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PREFACE 
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December 2012, Conference Proceedings, page 62-65 

II. Babalola M.A. A Multi-Criteria Decision Analysis Methodology for Food and 

Biodegradable Waste Management Options in Japan. (Under review). Manuscript 

submitted to: Waste Management; International Journal of Integrated Waste Management, 

Science and Technology (ELSEVIER, ISSN: 0956-053X)  

III. Babalola M.A. A Benefit– Cost Approach Based Multi Criteria Decision Analysis Of 

Food And Biodegradable Waste Treatment Alternatives In Oita City, Japan. Manuscript 

prepared and ready for submission to: Waste Management; International Journal of 

Integrated Waste Management, Science and Technology (ELSEVIER, ISSN: 0956-053X) 

IV. Babalola M.A. Application of GIS-Based Multi-Criteria Decision Methodology for 

Exploration of Suitable Site Options for Anaerobic Digestion of Food and Biodegradable 

Wastes in Oita City, Japan. Manuscript prepared and ready for submission to: Waste 

Management; International Journal of Integrated Waste Management, Science and 

Technology (ELSEVIER, ISSN: 0956-053X)  

V. Babalola M.A A System Dynamics Based Approach To Help Understand The Role Of 

Food And Biodegradable Waste Management In Respect Of Municipal Waste 

Management System In Oita City.  Manuscript in progress and intended to be submitted 

to: Waste Management; International Journal of Integrated Waste Management, Science 

and Technology (ELSEVIER, ISSN: 0956-053X) 
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ABSTRACT  

The increased focus on material recovery in Japanese cities has led to the increase of 

resources from waste materials for varied uses. Recently, energy recovery from wastes has been 

recognized as a possible option in Oita city. Utilization of all types of municipal wastes is 

essential in order to maximize the full potential of material recovery from municipal wastes. In 

Oita city, incineration remains the main method of treating large amounts of food and 

biodegradable waste (FBW) which has led to unintended negative consequences. In spite of the 

fact that, most easily achievable improvements have almost certainly been put into operation. 

The question that remains is how can food and biodegradable waste systems be further expanded, 

improved and optimized with regard to socio-cultural, economic, technical and environmental 

performance. This study examines the potential contributions and benefits that the separate 

treatment of FBW could make towards achieving sustainable waste management targets. System 

Dynamic (SD) and Multi Criteria Decision Analysis (MCDA) approaches were used in analyzing 

the existing data and knowledge on FBW to underline the existing limitations and challenges in 

order to develop sustainable solutions and practical suggestions.  The result shows that anaerobic 

digestion is the best treatment option for FBW with regard to resource generation. This was 

followed by incineration.  Composting and landfill were the least favored. The result also 

indicates that about 13.36 km
2
 in the entire area of Oita city is suitable for the location of the 

anaerobic digestion plant. Additional results indicate that strengthening of regulation for sorted 

waste and the reduction in the amount of FBW treated in incineration will improve the current 

MSW management system in Oita city. This implies that the use of anaerobic digestion plant will 

increase the efficiency of incineration. The study further concludes that any regulation less than 

the proposed result will yield less benefit to the MSW management system as a whole. This 

study has two major contributions, namely: it provides a platform for assessing, developing and 

planning any FBW management project; and, it can be used for testing the impacts of various 

policy measures and management strategies for FBW management. 
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CHAPTER ONE: 

 INTRODUCTION 

1.1 Introduction 

The generated quantities of Municipal Solid Waste (MSW) from developed 

countries have been on the increase over the years, and it is largely due to the 

unsustainable production and consumption of natural resources. Food and biodegradable 

waste management is not an exception. Mostly, the throwing away of this waste may be 

perceived as a familiar and easy predicament. In this information age, it barely seems 

possible that waste disposal should present any significant challenge, but many factors 

(such as environmental problems, cost of waste management, negative impacts on human 

health and global scale, as well as social disturbance) make it a complex problem of 

enormous magnitude for even a developed nation like Japan. 

A significant portion of the MSW stream in Japan is food scraps and 

biodegradable waste (e.g. green or garden, paper, vegetable and wood waste). Annually, a 

growing amount of food waste worth ¥11 trillion (US$85.6bn) is generated in Japan due 

to increasing standards of living, imported luxuries and population growth. The yearly 

food-related biodegradable waste generation in Japan was 19 million tons in 2006, with 

food waste being 11.3 million tons of the total waste of which 6 million tons is 

considered edible by the government (MAFF, 2007). About 60% of this food related 

waste comes from food industries while the rest 40% is from households and small food-

related businesses. Hence, it can be viewed from a monetary standpoint as ¥57,000 per 

person per year and in the total mass of 151kg per person per year (Stuart, 2009). 

According to MAFF (2007), Japan, wastes the same amount of food produced locally 

from the fishery and agricultural industries. 

The Japanese preference for the high-class and their affection for raw food (raw 

eggs, sashimi, sushi, etc.) and particularly fresh fruits and other food introduce many 

logistical problems, which can result in massive heights of waste mentioned above. 

Another sphere of the immense collection leads back to the lifestyle in Japan that dwells 
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on the importance of speedy food supply chains to obtain food from the sea or farms at a 

minimum attainable time since cities are far from the production source. Also, it is 

impossible to keep such delicacies fresh without wasting large amounts due to standards 

of food quality and date of expiration (best-before dates).  

Creation of these wastes is quite beyond the managing competence of municipal 

governments as well as local authorities. Municipalities are at present struggling with the 

issues related to large amounts of food and biodegradable waste, the concerned costs, the 

disposal methods and the impact of wastes on the local and global environment. Another 

complication in the waste disposal problem is the difficulty in finding sites for new 

processing and disposal facilities. In spite of the limits of Food and Biodegradable Waste 

Management (FBWM) issues and the problems associated with it, the Japanese 

government instituted the Food Waste Recycling Law system since 2001 (MAFF, 2007). 

A framework for improving FBWM strategies and a campaign were introduced in 

2000 with changes already being seen in various Japanese cities.  The primary reason for 

these changes is to facilitate the reduction, recycling and reuse of food waste, and the 

Food Waste Recycling Law stipulates the responsibilities to be rendered by food-related 

businesses founded on a set of criterion.  Conversely, there is also an increasing plan in 

waste prevention measures to reduce, recycle and reuse the amount of Food and 

Biodegradable Waste (FBW) from households collected by local authorities. The 

government’s Waste Management and Recycling Department (WMRD), which is 

financed by the Ministry of the Environment (MOE), is an essential agent in controlling 

waste generation, promoting reduction, reuse, recycling, and appropriate disposal systems 

“with a view to preserving living environments and making effective use of natural 

resources” (UNDP, 2013). WMRD consequently has initiated both the Establishment of 

Sound Material-Cycle Society and the Food Waste Recycling Law, but still there are 

serious challenges and issues faced by this department, for instance the increasing 

scarcity of room and landed resources for finishing waste disposal (waste treatment 

facilities locations), inappropriate waste disposal (waste treatment methods and unlawful 

dumping), as well as clashes involving different areas over long-distance transport of 

waste and the concern of waste treatment amenities. In line with these situations, this 
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study examines the potential contribution that the separate treatment of FBW could make 

towards achieving environmentally robust waste management system and resource 

recovery efficiency.  

1.2 Background of the Study 

Waste management is a general issue in all the municipalities in Japan. Food and 

biodegradable waste management is not an exception to the issues associated with waste 

management.  Of late, there are growing demands on sustainable approaches for FBWM 

and integrating policies that aim at practicing sustainable sound material recycle. The 

development of a FBWM system is an extremely complicated and difficult task due to 

multi-factors, unforeseen variables, objectives, dimensions and the active character of 

waste management insecurity. Moreover, it is necessary to take into account socio-

cultural ideas with regards to local knowledge, economic feasibility, technical skills and 

environmental information aspects. 

In Japan, the management of food and biodegradable waste as a resource has 

become tremendously valuable due to an increasing scarcity of food, energy recovery 

from waste and a demand for natural resources, which should also lead to sustainable 

wellbeing with regard to socio-benefits, a friendly environment and economic viability. 

General waste management development, use and management decisions involve multi-

conflicting objectives, dimensions and criteria. Nonetheless, these problems present 

windows of opportunities for municipality to find solutions concerning the community 

and the private sector; linking innovative technologies and disposal methods; and 

involving awareness rising, campaigns for behavior changes and education.  

There is no doubt that inappropriate disposal of FBW will cause serious 

environmental or ecological, socio-cultural and economic problems. Air pollution can 

stem from inadequate solid waste incineration; soil contamination, in addition to surface 

water and groundwater pollution can be caused by disposal of FBW in improperly built 

landfills. These kinds of pollution can lead to a variety of diseases in humans, thus 

threatening public health, which is a cause of apprehension. There is also a steady 

decrease in waste budget of municipal government leading to difficulties in municipal 
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solid waste management (include FBW); these have also placed increasing pressure on 

infrastructure as well as the establishment accountable for waste management.  

The waste management law in Japan stipulates that municipalities have to be 

responsible for the treatment and disposal of their own waste. As such, local government 

bears the cost of waste management. In Oita City waste from households and small 

businesses are collected by the local authorities while waste from large businesses and 

commercial centers are handled by private collectors. It is very interesting to notice that 

in Oita city, more emphasis is placed on the amount of waste to be treated or disposed of 

rather than the source of where these wastes are generated. 

FBW consists mainly of food, kitchen, garden and other forms of waste biomass. 

In Oita City FBW is sometimes referred to as waste biomass, and it constitutes a 

substantial fraction of the MSW.  In 2011, 44,901 tons of FBW waste was collected in 

Oita city, which is equivalent to 39% of the total amount of the MSW burnable waste 

(Oita City, 2012).  The statistics on FBW are inadequate in the contest of Oita city, 

mainly because only the total amount from households is considered. The total generated 

FBW from small businesses (restaurants, cafeterias, small, shops etc.,), supermarkets, 

convenience stores and large food-processing plants are not reflected in the statistics. 

Although only a small amount is treated biologically, the rest is mostly incinerated.  

In Oita city, reduction in the amount of MSW going to incinerators is largely 

being achieved through the recycling of glass, paper, Pet bottles, metal and some 

individual compost of food and kitchen waste while the requirement for a significant 

reduction in FBW going to incinerators has re-enforced attention on agro, kitchen and 

food waste recycling and reuse to produce feed for pigs, cows and poultry and also 

fertilizer for farmers. The efficiency of these approaches calls for concern and proper 

evaluation of the processes. In Oita prefecture, acquiring public approval and a site 

location requires enormous consultations and investments for constructing new 

incinerator facilities. Thus, it is sensible to seek and put into practice long-term 

incorporated FBWM strategies that guarantee a sustainable approach. 
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1.3 Research Statement/Problems 

Recent developments in Japan have been promoting the utilization of biomass 

resources and food waste to achieve a sustainable, sound material recycle society and to 

increase the food dependency ratio. Since June 2000, the Japanese Government has come 

up with the “Sound Material–Cycle Society” in it positions on the "Biomass Nippon 

Strategy”
1
. Most prefectures in Japan, including Oita prefecture with its “Oita Zero Waste 

Strategy”, have adopted this strategy. As such municipalities are responsible for the 

management of FBW, this has resulted in some complex schemes. In the background, 

these issues regarding FBW management system were identified: 

a. As zero waste strategy is the guiding principle for municipal solid waste 

management in Oita city, it is often assumed that food and biodegradable waste 

recycling will be environmentally better than incineration, but the recycling 

facilities are often not available where the waste is generated. Therefore, 

incineration becomes the only method of treatment, which leads to the issues of 

extra energy for treating wet waste, pre-treatment and pollution control. 

b. The legislation of waste management contains various requirements from 

pollution prevention to recycling of this waste and sets political targets for 

recycling in order to minimize the environmental damage caused by food and 

biodegradable waste management. These regulations are on large food-related 

business sectors only, which in turn increased the amount of illegal food and 

biodegradable waste disposal.  

c. Some of the most easily achievable improvements have almost certainly been put 

into operation before now. The question is how food and biodegradable waste 

systems can be further extended, improved and optimized with regard to socio-

cultural, economical, technical and environmental performance. 

 In spite of the increasing importance of research on integrated municipal solid 

waste management systems and the adaptation and reliability of related waste treatment 

facilities, there has been little research on the comprehensive assessment of FBW. It is 

                                                 
1
 The Basic Act for Establishing a Sound Material-Cycle Society （Act No.110 of 2000） 



6 

 

important to carry out a study that aims at evaluating, improving and developing on the 

current waste management systems. Therefore, this study aims at addressing these issues 

by exploring various decision making strategies, analyzing and simulating various factors 

influencing the current FBWM practices towards finding sustainable sound solutions.  

1.4 Research Aims and Objectives 

The aim of this study is to examine the municipal solid waste situation in Oita city, 

Japan with the objective of increasing the understanding of the benefit of separate 

treatment of food and biodegradable waste. Particularly, this study tries to answers to 

these questions; (a) “How can food and biodegradable waste management (FBWM) 

system be further expanded and optimized with regard to environmental performance, 

economical reliability and social trust?” and (b) “What are the benefits of a separate 

FBWM as a component of the entire waste management system?” In line with this, this 

study examines the potential contribution that the treatment of FBW could make towards 

achieving sustainable waste management targets. This is done using System Dynamic and 

Multi Criteria Decision Analysis approaches with particular focus on FBW management 

practice in Oita city. The specific objectives: 

a. To identify ways to improve the food and biodegradable waste management 

system 

b. To investigate the technical feasibility of the continuous treatment of FBW using 

different waste treatment options. 

c. To analyze various factors influencing the current FBWM practices. 

d. To explore various policy scenarios for improving FBW Management 

1.5 Significance of the Research 

In Oita city the MSW situation has attracted attention among city dwellers. 

Prominent government officials, local authorities, environmental non-governmental 

organizations (ENGOs), social groups, institutions and waste management experts have 

voiced their concern about the situation of MSW in the city. The mass media is also not 

out of the demonstration, as newspaper, TV and radio programs on MSW issues are 
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frequently featured. Apparently, there is a need for research in the area for a better 

understanding of the issues and to come up with a sound, sustainable solution. FBW is 

not an exemption, but it would be a greater opportunity if these wastes were used as 

resources rather than just waste.  

Recently, emphasis has been placed on the biological treatment of FBW in order 

to maximize material recovery and energy utilization, and increase waste treatment 

efficiency, and reduce the GHG emission from waste. At the moment, incineration is the 

main process for discarding FBW in most cities in Japan (Izumi et al., 2010). One of the 

primary challenges is the reduction of the quantity of incinerated biodegradable waste, 

which is comprised of paper, garden, agro forestry, kitchen and food waste. According to 

Sawayama et al. (1997), extra fuel is needed to treat wet waste since is the most difficult 

fraction of municipal solid waste by direct incineration, given its highly decaying and 

moisture nature of over 80%. Besides, the predicament of incineration amenities 

associated with environmental and public health concerns due to air pollution are not 

particularly encouraged in urban settlement.  

The majority of waste collected is burnt up, undermining the composition of the 

waste, and FBW disposal in landfills is no longer an acceptable practice in Japan. The 

developments of options and strategies to divert food waste from incinerators have 

therefore been introduced (Matsumoto et al., 2009). In contrast, electricity generation by 

incinerating facilities has been developed throughout Japan, and in order to optimize the 

efficiency of these incinerators, food and biodegradable waste could be treated 

independently from other wastes, utilizing the separating techniques currently in practice 

meanwhile, this partition practice can play a fundamental part in redirecting FBW 

elsewhere from disposal facilities like incinerator and landfills. Taking these facts into 

consideration, a different treatment method for FBW disposal techniques, instead of 

incineration is necessary and should be designed to prevent the spread of disease, 

optimize material recovery (energy recovery) and protect ecological quality. 

In spite of the increasing importance of research on integrated municipal solid 

waste management systems and the adaptation and reliability of related waste treatment 

facilities in Japan, there has been little research on the comprehensive assessment of 
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FBW. Apparently, the media has been playing an essential role in attracting attention to 

the undisciplined practice of MSW in the city. There are a number of studies that have 

examined issues related to FBW management in Oita city.  Morisaki (2011) reported on 

the factors affecting and nature of food lost in household wastes in Oita prefecture while 

Babalola (2011) considered the opportunity and potential of recycling FBW as a 

fundamental part of the MSW management system. Despite the contribution of these 

studies, the related FBW issues in Oita city remains under-researched, hence creating a 

knowledge gap and making it difficult to fully know the extent of the current situation of 

FBW in the city. It is significant to carry out a study that aims at evaluating, improving 

and developing the current waste management systems using a case study like Oita city. 

Therefore, this study aims to address these issues by exploring various decision-making 

strategies, analyzing and simulating various factors influencing the current food and 

biodegradable waste management practices towards finding sustainable sound solutions. 

Also, this will contribute to both the theoretical and practical aspects of MSW 

management systems in the city and country at large.  

1.6 Limitation and Scope of the research  

This study's focal point is based on current practices of food and biodegradable 

waste management (FBWM) and how the possibility and potential of using or treating 

FBW separately can help in improving the MSW management practices in Oita city, 

Japan. 

However, this study considers specifically the amount of FBW generated and the 

policies, bodies and authorities involved in the MSW management system. FBWM in this 

study refers to the portion of MSW handled and treated by the local authorities, which is 

comprised of FBW from households, small food-related businesses, hotels, supermarkets, 

restaurants and convenient stores. FBW from large food-related industries, wholesale and 

retail facilities as well as those from establishments that have their own treatment 

facilities are not considered. Similarly, other FBW, which require special treatment, is 

excluded. 
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The study design is based on explorative, descriptive, and explanatory research, 

and a case study approach is used in order to understand the MSW stream and system 

(including FBW). Multi-Criteria Decision Analysis and System Dynamics (qualitative 

and quantitative investigative techniques) are the key empirical strengths of this study 

since they can be used to analyze, complement and validate the collected information, 

decision-making, planning, trade-off, and the final result. 

1.7 Structure of the Thesis 

Chapter 1: Introduction. This chapter introduces the background of the study, 

aims and objectives of study, the research statement, significance and limitations of the 

study and the brief study outlines. 

Chapter 2: Literature Review. Chapter two examines the main issues (barriers and 

critical issues) considered in food and biodegradable waste management in Japan and the 

main solutions currently in use. It also includes concepts, criteria and the framework that 

are being discussed throughout. 

Chapter 3: Methodology. This chapter presents and describes the general 

approach and methods adopted to address the objectives of the study. This chapter 

discusses the research philosophy, research design and methods underpinning this study 

in order to gain a better understanding of how and why they are applied. The initial 

discussion is based on the research philosophy and how it best fits the focus of the study.  

Furthermore, this chapter discusses the research design and methodologies, which include 

mix methods, action and case study research, and data collection and analysis procedures. 

Chapter 4: Multi Criteria Assessment of Food and Biodegradable Waste 

Management Options. This chapter focuses on demonstrating how Analytic Hierarchy 

Process (AHP) approaches in MCDA can be used to address FBWM’s challenging issues. 

It involves the establishment of the model structure (hierarchy structure), setting up of the 

initial weights, the pairwise comparison, and ranking of waste treatment options. Finally, 

the results, discussed and conclusions are provided. 
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Chapter 5: A Benefit Cost Approach-Based Multi-Criteria Decision Analysis of 

Food and Biodegradable Waste Treatment Alternatives in Oita city, Japan. This chapter 

uses the same approach with chapter 4 but with a slight difference in the procedure. The 

hierarchy structure is broken down into costs against benefits for further sub-problems 

and separate criteria. In this aspect, the complete basic ranking is employed where benefit 

and cost rankings are aggregated and merged in one ranking. First, the importance of 

benefits and costs are weighted, and then the weighted score of the cost analysis to 

produce the final result, discussion and conclusions divides the weighted score of the 

benefit analysis.   

Chapter 6: Assessment of Potential Site for Siting Food and Biodegradable Waste 

Facility. This chapter focuses on a Geographic Information System-Based Multi Criteria 

Decision Analysis (GIS-MCDA) and how it is used to characterize and assess land 

suitability (siting of anaerobic digestion plant) in Oita city, Japan. 

Chapter 7: Model for Evaluation and Analysis of FBWM in the Waste 

Management System. Chapter seven presents the implementation, formulation, and 

description of the System Dynamics model. The casual loop diagram and scenarios for 

the model are described in this chapter. Sensitivity and validation analysis is also 

conducted. The results are discussed and the conclusion presented.   

Chapter 8: Conclusion and Recommendation. The chapter gives an overall 

conclusion based on four empirical chapters and their contribution to this study. 

Recommendations and suggestions for future research are also presented in this chapter. 

Finally, a combined reference list is given at the end of the thesis. 
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CHAPTER TWO: 

 LITERATURE REVIEW 

2.1 Introduction 

This chapter presents a review of the exiting literature on food and biodegradable 

waste management. Insights from these studies also form the basis for this study’s 

theoretical framework. The first section examines the concepts related to food and 

biodegradable waste management in relation to municipal waste management. The 

second section focuses mainly on the theoretical and empirical perspectives. In addition, 

the chapter also covers some of the basic concepts related to food and biodegradable 

waste management (such as definitions, types, and treatment methods). The development 

of the chapter involved a special focus on the global trends of food waste, recent 

developments, perspectives on the role of regulatory policy, as well as food waste recycle 

law in Japan. 

2.2 Waste management 

The increases in the standards of living, population and economic development 

have led to an increase in the volumes of wastes that needs to be managed in both 

developed and developing countries. Notably, the problem of waste management in 

developed countries is often attributed to the escalation of per capita generation of waste 

substances (of various kinds) and some institutional difficulties. Some of the institutional 

difficulties are embedded in administrative issues related to decentralization, stakeholder 

management, and the enormity of the financial investment in physical infrastructure 

(incinerators, landfills and recycling facilities) (Zotos et al., 2009; Schubalar, 1996). In 

developing countries however, the problem of waste management are more severe. They 

are often related to the inefficiency of waste collection, treatment, transportation and 

disposal methods. These are further compounded by scarcity of resources, financial 

insufficiency, and human resources. As a result, wastes generated in both small and large 

city centers have somewhat turned into difficult and complex issues that need urgent 
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attention. This is often a challenge that most local authorities and municipal managers 

have to face on a daily basis. It is also a complex issue that relies to a large extent on 

collaboration and organization among households, local citizens, communities, private 

enterprises and municipal authorities (Schubalar et al., 1996). Moreover, waste 

management is an essential duty that has significant cost implications for public health 

and the sustainability of the urban environment.  

Wastes are generally described and grouped in numerous ways. These different 

classifications imply the need for some special treatment: each type needs to be dealt with 

in a unique and effective manner. This is one of the complex challenges involved in 

waste management. As an example, solid wastes include any discarded material in a solid 

or semisolid state and insoluble materials (e.g. liquids and gases in containers). Other 

examples of solid waste include, industrial waste, agricultural refuses, wastes from 

institutional-establishments (such as hospitals and schools), construction and demolition 

waste, mining residue, municipal waste, and sewage sludge.  Dealing with all such wastes 

is referred to as solid waste management. This often involves the organization and control 

of waste generation, source separation, waste collection, storage, transport, recovery, 

processing, disposal and treatment (Nathanson, 2008). In general, solid waste is classified 

into different types, depending on its source. The four main types include: 

 Municipal waste (nonhazardous) consisting of demolition, commercial and 

household waste 

 Hazardous waste consisting of industrial waste 

 Bio-medical waste consisting of clinical and hospital waste 

 Special hazardous waste consisting of explosives, radioactive materials and e-

waste 

2.3 Definition of Waste Management in Japan  

Waste is defined in various ways depending on each country’s waste management 

legislation; as such, it is defined in Japan by the Waste Management Law (Waste 

Management and Public Cleansing Law of 1970) as “ash, refuse, bulky refuse, waste oil, 

carcasses, excreta, waste acid and alkali, sludge, other unsanitary and unneeded matter, 
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that are either in a liquid or solid form (i.e. apart from waste polluted by radioactivity in 

addition to radioactive waste)”. In order to ensure suitable treatment, the wastes are 

categorized into “municipal solid waste” and “industrial waste” with separate regulations 

and systems (UNEP, 2013). Basically, in Japan MSW is considered to be the same as 

“General Waste”; further illustration of the definition of the two categories is given in 

Figure 2-1. The Waste Management Law stipulates that all municipalities should handle 

their “general waste or MSW” that is created inside the municipal region. As such, 

municipalities should have their own waste treatment and disposal facilities. In general, 

waste from household and small business is collected by local authorities only while 

private sectors collect those of large businesses and commercial waste and in some cases 

handled themselves. 

  

Figure 2-1 Definition of Waste base on the Waste Management Law in Japan source: 

Adopted from UNEP, 2013 
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2.4 Food and Biodegradable Waste Management 

Taking into consideration the aim and objectives, this research will focus on the 

food and biodegradable part of municipal solid waste, and in this contest, food waste will 

cover all food related waste while biodegradable waste will cover any other forms of 

organic waste. Municipal solid waste is described as consisting of inorganic and organic 

refuse (daily used and discarded items) from homes, harmless solid waste from business 

use, food factories, industrial and institutional organizations (including schools and 

hospitals), market and yard waste, containers with product packaging, and street 

sweepings. However, agricultural wastes and sewage sludge are not included in 

municipal waste management (Nathanson, 2008; Schubalar et al., 1996). On the other 

hand, the biodegradable waste aspect of MSW consists of food and kitchen waste, green 

waste, garden waste, paper and some parts of agricultural waste.  

However, since there is no definite definition for food and biodegradable waste, 

the definition of FBW is based on the definition of food waste view expressed above. 

Food waste can be described as any food stuff that is uncooked or cooked, and surplus 

food leftovers that are discarded or otherwise intended to be discarded. Biodegradable 

wastes are the organic remnant created through the management, storage and sale, 

preparation, cooking and serving of foods that are capable of going through aerobic or 

anaerobic decomposition (EU 1999 pg.5). Also, it can be seen from the contest of food 

loss
2
 as described by Hodges et al. (2011) that “food waste is the subset of food loss that 

is potentially recoverable for human consumption” (pg38). Gustavsson et al. (2011) 

defines it as food losses occurring through the food supply chain (postharvest
3
 to post-

consumption) that specifically leads to edible food for human consumption due to 

consumer and retailer behavior. 

                                                 
2
 Hodges et al., (2011, pg. 38) defines food loss as a “subset of postharvest loss and representing the part of 

the edible share of food that is available for consumption at either the retail or consumer levels but not 

consumed for any reason”. With regards to this study, food waste and food loss are assumed to be the same. 
3
 “This system comprises interconnected activities from the time of harvest through crop processing, 

marketing and food preparation, to the final decision by the consumer to eat or discard the food”.( Hodges 

et al., 2011, pg38)  
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2.4.1 Global Trend of Food and Biodegradable Waste 

The increase in growth of global food supply chains (postharvest to final 

household consumption) and the importance of efficiency and food safety in recent years 

have stimulated a significant increase (Hodges et al., 2011) in food and biodegradable 

waste to a great extent in medium- and high-income nations, meaning that food is 

abandoned even though it is still good to eat (consumption stage). Conversely, in low 

income nations it is the opposite, and in all these processes about one-third of the edible 

parts of consumable food worth about 1.3 billion tons per year are either lost or wasted 

globally (Gustavsson et al, 2011).  

According to Gustavsson et al., (2011) food waste in both developing and 

developed countries is high and more than 40% of the food waste occurs at both the 

postharvest and processing level and retail and consumer levels respectively (see Figure 

2-2). The total food waste generated at consumption level in developed countries - 222 

million tons - is approximately equivalent in amount of money to the worth of the 230 

million tons of the entire food manufactured in sub-Saharan Africa (Gustavsson et al., 

2011).  

 

Figure 2-2 Regional per Capita Food Waste at Postharvest and Consumption Stages source: 

Gustavsson et al., (2011) 
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2.4.2 Food and Biodegradable Waste Management in Japan 

In Japan, the largest source of FBW comes from the food industrial sectors, 

followed by supermarkets and convenience stores. As a result, convenience stores and 

hotels are responsible for 6 million tons of the total 19 million of FBW. The yearly 

generation of food waste in Japan was 11.3 million tons in 2006 with a reduction of 

10,000 tons from 2005 and about 19 million tons of food related waste in total, of which 

6 million tons is considered edible by the government, and 11.3 million tons comes from 

the food-related industries and households with 7.7million tons (MAFF, 2007). 

FBW in present times are concerns for both the government and the general 

public, but it could be seen as a greater opportunity if these wastes are used as resources 

rather than just waste. As such, approaches to food waste management are being re-

evaluated in and across Japan as a result of the introduction of incinerating energy 

reduction schemes in Tokyo, Osaka, Sapporo, Fukuoka, etc. At the moment, incineration 

is the main process for discarding and volume reduction of food waste in Japan (Izumi et 

al., 2010). Most of these wastes are collected and incinerated. FBW disposal in landfills 

is no longer an acceptable practice in Japan, possibly due to a lack of landed resources 

and the environmental impact associated with landfills. The development of options and 

strategies to divert food waste from incinerators has therefore been introduced 

(Matsumoto et al., 2009). 

The primary reason for these changes is to facilitate the reduction, recycling and 

reusing of FBW due to the worries and vulnerability of the Japanese food supply, since 

the actual food produced locally from the fishery and agricultural industries is mostly 

wasted (MAFF 2007). Although the volume of the FBW in Japan is high and at the same 

time on the increase, the food supply in Japan with an average of 2,548 kcal per person 

per day is quite low compared with that of USA with an average of 3,900 kcal and that of 

the world with an average of 2,808 kcal (Stuart, 2009). According to MITE (2008) and 

MAFF (2007), food waste is about 30% of total MSW disposed, and the recycling rate of 

food waste remains about 10%. In order to promote food and other biodegradable waste 

reduction and recycling, the “Law for Promotion of Recycling and Related Activities for 

the Treatment of Cyclical Food Resources” were legislated. The law specifies that the 
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obligations of each party involved in recycling and treatment of food resources should be 

carried out based on criteria set by the law. The law stipulates that all sectors (from 

households to large food related industries) should be positively engaged in recycling and 

reduction of food and other biodegradable waste. There is also an emerging plan in waste 

prevention measures to reduce, recycle and reuse the amount of FBW from households 

collected by local authorities. A summary of the law is given in the section below.  

Article 1
4
 

1] Title of the law: Law Concerning Promotion to Recover and Utilize Recyclable Food 

Resources (Food Recycling Law) 

[2] Date put into force: May 2001 (promulgated in June 2000) 

[3] Purpose: To prevent and reduce food waste discharged from food-related businesses, 

thereby decreasing the amount for final disposal, as well as to promote the recycling of 

such waste as fertilizers and animal feeds. 

Outline of the Law 

The law provides for measures to be taken by food-related businesses. 

(1) Food waste to be regulated 

[1] Unsold or uneaten food waste generated in the process of distribution and 

consumption 

[2] Leftover plant and animal food generated in the process of manufacturing, processing 

and cooking food products (excluding kitchen waste discharged from households) 

(2) Food-related businesses to be regulated 

[1] Businesses engaged in manufacturing/processing food products for wholesale or retail 

sales 

 e. g. Food manufacturers, greengroceries, department stores, supermarkets 

[2] Restaurants and other food-service businesses 

                                                 
4
 Note: Unless indicated otherwise, the information in this section comes from Ministry of Economy, Trade 

and Industry, towards a 3R-Oriented Sustainable Society: Legislation and Trend 2007. 

http://www.meti.go.jp/policy/recycle/main/data/pamphlet/pdf/handbook2007_eng.pdf (accessed and 

retrieved 09/01/2015) 
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e. g. Cafeterias, restaurants, hotels, Japanese-style hotels, wedding centers, floating 

restaurants 

(3) Role of parties concerned 

[1] Food-related businesses 

All Food-related businesses engaged in manufacturing and distributing food products or 

providing restaurant services shall carry out recycling of food waste (through prevention 

of waste generation, and reduction of final disposal), and raise the recycling rate by 20 %. 

[2] Consumers 

Consumers shall prevent generation of food waste by improving their methods of buying 

and cooking food and by using recycled products. 

[3] The national and local governments 

The national and local governments shall implement measures to promote recycling of 

recyclable food resources. 

(4) Target of recycling and parity of measures 

[Aims to increase the recycling rate to 20% by FY2006] 

[1] Prevention: preventing generation of food waste 

[2] Recycling: using food waste as raw materials of fertilizer, animal feeds, oil and fat 

products or methane. 

• Fertilizers: compost made by aerobic fermentation, organic fertilizer made by drying 

• Animal feeds: feed for livestock or aquarium fish made by pressure steaming, aerobic 

fermentation or dehydration through frying 

• Oil and fat products: cooking oil, soap 

• Methane: biogas made by anaerobic fermentation of kitchen waste (composed of 

methane gas (about 60%) and carbon dioxide gas (about 40%)), used as fuel 

[3] Reduction: reducing the amount of food waste by dehydration, drying, fermentation 

or carbonization (roasting) 
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2.4.3 Generation and Classification of Food Waste in Japan 

In Japan food wastes are grouped into two categories; general waste (MSW) and 

industrial waste. General waste (MSW) is comprised of household waste, waste from 

food services (restaurants, cafeterias, hotels, etc.), retailing industries and food 

distribution businesses while the food waste from food manufacturers is considered as 

industrial (as illustrated in Figure 2-3). Food waste consists of food waste generated in 

the process of manufacturing, such as leftovers, plant and animal byproducts as well as 

those generated in the process of distribution and consumption (e.g. kitchen waste, 

expired, unsold or uneaten food waste).  

 

The Food Waste Recycling Law (FWRL), which was passed in 2001, stipulates 

the responsibilities to be executed by food-affiliated business
5
 grounded on set criterion. 

The obligation for food-related businesses is to recycle 60% of all food waste by 2006, 

but by the end of 2006, recycling was 1% short of the set target (59%), which showed the 

same level as 2005, illustrated by Figure 2-4 below. Considering the FBW generation in 

different sectors among food-related business, manufacturing generates the largest at 

44% of the annual total with 4.9 million tons per year. The eat out industries generate the 

                                                 
5

 MAFF (2007) describes food related businesses as any businesses engaged in food processing, 

distribution, sales, operating restaurants, and catering”.  

Figure 2-3 Generation and Classification of food Waste in Japan According to Food Waste 

Recycling Law. Source: UNEP, 2013; MAFF, 2007 
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second largest at 27% of the annual total with about 3 million per year, food retailing 

stands within 2.6 million tons per year and food wholesaling within 7.4 hundred thousand 

tons per year at 23% and 7% respectively. See the illustration in Figure 2-5.  

 

  

Figure 2-4 Recycled and food waste between 2002 and 2006 Source: Ministry of 

Agriculture, Forestry and Fisheries 2008 Annual Report. 

Figure 2-5 FBW Generation by Different Sectors in Food Related Businesses. Source: 

MAFF, 2007 
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Probably, the Japanese government targets these food-related businesses not just 

because it is easier for them to separate food from non-food but due to the amount of 

waste they generate. The Food Waste Recycling Law is different in critical ways when 

compared to those introduced in the EU and the U.S. The FWRL deals specifically with 

food, whereas the EU laws aim at biodegradable waste in general, including waste from 

parks and gardens. In the U.K., it is more indirectly concentrated on households rather 

than businesses, but they both have driving factors. The Japanese law is driven by the 

food sufficiency rate and waste while the U.K. law is driven by EU landfill directives that 

require member states to progressively trim down the total recyclable waste going to 

landfills (Knipe, 2005). FBW is recovered mainly for compost or feed in integrating the 

3R activities based on FWRL. The FWRL guidelines clearly stipulate the meaning of 

recycling to be the reuse of food waste by composting or manufacturing animal food 

substance (feeds for animals) as renewable resources and the transportation of food waste 

to other places for the same purpose. Cutting food waste means to acquire precautionary 

actions alongside the food waste generation. Reduction means to trim down food waste 

both in weight and quantity by dehydrating and drying (MAFF, 2007). In the U.K., 

centralized composting treatment and anaerobic digestion are the main acceptable 

methods (Knipe, 2005). 

2.4.4 Food and Biodegradable Waste Treatment/Disposal Options 

The process of selecting the right FBW disposal method is a complex and 

complicated issue as many criteria and factors have to be involved, for example, public 

health, environmental, social, cultural, political, technological and economical concerns. 

Selection of the proper and right disposal treatment will not only save money and time 

but also help in reducing the environmental impact. It protects human health, raises no 

risk to water, air, soil, plants and animals, causes no aggravation through odor or noise 

and does not disturb the rural areas or locations of specific interest (airports). Moreover, 

this disposal method should potentially be located close to the waste generators as much 

as possible. 

Numerous disposal methods have been adopted to treat FBW in different parts of 

the world, including Japan (Figure 2-6). Examples of the most well-known methods are 
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open dumping, sanitary land filling, incineration and composting, among others. This 

study will stay with the usages of prescribed methods under the FWRL, for example, 

composting, animal feed, anaerobic digestion (or methanation), oil & fat products, and 

the two primary disposal methods in use, which are incineration and landfill (MAFF, 

2008). Animal feed and oil & fat products will not be considered in this study. 

Subsequently, broad evaluation of the disposal methods will be put in the picture of 

SWOT (strength, weakness, opportunity and threat) analysis to facilitate the status quo.  

 

2.4.4.1 Incineration 

Incineration is the burning of any waste in a correctly designed furnace under the 

right temperature and operating conditions to reduce about 75% in weight and 90% in 

volume of waste (Nathanson, 2008). In highly populated areas, incineration is the most 

suitable and most economical waste-treatment method due to unavailability of large, 

suitable sites or sensible transportation distances for sanitary landfilling. In terms of 

economics sense, it is possible to design incinerator based on resource recovery or Waste-

to-Energy facilities and operate an incinerator that recovers and makes use of the heat 

from combustion, producing electricity or steam (Rao, 1991; Nathanson, 2008). 

Figure 2-6 Various Methods of FBW in Japan Source: MAFF, 2007 
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Incineration is a chemical process that involves the oxidation of any hydrocarbon 

combustible waste to form mostly carbon dioxide and water, resulting in the release of 

heat (thermal energy). Carbon dioxide gas and water vapor (flue gas) are released into the 

atmosphere. On average, furnace temperatures are about 815
o
C (1500

o
F), but for some 

types of waste, temperatures up to 1400
o
C (2550

o
F) are needed to attain combustion. The 

waste usually has to stay in the furnace for about 1 hour (Nathanson, 2008). 

 

Table 2-1 SWOT Assesment for Incineration 

 

Strengths 

 Reduction in waste volume & 

weight 

 Takes fewer landed space 

compared to landfill 

 Power & heat generation 

 Accommodation of large 

variation in waste 

composition & calorific value. 

 

Weakness 

 Flue gas emission 

 Large investment, high maintenance & operating cost  

 Environmental impact 

 Waste residues, slag & ash issues 

 High cost advanced technology for pollution control 

 Extra energy is required for some waste (wet waste) 

Opportunities 

 Revenue generation forms 

sales of power & heat 

 Creates jobs 

 Potential for renewable 

energy generation 

 

Threats 

 Ground & surface water pollution 

 Might depend on the energy market for survival 

 The effect of low calorific value due to recycling 

 NIMBY syndrome  

 Public health & accident risk 
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2.4.4.2 Composting  

Composting is a natural technique of recycling nutrients from biodegradable 

waste (food scrap, leaves, yard waste, paper, wood, feathers, crop residue, etc.) into 

valuable organic fertilizer. This process is biologically carried out under prescribed 

aerobic conditions (the presence of oxygen) with the help of different microorganisms, 

together with fungi and bacteria by decomposing an organic substance into simpler 

substances. The populations’ activity and size of microbial coupled with temperature, 

oxygen, moisture, material disturbance and organic matter determine the effectiveness of 

the composting process (Rao, 1991; Nathanson, 2008). 

Composting is reasonably straightforward to handle and can be executed on an 

extensive variety of scales in roughly any geographic location (inside or outside 

environment). Possessing the possibility to manage most FBW (as well as restaurant 

waste, leaves and yard wastes, farm waste, animal manure, animal carcasses, paper 

products, sewage sludge and wood) and without difficulty in integrating into whichever 

waste management strategy. Nowadays, the use of composting, turning FBW into a 

precious resource is increasing swiftly around the globe as landfill space is becoming 

scarce and expensive and since people are becoming further mindful of the repercussions 

of landfill on the environment (Nathanson, 2008). Composting plays a significant role in 

redirecting FBW from landfills, thus reducing the production of leaching and methane 

gas. Besides, an effective composting program (centralizing) can produce high quality 

soil improvement with a variety of end users. Good quality compost can be used in 

agriculture, horticulture, landscaping and home gardening.  
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Table 2-2 SWOT Assessments for Composting 

 

Strengths 

 Salable by-products 

 Reduces weight & volume of 

FBW 

 Soil conditional & organic 

fertilizer 

 Decreases pollutants & prevents 

erosion 

 Cleans up contaminated soil 

Weaknesses 

 Time consuming 

 Requires land 

 Costly equipment 

 Only biodegradable waste 

 Aesthetics odor & pest issues 

 

Opportunity  

 Results in a variety of 

environmental benefits 

 Financial benefits 

 Potential to reduce or eliminate the 

use of synthetic fertilizer 

Threat 

 Marketing required for sale of by-

products 

 Alternative fertilizers are cheaper 

 Smell & odor issues 

 Rodents & stray pest can become 

problems 
 

 

 

2.4.4.3 Landfill 

The oldest way to dispose of waste is the landfill, and it has two types: dumps and 

sanitary landfills. Both are extensively used all over the world. A dump is an open hole in 

the ground or a land disposal site where any waste can be disposed without 

environmental protection. Dumps are vulnerable to open burning and pose a direct threat 

to public health, various animals (mosquitoes, rats, mice, cockroaches and flies), vectors 

of disease, and scavengers (Rao, 1991; Nathanson, 2008). Open dumping is prohibited in 

many countries; nonetheless, most of the waste is still disposed of or buried on land. 
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A landfill, or as some will call it, sanitary landfill is a cautiously laid out structure 

constructed into or on top of the ground in which waste is secluded. The rationale for a 

landfill is toward concealing the waste covering with a layer of soil with the intention that 

it will be secluded to keep it dry and to reduce contact with air. This, in turn, eliminates 

potential public health problems, odor, insects, and rodents, and reduces waste 

decomposition under this situation (Chiras, 2006). Landfill is not the same as a compost 

pile, where the rationale is to conceal waste in such a way that it will break down swiftly. 

Numerous new landfills harness potentially harmful landfill gas emissions and change 

these gases into a renewable source of energy.  

Regardless of the anxiety towards the landfill, it will still continue to be the 

practice of solid waste disposal worldwide at a considerable rate for many years, 

primarily for economic reasons and technical requirement (Nathanson, 2008). Moreover, 

it is impossible to recover, reuse and recycle all waste materials (the law of 

thermodynamics). As a result, we cannot count on any other waste processing methods 

(e.g. incineration) without having waste residue of which the ultimate disposal on land or 

underground will be required, and certainly, there is no guarantee that other disposal 

methods are totally safe.  
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Table 2-3 SWOT Assessments for Landfill 

  

Strengths 

 Cheapest means of waste disposal 

 Takes any kind of waste 

 Landfill gases as a renewable 

source of energy 

 Job creation 

 Filled land can be used for other 

purposes 

Weaknesses 

 Pollutes water, air and soil 

 Requires land 

 Requires proper planning, design, 

and operation 

 Aesthetics, odor, rodents, insects 

& pest issues 

 

Opportunity  

 Locating them away from 

groundwater supplies 

 Financial benefit 

 Potential to monitor for at least 30 

to 40 years to guarantee that no 

leachate or landfill gases flee into 

the surrounding neighborhood 

Threat 

 Lower social acceptability 

 Encourages waste production 

 Difficult to keep dangerous 

chemicals from leaching out into 

the surrounding land 

 Rodents & stray pest can become 

problems 
 

 

2.4.4.4 Anaerobic Digestion 

The process by which organisms break down biodegradable matter, without the 

presence of oxygen, is known as anaerobic digestion (AD) (Kevin & Lewis, 1997). Even 

if this happens naturally inside a sanitary landfill, the expression on the whole depicts a 

synthetically accelerated procedure in a closed container, resulting in a relatively stable 

solid and liquid residue called digestate or soil conditioner.  AD processes any 

biodegradable wastes, together with inappropriate wastes for composting such as meat 

and cooked food, cardboard and paper, leaves and grass clippings, food scraps and 

leftovers, industrial effluents, sewage and animal waste (Khalid et al., 2011). 
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AD generates biogas of about 60% methane (CH4) and 40% carbon dioxide (CO2). 

This can be burnt to generate heat or electricity or can be used as vehicle fuel. It can then 

power the AD process or be sold to the national grid and for heat for residence. In 

addition to biogas, AD generates digestate (a solid and liquid residue) that can be used as 

a soil conditioner to fertilize farmlands. The quantity of biogas and the quality of 

digestates acquired will depend on the feedstock used. Additional gas will be formed if 

the feedstock is putrescible (capable of decaying). Sewage and manure yield fewer 

biogases as the animals, which produced them, have previously used up several of the 

energy substances (Hessami et al., 1996; Khalid et al., 2011). 

The AD process takes place in an airtight container, called a digester, and it 

begins with the separation of waste into biodegradable and non-biodegradable waste, 

probably at the source of generation. The biodegradable material is shredded, slurred and 

then screened and pasteurized. It is then pumped into the digester, where microorganisms 

decompose the material (Braber, 1995). The first stage of AD is a chemical reaction 

called hydrolysis, where complex organic molecules are broken down into simple sugars, 

amino acids, and fatty acids with the addition of hydroxyl groups. Followed by 

acidogenesis, a biological process of further decomposing of acidogenic bacteria into 

absolute molecules, where volatile fatty acids (VFAs) occur and produce ammonia, CO2 

and hydrogen sulfide as by-products. Acetogenesis is another biological process where 

bacteria known as acetogens produces CO2, hydrogen and primarily acetic acid and 

further digest the simple molecules from acidogenesis. Methanogenesis is the last 

biological process where bacteria known as methanogens produce methane, CO2 and 

water. The optimum temperature is between 35
o
 and 55°C, the optimum pH level is 

around 5-8 and the C: N ratio between 25:1 and 30:1(Appels et al., 2008). 

There is no doubt that AD technology is capable of processing biodegradable 

waste other than compost; however, there are limitations to the process as there are with 

other disposal methods. AD systems are best designed for biodegradable waste reduction 

or methane production. If the aim and objective is methane production, then there is not 

much significance in quality of the feedstock. Nonetheless, for most applications, the aim 

is to achieve maximum breakdown and a quality product at the end of the process.  
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Table 2-4 SWOT Assessment for Anaerobic Digestion 

 

Strengths 

 Environmentally friendly compared to other 

waste disposal methods 

 Takes any kind of waste 

 Produces bio gases as a renewable source of 

energy 

 Job creation 

 Lower land requirement, reduces odor & 

recycling benefits 

 Produces soil conditioner (digestate) 

Weaknesses 

 Risk of fire and explosion 

 High capital and operational cost 

 Waste water may need to be 

treated before disposal  

 Does not treat the entire waste, 

just a fraction of it 

Opportunity  

 Possible to take care of the wet portion of 

MSW which is less agreeable to incineration  

 Reduces CO2 emissions, by displacement of 

fossil fuels & financial benefits from (future) 

elevated energy prices and/or buy back tariffs 

 Possible for co-disposal with other organic 

waste streams (e.g. industrial wastes such as 

food processing waste and agricultural wastes 

such as manure) 

Threat 

 Probable risk to human health 

due to presence of pathogens 

 Encourages waste production 

 Information on economic and 

practical issues is not widely 

disseminated  

 Cost: this is a substantial barrier, 

as AD is (slightly) more 

expensive than composting in 

many cases 

 Might be a nuisance to the 

neighborhood 
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2.5 Theoretical and Empirical Perspectives 

This study uses Integrated Solid Waste Management (ISWM) and Sustainable 

Waste Management (SWM) as the theoretical and empirical standpoints to explore and 

develop a framework that will function as a tool for examining the issues related to food 

and biodegradable waste management in Japan and Oita city in particular. The 

relationship between theory and case study is taken as a focal point for examination, 

interaction and application that can help in gaining more light and new theoretical 

understanding of the subject matter (Charmaz, 2004).  The resulting models from the 

empirical standpoints are employed to examine and illustrate the causal relationships 

observed within the MSW management system in Japan. Qualitative research that is 

based on theoretical and empirical framework allows the researcher to examine and 

determine the questions, assumptions, and soundness of the viewpoint of the theory in 

regard to the considerations made through the study (Charmaz 2004).  

2.5.1 Integrated Waste Management 

Integrated waste management is an approach that is capable of increasing energy 

and material recovery efficiency from the waste stream as well as sound MSW 

management practices that permit the cooperation of the informal, private and public 

sectors in a more suitable position. The theory of integrated waste management (IWM) 

has been implemented in most developed nations. According to the UNEP (2005, pg7), 

IWM is defined as “a frame of reference for designing and implementing new waste 

management systems and for analyzing and optimizing existing systems”, particularly “on 

the concept that all aspects of a waste management system (technical and non-technical) 

should be analyzed together, since they are in fact interrelated and developments in one 

area frequently affect practices or activities in another area” (UNEP 2005, pg7).  

The concept involves a more holistic attitude towards waste management matters 

and is also linked with managing different MSW management activities together towards 

achieving optimum system efficiency based on economic, environmental, political, and 

social-cultural as well as technological criteria. As highlighted by Kollikkathara et al. 

(2009) and Seadon (2006), when wastes are managed in isolation (single waste streams), 
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the end result is repeatedly inadequate and unsatisfactory. The need for a more holistic 

standpoint to solving MSW issues has given more attention to the concept of integrated 

waste management. 

The first task in IWM is to consider all aspects of the formal part of the waste 

system within one framework and to produce a plan based on the objectives of the entire 

system. On this ground, the framework for modern integrated solid waste management 

systems is the solid waste management hierarchy, which specifies the precedence that 

should be given to key waste management activities that affect waste generation, 

treatment, and disposal. 

In the early 1970s the principles of waste hierarchy were introduced into the 

European policy (1975 Directive on Waste and EU's Second Environment Action 

Program in 1977) by the European Parliament Council and the European Commission 

(Papargyropoulou et al., 2014). The waste hierarchy approach has been employed as the 

key MSW management framework internationally (both national and regional policies). 

Most industrialized nations have employed numerous forms of waste hierarchy; such as 

the ‘3Rs’ framework (promoted by Japanese government in other Asian countries) offer a 

similar concept to waste hierarchy by prioritizing the choices of reducing, reusing and 

recycling of waste (Sakai et al., 2011). The goal of waste hierarchy is to prioritize MSW 

management practices and processes depending on their ecological benefits and to be as 

environmentally friendly as possible. However, the waste hierarchy employed by most 

countries is similar to that of the UNEP, (2005) illustrated in Figure 2-7, with the most 

desirable choice being Prevention, and at the bottommost of the reversed pyramid, the 

least desirable choice being Disposal. 
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2.5.2 Sustainable Waste Management 

In the discourse of developing framework for waste management, much attention 

is paid to ecological impacts, economically feasible, socially acceptable and technically 

suitable (framework). As such Sustainable Waste Management (SWM) comes to mind. 

Sustainable waste management refers to the efficient use of substantial resources to 

reduce the amount of waste generated, and, in the cases where waste is unavoidable, it 

should be handled in a way that strongly contributes to meeting the goals of sustainable 

development in terms of environmental, economic, and social aspects (WASTE, 2001).  

The main objectives of SWM are to address problems of waste generation and material 

consumption through material recovery, recycling and reuse of resources, while at the 

same time minimizing waste. This involves the managing of resources in an 

economically effective, environmentally sound, and socially acceptable manner as well as 

the importance of stakeholders in the elements of WSM systems. Moreover, the 

Figure 2-7 Municipal Solid Waste Management Hierarchy source: adopted from UNEP 

(2005). 
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foundation of the SWM approach is based on the waste management hierarchy. Four 

basic principles, as mentioned by WASTE (2001), are illustrated in the Figure 2-8 below. 

 

A similar approach to SWM promoted over the years by the Japanese government 

(the waste management law and recycling policy) is the Sound Material-Cycle Society 

(SMS). The definition of the SMS is based on the Fundamental Law to Establish a Sound 

Material-Cycle Society, meaning that a society where the consumption of natural 

resources is minimized and the environmental load is reduced minimum, by restraining 

production wastes, promoting appropriate recycling of products, when they have become 

recyclable resources, and securing appropriate disposal of the unrecyclable resources, 

which means the disposal wastes as stated by the Waste Management Law (Sakai et al., 

2011;Yoshida et al., 2007). 

Despite the extensive potential benefits connected to SWM approaches only a few 

countries are competent enough to carry out this practice. However, most of these 

Figure 2-8 Basic Principle of sustainable Waste Management: adopted from WASTE 

(2001). 
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practices in industrialized nations call for more incineration of waste rather than 

preventing waste, which is just a step above landfill in the waste hierarchy, given the fact 

that SMW practice is not an easy task to accomplish. On the other hand, the absence of 

SWM practices will lead to ecological damage, diminishing public health, and 

unavoidable GHG emissions, with social and cultural impacts eventually leading to 

economic loss.  

2.6 Conceptual Framework 

2.6.1 Conceptual Framework for Food and Biodegradable Waste Management in 

Japan 

To facilitate understanding and highlight the problems associated with the present 

FBW management system, the System Think 
6
approach (system dynamics) is employed, 

in view of the fact that the conventional food and biodegradable waste management 

approach considers waste generation, collection and disposal as independent operations, 

and yet, these components can influence each other since they are closely interlinked. 

System Thinking presents us with a helpful means to understand the scale of 

complexity in food and biodegradable waste management problems better with special 

importance on the role of information feedback (Ford 2010). System dynamics, a tool 

based on system thinking, is proposed in order to analyze the relations among various 

variables while managing FBW, and in view of the fact that it is a deep-rooted method 

for studying and managing simple and complex feedback systems.  

Morecroft (2007) and Sterman (2000) both highlight that system dynamics is 

about determining managerial structures in systems and making insights into the 

association of causalities. Moreover, it is an application within a framework that is 

founded on taking a part of the components in a system in order to understand the contest 

of feedback relationships within it and with other systems, instead of separately 

(Morecroft, 2007; Sterman, 2000). With respect to system dynamics, Causal Loop 

                                                 
6
 Systems Thinking has been defined as an approach to problem solving by viewing problems as parts of an 

overall system, rather than reacting to specific parts, outcomes or events and potentially contributing to 

further development of unintended consequences (Morecroft 2007; Sterman 2000). 
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Diagrams (CLDs) are applied to reveal the relationships of various systems. CLDs 

represent the information feedback in a system with causal meaning cause-and-effect 

relationship and loop meaning a closed chain of cause and effect that generates the 

feedback (Ford, 2010).  

The approach mentioned above is applied to this conceptual framework to 

illustrate the relationship through causalities (cause and effects) linking various variables 

(criteria or factors) in the FBW management system as well as the extent of 

interconnectivity and their dynamic circular influence. In CLD terminology, a + or – sign 

on arrowheads are indicators showing positive or negative causal influence connecting 

two variables. However, the + sign symbolizes a cause-and-effect relationship where the 

variables change in the same direction while the – sign symbolizes a change in the 

opposite direction of two variables. For instance, a + sign linking population and food 

waste generation per capita illustrates that an increase in population will cause an 

increase in food waste generation per capita and vice versa. Also, the – sign linking 

illegal waste disposal and regulation enforcement illustrates that an increase of illegal 

waste disposal will cause a decrease in regulation enforcement. 

2.6.2 The Existing System of Food and Biodegradable Waste Management in Japan 

The existing food and biodegradable waste management model is an abstract and 

conceptual model adopted from MAFF (2007) and it variables are presented in Figure 2-9 

with each arrow indicating an influence on one variable and on a different variable. The 

proposals are based on the food waste recycling law in Japan
7
. 

                                                 
7
 “Food Waste Recycling Law” 

“This law provides that: a) food businesses shall enhance source reduction and recycling of food waste, 

b) Food businesses that promote recycling and recycling facilities can be registered by ministry of 

agriculture”. Minister of the Environment, Minister of Agriculture, Forestry and Fishery 
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Figure 2-9 CLD of the Current Food and biodegradable Waste Management Model: 

adopted from MAFF (2007). 

 

In Figure 2-9, the left loop shows that population has driven the per capita food 

waste generation through import of fresh fruit, affection for raw food and extremely high 

standard of living reflected by the GDP per capita. The amount of total food waste is the 

total food waste from other sector and those influenced by per capita consumption 

(mainly from households). The right loop deals with the influence of regulation 

enforcement on sectorial food waste generation with increasing regulation causing an 

increase in the amount of illegal food waste disposal. The lower loop shows that most of 

the food waste collected and disposed goes to incineration with a smaller amount going to 

recycling and composting.  

Increased food wastes in incinerators have led to an increase in waste budget and, 

in turn, a decrease in the available amount allocated for collection and disposal 

consequently, the amount of illegal waste disposal has also increased. The fact that all the 

food wastes are sent to the incineration plant is inefficient, as more energy is required to 

burn them up. It is significant to mention at this point that the food waste management 
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system creates no condition for revenue generation. The key basis of capital is from the 

municipal budgetary allocation, and it is necessary to institute food waste management 

and treatment systems to facilitate and optimize the efficiency rate of the incineration, to 

reduce emissions impact, and to create jobs and revenue that is capable of self-

sustainability through by-products, and hence offsetting the enormous cost spent on 

incineration plants. 

2.6.3 Introducing Anaerobic Digester as an Option to Food and Biodegradable Waste 

Treatment 

 Anaerobic Digester plants offer an efficient way to treat food and biodegradable 

waste volume, reduce the ecological impact and the amount of wet waste going into 

incineration plants, and to recover a significant amount of fertilizer and by-products for 

power generation. 

 

 

The CLD in Figure 2-10 presents two sides. The right part shows a reinforcing 

loop (R) while the left part shows a balancing loop (B). In both cases, it shows how the 

use of anaerobic digestion as treatment for food and biodegradable waste can help to 

improve the entire waste system. In this hypothetical case, food and biodegradable waste 

Figure 2-10 CLD for Suitability of Anaerobic Digester as a Treatment Option 
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from all sectors, including households, are sent to anaerobic digester plants where electric 

power, biogas, organic fertilizer and heat are produced that could be sold to generate 

revenue, which will be an added advantage for the regulation enforcement bodies. On the 

other hand, wet waste is taken out of the waste composition going into incinerator plants. 

This will increase the efficiency rate and reduce the waste budget amount allocated, 

making more funds available for accumulation and discarding so as to address the issues 

of illegal waste disposal.   

2.6.4 Incorporating the Food and Biodegradable Waste Management Practice 

The sustainability of an anaerobic digestion treatment system relies on the amount of 

waste from all sectors, most especially food-related businesses (either small or large), and the 

role played by the regulating enforcement bodies. 

 

Figure 2-11 Incorporating the Waste Management Strategies 

 

Regulation enforcement is vital for the fact that it is the connecting factor between 

public involvement and conviction and food-related industries as seen in Figure 2-11. 
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environment and consequently have high value added (economic values). An additional 

level of incorporation is shown from the lower left, where campaign and education in 

food and biodegradable waste management plans is linked to public involvement and 

conviction, which brings about public conviction, acceptability, trustworthiness and siting 

of the treatment plant. In addition to the economic values of the by-products (biogas, heat, 

electricity and fertilizer), they are sources of revenue generation. This revenue then 

becomes a fraction of the funds for operation and maintenance, and also increases 

campaign and educational programs that will lead to ecological quality.  

Support from Food-related businesses will increase the effectiveness of the 

collection and disposal measures, and at the same time improve ecological 

(environmental) quality due to anaerobic digester treatment of food and biodegradable 

waste. Also the proper collection and disposal (no more illegal disposal) measures that 

take place out of the incorporated system will be reinforced through public involvement 

and conviction of the capability of utilizing the anaerobic digestion system.  

 

Figure 2-12 Sustainability of the Waste Treatment System 
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Be it a developed or developing country, there is an increasing awareness of a 

sustainable move toward FBW and incorporating strategies that will produce practical 

results in the long-term. Changing over to a sustainable FBW management system entails 

classification and application of regulation enforcement. The sustainable waste 

management system pays attention to the process and incorporates feedback loops, 

represents flexibility and redirects wastes from disposal to resources (Seadon, 2010). 

However, it is a responsibility that requires incorporation of environmental information, 

socio-cultural ideas based on local knowledge, technical skills and economic viability in 

order to comprehend the benefits of a well-organized food and biodegradable waste 

management system. 

Figure 2-12 deals with the involvement of all three pillars of sustainability: the 

socio-cultural impact, the economic impact and the environmental impact in terms of 

ecology, trustworthiness and revenue generation respectively; otherwise, the system fails. 

The system’s sustainability also depends largely on the amount of trade-off among these 

aspects 
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CHAPTER THREE:  

RESEARCH METHODOLOGY 

3.1 Introduction 

There are different ways in which research is conducted in terms of philosophical 

assumptions, research designs, and methods. This chapter discusses the research design 

and methods underpinning this study in order to gain a better understanding of how and 

why they are applied. The initial discussion is based on the research design and how it 

best fits the focus of the study.  Furthermore, this chapter discusses the methodologies, 

which include mix methods, action and case study research, and data collection and 

analysis procedures. 

3.2 Research Methodology 

The research method refers to an approach of inquiry that requires a set of 

strengths (research design and data collection) that can be used to achieve a range of 

research goals (Morgan, 2014). Creswell (2014) also defines research methodology as 

plans and procedures for research, which extend the stages from comprehensive 

assumptions to detailed methods of data collection, analysis, and interpretation. Research 

methods can be seen from two different aspects that is, the approach used to collect and 

analyze data (e.g. qualitative, quantitative and mixed methods), and the result and 

information gained from the data (research procedure/design), while the second aspect 

deals with the fundamental purpose of the research and the nature of knowledge obtained. 

A qualitative research method focuses on a set of research goals that are typically 

inductive, subjective, and contextual i.e. providing detailed description illustrating the 

different perspectives of the researcher and research subjects. On the other hand, 

quantitative research methods emphasize deductive, objective, and general approaches, 

i.e. carrying out statistical testing to arrive at generalizations (Morgan, 2014; Petty et al., 

2012).  
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The complex nature of research in municipal solid waste (MSW) management 

studies makes it complicated for a single paradigm/method to fulfill all the 

methodological requirements. Consequently, it is appropriate and necessary to combine 

the positivist paradigm (quantitative) with the interpretive paradigm (qualitative). The 

blending of the two paradigms from the pragmatist standpoint, offers the ability to 

combine the different strengths of qualitative and quantitative methods, provided that 

there is a clear link between the methods and the research questions (see chapter one) 

under study. Mixed research methods stand between qualitative and quantitative research 

methods because they combine elements from both research methods. A mixed method is 

an approach for implementing research that comprises of collecting, analyzing, and 

combining qualitative and quantitative study and data in a single study of inquiry 

(Creswell and Plano Clark, 2011; Creswell, 2014). Thus, the use of both the qualitative 

and quantitative methods is essential to comprehend the different characteristics of food 

and biodegradable waste management in the MSW management stream. 

The motivation for using mixed method approach is due to various reasons. 

Mixed methods provide strengths that balance the weaknesses of both qualitative and 

quantitative research, thus offering a view of the issue of FBW management from the 

researcher’s and the stakeholders’ perspectives (Creswell and Plane Clark, 2011). 

Bryman and Bell (2011) argue that combining both qualitative and quantitative research 

provides a better understanding of the research problem and question. Creswell and Plano 

Clark (2011) also agree to this by saying that mixed methods research provides more 

evidence for studying a research problem as well as helping in answering questions that 

cannot be satisfied by qualitative or quantitative approaches alone. The logic of 

triangulation is another reason for using the mixed method (Bryman & Bell, 2011), since 

it permits the use of qualitative research to validate and complement quantitative research 

results or findings.  

Therefore, since no single method could entirely capture all the significant 

features and aspects of this study, therefore a mixed method approach was used. 

Moreover, the mixed method employed in carrying out this study (collecting and analysis 
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data) offers a valuable opportunity and insight in acquiring comprehensive information 

(data) from the different sectors of MSW management in Oita city.  

3.2.1 Research Design  

A research design can be seen as a master plan or road map of a research inquiry 

that shows and tells how the study in question is carried out. Thus, it is a framework for 

creating and actualizing evidence in a set of procedures that is appropriate both to a 

certain set of criteria and to the research question in a given research problem (Bryman 

and Bell, 2011). In other words, it is the research procedure created as a blueprint to 

inquire or find answers to research questions by analyzing, collecting, interpreting and 

reporting data in a given study. The research design consists of different frameworks for 

the research process in which these frameworks are kinds of inquiry within qualitative, 

quantitative, and mixed methods approaches that offer detailed direction for procedure in 

a research strategy (Creswell and Plano Clark, 2011; Creswell, 2014).  

The research design of this study is based on a descriptive (explanatory) and 

investigative analysis type of research, which relies on the mixed method approach in 

data analysis, collection and interpretation of data, with the intention that desired 

information can be obtained with sufficient accuracy (Mitchell & Jolley, 2010).   

In order to choose the design for this study, a comprehensive analysis of related 

literature and legal documents, research philosophical stand and methods were conducted, 

so as to understand the existing facts within this study. Given the fact that the research 

aims at analyzing the FBWM in Oita city, literature on food waste management and 

practices were reviewed to gain a broad awareness on what is already known and 

unknown, to identify gaps, and the way forward. Views from waste management staffs 

and documents from the Ministry of Environment of Japan (MOE), the Ministry of 

Agriculture and Forestry and Fishery of Japan (MAFF), were useful in gaining an 

understanding of the issues that are considered necessary to investigate. This provided the 

basis for choosing an action and case study research design to guide in the research 

procedure (the chosen methodology that formed a structure for the study), scope, and 

analytical techniques. Furthermore, sets of research questions were created to guide the 
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research process. Practical issues considered in the research design included the research 

objectives, the resources and time frame of the research, and types of data available. 

3.2.2 Action Research Design  

Action research design is a type of an applied research that follows a distinctive 

spiral pattern starting with planning, acting, scrutinizing, and evaluating based on the 

understanding of a given problem in order to provide practical solution and theoretical 

knowledge. Action research was introduced in the 1940s by Kurt Lewin, who defined 

action research as the action taken in a spiral of steps to plan, act, observe, and evaluate 

the results of an action (McKernan, 1996; McTaggart, 1997; Parkin, 2009). Although, 

there are other definitions of action research, McTaggart (1997) goes on to describe 

action research as a way wherein a group of people can arrange a situation through which 

they can learn from their personal experience and make this experience accessible to 

others. McKernan (1996) views action research as an attempt to make the problematic 

social world understandable and to improve the quality of life in social setting, by solving 

the immediate and pressing day to day problems of practitioners. Also, Elliot (1981) in 

McKernan (1996) looks at action research as the study of social situations through 

improving the quality of action within it. Parkin (2009) sees action research as a means to 

bring about change in a specific condition, local systems along with real world 

environment, with the purpose to find solution to real life problems. In addition to these 

descriptions, Burns (1999) identifies action research as a research that is centered on real 

and practical concerns or problems of immediate concern to a particular social group or 

community. These definitions stress action research’s philosophy of involvement, 

evaluation, and improvement in human profession and practical base areas, for example 

social satiations (local and community level) in education, leadership, management, 

occupational therapy, sport and public health care (McKernan, 1996; McTaggart, 1997; 

Parkin, 2009). In considering the benefits of implementing action research, Parkin (2009) 

note that it accomplishes changes by planning, involving, and working with people 

through providing adequate information to enable them to take responsibility for making 

changes to their situations.  
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Action research assumes a result-oriented and pragmatic standpoint over testing 

of theories. McKernan (1996), for example, argues that the main purpose of action 

research is to provide solution for the practical judgment of actors in problematic 

situations. Thus, he explained that the validity of these solutions generated have no 

scientific proof of truth as in their usefulness in helping practitioners to act more 

effectively, skillfully, and intelligently. Parkin (2009) also point out that as new 

knowledge is expanded or generated during the process of solving these specific 

problems, theories are also developed. As observed by Sandars and Waterman (2005) in 

Parkin (2009), the theory generated characterizes action research as a research design and 

significantly differentiates it from other change management approach (Pg 21).  

Another argument in favor of implementing action research is that it has the 

possibility to increase the learning and understanding of practitioners and researchers 

alike of events, situations, and problems in order to increase the effectiveness of their 

practice (McKernan, 1996). As such, the spiral of steps in action research makes the 

procedure a learning cycle of improving practice and advocating for change. This 

distinctive feature gives those affected by the intended changes the major of 

responsibility for making a decision on courses of action that will possibly lead to 

improvement and for evaluating the result of strategies tried out in practice (McTaggart, 

1997). 

The use of action research in this study is fitting because of its focus on 

immediate concerns and practical nature. It holds particular appeal for gaining more 

understanding and exploring unexplored situations concerning the food and 

biodegradable waste management system in Oita city, consequently leading the study to 

develop solutions and theories that are suitable for use in the MSW management system. 

3.2.3 Case Study Research Design 

Case study research is created out of the desire to understand complex human and 

social phenomena in order to explain relationships, which exist in reality (Petty et al., 

2012b; Yin, 2003). Yin (2003) identifies case study research design as an approach of 

exploring an empirical topic by following a set of specified procedures that is used in 
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various situations to increase our knowledge of individual, group, and organizational, 

social, political, and related phenomena. Thus, Petty et al., (2012b) describe cast study 

research as the singular science that attempts to understand “what is unique of a case 

defined as ‘specific, a complex functioning thing’ whether it is a person, a clinic, a 

classroom, an institution, a program, a policy, a process, or a system”. Gerring (2007) 

went on to say that case study research is the thorough study of a single case where the 

aim of study is to clarify or illustrate a larger class of cases.  

Considering how case study research should be conducted, Yin (2003) notes that 

it involves the application of methods from social sciences to practical problems with the 

intention to contribute to knowledge and theory in a given case. Thus, he concluded that 

each method has its distinctive strengths and weaknesses that is subject to three 

conditions: a) the type of research question, b) the control a researcher has over actual 

behavioral events and c) the emphasis on modern as opposed to historical phenomena. 

According to Petty et al. (2012b) case study research design has no specific data 

analytical approach and the choice of method(s) to be used depends on the research 

question and the focus of the case under study. 

The benefit of using case study research design in a research such as FBW 

management is that multiple criteria and variables can be examined as well as the holistic 

description of the complicated nature of MSW management system. A case can be a 

single/one type of waste treatment technology, or several waste treatment facilities in a 

city, region, or country. In order to understand a case, a variety of data can be collected in 

most situations which includes document analysis, observation, and interview (Gerring , 

2007; Petty et al., 2012b) For the purposes of this study, the researcher indulged in 

evaluation, descriptive, exploratory, and explanatory types of case study research through 

data collection using different sources of information and analytical methods.  

3.3 Method of Data Collection 

Collecting data from several sources makes the case study methodology a 

triangulated research strategy (Yin, 2003). Yin (2012) categorizes the following sources 

of evidence for data collection: documentation, archival records, interviews, direct 
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observations, participant observation and physical artifacts. Both quantitative and 

qualitative data were gathered for this study using field observation and documentary 

analysis. The document used for this study include waste management policy documents 

of the Japanese government (Waste Management and Public Cleansing Law (WMPL)), 

documents that govern all Solid Waste Management issues including food waste 

management, legal documents for promotion of recycling and related activities for the 

treatment of waste, and municipal reports on waste management from Oita city (see 

chapter two). Consequently, the implementations of the strategies recommended by the 

majority of these policy documents are in place, but the impacts of these policies are 

another source for concern.  

According to Yin (2012), observations are facts that do not rely on verbal 

activities, and this method facilitates the researcher to observe the situation under study 

directly. Direct observations were carried out, and they took place during field visits to 

waste treatment facilities, and recycling centers in Oita city. This approach was essential 

to confirm the facts and findings, as a single observation may contain several dimensions, 

each of which may be measured as variable (Gerring 2007). Particularly, to cross check 

information and facts documented, given that sometimes, what is observed might be 

different from what is documented. Also, the documents served as guidelines during the 

field observation. There was also a variety of published information and other online 

publications that yielded valuable data for the study. Thus, this study used field 

observation and documentary analysis to collect the data needed and the strengths of 

these two methods were used to enhance the reliability and strength of the data. 

3.3.1 Data Analysis 

For the stated aims and objectives to be achieved, the data analysis combined the 

key strength of System Dynamics and Multi-Criteria Decision Analyses, which facilitates 

an analysis and discussion of various useful FBW management solutions. Thus, both 

forms of analysis have the capability to encompass information collected, decision-

making, planning, and to achieve monitoring and management of data.  
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3.3.1.1 Multi-Criteria Decision Analysis 

Multi-Criteria Decision Analysis (MCDA) was embarked on to create a 

descriptive representation of the data gathered for the selection of the most suitable waste 

treatment/disposal facility and the best place to locate this facility. This technique is used 

in three stages (three chapters), in conjunction with environmental, socio-cultural, 

technical, and economic criteria leading to multi-criteria decision making as a tool. The 

first stage (Chapter Four) sets up the framework for the selection of a waste disposal 

facility using the Analytic Hierarchy Process (AHP) technique. The second stage 

(Chapter Five) is waste treatment technology assessment using cost benefit analysis also 

using the same AHP technique. The third stage (Chapter Six) analysis makes use of the 

thematic maps in GIS (a method of integrating GIS with MCDA); the approach follows 

three sequential steps rather than a fully integrated format, and the GIS technique is 

applied in site selection for the chosen waste treatment facility. An elaborate application 

and explanation is given in the corresponding chapters. The use of the MCDA approach 

helped to organize the entire case study as well as define alternatives and explanations 

where necessary. Consequently, data obtained was categorized based on their orientation 

and application on the three stages of analysis.  

3.3.1.2 Systems Dynamics  

The Systems Dynamics (SD) approach can be seen as a framework for illustrating 

and simulating the interaction of different elements in a system, and to capture the 

dynamic behavior of the system over time. SD uses constructed models that shows cause-

and-effect loop and they illustrates the development of problems over time as well as the 

consequences of the proposed solutions. This is performed through incorporation of stock 

or reservoir (denoted by a rectangle), flows (denoted by tap, straight or curved lines), 

feedback and delays. Thus, SD emphasizes the dynamic behavior resulting from the 

delays and feedbacks of a system, leading to decision-making and information feedback 

principles. More detailed application, explanation, and illustration of SD are given in 

chapter seven.   
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CHAPTER FOUR:  

A MULTI-CRITERIA DECISION ANALYSIS 

METHODOLOGY FOR FOOD AND BIODEGRADABLE 

WASTE MANAGEMENT OPTIONS IN JAPAN 

4.1 Abstract 

Dealing with large-scale Food and Biodegradable Waste (FBW) often results in many 

logistical problems and environmental impacts to be considered. These can become great 

hindrances when the integration of solid waste management is concerned. Extra care is 

needed, to plan such waste disposal or treatment services and facilities, especially in 

respect of ecological impact and issues. Decision making with regards to the sustainable 

use of these facilities also involves tradeoffs between criteria and a number of conflicting 

objectives, since increasing one benefit may decrease the others. In this study a Multi-

Criteria Decision Analysis (MCDA) is presented to evaluate different waste management 

options and its applicability in Japan. The analytical process aims at selecting the most 

suitable waste treatment option, using pairwise comparisons conducted within a decision 

hierarchy that was developed through the Analytical Hierarchy Process (AHP). The 

results of this study show that anaerobic digestion should be chosen as the best FBW 

treatment option with regard to resource generation. The study also presents some 

conditions and recommendations that can enhance the suitability of other options like 

incineration and composting. 

Keywords: Multi-Criteria Decision Analysis, Analytical Hierarchy Process, Food and 

Biodegradable Waste, Waste Treatment and Decision Making, Sustainability. 
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CHAPTER FIVE:  

A BENEFIT– COST APPROACH BASED MULTI 

CRITERIA DECISION ANALYSIS OF FOOD AND 

BIODEGRADABLE WASTE TREATMENT 

ALTERNATIVES IN OITA CITY, JAPAN 

5.1 Abstract  

Although Oita city, Japan implements a Zero Waste Strategy as part of compliance to 

The Waste Management Law in japan, a large fraction of Food and Biodegradable Waste 

(FBW) ends up in the incinerator.  The main aim of this chapter (study) is to investigate 

the technical feasibility of the continuous treatment of FBW using different waste 

treatment options in Oita city using a Benefit-Cost Analysis based on Multi-Criteria 

Decision Analysis (MCDA). In this regard, benefit-cost analysis based on Analytic 

Hierarchy Process (AHP), a Multi Criteria Decision Analysis (MCDA) approach, is used 

to select the most suitable FBW treatment technology. This study compares four FBW 

treatment alternatives recommended by the Food Waste Recycling Law such as, 

anaerobic digestion, compost, and landfill including the current practice in Oita City, 

which is incineration. The fundamental AHP is separated in two-hierarchy structures for 

benefit analysis and cost analysis. The criteria used in this two analysis are value added, 

safety, efficiency and social benefits for benefit analysis and cost of energy, cost of 

operation & maintenance, environmental constraints and disamenity for cost analysis. 

This study is based on the theoretical improvement and application of an incorporated 

FBW management system to facilitate the ability to compromise cultural, economic, 

environmental, political, social and technological concerns in a sustainable waste 

management system. The focal point is based on the present practices of FBW 

management system, the possibility of enhancing this current system through benefit-cost 

analysis (technology assessment) of waste treatment practices. The result of this study 

shows that anaerobic digestion has the highest overall benefit while composting has the 

least overall cost. The benefit-cost ratio result shows that, the most suitable treatment 
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alternative will be anaerobic digestion follows by composting and incineration with 

landfill been the least favored.  Sensitivity analysis shows no different result across four 

different scenarios. On the whole, three of the four alternatives are better than landfill, 

and the study recommend that composting could be combined with anaerobic digestion as 

an optimal FBW management option in Oita City.      

Keywords: Anaerobic Digestion, Analytic Hierarchy Process, Benefit and Cost Analysis, 

Criteria, Food and Biodegradable Waste, Multi-Criteria Decision Analysis, Waste 

Treatment Technology 
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CHAPTER SIX: 

 APPLICATION OF GIS-BASED MULTI-CRITERIA 

DECISION METHODOLOGY FOR EXPLORATION OF 

SUITABLE SITE OPTIONS FOR ANAEROBIC 

DIGESTION OF FOOD AND BIODEGRADABLE 

WASTES IN OITA CITY, JAPAN 

6.1 Abstract 

In recent years, anaerobic digestion (AD) popularity has been on the increase as the main 

common technique for treating food and biodegradable wastes. The development of food 

and biodegradable waste management (FBWM) system using anaerobic digestion as a 

waste treatment plant involves a complete evaluation of the geographical area of Oita 

City with the view of nominating the most suitable site(s) that can at the same time meet 

regulation fulfillments and reduce environmental, socio-cultural, technical, public health, 

and economical costs. A Geographic Information System-Based Multi Criteria Decision 

Analysis (GIS-MCDA) is presented in the study to assess land suitability (siting of 

anaerobic digestion plant) and its applicability to Oita City in Japan. It combines 

Weighted Linear Combination (WLC) to obtain the best land suitability map using 

constraints and factors maps, with Analytical Hierarchy Process (AHP) technique to 

estimate the relative importance of factor weights. Through Cluster Analysis (CA), three 

suitable site options were produced and AHP ranking method was used to obtain the third 

suitable option as the best ideal local/site for anaerobic digestion as a waste disposal 

method. We conclude that an area of about 13.36km
2
 from the entire case study area was 

the most suitable. The remaining two options are still suitable to be used for the intended 

purpose, but the whole decision will have to be trusted to the decision makers’ judgment. 

Keywords: GIS, Multi Criteria Decision Analysis, Anaerobic Digestion, Food and 

Biodegradable Waste 
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CHAPTER SEVEN:  

A SYSTEM DYNAMICS BASED APPROACH TO HELP 

UNDERSTAND THE ROLE OF FOOD AND 

BIODEGRADABLE WASTE MANAGEMENT IN 

RESPECT OF MUNICIPAL WASTE MANAGEMENT 

SYSTEM 

7.1 Abstract  

The long term plan of any city in Japan is to become a material recycle society. 

Utilization of all types of municipal waste is essential toward maximize the full potential 

of material recovery from municipal waste in order to attain this goal. As such, 

municipalities are responsible for handling their waste management including food and 

biodegradable waste (FBW) and this has result in some complex schemes. In Oita city, 

incineration remains the main methods of treating large amount of FBW. In spite of 

increasing importance of research on integrated municipal solid waste management 

system and the adaptation of material recovery from related waste treatment facilities, 

there has been little research on the comprehensive assessment of the contribution of food 

and biodegradable waste management (FBWM). Thus, this study uses system dynamic 

approach to illustrate and investigate the benefit of separate treatment of FBW in the 

municipal solid waste (MSW) management system as well as to understand the dynamic 

interactions between all aspects and elements of the current MSW management system. 

The developed model includes total environmental benefit, motivation to manage waste 

and revenue from resources yield from treatment facilities in the waste management loop 

combined to form the total waste management budget. The result demonstrates that 

regulation strengthening on sorted waste and the reduction in the amount of FBW treated 

in incineration will improve the current MSW management system. It also indicate that 

the use of AD plant as a treatment for FBW would increase the efficiency of incineration 

and after the first five years the project will generate profits. It further conclude that any 

policy regulation less than the proposed result will yield less benefit to the MSW 
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management system; thus making regulation strengthening a crucial part in the suitability 

of FBW management in the long run. 

Keywords: Food and Biodegradable Waste, System Dynamics, Waste Management, 

Regulation Strengthening, Anaerobic digestion, Incineration     
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CHAPTER EIGHT:  

 CONCLUDING REMARK  

8.1 Overview of the Study 

The amount of FBW generated in the MSW management system is in need of 

urgent attention due to treatment issues and environmental concerns in Oita City. Most 

municipalities and local authorities in Japan are also confronted with these same 

challenges. FBW are generated because of Japan’s preference for raw and fresh foods, 

fresh fruits, high living standard and improving quality of life. The influence and 

contribution of waste management policies and regulation are also causes for concern. 

There is a growing awareness on how to handle and reduce this FBW both at household 

and at food related industries. Some of the ideas raised to tackle these issues include 

material recovery through incineration. Encouraging reduction, reuse and recycling of 

FBW cannot be sustainable and successful because the existing facilities and practices are 

not designed to manage FBW separately.  

Comprehensive FBW management plans require consideration of varied factors 

and issues. Decision making with regards to the sustainable treatment of FBW involves 

tradeoffs between criteria and a number of conflicting objectives. Favoring one may 

result to diminished importance of the others. Integrating environmental, socio-cultural, 

political, technical, and economic dimensions in the FBW management framework can 

reduce conflicts among stakeholders and promote optimization.  

This study investigated the MSW situation in Oita City, with the objective of 

enhancing the appreciation of the benefits of separate treatment of food and 

biodegradable wastes. The study also tries to answer the following questions; (a) “How 

can food and biodegradable waste management (FBWM) system be further expanded and 

optimized with regard to environmental integrity, economic viability and social 

acceptability?” and (b) “What are the benefits of a separate FBWM as a component of the 

entire waste management system?” The specific objectives are: 
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a. To identify ways to improve the food and biodegradable waste 

management system 

b. To investigate the technical feasibility of the continuous treatment of FBW 

using different waste treatment options. 

c. To analyze various factors influencing the current FBWM practices. 

d. To explore various policy scenarios for improving FBW Management 

Extensive review of both primary and secondary data and in-depth review of 

literature, legal documents, and materials from the City office were undertaken to gain a 

more holistic view of the current waste problems, practices and proposed solutions. 

  System Dynamic and Multi Criteria Decision Approaches are employed to 

analyze the existing data and knowledge on FBW highlighting existing limitations and 

developments towards developing practical suggestions. 

8.2 Summary of Findings and Conclusion 

8.2.1 Ways to Improve the Food and Biodegradable Waste Management System 

Multi-Criteria Decision Analysis (MCDA) was used to select the most suitable 

waste treatment option among four recommended waste treatment facilities (Anaerobic 

Digestion, Incineration, Compost and Landfill). The Analytical Hierarchy Process (AHP) 

using pairwise comparison showed that anaerobic digestion of FBW is the most suitable 

choice, based on the criteria in the sensitivity analysis. It is the first choice over 

incineration and composting, considering the recirculation of nutrients and weight 

volume reduction. This indicates that it is the best solution for the treatment of FBW.  

Since all resources from FBW can be fully recovered, anaerobic digestion and central 

composting with nutrients recovery are the possible combinations to be explored.  

8.2.2 The Technical Feasibility of the continues Treatment of FBW  

Benefit-cost analysis based on Analytic Hierarchy Process (AHP), a Multi-

Criteria Decision Analysis (MCDA) approach is used in this analysis. For benefit 

analysis, the criteria used are value added, safety, efficiency and social benefits. Cost of 
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energy, cost of operation & maintenance, environmental constraints and dis-amenity are 

used for the cost analysis.  Anaerobic digestion has the highest overall benefit while 

composting has the least cost overall. The benefit-cost ratio result shows that, the most 

suitable treatment alternative is anaerobic digestion followed by composting and 

incineration with landfill as being the least favored ones.  Sensitivity analysis shows no 

different result across four different scenarios. In general, three of all four alternatives are 

better than landfill. The study recommends that composting could be combined with 

anaerobic digestion to get the optimal FBW management option in Oita City.      

Furthermore, the Geographic Information System-Based Multi Criteria Decision 

Analysis (GIS-MCDA) is used to assess land suitability (siting of anaerobic digestion 

plant) and its applicability to Oita city. Three constraints and seven factors maps were 

combined using Weighted Linear Combination (WLC) with AHP approach to produce 

the final result of three suitable sites. Through Cluster Analysis (CA), three suitable site 

options (Suitable, Moderately Suitable and Highly Suitable) were identified. The Highly 

suitable site has the following attributes: proximity to water bodies, forester areas, 

residential areas, tourism and cultural centers, roads, slope gradients and power lines. The 

result shows that an area of about 13.36 km2 from the entire case study area was the most 

suitable. The results provide guides or tips to assist the decision-makers in deciding the 

most suitable location for the FBW treatment facilities. 

8.2.3 Factors Influencing the Current FBWM Practices 

Causal loop diagram explains the dynamic interactions between all aspects and 

elements of the current MSW management system in Oita city. These dynamic 

interactions depict the importance of understanding FBW as an integral part of the MSW 

management system. These factors include: waste generation, sorted waste, cost of 

incineration, regulation, motivation to manage waste, environmental cost savings, 

treatment facilities, waste management budget, fund for waste management, and yield 

resources from waste.  
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The study shows that generated waste is currently sorted at source. The sorted 

waste is collected from the collection centers and sent to AD treatment and incineration 

plants for treatment. The rate of waste sorting is largely dependent on existing regulations.  

Treatment of FBW in AD plant will certainly yield benefits from both AD and 

incineration plants. This will in turn increase the waste management budget. Motivation 

to manage waste is influenced through stronger enforcement of regulation. 

Environmental cost savings is the cost saved by not sending FBW to landfill and 

dumping it illegally. This could be seen as a benefit of proper sorting of waste at source. 

Waste management budget is the overall financial benefit gained throughout the MSW 

stream, which is influenced by revenue generated from resource recovered from both AD 

treatment and incineration plant. Illegal waste disposal is reduced when material recovery 

is included as part of the MSW stream. In turn, regulation and waste management 

policies are strengthened. The increase in illegal waste disposal will lead to the 

weakening and the demotivation to manage waste as a whole. As such, regulation plays a 

very significant role in the entire MSW system. The cost of incineration plays a 

significant role in the sustainability of the FBW treatment in the long run, because the 

cheaper the unit cost of incineration, the less chance for FBW to be treated in a separate 

waste treatment plant (i.e. AD plant). 

8.2.4 Policy Scenarios for Improved FBW Management 

The SD model is used to simulate policy measures under different policy 

scenarios. Maintaining the present practice or the status quo as a policy option involves 

higher costs as bigger volume of FBW is treated in incineration. Hopefully, the higher 

unit cost of waste incineration can encourage the municipal government to seek for other 

means of sustainable waste treatment.  The second policy scenario with regulation means 

that the reinforcement of stronger regulation would apparently increase both the total 

waste management budget and environmental benefits. This signifies that strengthening 

regulation is a crucial part in effective FBW management. The third policy scenario 

involving separate treatment of FBW coupled with anaerobic treatment and regulation 

will make incineration cheaper and more efficient leading to a healthier environment and 

social acceptability. 
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8.3 Suggestions and Recommendation  

A more detailed and comprehensive investigation is needed in order to 

recommend more specific recommendations and plans due to the complexities of FBW 

management. Integration of FBW as a separate form of municipal solid waste is desired 

in order to tackle MSW challenges. In this regard, the proposed framework in this study 

is applied to the case of Oita city.  The findings of this study can be applied to any city in 

Japan as this is based on the Waste Management Law in Japan. The benefit of this study 

can be seen from the perspectives of assessment methods for waste treatment planning 

and decision making, and a platform for testing and validating various policy measures 

and management strategies. 

Using these frameworks on different case studies allows for comparison and the 

information collected during the process can serve as valid basis and as valuable 

contributions to the improvement of the MSW management system. This way, decision 

makers will have the right information to base their judgments, and in turn prevent risk, 

save time and money. Furthermore, these frameworks can be modified and expanded by 

adding new policy instruments, criteria, variables, and elements. 

The increasing FBW generation may be influenced by waste management policies 

and regulations. Feedback of such policies and regulations could be included in the long 

term waste management planning program .Since waste treatment facilities can be highly 

related to the type of waste included in the waste system, an evaluation of the entire 

waste management system is in order. These policies and regulations should provide 

support and promote the market demand and supply of byproducts from waste treatment 

facility in order to encourage material recovery. Moreover, public-private partnership 

investments through different arrangements may perhaps be considered to offer another 

source of revenue for waste management facilities and consequently facilitate and ease 

the burden of the municipal government. Ultimately, success and efficiency of any waste 

management program depends on the involvement of the community. In addition, the 

community’s involvement in the entire process, their education, awareness and advocacy 

are crucial too.  
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APPENDIX A:  

EQUATIONS AND CONSTANTS USED IN THE SYSTEM 

DYNAMICS MODEL 

AD Plant Treatment (t) = AD Plant Treatment (t - dt) + (Waste Treated in AD Plant - 

Resources Gained From AD) * dt 

INIT AD Plant Treatment = 0 

INFLOWS: 

Waste Treated in AD Plant = Collected Waste*Rate of Treatment 

OUTFLOWS: 

Resources Gained From AD = AD Plant Treatment 

Amount of FBW Incinerated (t) = Amount of FBW Incinerated (t - dt) + (Decreasing 

Rate - Increasing Rate) * dt 

INIT Amount of FBW Incinerated = 1 

INFLOWS: 

Decreasing Rate = GRAPH (1-Motivation to Manage Waste) 

(1.00, 0.01), (1.40, 0.02), (1.80, 0.03), (2.20, 0.04), (2.60, 0.04), (3.00, 0.05), (3.40, 0.06), 

(3.80, 0.07), (4.20, 0.08), (4.60, 0.09), (5.00, 0.1) 

OUTFLOWS: 

Increasing Rate = GRAPH (Unit Cost of Incineration) 

(0.00, 0.01), (90.0, 0.02), (180, 0.02), (270, 0.03), (360, 0.04), (450, 0.05), (540, 0.06), 

(630, 0.07), (720, 0.08), (810, 0.09), (900, 0.1) 

Collected Waste (t) = Collected Waste (t - dt) + (Waste Collection - Waste Treated in AD 

Plant - Incineration Rate) * dt 

INIT Collected Waste = 0 

INFLOWS: 

Waste Collection = Sorted Waste*Rate of Collection 
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OUTFLOWS: 

Waste Treated in AD Plant = Collected Waste*Rate of Treatment 

Incineration Rate = Collected Waste*Amount of FBW Incinerated 

Incineration (t) = Incineration (t - dt) + (Incineration Rate - Resource Gained from INC) * 

dt 

INIT Incineration = 0 

INFLOWS: 

Incineration Rate = Collected Waste*Amount of FBW Incinerated 

OUTFLOWS: 

Resource Gained from INC = Incineration 

Regulation (t) = Regulation (t - dt) + (Regulation Strengthening) * dt 

INIT Regulation = 1 

INFLOWS: 

Regulation Strengthening = GRAPH (1-Amount of FBW Incinerated*Regulation) 

(0.00, 0.005), (0.1, 0.01), (0.2, 0.015), (0.3, 0.025), (0.4, 0.045), (0.5, 0.065), (0.6, 0.085), 

(0.7, 0.105), (0.8, 0.12), (0.9, 0.145), (1, 0.165) 

Resources Yield From AD (t) = Resources Yield From AD (t - dt) + (Resources Gained 

From AD) * dt 

INIT Resources Yield From AD = 0 

INFLOWS: 

Resources Gained From AD = AD Plant Treatment 

Resources Yield From INC (t) = Resources Yield From INC (t - dt) + (Resource Gained 

from INC) * dt 

INIT Resources Yield From INC = 0 

INFLOWS: 

Resource Gained from INC = Incineration 

Sorted Waste (t) = Sorted Waste (t - dt) + (Waste Sorting - Waste Collection) * dt 
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INIT Sorted Waste = 0 

INFLOWS: 

Waste Sorting = Waste Generation*Sorting Rate 

OUTFLOWS: 

Waste Collection = Sorted Waste*Rate of Collection 

Waste Generation (t) = Waste Generation (t - dt) + (Burnable Waste - Waste Sorting) * dt 

INIT Waste Generation = 0 

INFLOWS: 

Burnable Waste = Generated Waste*Rate of Waste Generation 

OUTFLOWS: 

Waste Sorting = Waste Generation*Sorting Rate 

Ammonia = Syngas*0.64*Unit Price of Ammonia 

Biogas Power Generation = Resources Yield from AD*MWh per Ton Biogas*Unit price 

of Power Biogas 

CO2 = Syngas*2.07*Unit Price of CO2 

Cost of Collecting &Transportation = Collected Waste*Unit Cost of Collecting & 

Transportation 

Cost of Incineration = Incineration*Unit Cost of Incineration 

Cost of O&M AD Plant = AD Plant Treatment*Unit Cost of O&M AD 

Cost of O&M Incineration = Incineration*47 

Environmental Cost Savings = Unit Cost of ECS*Incineration 

Fertilizer = (Resources Yield From AD*Unit Price Fertilizer)*0.75 

Fund Needed for Waste Management = Cost of Collecting & Transportation + Cost of 

Incineration + Cost of O&M AD Plant + Cost of O&M Incineration 

Generated Waste = 132151.81 

GWP Cost Saving = Ammonia+CO2 
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MWh per Ton Biogas = 0.6 

MWh per Ton Incineration = 0.52 

Power Generation = Resources Yield From INC*MWh per Ton Incineration 

Rate of Collection = 0.99 

Rate of Treatment = IF Amount of FBW Incinerated<0.1THEN 0.83 ELSE IF Amount of 

FBW Incinerated<0.2 THEN 0.72 ELSE IF Amount of FBW Incinerated<0.3 THEN 0.61 

ELSE IF Amount of FBW Incinerated<0.4 THEN 0.50 ELSE IF Amount of FBW 

Incinerated<0.5 THEN 0.40 ELSE IF Amount of FBW Incinerated<0.7 THEN 0.30 

ELSE 0.83 

Rate of Waste Generation = 1.47 

Revenue from AD Plant = Biogas Power Generation + Fertilizer 

Revenue from Incineration = Power Generation*Unit price of Power waste 

Sorting Rate = Amount of FBW Incinerated*Motivation to Manage Waste 

Syngas = Resources Yield From INC 

Total Environmental Benefit = Environmental Cost Savings + GWP Cost Saving 

Total Waste Budget = Total Revenue-Fund Needed for Waste Management 

Total Revenue = Environmental Cost Savings + GWP Cost Saving + Revenue from AD 

Plant + Revenue from Incineration 

Unit Cost of Collecting & Transportation = 100 

Unit Cost of Incineration = 100 

Unit Cost of O&M AD = 48 

Unit cost of ECS = 63.1 

Unit Price Fertilizer = 100 

Unit Price of Ammonia = 150 

Unit Price of CO2 = 27.594 

Unit price of Power Biogas = .40 

Unit price of Power waste = 0.17 
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Motivation to Manage Waste = GRAPH (Regulation) 

(0.00, 0.00), (1.00, 0.12), (2.00, 0.205), (3.00, 0.31), (4.00, 0.395), (5.00, 0.48), (6.00, 

0.54), (7.00, 0.64), (8.00, 0.725), (9.00, 0.82), (10.0, 0.955) 

 


