection regulations. Without the approval from EIA or permission from 

the government, GGIPP continued to operate (Hu et al., 2015). Under the circumstances that the 

facilities are complete for operation, this negative phenomenon can be the result of imbalance in 

benefits. 

In Wuhan, there are many residents living close to the selected site for co-incinerations plants. This 

would affect the local housing price, therefore the residents who own houses or apartments might 

not be able to sell their properties at satisfying prices. This phenomenon can be identified as a threat 

to the residents economically. The enterprises who construct and operate the co-incineration plants 

have low social responsibilities, which is another reflection of imbalance in benefits. Their waste 

treatments may follow the regulations set by the government authorities when being supervised, and 

turn off certain treatment facilities and leak harmful substances when no supervision is applied. 

Here lies the enterprises’ benefit: they put aside corporate social responsibilities and attempt to gain 

more financial profit. These activities breached the idea of CSR which emphasize on the concerns 

over environmental protection, well-being of employees, communities and civil society (iisd.org, 

2013). The third imbalance in benefit is embodied with the low incentives from the government to 

co-incineration projects. If the incentives are too low for the responsible enterprises to run the co-

incineration plants, the enterprises are likely to lower the standard of their performances. Since the 

government utilizes the bidding system to select the contractor for projects such as the constructions 

and operations of co-incineration plants, some enterprises use their low cost to win over the project, 

but in reality the construction and operation cannot be run under the low price enterprises have 

promised. The vicious circle forced the enterprises to abandon their CSR and solely aim for the 

financial benefit and hand over projects when the contracts expire. 

 

CHP plant in Västerås faced negative reports from residents nearby due to the bad smell generated 

from the CHP plant in 2014. According to Mälarenergi AB interviewee (2016), in 2014, CHP plant 

encountered bad smell leaking from the ventilation system and generated negative impressions from 

the public and local government. In response, Mälarenergi AB decided to operate the adjustment to 

the CHP plant. The adjustment to the CHP plant regarding the leakage of bad smell costs 19 - 28 

million SEK (2 - 3 million Euros). The adjustment investment was loaned from Västerås County 



 

36 
   

Administrative Board. Besides the technical adjustment, pressures have been put on Mälarenergi 

AB from Västerås County Administrative Board regarding this issue and local residents. 

Mälarenegi AB has been improving its performance regarding CSR ever since the incident in 2014. 

If there is any local residents who reports that there is bad smell leaking from the CHP plant, 

Mälarenergi AB costumer support department has to act on the report immediately. The 

contradictory ways of tackling technical failure in GGIPP and the CHP plant indicates the concept 

of corporate social responsibility differs greatly and it can also be a result of the differences in 

business ownership.  

8.2.1.2 Business Ownership Differences between BOT Model and Municipality-Owned 
Company 

The waste treatment plants within the scope of Vafab are co-owned and owned by the 

municipalities. Whereas in Wuhan, BOT model is usually being used in the construction and 

operation of a waste treatment plant. In a BOT modelled project, the government authorizes 

companies to raise money for designing, building and operating a project for a certain amount of 

time before handing over to the project to the public sector. This nature would result in a short-

sighted and money-oriented project which has poor social responsibility. As for municipality-

owned incineration company such as Mälarenergi AB, has relatively a long-term commitment in 

treating combustible waste for Västmanland region, nearby municipalities and other European 

countries. It can be identified as an advantage in this case. However, this “locked in” business 

ownership might not be suitable for Wuhan since China, at this stage of economic development, 

encourages competitions in the market-oriented economy. The municipality owned waste 

management facility can hardly fulfil the demand of economic increase in waste management 

industry. 

8.2.2 Recycling Sector 

The recycling methods between Vafab and Wuhan are different. Due to the utilization of household 

waste separation at source, Vafab is able to collect recyclable household waste directly after the 

waste is being discarded by households. In Wuhan, household waste is mixed together and collected 

and the recycling chain is solely depended on the relationship between the households and junk 

buyers.  

Based on the field study in Wuhan, door-to-door collection method’s instability reflects in the 

following ways:  

1. No official government units or companies assign junk-buyers to collect recyclable waste from 

households to a certain urban area. 

2. Local residents are unwilling to create a stable relationship with junk-buyers due to their lower 

social status. 

3. Recyclable waste is usually being discarded together with food waste and combustible waste 

due to the lack in space in residences. 

It is obvious that Vafab and Wuhan uses different collecting methods when it comes to household 

waste. Besides the difference in collecting method, education on household waste is another main 

issue which is identified. 

Government unit in Wuhan has been promoting source separation and educating residents on 

general knowledge about household waste for many years. However, the outcomes are 

unsatisfactory. It is claimed by interview A that simply depending on the government units and 
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institutions to publicize on household waste are not enough. It is very often that these official units 

encounter negativities from the public. He stated that (2015) “Everything we work for can turn into 

nothing by just one negative report (on the media). We have thought about setting a special column 

on local newspaper (about recycling), but it is hard to keep up. The public would turn so negative 

once they have found something we haven’t done as promised.” Vafab, in this case, has given a 

general solution to Wuhan’s problem (2016): In order to be trustworthy, before starting a pilot 

project for source separation, it is fundamental to make sure having someone or some material at 

the end of the waste stream. If the government attempts to have food waste sorted at source, it is 

inevitable to make sure there is an entity which desires to have the food waste at the end of this path 

of the waste stream. This entity could be compost plants. Following this manner, it has a 

responsibility to inform the residents regarding what can be the outcomes of household’s food 

waste. If the government attempts to have plastic material being sorted at source, it is essential to 

assure the existence of certain facilities who require plastic as material. The importance of 

presenting the feedbacks of the waste being source separated is a key to successful pilot projects. 

The official units in MSWM need to get back to the residents and present the outcomes of what has 

been done to the waste householders sorted at source, what are being made out of the waste and the 

different outcome between mixed waste disposal and source separated collection.  

8.2.3 Organic Waste 
Biogas plant for the purpose of handling urban food waste has not been constructed in Wuhan. 

However, anaerobic digestion technology for treating food waste is available in China. According 

to Kong et al. (2015), a food waste treatment plant which utilizes anaerobic digestion technology 

started operating in 2006 in a coastal city in east China for the purpose of treating food waste 

generated from local industrial kitchens. 

 

By comparing the key features of the biogas plant from China and Växtkraft in Table 10, the 

features in these biogas plants appear to be very similar.  

Table 10. Key features comparison of Växkraft biogas plant and Chinese food waste treatment plant 

(Monson et al., 2007; Kong et al., 2015; Vafabmiljö, 2016b) 

 

Treatment Capacity for food waste is not included in the Table 8 since other than treating organic 

food waste (16,500 tonnes per year), Växtkraft biogas plant also handles sludge from grease 

separators (2,000 tonnes per year) and ley crops (2,000 tonnes per year) (vafabmiljo.se, 2016b). 

Whereas the Chinese food waste treatment plant only handles organic food waste (180 tonnes per 

day).  

 

Due to the increasing MSW nationwide in China, promotions (gzepb.gov.cn, 2011) and research 

(Qi et al., 2012; Liu et al., 2015) on establishing biogas plant for the purpose of pursuing 

environmentally sound waste treatment and circular economy have been encouraged in recent years 

in China. Kong et al. (2015) stated that anaerobic digestion is the most suitable choice among 

different technologies for Chinese food waste since the quantity of food waste is large and the water 

content in the food waste is high (approximately 70-80%). These characteristics fit the criteria for 

 Växtfraft Biogas Plant  Chinese Food Waste Treatment 
Plant 

Thermophilic Condition (Degree 
Celsius) 

37 52 - 58 

Tank Capacity (m3) 4 000 5 000 

CH4 content (%) 60 55 - 65 
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anaerobic digestion.  

 

As stated by Monson et al. (2007), using biogas as a substitution to diesel for city buses is 

environmental positive. In Västmanland Region, all the public city buses are fueled with biogas 

instead of diesel or gasoline. City buses in Wuhan are heavily dependent on diesel fuel. However, 

the standard on diesel fuel is moving forward at a high pace. According to Hubei Provincial 

People’s Government (2016), Wuhan diesel fuel standard has been upgrading from the Chinese 

National Emission Standard III in 2013 to the Chinese National Emission Standard V in 2016. Pilot 

project on utilizing biogas fuel for buses in Tianjin (China) has been suggested by Chinese National 

People’s Congress member Jingling Bao in 2015 (people.cn, 2015). Bao claimed that promoting 

biogas for buses in China has significant potentials from economic perspective. The cost of 

producing biogas fuel in China is 3 - 3.5 CNY/ m3 (equal to approx. 0.45 Euro/m3), whereas 

gasoline and diesel sell at around 6 - 7 CNY/Liter (equals to approx. 0.9 Euro/L) (biogas.cn, 2015). 

He also suggested that pilot project regarding the utilization of biogas for city buses shall be 

conducted in other cities.  

 

8.3 Economic Incentives to Promote Source Separation  
Due to the fact that in Västmanland Region has relatively larger amount of single houses, the 

incentive goes to households are more effective since the collection fee is directly related to the 

amount of waste discarded by households. When households waste is separated at source, collection 

frequency and collection fee decrease. Most of the households in Wuhan are living in apartments 

and it is obliged by the government that the household waste shall be collected every day. The 

collection frequency and the collection fee is therefore fixed (Xu et al., 2015).  

In some municipalities in Sweden (such as Stockholm municipality and Uppsala municipality), 

rental apartments’ household waste disposal site are equipped with surveillance cameras for 

preventing inefficient household waste separation (stockholmdirect.se, 2014 and gp.se, 2015). This 

method is proved to be positive. For an apartment-predominant city like Wuhan, it is feasible to 

apply the monitoring methods into Wuhan MSWM. The incentive, then comes from efficient 

household waste separation, which means instead of having a fixed fee for every household, there 

can be reduction in property management fee (which includes household waste collection fee) for 

the householders who sort out their waste properly.  

9. Discussion  
The discussion section includes identification of different barriers exist in Wuhan MSWM and the 

possible solutions for the problems based on Vafab’s experiences. 

 

9.1 Legal Barriers 
From the result on legal instruments in Sweden and China regarding MSWM, the gap between 

different legislations on national level in China and the gap between national legislations and local 

regulations are identified. Further discussion over the two gaps is presented from section 10.1.1 to 

10.1.3. 

9.1.1 National Legislations 

3R principle was adopted into People's Republic of China Circular Economy Promotion Law in 

2008 as the foundation in promoting circular economy. In Article 41, it is stated that local 

government bodies should establish and improve MSWM systems regarding waste separation, 

collection and the utilization of MSW as a resource and increase MSW recycling rate. Based on 3R 

principle, draft of implementing environmental protection tax was published in late 2015. On 

national level, China is ambitious in achieving a systematic MSWM system and pursuing circular 

economy. With legislations and standards on the limitations of pollutants having been set, China is 
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moving forward by publishing related agendas regarding MSWM. However, the MSWM national 

goal would be difficult to achieve without the assistance of complementary but key legislations. 

This gap matches the legal barriers concluded by Aparcana & Hinostroza (n.d.) in section 2.5 that 

developing countries tend to obtain inadequate and vague legislations in WM field. Sweden adopted 

landfill ban on discarding organic waste being treated in landfill in 1996 and the tax on landfill in 

2000 which are the milestones in moving up the waste hierarchy. These motions not only 

strengthened the legislation on landfilling but also promoted another more sustainable waste 

treatment - biological treatment of organic waste. As the aims being set by the Circular Economy 

Promotion Law in China, in order to achieve higher utilization of MSW and recycling rate, the 

adoption of landfill ban is needed to work hand-in-hand with the environmental protection tax and 

closing the gap between legislations.  

Waste hierarchy has been guiding the EU in including Sweden for over two decades, its importance 

in achieving high ratio of recycling throughout the EU cannot be neglected. China can reference 

waste hierarchy as a transition step between reaching circular economy and tackling the current 

states of MSWM in municipalities in order to obtain a complete and realistic MSWM system. 

9.1.2 Gaps between National Legislations and Local Regulations 

The gap between national legislations, standards and local regulations, and the requirements of 

complete policies are recognized. The regulations on provincial and city level are observed to be 

vague and inconsistent with the national agenda. In section 6.2 provincial and city regulations and 

practices in Hubei Province and Wuhan have been described. Wuhan municipal solid waste 

management practices (1998) stipulate that waste separation shall be implemented progressively. 

However, over 18 years, MSW is still mixed collected in most of the district in Wuhan. This reflects 

the deficiency in the implementation of regulations and enforcement mechanisms based on the legal 

barriers recognized by Aparcana & Hinostroza (n.d.). Once again, the ban on landfill would help 

Wuhan and China to move forward from the current state. Besides separating recyclables from non-

recyclables, there is a large portion of organic waste in Wuhan being left out and eventually being 

sent to the co-incineration plants which primarily can be utilized as resources in producing biogas 

fuel and fertilizers. The source separation in household waste, particularly separating organic waste, 

would increase (almost double) the calorific value of the household waste entering co-incineration 

plants. This upscaling in legislation in China and regulations in Wuhan MSWM would significantly 

reduce the possibility of endanger the environment and human’s health, at the same time achieves the 

goal of creating circular economy. 

 
9.2 Household Waste Separation at Source 
This thesis identifies that source separation of household waste is one of the most the fundamental 

challenges that Wuhan MSWM is encountering. The essence of household waste source separation 

is to increase the efficiency of utilizing household waste sorted into various categories to reuse, 

recycle, recover energy and regenerate materials for other sectors. Without MSW separation at 

source, the utilization of household waste discarded would be limited to landfill and thermal 

treatment for energy recovery. In order to move up in the waste hierarchy and further achieve a 

circular economy, MSW source separation is the key component to start off. In Vafab source 

separation in household waste was implemented since 2000, the experience from this association 

can be referenced to the future in establishing household waste separation at source in Wuhan. In 

this thesis, it is concluded that three groups are vital for the success of the implementation of 

households waste source separation: households, local authorities, and waste treatment and 

recycling enterprises. This identification of groups also reflects on the theoretical frameworks of 

ISWM where stakeholders’ evaluation is an inevitable part of achieving sustainable WM (ISWA 

and ABRELPE, n.d. and Klundert, 1999). 
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9.2.1 Social Barrier - Households 

Low awareness and lack of education on waste in Wuhan are reflecting the social barriers 

concluded by Aparcana & Hinostroza (n.d.) and Chirico (2011).The importance of educating 

householders regarding the significance in household waste separation at source cannot be 

neglected since households are the source of household waste after production. In Vafab, residents 

are being educated on household waste separation since the age of 6, the content includes the 

importance of separating household waste, the waste streams, and the outcomes when household 

waste is being treated in various ways. Without acknowledging the benefit of sorting waste, 

according to Vafab interviewee (2016), it is difficult to increase the willingness of participation in 

household waste separation. Bernstad (2014) claims that convenient infrastructure for source 

separation in household waste is a central factor in household waste separating and recycling in 

Sweden, and stress the need to address this aspect where waste is generated, that is, in the 

household. Property owners and property management agency should carry the responsibility to 

position the source separation infrastructures (generally waste bins) close to the residents. The 

waste bins for daily disposal of organic household waste and recyclable household waste within 

Vafab are usually placed approximately 5 - 10 meters away from the residences. In Wuhan, the 

local community and property management agencies should take the responsibilities to assist the 

household waste separation at source and also monitoring the activities from households. 

9.2.2 Institutional barriers - Local Authorities 

The local authorities refer to Wuhan City Management Bureau, local communities and property 

management agencies. These authorities’ involvement can been seen as intermediary units which 

promote, guide and monitor the activities in household waste separation at source. As mentioned 

above, residents living within the jurisdiction of Vafab are being educated regarding waste 

separation since the age of 6 by promotion teams sent out from Vafab to local schools. This 

indicates that the education regarding the knowledge of household waste or waste in general 

requires a long term commitment and process in order to reach high sorting ratio and positive 

willingness in participation. Regarding this issue, Wuhan local authorities have volunteered to work 

on the education of household waste separation, however, the scope of the activity is observed to be 

limited. The lack of organizational capabilities, unclearness on local authority’s distribution are 

identified as the institutional barriers in Wuhan MSWM according to Aparcana & Hinostroza (n.d.) 

mentioned in theoretical frameworks section. Collaboration with local schools and housing 

complexes and formulation of promotion teams are positive starting points in further promoting 

household waste separation at source. There is a need to create knowledge among the residents in 

order for the recycling enterprises to get hold of the different materials. In addition, the contents in 

the promotion of household waste separation have to, again, inform the residents: what has been 

done to your household waste. This lays to the third end of promoting household waste separation at 

source - waste treatment and recycling enterprises. 

9.2.3 Waste Treatment and Recycling Enterprises 

Based on the current waste treatment infrastructures available in Wuhan, the city is capable of 

treating household waste for the purpose of energy recovery and recycling. Biological treatment 

facilities for agriculture purposes are constructed at the outskirts of Wuhan (wuhanagri.gov.cn, 

2015). It is possible to establish biogas plants for the purpose of treating food waste in Wuhan since 

the technology is available in China. In order to increase the willingness in household waste 

separation and maintain a stable waste stream from household waste, enterprises which take in the 

household waste should be able to send feedbacks to the residents. Feedbacks refer to the 

acknowledgment of the actual products produced by utilizing the recyclable materials gathered 

from households. Within the jurisdictions of Vafab, campaigns focus on feedback received from 

treatment facilities are emphasized during the education in different schools and housing 
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complexes. Since Vafab owns Växtkraft biogas plant and is obliged to execute different practices in 

local waste management, the campaigns are mostly held by Vafab. In Wuhan, the feedbacks can be 

carried by the enterprises which receive household waste and/or the local authorities. The 

establishment of various campaigns for the purpose of promoting household waste separation at 

source not only increases the participation from householders but also creates more positions in the 

WM industry. 

9.2.4 Institutional Barrier - Reform in the informal Sector 
The motion of implementing household waste separation at source would inevitably generate 

conflict between the local authorities and the informal recycling sector - junk buyers. Since it is 

obliged to give household waste to municipalities in Sweden, most of the recyclable household 

waste is being collected at nearby recycling center and plastic bottles are handed in via 

supermarkets in exchange of money; there is no position for the existence of junk buyers. As 

discussed in the analysis regarding the vulnerability of junk buyers in Wuhan MSWM system, the 

recycle chain in Wuhan MSW system would break down if residents’ unwillingness to interact with 

junk buyers increases. One solution which also tackles with creating more positions in WM industry 

is to recruit the junk buyers with formal occupations in Wuhan WM system. Junk buyers have the 

advantages in being familiar with Wuhan WM system which would be liable for the recruitment. At 

the same time, the conflict between local authorities and junk buyers can be eased since stable 

occupations for junk buyers indicate stable income and health care for themselves.  

9.2.5 Economic Incentive to Households 
The recruitment of junk buyer would also impel local authorities to systemize methods in providing 

incentives to householders which promotes the separation of household waste at source. The current 

incentive that householders receive is solely depending on junk buyers and the willingness to 

interact and sell recyclable household waste to junk buyers in Wuhan. This link is breaking since a 

significant portion of the residents refuse to create business relationships with junk buyers. It is 

crucial to test another formalized approach regarding incentives to householders for recycling and 

separation at source. Vafab utilizes fee reduction as a form of incentive, which tackles with the 

frequency of household waste collection and the quality of household waste (mixed disposal or 

separate at source). It is, to some extent, not fully feasible since legislation in Wuhan requires 

household waste to be transported away from housing complexes on daily bases. However, 

collection fee reduction would still be feasible because the quality of household waste plays a factor 

in this approach. Wuhan MSWM system can reference the method of equipping surveillance 

cameras for preventing inefficient household waste separation from other Swedish cities. The 

quality of household waste shall be monitored by the local community and property management 

agency. Instead of obtaining a fixed property management fee (which includes household waste 

collection fee), local authorities and property management agencies can reduce the property 

management fee for the households that sorts their household waste efficiently and increase the fee 

for inefficient sorting households. The plastic bottles and batteries can be recycled at the nearby 

supermarket in exchange of money. 

9.3 Corporate Social Responsibility (CSR) 
Since 2009, Wuhan has established five co-incineration plants in order to tackle the increased 

generation of MSW and energy recovery. Continuous conflicts have been escalated among residents 

living nearby co-incineration plants, enterprises which are responsible in the constructions and the 

operations of co-incineration plants, EIA, and Wuhan government units. The negativity impressions 

over the poor performance of co-incineration plants in Wuhan can be the result of poor corporate 

social responsibility and BOT business ownership. A BOT modelled waste treatment project shall 

be handed over to the public sector once the contract with the government expires. This nature of 

BOT model results in a short-sighted and money-oriented project establishment which has poor 

social responsibility. Therefore the CSR is solely dependent on the orientation of the enterprise 
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responsible. As for CHP plant, it is a project constructed and operated by the local electricity 

company Mälarenergi AB, which is owned by Västerås municipality. This municipality-owned 

project shows advantages regarding CSR and investment through public sector. However, to 

convert the business ownership from BOT to municipality-owned is unlikely to be implemented in 

Wuhan since first; China promotes market-oriented economy system which encourage private 

sectors to invest in the construction of municipal projects. Secondly, the funding from the public 

sector is inefficient in Wuhan.  

9.4 Source of Errors 
9.4.1 Laws 
There is possibility of error in the context of Swedish Ordinances on waste incineration in this 

thesis. Swedish Ordinance on waste incineration has been updated several times after its first 

publish in 2002. In addition, there is no English version available for any of these Ordinances on 

waste incineration, which brings difficulties in understanding and translating the legislations.  

9.4.2 Wuhan co-incineration plants 
Description on the co-incineration plants in Wuhan (including Table. 8) is solely based on 

information gathered from interviews conducted in Wuhan with MSWM related official units. Due 

to interviewee B’s occupation and legal matter, the interview context was not applied to this thesis. 

Interviewee B claimed that the information in Table 4. was provided by Wuhan co-incineration 

enterprise and interviewee B holds no responsibility if the information is incorrect.  

9.5 Suggestions for future work 
Since this feasibility study covered legal, technical and social aspect, there is the need to further 

investigate the economic aspect regarding this topic.  

In May 2016, a representative from the Swedish Waste Association will join Borlänge municipality 

(which is the twin city) to Wuhan to look for opportunities for future waste projects. It will be very 

interesting to do further investigations on the potential waste projects between their collaborations. 

Biological treatment facility for food waste is available in China. However, Wuhan has not yet 

obtained this kind of facility for urban food waste. It is worth conducting a feasibility study 

focusing on the potential of establishing biogas plant in Wuhan for urban food waste. 

10. Conclusion
A primary feasibility study focusing on legal, social and MSW treatment technologies was 

presented and analyzed in this thesis. It aimed at exploring the potential of implementing Vafab 

MSWM model and existing MSW treatments to Wuhan, China. This thesis probed the question: Is 

Vafab a solution to Wuhan MSWM problems? In order to provide comprehensive understanding of 

the topic, this thesis also aims at analyzing the differences and similarities between Vafab MSWM 

and Wuhan MSWM. 

Literature studies and semi-structured interviews have been largely applied in describing MSWM 

systems in both Vafab and Wuhan. After gaining comprehensive knowledge over different 

perspectives of MSWM in both Vafab and Wuhan, the thesis moved on to the comparison of these 

two MSWM systems. An overall and detailed table illustrating the differences and similarities over 

Vafab MSWM and Wuhan MSWM is used to guide the structure of the results section. The thesis 

analyzed MSWM systems from legal, technical and social perspectives. 
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The results showed that Wuhan possesses the technologies in the field of MSW, e.g. co-incineration 

plant and recycling factory. The technology regarding biogas plant for the purpose of digesting food 

waste in China is available. For better tackling the national goal and the local regulations on 

household waste separation, it may be possible to construct biogas plant in Wuhan. The current law 

and legislations in China is still considered to be broad and lack of detailed regulations (such as 

landfill ban and relating taxes) to support the implementation of household waste separation at 

source. However, due to the lack in detailed regulations, no obstruction is detected in implementing 

Vafab’s MSWM into Wuhan. As for co-incineration plants’ business ownership, it may not be 

feasible to replace the BOT model by municipality-owned during the construction, operation period 

since municipality-owned project lacks of competitiveness in China’s market-oriented economic 

system. Results also showed that there is a need to create knowledge among the citizens in order for 

the recycling enterprises to get hold of the different materials.  

The fundamental step in applying Vafab MSWM into Wuhan is to implement household waste 

separation at source. If it can be utilized into Wuhan MSWM, most of the features from Vafab 

MSWM are showed feasible to be applied to Wuhan MSWM. 
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Appendix 1 - Interview Questions 
 

1. Questions to Authorities in Wuhan MSWM 
 

1. Most of the municipal solid waste was landfilled and incinerated in Wuhan. There is a small amount 

of the MSW are being recycled. Whereas in the European countries, municipal waste are being treated 

in a standard order such as reduce waste generation, reuse, recycle, recovery and landfill. What you 

do think are the main causes of this difference? 

 

2. Wuhan is developing with vast speed, junk-buyers might not be wanted in the formal sectors in the 

modernized Wuhan anymore. What is the situation now? Is the City Government or City Management 

Bureau planning to implement policies and a working recycling system in Wuhan?  

 

3. Would it be possible to establish a regulation for community management companies to help with 

the local community waste management like Vafab/Sweden? Regulations such as: community 

management companies hold the responsibility for the residents in that community if the residents do 

not separate their household waste. 

 

4. Who is supervising the property management agencies? 

 

5. In Wuhan there are five existing incineration plants. They need 5500 tons of waste per day and the 

calorific value of the incineration waste should not be under 6 MJ/kg in order to avoid adding fuel 

during the incineration. To my knowledge that the calorific value of incineration waste in Wuhan is 

about 6.6 MJ/kg and the cause of low calorific value is due to the high moisture content. These 

incineration plants have attracted many media attentions due to their bad performance and the 

residents living around these plants have negative impressions about these incineration plants from 

different angles. What is your opinion? 

 

6.  Do you or your workplace make additionally voluntary efforts? Would those efforts 

improve/enhance waste management activities?  

 

7. Do you think citizens in Wuhan are sufficiently educated regarding MSW?  

 

8. What is the future plan or main focus in the future of Wuhan waste management? 

 

9. What are the roles for Wuhan Environmental Bureau and Wuhan City Management Bureau in 

Wuhan MSWM?  

 

 

2. Questions to VafabMiljö Kommunalförbund 
 

1. Kitchen waste has been source separated in the Västerås since 1999. What was the reason to start 

source separating kitchen waste? Who was in charge of the implementation of this activity? What 

were the treatments for kitchen waste in 1999 (since Växtkraft biogas plant started operating after 

summer 2005)? How it has developed since then (e.g. change of treatment technology, etc.)? What 

were the outcomes? 

 

2. What is/are the main objective/s that Vafab to achieve now regarding municipal waste management 

in Västerås? What is the driver in setting this new goal? (Is Swedish environmental goals in any way 

pushing?) 

3. What type of business ownership is Vafab? Who is in charge of the decision making and how are 
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the management strategies being implemented into different levels? 

 

4. Does Vafab treat its waste in a standard order such as reduce waste generation - reuse - recycle - 

recovery and landfill? If it does, how many percentage of the households waste goes through 

incineration plants? If it does not, what is the difference and why? What management strategy and 

technology does Vafab apply to coop with prevention and reuse? 

 

5. Does Vafab Mijlö AB utilize fluidized bed boiler for incineration? (Vafab has its own incineration 

plant)What is the capacity of the incineration plant in Vafab? 

 

6. The incineration plant from Vafab is located near the local residents, does it ever causes any 

conflicts between the local residents and Vafab? What is the regulation in Sweden regarding site 

selection of incineration plants? 

 

7. How often is the household waste collected and transported from the local garbage bins to treatment 

plants in Västerås? Is it enough? 

 

8. Which companies are responsible for the households waste in local areas? (e.g. 5 renting buildings 

belongs to Mimer AB, who is responsible for the waste created by the residents living in those renting 

apartments?)  

 

9. Does residents gets any incentives from sorting their waste in the proper way? What happens if 

households waste in a local community is not being sorted as it supposed to be? 

 

10. Do you or your workplace make additionally voluntary efforts/Which organizations holds the 

responsibilities in educating residents regarding waste sorting in Västerås? What is communicated 

regarding waste management and how? How much would you rate (from 1-10, 1 being the lowest) 

the importance of these efforts? Why/why not it works/not works? 

 

11. What is the future plan or main focus in the future of Västerås in municipal waste management? 

Any management strategy changes? If there is, what is the change and what causes the change? 

 

 
3. Questions to Mälarenergi AB 
 

1. What type of incinerator is applied to treat municipal solid waste in Västerås?  

2. What is the calorific value of the MSW being treated in the cogeneration plant on an average level?  

3. At its full capacity, the cogeneration plant in Västerås treats about 1000 tonnes of combustible 

waste per day. How much energy would this cogeneration plant convert from the combustible waste? 

4. How much did the incinerator (or the whole system) cost initially? Does Mälarenergi get any 

incentives (from local governments) / how was the cogeneration plant being funded in the first place? 

5. What is the business relationship between Vafab and Mälarenergi AB? Since Vafab has changed 

its business ownership to kommunalförbund, how does this change effect the relationship between 

Vafab and Mälarenergi AB? 
6. What are the initial agreements applied in dealing with MSW between Vafab and Mälarenergi AB? 

(Any document?) 

 

7. The incineration plant is built quite close to local residents in Västerås. Does it ever cause any 

conflicts regarding this matter?  
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8. Does Mälarenergi AB make any additional voluntary efforts in educating residents regarding waste

separation in Västerås? What is communicated and how? 
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Appendix 2 - Key Provincial and City-level Waste-related Regulations 
Applied in Wuhan 
 

Hubei Provincial Administration of City Appearance and Environmental Sanitation 

Management Implementation Measures (1995) 
 

Article 20 - Along the sides of urban roads and residential areas there should be allocated with 

environmental sanitary facilities such as garbage bins, disclosed waste containers, etc. There shall 

also be specialized personals who cleans and flush the facilities. 

 

Article 20 - No company or individuals shall move, occupy, damage or remove environmental 

sanitary facilities. If such government constructions must be removed, specific removal plans shall 

be presented and shall be approved by the Administration of City Appearance and Environmental 

Sanitation Department. 

 

Article 28 - Comprehensive supervision and management shall be assigned to the Administration of 

City Appearance and Environmental Sanitation Department accordingly regarding collection, 

transportation and treatment of municipal waste. All companies and individuals shall clear and 

transport waste in time according to the Administration of City Appearance and Environmental 

Sanitation Department’s schedule, location, and method. If difficulties occurs in the procedure 

above, specialized environmental sanitary institutions can be held accountable for transportation. 

Corrections shall be made and 100 CNY to 2,000 CNY (10 Euros to 200 Euros) shall be fined. 

 

Reference:  

jzjs.gov.cn, 1995. 湖北省城市市容和环境卫生管理实施办法. Jingzhou Municipal Commission 

of Housing and Urban-rural Development. [online] Available at: 

<http://www.jzjs.gov.cn:8080/show.aspx?id=1969>. [20 April 2016] [in Chinese] 

 

Hubei Provincial Environmental Protection Regulations (1997) 

Article 21 - When importing technology and equipments, environmental protection facilities must 

be imported if there is no matching facilities available inside of China. Hubei province forbids to 

store or process hazardous waste and waste imported from outside of PRC, Hong Kong, Macao and 

Taiwan. No unit or individual shall in any way transfer processes, products and materials which 

cause severe pollution to any other unit or individual.  

 

Article 26 - Urban construction shall be based on the overall city planning and environmental 

conditions and implement applicable adjustments in industrial layout and structure. Centralize the 

control and utilization of industrial waste water, waste gas, MSW and radioactive waste. Strengthen 

construction and management of urban green space, urban smoke control area and noise control. 

Appraisal system shall be utilized in the comprehensive urban environmental adjustments. 

 

Reference: 

hbepb.gov.cn, 2005. 湖北省环境保护条例. Hubei Environmental Protection Bureau. [online] 

Available at: <http://www.hbepb.gov.cn/hbfg/dffg/200506/t20050602_8715.html> [Accessed 20 

April 2016] [in Chinese] 

 

 

 

Wuhan Municipal Solid Waste Management Practices (Adopted in 1998) 
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Article 3 - MSW sanitation facilities in the development and construction areas (including 

residential area, various economic development zones) are within the jurisdiction of corresponding 

management unit or construction unit. 

Article 5 - Environmental sanitation equipments (including containers) shall be constructed under 

the following distribution:  

 

Section 1 - MSW disposal facilities and garbage bins located on main roads and secondary roads 

are within the jurisdiction of Administration of City Appearance and Environmental Sanitation. 

 

Article 14 - Used furniture, equipment, electronic and other bulky waste should be properly 

disposed of by an individual or by the service units engaged in garbage collection and disposal.  

 

Article 22 - In violation of the provisions hereof, by the Administration of City Appearance and 

Environmental Sanitation or the city sanitation delegate authority shall order rectification and 

impose a fine in accordance with the following provisions: 

 

Working places and individuals that randomly discard bulky waste shall be fined 100 CNY to 500 

CNY. 

 

Reference:  

wuhan.gov.cn, 2014. 武汉市城市生活垃圾管理办法. [online] Available at: 

<http://www.wuhan.gov.cn/hbgovinfo/szfxxgkml/fggw/zfgz/201505/t20150515_29796.html> [20 

April 2016]. [in Chinese] 
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Appendix 3 - Contaminant regulatory level on landfill in China and 
Sweden 

Contaminant Regulatory Level (mg/L) - 
China 

Regulatory Level (mg/L) - 
Sweden 

As 0.3 0.3 

Ba 25 20 

Be 0.02 - 

Cd 0.15 0.3 

Cr (Total) 4.5 2.5 

Cr (VI) 0.15 - 

Cu 40 30 

Hg 0.05 0.03 

Mo 3.5 - 

Ni 0.5 3 

Pb 0.25 3 

Sb - 0.15 

Se 0.1 0.2 

Zn 100 15 

Sweden and China’s landfill limitation standards on contaminants in non-hazardous waste is also 

provided. The values presented are for concentrations obtained from leaching tests. That is, a 

certain amount of waste is mixed with water. The water is then being analyzed. 

Table 10. Comparison between Sweden and China regarding the landfill limitation standards on contaminants in non-hazardous 

waste (Source: Ministry of Environmental Protection of the People’s Republic of China, 2008; NFS 2004:10, 2004)
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