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ABSTRACT 

Like many large cities, Johannesburg faces several sustainability challenges such as unsustainable use of natural 

resources, emissions contributing to environmental- and waste related problems. The city is a provincial 

transport centre, and the transport sector is responsible for a large share of the city’s energy demand and 

emissions. To approach several of these challenges simultaneously the City of Johannesburg considers the 

possibilities to use renewable, waste-based, fuel for public transport and has shown a great interest in how 

Sweden produce and use biogas.  

In this study an early assessment of the potential, feasibility, economic costs and environmental performance 

of a waste-based biomethane solution in Johannesburg is performed, with the purpose to fuel a public 

transport bus fleet. This has been done by developing and using a multi-criteria analysis (MCA). The MCA 

consists of four categories: potential, feasibility, economic costs and environmental performance. These 

categories consist of 17 key areas with corresponding key questions and indicators with relating scales used 

for scoring the indicators. The indicators and scales help identify what information is necessary to collect for 

the assessment. Furthermore, an Excel tool and a questionnaire are provided to serve as a help when 

performing the assessment. The feasibility assessment is conducted both for the city as a whole as well as for 

individual feedstocks. Information for the studied case was gathered from a literature study and interviews in 

Johannesburg with local experts and potential stakeholders.  

The identified feedstocks in Johannesburg are landfill gas, waste from a fruit and vegetable market, organic 

household waste, abattoir waste, waste from the food industry, waste management companies and sewage 

sludge from the wastewater treatment plants (WWTP). The identified biomass potential is 230,000 tonnes dry 

matter/year, generating a total biomethane potential of 91,600,000 Nm3/year, which is enough to fuel almost 

2700 buses. In the process of producing biogas, digestate is created. The digestate can be used as biofertilizer 

and recycle nutrients when used in agriculture. The complete biomass potential in Johannesburg was not 

identified meaning there is additional potential, from e.g. other food industries, than examined in this study.  

Assuming that all feedstocks except for landfill gas and WWTP sludge are processed in one biogas plant, the 

investment cost for this biogas plant is 28 million USD and the total operation and maintenance cost is 1.4 

million USD per year. The investment cost and yearly operating cost for the upgrading plant is 43 million USD 

and 2.4 million USD respectively. Finally, the distribution costs were calculated, including compression and 

investment in vessels. The investment and operational costs for compression is 7.4 million USD and 220,000 

USD/year respectively. The investment cost for the vessels was calculated to 15 million USD and the operational 

costs of the distribution 16 million USD/year. Consideration should be given to the fact that the numbers used 

when calculating these costs comes with uncertainties. 

Most indicators in the feasibility assessment of the city as a whole were given the score Poor, but some 

indicators were scored Satisfactory or Good. The assessment of the individual feedstocks led to a ranking of 

the most to the least feasible feedstocks where the waste from the fruit and vegetable market and the 

municipal household waste are considered being in the top. This assessment also shows the feedstocks are in 

general quite suitable for biomethane production. The issue is the lack of economic and legislative support and 

strategies not working in favour of biomethane. These are areas that can be improved by the local or national 

government to give better conditions for production of biomethane in the future. Some examples of this are a 

proposed landfill tax or landfill ban as well as a closing of the landfills due to the lack of new land. This could 

all contribute to better conditions for biomethane solutions in the future. Main identified hinders are electricity 

generation from biogas as a competitor with biomethane, and a general lack of knowledge about biogas and 

biomethane, from the high-level decision makers to a workforce lacking skills about construction and operation 

of biogas plants.   
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1 INTRODUCTION 

Urbanisation is a main driver of environmental problems such as climate change and pollution (Grimm et al. 

2008). The high concentration of people in a limited space such as a city puts pressure on communal services 

e.g. waste management, infrastructure and public transport. Cities are very dependent on the import of food, 

water and energy but the residual products from its activities, such as waste and pollution, affect areas far 

outside the city border (Anderberg 2012). Ecological challenges for urban areas are often linked to resource 

scarcity (ibid.).  

A growing population needs a growing food supply and in order to produce food, nutrients such as nitrogen 

and phosphorous are essential, however not unproblematic. In conventional agriculture, the main nitrogen 

input originates from mineral nitrogen which production is associated with a large use of fossil fuels and 

emissions (Cooper et al. 2007). As for phosphorus, the main source is phosphate rock which is a limited and 

non-renewable resource and the reserves could be drained in 50-100 years (Cordell et al. 2009). Meanwhile, 

the demand for phosphorus is likely to increase (ibid.).  

Other limited resources are fossil fuels, and oil in particular (Murphy et al. 2013), making our dependency of it 

problematic. The use of fossil fuels in e.g. the transport sector contributes to the climate change due to the 

emission of greenhouse gases (GEA 2012) and contributes to several other environmental- and health 

problems. Furthermore, petrol and diesel are still the primary fuels in the transport sector around the world. 

In 2010, transport accounted for about a quarter of the total global energy use, and 40% of the energy used in 

the transport sector was used in urban transport (Sims et al. 2014). Furthermore, the transport sector is 

important both for economic activity and social interactions and the global industry has been able to grow 

thanks to and around it. The demand for transport, both of people and goods, is likely to increase in the coming 

years making the need for efficient vehicles and renewable fuels grow fast (ibid.).  

In South Africa, just like in the rest of the world, the primary transport fuels are petrol and diesel (EcoMetrix 

Africa 2016). The transport sector is the fastest growing source of greenhouse gas emissions in South Africa, 

which also counts as the second biggest source of greenhouse gas (GHG) after the energy sector (DEA 2014). 

At the same time, with the movement of both people and products being enabled by transport systems, these 

systems are recognized as the spine of South Africa’s socioeconomic activities (EcoMetrix Africa 2016). 

Johannesburg is the largest city in South Africa and like many large cities, faces sustainability challenges such 

as unsustainable use of natural resources (Mukonza 2017), emissions contributing to climate change and 

polluted air (World Health Organization 2016b; City of Johannesburg n.d.), waste-related problems and social 

challenges (City of Johannesburg 2011). The food industry is struggling with organic waste and the city with a 

lack of appropriate land for new landfills, as most waste is landfilled today (Department of Environmental 

Affairs 2018).  

To approach several of these challenges simultaneously the City of Johannesburg considers the possibilities to 

use renewable, waste-based, fuel for public transport and has shown a great interest in how Sweden produce 

and use biogas. Using biogas as an energy carrier (either for transport, electricity, heating or cooking) is an 

alternative way to manage organic waste and make use of it (Börjesson & Berglund 2007) which can help 

restrain the build-up of organic waste in a city. Furthermore, using biogas as a transportation fuel can reduce 

the need for both fossil fuel and mineral fertilizers, reduce negative environmental impact and improve air 

quality (ibid.). In most countries, biogas is used for electricity production (Department of Environmental Affairs 

2015), but Sweden has successfully created a biogas-to-fuel system, showing this is feasible. In Sweden biogas 

is produced mostly from different sorts of organic waste (The Swedish Gas Association 2017b). Buses powered 
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by biomethane in public transport were introduced in Sweden to improve the air quality in conurbations and 

reduce emissions of particles and nitrogen oxide (The Swedish Gas Association 2017a).  

The City of Johannesburg and the University of Johannesburg have been in contact with Mats Eklund at Biogas 

Research Center (BRC), based in Linköping University in Sweden, regarding biomethane as a transportation fuel 

in their city. This Master’s thesis was conducted because of this interest, and the involvement of Scania, a bus 

manufacturer with a strong interest in renewable solutions and a possible supplier of biogas buses to any city 

or region considering using biomethane. They have taken interest in the City of Johannesburg and are now, as 

well as the city itself, interested in learning more about the possibilities and potential of a biomethane solution 

in the city, inspired by the biomethane concept of public transport used in several cities in Sweden and 

elsewhere (Miller et al. 2017). 

To learn more about the potential to produce biogas in Johannesburg for the public transport and speed up 

the development, a study of potential, feasibility, costs and environmental performance of biomethane and 

biofertilizers in Johannesburg has been suggested. In this case, potential refers to the amount of biomethane 

and fertilizers that could be produced. Feasibility refers to the drivers, barriers and opportunities linked to the 

solution regarding e.g. infrastructure, demand, legislation and other technical and social conditions. Costs 

refers to investment and operational costs and the environmental performance is related to changes in the 

environmental impact. This study is an early assessment of the situation in Johannesburg meant to investigate 

if the conditions are reasonable for deeper assessment of biomethane production and use. If the early 

assessment shows significant potential and promising feasibility and performance, an in-depth assessment of 

the city can be suggested.  

Many studies estimating the global bioenergy potential has been made, for example 19 of these type of studies 

are reviewed by Offermann et al. (2011). Studies have also been done regarding biogas potential in South Africa 

(e.g. EcoMetrix Africa (2016) and Goemans (2017), more mentioned in AltGen Consulting (2016)). Furthermore, 

a lot of different work regarding biomethane for transport has been done, e.g. introducing biomethane 

solutions in Ireland (Thamsiriroj et al. 2011), a study of biomethane from manure in Spain (Fierro et al. 2014) 

and investigation of financing solutions of soot-free buses (including biomethane) in large cities (Miller et al. 

2017). At Linköping University research regarding biogas and the conditions for biomethane solutions have 

previously been conducted in collaboration with Scania, by Lindfors and Lärkhammar (2017). They developed 

a method for early assessment of market expansions of biomethane solutions based on a multi-criteria analysis 

(MCA) as a part of their Master’s thesis. They further developed a tool in the form of an Excel spreadsheet to 

assist such early assessments, which has never been tested on a real case. In this work the authors will use and 

develop the tool further, with the help of other previous studies an d own research of Johannesburg.  

1.1 BACKGROUND JOHANNESBURG 
As the largest city in South Africa, Johannesburg municipality reaches over 1645 km2 (Statistics South Africa 

2011). In 2011, the population was 4,435,000 and based on the population growth of more than 3% between 

2011 to 2017, the current calculated population is 5,351,000 (Statistics South Africa 2011). Johannesburg is the 

capital of the wealthiest province in the country, Gauteng, yet the unemployment rate in the city, according to 

the last census, was 25% in 2011 (ibid.) and for the third quarter of 2017, it was 27.7% (STATS SA 2017). 

The City of Johannesburg is a provincial transport centre, which contributes to the substantial share of 

greenhouse gas emissions and local pollution accounted for by the transport sector in the city (Stafford et al. 

2017). Approximately 62% of the city’s energy demand and 31% of its greenhouse gas emissions can be linked 

to the transport sector (ibid.). Measurements on atmospheric particulate matter, which can be directly 

associated to health risks, from the year 2011 show Johannesburg had a mean annual particulate matter (PM) 
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emission of 41 μg/m3 of PM2.5 and 85 μg/m3 of PM10 (World Health Organization 2016b). This can be compared 

to the Air Quality Guidelines of maximum 10 μg/m3 
 and 20 μg/m3 respectively (World Health Organization 

2016a). The air quality in the Gauteng province is regarded as relatively poor, mainly due to motorized 

transport and heavy industries in the area (Mushongera 2015). 

Historically, emphasis has been on improving mobility for cars in the city but in later years, improvement of 

the public transport system has been initiated (Stafford et al. 2017). Two bus systems are in place, the bus 

rapid transit (BRT) system and a “regular” bus system, Metrobus, owned by the City of Johannesburg 

(Johannesburg Metrobus 2016). BRT is still to be expanded with additional bus routes (Rea Vaya 2018). Most 

buses use diesel as fuel (Martin 2016; Rea Vaya 2016), but some of the Metrobus buses have been converted 

to diesel dual fuel (DDF) buses and can be fuelled both with diesel and natural gas (Martin 2016). In addition, 

there are private buses and privately owned minibus taxis operating short distances (Stafford et al. 2017).  

There are already biogas projects in Johannesburg, however so far none providing transportation fuel. One 

example is the Northern wastewater treatment works, which uses the sewage sludge to generate electricity 

and heat, from biogas, for their own facilities (Franks et al. 2015; Scholtz 2013). In 2008, Johannesburg and 

South Africa started suffering from power shortages, contributing to businesses and private persons wanting 

to find other sources of electricity, not having to rely on the public electricity network1. After this, the political 

focus has been on reducing the gap between the supply and demand of electricity2.  

It has been decided that no more landfills are to be opened in Johannesburg (Westman Svenselius 2016) and 

the existing ones are estimated to operate for another 3-8 years before they reach full capacity3, which is a 

struggle for the city. The municipal waste management company manages about 1.6 million tonnes of waste 

every year3, furthermore, there is a fruit and vegetable market owned by the city which generates 46 tonnes 

of organic waste per day (University of Johannesburg 2016) and these are only examples of organic waste 

streams. This goes to show there are organic waste streams that potentially could be used for biomethane 

production.  

1.2 AIM AND OBJECTIVES 
The aim of the study is to perform an early assessment of the potential, feasibility, economic costs and 

environmental performance of waste-based biomethane solutions in Johannesburg in order to fuel a public 

transport bus fleet. This assessment can be used to give guidance to the process of designing a biomethane 

solution. To achieve the aim, the following research questions are defined: 

RQ1. What types of organic waste exist in Johannesburg, that could potentially be used for biogas 

production? 

RQ2. What is the potential, feasibility, environmental performance and economic cost of producing 

biomethane for transport for the city as whole and more specifically for each type of identified 

organic waste stream? 

RQ3. How can a method for answering question 1 and 2 be designed and used? 

  

                                                             
1 Janse van Rensburg, Nickey; Manager PEETS, University of Johannesburg. 2018. Interview March 8. 
2 Bhiman, Alex; Strategic advisor, City of Johannesburg. 2018. Interview March 19. 
3 Baker, Khosi; Director of waste management and regulation, City of Johannesburg. 2018. Interview March 6. 
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1.3 SCOPE AND LIMITATIONS  
This study is focused on biogas in the form of biomethane intended for use as fuel in public transport buses. 

However, other possible use of biogas will be mentioned and discussed. The study was pre-determined to 

examine buses in public transport because of the main stakeholders including the City of Johannesburg, owners 

of this type of public transport in the city, and Scania. The public transport sector is often publicly owned or 

controlled by a limited number of vehicle owners in a certain region (EcoMetrix Africa 2016), here the City of 

Johannesburg. This makes a good reason to begin to focus on public transport when considering the shift to 

alternative fuels in need of large initial investments, such as biomethane (see e.g. Fallde & Eklund 2015). The 

City of Johannesburg is further an actor that could broaden the use of biomethane to fuel other vehicles in 

their ownership (such as garbage trucks) as well as privately owned vehicles by supplying biomethane at fuel 

filling stations.  

The feedstocks considered are from organic waste, to not interfere with land use for food production, which is 

currently being discussed in South Africa1, and to find a way to make use of the growing waste streams in 

Johannesburg. Furthermore, waste that is currently not used as by-products is considered. When searching for 

feedstocks, actors thought to have a large amount of waste were considered in order to identify the potentially 

commercially viable feedstocks. This means the main focus was on big industries and organisations managing 

large volumes of organic matter. The biogas is assumed to be produced by anaerobic digestion.  

The geographical scope was set to the borders of the City of Johannesburg. This was partly because 

Johannesburg is a large city, and transport from far outside the city limits to a digester within the city, was 

assumed to be too expensive. This is because transportation of feedstock, in general, is costly, and a logistical 

challenge due to the often high water content (Asam et al. 2011) and bulky nature (Gonzales et al. 2013). It 

was also considered as an advantage if the generators of the feedstocks were situated within the jurisdiction 

of the City of Johannesburg since the city is the intended primary user of the biomethane. The geographical 

limitation was the reason for e.g. manure to be excluded from the studied feedstocks since the agricultural 

activity mostly takes place in widespread areas outside the city borders. However, due to the lack of certain 

industries within the city, e.g. abattoirs, there are some exceptions to this limitation.  

The category economic costs covers biogas generation cost, upgrading cost and biomethane distribution cost. 

It would be preferable if this category also took the revenues from the biomethane into consideration, as it 

would show more clearly if the solution is economically viable or not. However, this information, such as the 

retail price of biomethane, was considered very difficult to collect, especially in a context where little or no 

biogas and biomethane is produced which is why the revenues were excluded in this work. Furthermore, the 

limitation to exclude costs for managing the digestate has been made as this depends on what the digestate is 

to be used for. 

Additional assumptions and limitations specific to the studied case are presented in Chapter 6 Results and 

analysis   ̶  The studied case. 
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1.4 DISPOSITION 
1 Introduction Provides the reader with some background information to put the thesis in 

its context and to introduce the topic. The introduction includes background 

information about biogas and Johannesburg, aim and research questions and 

limitations.  

2 Generation of biomethane  In this chapter most of the theoretical information needed further on in the  

from organic waste  thesis is presented. Factors for a successful implementation of a biomethane 

    solution  are   presented,  followed  by  the  production  steps  in  biomethane

    production, from a presentation of commonly used feedstocks to upgrading 

    and  distribution  of  the final products,  the  biomethane  and  the  digestate.  

3 Sustainability assessment Introduces sustainability assessment and some tools and concepts 

commonly used for sustainability assessment. This chapter also provides the 

reader with some information about the educational background and 

perspectives of the authors.  

4 Research methodology Here the method used to conduct this thesis is presented. First the method 

multi-criteria analysis is presented followed by how the MCA method used 

in this study was developed. The information collection is described, 

including how the literature review as well as interviews in Johannesburg 

were conducted. Finally, the difficulties and limitations with the method is 

discussed.  

5 The resulting MCA method This is the first of the two results chapters where the multi-criteria analysis 

method used in this thesis is presented. All categories, key areas, key 

questions and indicators are summarized and how to use the Excel tool is 

described.  

6 Results and analysis – The In the second results chapter the findings from the study of Johannesburg 

studied case    are presented. The chapter is structured according to the categories in the   

    MCA method,   and   the   potential,   feasibility,   costs   and environmental  

    performance of a biomethane solution in Johannesburg are presented 

    separately. 

7 Discussion Here the main findings from the studied case and from the development of 

the MCA tool, as well as the suitability of multi-criteria assessment for this 

type of studies are discussed.  

8 Conclusions In this chapter the main conclusions are presented and the research 

questions are answered.  

9 Future work The most interesting topics the authors did not have time or the possibility 

to examine further, but which are considered important to increase the level 

of knowledge in this area, are presented in the final chapter. 
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2 GENERATION OF BIOMETHANE FROM ORGANIC WASTE  

This chapter supplies the reader with a background knowledge of what biogas and biomethane are and how 

they are produced. The focus is on general information about the feedstocks examined in the studied case. 

Many pieces must fall into place for biogas to be successfully implemented as an alternative fuel for transport, 

some of them mentioned here. First, the factors for a successful implementation of a biomethane solution are 

presented, followed by the biomethane production process, from feedstock supply to the distribution of the end 

product. The information presented here is also used to make choices for how the studied case is approached.  

2.1 SUCCESSFUL IMPLEMENTATION OF BIOMETHANE SOLUTIONS 
In countries where biogas projects, in general, have been successful, the planning, policies and regulations 

between different government sectors have been cohesive (Varbanov et al. 2017). Dependable framework, via 

e.g. clear legal requirements and suitable regulation, is significant for successful implementation (Thrän et al. 

2014). Depending on how regulations and licences related to biogas projects are formed, they can either work 

in favour of or hinder these projects (Laks 2017).  

Financial support has also been shown to be a driver for implementation of biomethane solutions (Thrän et al. 

2014). To which step of the chain of a biomethane solution the financial support is directed is of great matter 

(ibid.), which in turn depends on the knowledge the financial supporter has about biogas and biomethane 

(EcoMetrix Africa 2016). Government assistance and involvement in all stages of biogas plant projects, from 

implementation to plant maintenance, have shown to be in favour of the implementation of these projects 

(Roopnarain & Adeleke 2017).  

Knowledge and skills are further of importance with the human resources needed in biogas and biomethane 

projects (AltGen Consulting 2016), for example when building and maintaining a biogas plant, in which stages 

suitable technology is an important factor for successful implementation as well (Roopnarain & Adeleke 2017).  

For biomethane solutions, the logistics for distribution of the gas is another important factor (Thrän et al. 2014), 

where developed and functioning infrastructure is one important part. Furthermore, if biomethane is to be 

distributed on the market, a sustainable demand for it needs to be in place. To supply the demand the biogas 

plant needs consistent availability of substrates (Roopnarain & Adeleke 2017). Finally, in order to create a value 

for every product created in the biomethane process, also the digestate can be valorised. If it is used as e.g. 

biofertilizer both the environmental and economic value of the biomethane may increase (Environmental 

Protection Agency 2012). If not enough farmers would want to pay for or trade with biofertilizers, or if the 

transport cost is considered too high, the digestate needs to be taken care of in some other way, which is 

further explained under 2.2.4 Digestate. 

2.2 BIOMASS TO END USE 
In the process of producing biogas (Figure 1), organic material is decomposed under anaerobic conditions. In a 

biogas plant, the anaerobic decomposition takes place in a digester with specific micro-organisms, for a certain 

amount of time for the organic waste to be degraded and methane gas to be produced (Environmental 

Protection Agency 2012). Before the digestion, most feedstocks must go through a pre-treatment process. This 

is both to create improved conditions for digestion and to remove undesirable materials and substances such 

as sand, plastics, metals etc. (Carlsson & Uldal 2009). The pre-treatment can include processes for separation 

and dilution and for feedstocks which are harder to digestate, chemical or thermal methods might be necessary 

(ibid.). 
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Figure 1. The main steps from feedstock supply to end use of biomethane (e.g. for fuel in public transport buses) and end use of 
digestate (e.g. as biofertilizers). 

The feedstock composition effects the composition of the produced biogas. Typically the biogas is composed 

by 60% of methane, 35% of carbon dioxide and 5% of other gases like nitrogen, hydrogen, water vapour, 

ammonia, hydrosulphuric acid and carbon monoxide (Garcilasso et al. 2011).  

2.2.1 Feedstocks 

Feedstocks refer to organic substrates digested and used for production of biogas (Deublein & Steinhauser 

2011). All kinds of biomass can generally be used as substrates, as long as its main components are 

carbohydrates, proteins, fats, cellulose and hemicellulose (Deublein & Steinhauser 2011). Organic substrates 

can be produced for the main purpose of producing biogas, such as energy crops, or be used as feedstock after 

their primary use, i.e. organic waste (Björnsson 2013). This shows the input side of biogas solutions can be very 

flexible. However, the quality of feedstock for generation of biogas varies (see e.g. Ammenberg et al. (2017)) 

as each substrate has different characteristics, and it is important to consider this when selecting substrates. 

Some factors to consider are the content of organic substance and the nutritional value of it, and the amount 

of harmful substances and organisms in the substrate (Deublein & Steinhauser 2011). To improve the digestion 

and output from it, different substrates can be co-digested (Okudoh et al. 2014).  

Landfill gas 

Landfilling of waste is the most common waste disposal method globally and there are different landfill 

classifications, from semi-controlled dumps to sanitary landfills (Hoornweg & Bhada-Tata 2012). The term 

landfill refers to a more controlled and planned way of disposal of waste and is designed to receive a specific 

amount of waste during a set period of time (ibid.). Sanitary landfills are the most controlled way of landfilling 

(The Editors of Encyclopædia Britannica 2017).  

Landfill gas is biogas formed in landfills due to the decomposing of organic matter (US Environmental 

Protection Agency n.d.). A landfill which is shallow, lacks cover material or is poorly compacted creates 

conditions for aerobic digestion, thus resulting in more carbon dioxide rather than methane, while sanitary 

landfills create conditions for anaerobic digestion, resulting in a larger methane generation (Frøiland Jensen & 

Pipatti 2000). According to Nadaletti et al. (2015), the methane generation in a sanitary landfill starts after the 

second year of operation, but the generation is not stable until after the tenth year.  

Landfill gas is the type of biogas with the lowest methane content since the gas formation is not controlled nor 

optimized (Environmental Protection Agency 2012). Nadaletti et al. (2015) set the methane content to 40-70%, 

while it is 35-65% according to Papacz (2011). The amount of biogas which is practically available for 

commercial extraction from a landfill is about 100 Nm3/tonne MSW (Municipal Solid Waste), generated over 

10-15 years (Johannessen 1999). To clarify, with a methane content of 60% and assuming a linear methane 

yield, the methane yield available for extraction is 4-6 Nm3 per year. Nadaletti et al. (2015) present a similar 

amount, 4 Nm3 methane per year, while Themelis & Ulloa (2007) estimate 50 Nm3 methane can be extracted 

yearly per tonne MSW landfilled. The amount of gas produced is dependent on the type of waste disposed and 

thus dependent on the socio-economic standard of the population (Garcilasso et al. 2011).  
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There can be more than 500 different pollutants in landfill gas causing problems during the utilisation phase 

(Persson et al. 2007). A few examples of contaminants problematic in e.g. engine applications are sulphur gases 

and halogenated compounds (cause corrosion), siloxanes (cause erosion), ammonia, dust and particles (ibid.).  

Sewage from WWTP  

Sewage sludge is a residue from wastewater treatment plants (WWTP). It contains nutrients and organic 

matter, which is removed from the water in the cleaning process and could also contain heavy metals, 

pathogens and organic pollutants (Bachmann 2015). The typical wastewater treatment process is shown in 

Figure 2. Each step contains a sedimentation phase where the sludge is removed from the wastewater 

(Environmental Protection Agency n.d.). 

 

Figure 2. Schematic figure of the general wastewater treatment process based on Environmental Protection Agency (n.d.) and 

Bachmann (2015). 

The production of biogas from sewage sludge is an established technique used around the world (Bachmann 

2015). The remaining digestate after biogas production from sewage sludge can be used as biofertilizer 

(Swedish Energy Agency 2017). However, the level of heavy metals and medical residuary products in the 

digestate could exceed the allowed levels, making the digestate not fit as biofertilizer (van der Merwe-Botha 

et al. 2016).  

Separated organic waste (SOW) 

If organic waste is separated at the source instead of ending up in landfills, it can be used as a purer feedstock 

for biogas production. Furthermore, making use of the organic waste also means the amount of waste being 

landfilled is reduced. Less landfilled organic waste means less methane production in the landfills (Woon & Lo 

2016), which is especially beneficial if the landfill gas is not extracted since methane is a very strong greenhouse 

gas. This type of organic waste can originate from several different sources but the main ones considered here 

are different kinds of food waste from e.g. households, restaurants, food industries, fruit and vegetable 

markets and abattoirs. The disposal method of organic waste can vary, from e.g. landfill (Khalid et al. 2011) to 

incineration (Roberts et al. 2009) and composting (Martínez-Blanco et al. 2009).  

2.2.2 Upgrading to biomethane 

To be able to use biogas as vehicle fuel or to inject it into natural gas grids, it needs to be cleaned and upgraded 

(Wellinger et al. 2013). Cleaning refers to the removal of undesired gas compounds and upgrading biogas to 

biomethane means removal of most of the carbon dioxide. To be used as a vehicle fuel the biogas should have 

a methane content of 96-99% (JTI 2012). Upgrading of landfill gas to such a high methane content can be costly, 

and possibly not economically feasible (Lindfors & Lärkhammar 2017). Five of the most widespread 

technologies for removal of carbon dioxide (Wellinger et al. 2013; Hoyer et al. 2016) are shown in Table 1.   

Some of the parameters separating the technologies are different demands of electricity, heat and water, and 

the amount of methane loss during the process (methane slip) (Wellinger et al. 2013). Which upgrading 

technology is the most suitable depends on case-specific circumstances. Local conditions such as availability of 

electricity, heat and water should be considered when choosing an upgrading technology. For example, 
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techniques with low electricity use could be suitable when electricity is expensive or limited, or when excess 

heat, perhaps from nearby industries, is available. 

Table 1 includes investment costs of the different techniques, based on numbers in Kalinichenko et al. (2016), 

but should be used only as indications as these costs can vary greatly. For instance, these investment costs are 

based on European numbers, which should be considered when used for assessment in other geographical 

locations. A lower methane loss requires higher electricity consumption (Wellinger et al. 2013), meaning there 

is a trade-off between methane slip and investment or operational cost (Hoyer et al. 2016). However, Hoyer et 

al. (2016) state that the investment cost and the energy demand differ only slightly between the different 

technologies. They further highlight the importance of reflecting on other aspects such as the quality of the 

raw material affecting the necessity of pre- or post-treatment. 

Table 1. A summary of the performance of five of the most widespread upgrading techniques regarding the parameters methane 
slip, energy demand, water requirements and investment costs.   

 
Pressure swing 
adsorption (PSA) 

Water scrubber Amine scrubber 
Physical 
absorption 

High-pressure 
membrane 
separation 

Methane slip [%] 2-3b 0.5-2b 0.04-0.1b 1-4a 1-15 a 

Electricity demand 
[kWh/ Nm3] 

0.24-0.6b  0.20-0.46b  0.11-0.27b  0.23-0.33a 0.18-0.35a 

Heat demand  
[kWh/ Nm3]  

0a 0a 0.28-0.44b  0.10-0.15a 0a 

Water demand  Noa  
Yes, more than 
amine scrubber.a,b 

Yes, less than water 
scrubber.a,b 

Noa Noa 

Investment costc 
[USD/kg/h] 

5900 – 8600 5600 – 8800  5600 – 8000 5600– 8000  5600 – 7800 

a (Wellinger et al. 2013) 
b Calculated by (Lindfors & Lärkhammar 2017), based on values from Börjesson et al. (2016), Kalinichenko et al. (2016), Papacz 

(2011) and Patterson et al. (2011). 
c  Based on values from Kalinichenko et al. (2016). The lower number represents the investment cost for plants with the size of 

500 m3/hour and the higher number 250 m3/hour. Values in Euro that has been translated to USD with the exchange currency 1 

Euro = 1.18 USD (9th of May 2018). 

2.2.3 Distribution of biomethane 

The upgraded biogas, i.e. the biomethane, can be distributed by truck or in gas grids. Biomethane with at least 

96% methane content can be used the same way as natural gas (Environmental Protection Agency 2012), 

including being distributed in a natural gas grid (Börjesson et al. 2016), if the grid owner allows it. When 

distributed by truck the gas first needs to be compressed and is then called CBG (Compressed Biogas), or 

liquefied, called LBG (Liquefied Biogas) (Börjesson et al. 2016). Table 2 shows investment costs and operating 

and maintenance costs for compression. Consideration should be given to the fact that these numbers are 

from a Swedish context.  

If the compressed gas is to be transported by truck, Börjesson et al. (2016) describe two types of vessels in 

which the gas can be filled: steel and composite vessels. The capacity of steel vessels is described to be 2000 

Nm3 at 200 bar and the composite vessels 4300 Nm3 at 250 bar. Furthermore, it is explained that one truck 

can carry three vessels per load. In Table 2 the investment costs for the vessels is shown.  



17 
 

Table 2. Investment and operating and maintenance costs for compression and distribution by truck of biomethane in USD. Based 
on Swedish numbers where 1 SEK has been converted to 0.12 USD (2018-05-14). All based on Börjesson et al. (2016), if not 
otherwise specified. 

 Investment cost [USD] 
Operation and maintenance 
cost [USD/year] 

Compression   

 
Annual production (GWh) 

3% of investment cost 

100 520 1600 

Total investment cost [USD] 1 440 000 4 200 000 9 000 000 

Investment cost per kilogram 
biomethane [USD/kg] 

0.195 0.110 0.076 

Distribution   

 

Composite vessel 
[USD/vessel] 

Steel vessel 
[USD/vessel] 

  

252 000 108 000  0.24 USD/kg1 

1 Operating and maintenance for distribution of gas with truck has, based on numbers from Vestman et al. (2014), an average 

cost of 0.24 USD/kg.  

2.2.4 Digestate 

The residuary product from the biogas production, consisting of solid residues and water, is called digestate. 

Due to the richness of macronutrients in the digestate, such as nitrogen (N), phosphorous (P), potassium (K) 

and sulphur (S), as well as micronutrients, it has qualities suitable for biofertilizer use (Drosg et al. 2015). The 

usage of the digestate as biofertilizer contributes to the recycling of nutrients as the nutrients left in the 

digestate are spread on new crops, which can normally be done without any processing after the digestion 

process (ibid.). However, this is dependent on the presence of contaminants and impurities. A contaminated 

substrate will generally give a contaminated digestate (Environmental Protection Agency 2012), hence the 

most sustainable solution to avoid impurities and contaminants is to use as clean feedstocks as possible (Drosg 

et al. 2015). Except for impurities, the total solids (TS, also referred to as dry matter, DM) content of the 

feedstock and the amount of organic material in TS have an impact on the composition of the digestate (ibid.). 

During the digestion process, the TS content can decrease by 50 to 80%.  

Digestate can have a high water content, implying a low level of nutrients per volume, meaning high 

transportation costs compared to mineral fertilizer (Delzeit & Kellner 2013; Drosg et al. 2015). Also, the 

digestate is produced year-round but the need for biofertilizer is seasonally dependent (Peng et al. 2018) which 

means additional costs for storage facilities (Drosg et al. 2015). If the digestate cannot be used as biofertilizer 

it must be disposed of in another way, for which some approaches are composting, heat or electricity 

production from incineration of the digestate or to use it as cover material in landfills or road construction 

(Bachmann 2015; Environmental Protection Agency 2012). However, to use the digestate in any of these 

applications requires treatment of the digestate, such as drying, dewatering or thickening it with other 

materials, e.g. sand or chips (ibid.) which could be related to challenges and additional costs.  
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3 SUSTAINABILITY ASSESSMENT 

In this chapter an overall picture of sustainability assessment is provided, first by briefly describing some tools 

for sustainability assessment and later by introducing some commonly used sustainability concepts, such as 

industrial ecology and circular economy. The aim is to give the reader an understanding from what context and 

perspective the authors come from when choosing how to approach the aim of the study. 

Since the aim of this study is broad and comprises several different areas (this is described further in the coming 

chapters) the use of a system analysis tool was considered reasonable when approaching the research 

questions. A system perspective or system thinking is used to see the bigger picture with a wide perspective 

and not focusing on small details, thereby avoiding optimising smaller parts separately which can give 

undesirable effects to the system as a whole (Moberg 2006; Lifset & Graedel 2002). This is a way to approach 

a problem and is helpful since it can provide a basis for decision (Moberg et al. 1999). Environmental and 

sustainability systems analysis is also an important part of the educational program of the authors and 

therefore a natural starting point for this thesis.  

3.1 TOOLS FOR SUSTAINABILITY ASSESSMENT 
There are many parameters and connections between economic, environmental and social issues to consider, 

e.g. regarding decisions about the implementation of a biomethane solution. To better understand the 

complex relations between these issues in general, the research area of sustainability science has been 

developed (Kates 2012). To determine which actions to take in an effort to improve sustainability, a 

sustainability assessment of a certain system can be performed (Ness et al. 2006). To perform a sustainability 

assessment, many different tools can be used (Moberg 2006; Ness et al. 2006; Moberg et al. 1999). Which one 

is most suitable depends on what type of system is being assessed and on the aim of the assessment. Ness et 

al. (2006) have done an inventory of sustainability assessment tools, which they have divided into three 

categorisation areas: 

1. The first area entails tools using simple, often quantitative, parameters representing a state of 

economic, social and/or environmental development in a region. The parameters are measured on a 

regular basis, providing the possibility of looking back and review preceding long-term sustainability 

trends.   

2. The second area consists of tools which focus on products or services and the flows of material and/or 

energy in its life-cycle, mainly evaluating environmental aspects.  

3. The third area comprises what Ness et al. (2006) call integrated assessment tools which are often 

implemented in the form of future scenarios, assessing projects or policies to help with decision-

making in a defined region. Tools relating to projects are often used locally and tools relating to policies 

can be of any scale. Many of these tools are created with the approach of system analysis, considering 

environmental and societal aspects. Some (e.g. multi-criteria analysis and risk analysis) can be 

extended to include issues other than sustainability issues.  

The studied case in this thesis concerns a possible future project in a specified region, for which the third 

category of tools is appropriate. Under this category, Ness et al. (2006) present a variety of tools, which below 

are briefly presented. 

• Conceptual modelling and systems dynamics: Analyses qualitative relationships in a system with the 

use of stock and flow diagrams, flowcharts or loop diagrams for visualization, to see where changes in 

the studied system can be made (Ness et al. 2006).  
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• Risk analysis and uncertainty analysis: Risk analysis is the assessment of possible damages that come 

with the result of a certain outcome (Ness et al. 2006). Closely linked to this is analysis of uncertainties 

that comes with natural variability and lack of knowledge of the studied system (ibid.).  

• Vulnerability analysis: The objective of this type of assessment is, in general, to determine how 

sensitive and robust the studied system is to changes (Turner II et al. 2003). 

• Cost-benefit analysis: Weighs the costs of a project against the expected benefits (Moberg et al. 1999). 

In the context of sustainability assessment, it can be used to also assess activities that normally is not 

measured in monetary units (ibid.). 

• Impact assessment: A group of tools for future predictions that seeks to include opinions from various 

stakeholders in the process, used for policymaking and project approval assessment (Ness et al. 2006). 

Some of the tools are Environmental Impact Assessment (EIA), Strategic Environmental Assessment 

(SEA) and Sustainability Impact Assessment (SIA) (ibid.). 

• Multi-criteria analysis (MCA): Multi-criteria analysis is a method to approach complex problems in 

order to consider multiple areas or aspects of the problem, to support decision making (Wang et al. 

2009). Different types of criteria can be taken into consideration, both qualitative and quantitative 

components as well as subjective judgments which are based on the views of the concerned 

stakeholders (Dixit & McGray 2013). 

In the studied case in this thesis several aspects are included and assessed which is why the tool multi-criteria 

analysis was chosen (see Chapter 4 and 5). To further motivate the reasoning behind this choice and present 

some of the background and knowledge of the authors, some commonly used concepts regarding sustainability 

are presented in the next subheading.  

3.2 SUSTAINABILITY CONCEPTS 
Waste-based biogas and biomethane solutions, as the one examined in this study, are circular as they can make 

use of waste and by-products available in the local area. This is strongly linked to the concepts industrial 

ecology, circular economy and industrial symbiosis.  

The Brundtland Commission defines sustainable development as “development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs" (WCED 1987). In 

discussions about industrial development, the concept of circular economy (CE) as a way to elevate sustainable 

development and tackle environmental challenges, has received increasing attention during the last couple of 

years (Korhonen et al. 2018). There is no sole collective definition of CE, but it can be described as an economic 

system where the use of materials is reduced, and re-used, recycled and recovered, i.e. the “end-of-life” stage 

is removed or postponed (Kirchherr et al. 2017). The life-cycle of a product or material consists of all 

consecutive stages in its life, from procuring of raw material to final disposal, including transport between 

stages and use (ISO 14001, Swedish Standards Institute 2015). Traditionally, industrial economy has a linear 

approach, following the life-cycle stages, ending with disposal (Stahel 2016). While the approach of CE is 

circular, with the objective to maximize products’, components’ and materials’ value at every stage in their 

lives. In a circular economy products or materials are considered as resources at the end of their life, minimizing 

waste and closing loops in industrial ecosystems (Stahel 2016).  

Industrial systems can, just as natural ecosystems, be described as systems with flows of material, energy and 

information (Erkman 1997). The understanding of how industrial systems work, are regulated, interacts with 

the biosphere and how they can function more like natural ecosystems, is called industrial ecology (IE) (Erkman 

1997). The use and recycling of resources are very efficient in many natural ecosystems, setting a good example 

for material and energy use in industries, emphasising the importance of closing material cycles or loops (Lifset 
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& Graedel 2002). The concept of IE is to understand how the industrial system is working and then how it can 

be changed to look and work more like an ecological system regarding the circulation and regeneration of 

resources (Erkman 1997). 

For the closing of material loops, the part of IE called industrial symbiosis is relevant (Prosman et al. 2017). In 

industrial symbiosis, industries collaborate with each other and can benefit from geographic proximity, which 

offers synergistic possibilities such as exchange of materials, energy, water and by-products between entities 

(Chertow 2000). The collaboration between industries has also led to exchange of knowledge, equipment, 

personnel and other resources as well as the sharing of infrastructure and utilities (ibid.). The collective benefit 

from the collaboration is greater than the sum of what the individual entities could have performed by 

themselves (ibid.).  

In the context of biogas or biomethane production from organic waste, the “end-of-life” stage of organic waste 

is removed which makes the value of it higher (Paul et al. 2018). This also contributes to a more efficient and 

circular use of resources and reduces resource consumption in the form of fossil fuel and mineral fertilizer 

which the biomethane and biofertilizer can replace. In a bigger picture, this means symbiosis is created 

between waste generators and biogas or biomethane producers. Looking in detail, more collaboration is 

possible, e.g. as mentioned in 2.2.2 Upgrading to biomethane, excess heat from a nearby industry could be 

used as input energy in an upgrading plant. The possible collaboration can also contribute to a diffusion of 

knowledge about the potential benefits of biogas and biomethane between different participants in the 

collaboration.  

All these different concepts show there are many different aspects, flows, possible collaborations etc. that can 

be considered when analysing a system. As mentioned in the beginning of this chapter, a system perspective 

is used to see the bigger picture with a wide perspective, for which the method of MCA is appropriate. MCA is 

further described in the next chapter. 
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4 RESEARCH METHODOLOGY 

In this chapter, the research methodology is presented. It starts with a description of the chosen assessment 

method, multi-criteria analysis (MCA), and of the methodological choices in the development of the MCA 

method. This is followed by a description of the method used in the studied case of Johannesburg, including a 

description of the literature review and interviews which complemented each other when collecting 

information. Finally, the analysis methodology and the method discussion are presented.  

4.1 MULTI-CRITERIA ANALYSIS 
Out of the tools mentioned in chapter 3, MCA was considered to be the most suitable for the aim of this study 

to perform an early assessment of waste-based biomethane solutions in Johannesburg. This is because with 

MCA complex problems concerning multiple aspects can be addressed (Wang et al. 2009), and when studying 

conditions for implementation of biomethane solutions in a city, several different areas, such as environmental 

impact, policy and legislation, infrastructure suitability, availability of feedstocks and social effect and 

acceptance etc. should be considered. Furthermore, the areas of interest are of very different character, some 

are quantitative and some are qualitative, and the mix of these are possible within an MCA framework. The 

method helps the user to create a structured framework by separating the problem into smaller parts (Dixit & 

McGray 2013).  

4.1.1 Key areas, key questions, inventory, indicators and scales 

In an MCA method, key areas and key questions can be used to break down the problem into some main parts 

(Figure 3). In this thesis, the key areas are specific areas of knowledge critical to the subject. To be able to 

assess each key area, they are given a corresponding key question, paired with one or multiple indicators. For 

the indicators in the feasibility category, relating scales with criteria guiding the scoring of the indicators are 

provided. The indicators and scales help identify what information is necessary to collect for the assessment. 

The scales can be based on quantitative or qualitative information and are given a score; very poor, poor, 

satisfactory, good or very good.  

The information needed to answer the key questions is gathered in the inventory part of the process, which 

comprises the literature review, interviews or other types of engagement with influential or expert actors to 

collect information. How this was conducted in this study is explained further in the sections 4.3.1 Literature 

study and 4.3.2 Engagement with stakeholders.  

Sometimes it is difficult to find case-specific information, that is why general information or information from 

e.g. another geographical context is used. To find sufficient information to make a substantiated assessment 

can also be a problem. To account for this, the indicator assessments are evaluated based on how certain the 

authors are of the result, which further depends on what has been found and how the gathered information is 

interpreted by the authors. The level of certainty is based on e.g. if limited information and numbers from a 

non-South African context are used in the assessment and can be low, medium, or high. If no level is stated in 

the assessment, it is assumed to be high.  

Figure 3. Key areas can be specified with key questions, which are paired with indicators and relating scale. 

Indicators + ScalesKey areas Key questions

E.g. biomass
potential

E.g. how much waste 
is managed and 

could potentially be 
used as feedstock?

E.g. amount of 
waste managed by 
a treatment service 

[tonnes/year]
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4.2 DEVELOPING THE MCA METHOD 
When developing the MCA method, the goal was to be able to assess potential, feasibility, costs and 

environmental performance of a biomethane solution in Johannesburg. The parts of the MCA method used in 

this thesis originate from three different foundations: an MCA methodology developed by Lindfors and 

Lärkhammar (2017), one developed by Ammenberg et al. (2017) and finally the authors’ contribution to the 

method which is to put selected parts from these methods together as well as adding new parts.  

The MCA method by Lindfors and Lärkhammar (2017) is an early assessment of potential, feasibility and 

performance (economic and environmental) of a biomethane solution at its early stage of development. The 

method is used to assess what potential a city or a region has to produce biomethane from the feedstocks 

originating from waste available within the city or region. These three categories (potential, feasibility and 

performance) make up the base for their method and are divided into key areas with corresponding key 

questions and indicators. The key questions function as a help in the assessment of every key area. To help find 

the answer to the key questions, Lindfors and Lärkhammar (2017) provide a questionnaire with 59 sub-

questions. This questionnaire can be used when interviewing local experts and potential actors, and has been 

the foundation of the same type of questionnaire used in this work. Where the key questions are presented, 

there is also information on which sub-questions should be used in order to answer every key question. As 

explained above, the indicators can be both quantitative (e.g. ‘’Amount of waste, per considered waste stream, 

managed by a treatment service [Tonne/year]’’) or qualitative (e.g. ‘’Customer demand for biomethane [Very 

poor, Poor, Fair, Good, Very good]’’). The key questions regarding feasibility are qualitative and the key 

questions regarding potential and performance are quantitative.  

The method by Lindfors and Lärkhammar (2017) was also revised by the writers and the questionnaire was 

changed to better fit the case. Some questions were removed and a number of questions were added. The 

added questions concerned the geographical scope of the study, amount of waste managed by the municipal 

waste management company, costs and current ways of disposal of the waste feedstocks, local demand for 

biofertilizers, job creation and unemployment rate, current and potential ways of distribution, if there are any 

site-specific values for the reduced environmental impact due to the increased use of biomethane (reduction 

of GHG, NOx and particles) and the general level of knowledge about biogas and biomethane in the city.  

Lindfors and Lärkhammar (2017) have also developed a tool in an Excel spreadsheet which serves as an 

additional help to the user. The user can insert some of the collected numerical data regarding e.g. population 

size and amount of identified feedstock and the assessment (very poor to very good) of the qualitative 

indicators. If the user fails to collect site-specific information, the tool provides generic numerical data from 

the literature, e.g. regarding biogas and biomethane properties and food waste generation in different 

geographical areas. However, the more site-specific information used in the assessment, the better it can 

represent reality, given that the information is relevant and reliable. The potential, such as biomethane and 

biofertilizer yield, is calculated in the Excel tool. It will also generate a graph picturing the feasibility level of the 

qualitative indicators and summarize the performance information.  

Since the method by Lindfors and Lärkhammar (2017) does not cover a feasibility assessment of individual 

feedstocks, but merely an assessment of a city or region as a whole, it was decided to combine their method 

with a feedstock assessment. This type of assessment was found in Ammenberg et al. (2017) from which 

feasibility indicators for feedstocks have been used.  

The method developed by Ammenberg et al. (2017) is a method for multi-criteria assessment of different 

feedstocks, i.e. is focused on the suitability of producing biogas from different types of feedstock. It also takes 

into account the digestate or biofertilizer from the feedstock. This method is similarly built up by key areas, 

key questions, indicators and scales. The method is used to analyse and interpret the indicators and finally 
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poses the question ‘Is it suitable to produce biogas from this feedstock?’’ to serve as a support for a decision. 

A review of Ammenberg et al. (2017) resulted in the adding of the following key areas from their method: 

• Suitability for anaerobic digestion 

• Nutrient content and suitability for biofertilizers 

• Accessibility 

• Technological feasibility 

• Control and competition 

• Institutional support and social acceptance. 

These key areas were chosen since they are used to assess the feasibility of biogas and biomethane production 

from the different feedstocks. Based on the indicators, scales and scale definition for every key area, a few 

questions were posed to pinpoint what information was necessary to collect to assess the feedstocks. These 

questions were added to the questionnaire.  

The key areas and indicators from the two methods were grouped together based on their topics, which means 

some key areas contain both indicators assessing the city as a whole as well as indicators assessing the 

feedstocks. The result of the combination of the two methods is shown in Chapter 5 The resulting MCA method. 

Finally, the Excel tool developed by Lindfors and Lärkhammar (2017) was reviewed and a tab for the feasibility 

assessment of the feedstocks was added, which is described further in Appendix G. 

4.3 INFORMATION GATHERING 
In this project, information was gathered with a literature study, interviews and a survey. The type of literature 

used in the theoretical chapter and in the studied case was closely linked, which is why they are described 

together.  

4.3.1 Literature study 

An early literature study was conducted of South Africa and Johannesburg, looking at what has been done 

regarding biogas and how the waste is managed in these areas, as well as biogas in general. This was to build 

a stronger knowledge base, to search for answers for the questions in the questionnaire and to be able to ask 

as relevant questions as possible when in contact with different actors. It was considered beneficial trying to 

find the answers to the quantitative questions regarding e.g. amounts of feedstock, in literature since this is 

information the respondents did not always have on the top of their heads. Some of this information was 

believed to be found in documents, scientific papers and company web pages. Searches for books, articles, 

previous studies and other relevant documents such as policies and laws, were done in the databases Scopus, 

Web of Science, Ulrichsweb and ScienceDirect, Wiley online library, on Google as well as on the webpage of 

different governmental departments in South Africa and Johannesburg. Phrases searched for include “biogas 

Johannesburg”, “public transport Johannesburg”, “waste management Johannesburg”, “landfill biogas” and 

“organic waste biogas”. To find numbers for the quantitative questions regarding feedstocks, e.g. the amount 

of waste from food production, many company websites were searched. Actors from these companies were 

contacted as described below. 

This study was ongoing through the whole project to check for supporting or contradicting information 

compared to that collected from interviews, to get answers to questions that did not get answered in the 

interviews and to gather completing information. New information from interviews, already reviewed 

literature and discussions between the two authors regularly contributed to new ideas on what topics to search 

for.  
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A lot of studied literature concern other countries or cities, and international biogas industries are not directly 

correspondent to the context of Johannesburg. Furthermore, in this case, not all needed quantitative 

information was found in the literature, and the qualitative questions, that got some answers from the 

literature study, were assessed to get richer and possibly new information from stakeholder engagement.  

4.3.2 Engagement with stakeholders 

The authors spent six weeks in March and April 2018 in Johannesburg to get in touch with relevant 

stakeholders, with the intention to find information for the assessment of biomethane solutions for 

Johannesburg and to get an understanding of the biogas industry and relating areas, that can be best explained 

by people who experience it in real life. Area-specific feedstock, usage of output, used sources of energy and 

private and public interest are examples of areas assessed to better be examined via stakeholder engagement 

to get updated and trustworthy information. In this work, stakeholders refer to relevant actors who are 

already, or could potentially be, a part of the biogas industry in Johannesburg. These actors have also been 

seen as informants, chosen as they could hopefully provide information to help realize the aim. When the 

writers left Johannesburg, some communication via email with already contacted stakeholders continued, but 

no new stakeholders were contacted. All the contacted actors are presented in Appendix A. In total 71 

businesses/organisations were contacted, which led to 14 stakeholders interviewed face-to-face, one interview 

via phone and three email conversations (more phone calls and email conversations took place but gave no 

relevant information). 

The literature review, own experiences from Sweden and from what the writers witnessed in Johannesburg 

(e.g. names of private companies printed on garbage trucks gave a hint of this company being relevant to the 

project), tips and documents from contacted actors, led to ideas on which actors to search for and contact. A 

lot of answers to the quantitative questions were believed likely to be found through companies and 

organisations with potential feedstock for biogas production. Some of this information had been hard to find 

without the help of these certain actors, as the information needed has not been found in public documents. 

Therefore, Google searches for these types of actors, including abattoirs, breweries, dairy companies, food 

manufacturers and private waste management companies were made. The selection of who to contact was 

based on:  

• a wish to maximize the biogas potential, meaning companies believed to have or know of a large 

production of organic waste was favoured,  

• the geographical limitation of the municipality of Johannesburg, 

• the assumed knowledge they might have about areas relating to biogas, such as policies, legislation, 

drivers and obstacles or if they might have information about organic waste that could be used as a 

feedstock for biogas production.  

Emails with a request for either a meeting or answers to questions directly in the email was sent and phone 

calls were made to those stakeholders whose number could be found. The authors’ contact person at 

University of Johannesburg (UJ) also used his network in the biogas industry and helped setting up interviews. 

All interviewees are presented in Table 3. 
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Table 3. The persons who provided information for the thesis. All interviews were recorded and transcribed.  

Name Position Institution/company Date Mode of contact 

Thabo Mahlatsi Director of energy CoJ (City of Johannesburg) 6/3 Interview 

Khosi Baker 
Director of waste management 
and regulation 

CoJ 
 

6/3 Interview 

Mr. Mofokeng Professor and farmer 
Chicken Chain  
Farming Enterprise CC 

7/3 Interview 

Nickey Janse van 
Rensburg 

Manager PEETS UJ 8/3 Interview 

Horst Unterlechner Chief technology officer Ibert 13/3 Interview 

Eddie Cooke Independent gas consultant - 19/3 Interview 

James Beukes - Metrobus 19/3 Interview 

Idah Mwapaura Consultant public sector - 19/3 Interview 

Alex Bhiman Strategic advisor CoJ 19/3 Interview 

Jerry Zulu 
Principal specialist waste and 
projects 

CoJ 26/3 Interview + email 

Mlawule Mashego - Pikitup 26/3 Interview 

Zahid - Shaiks poultry 26/3 Telephone 

Patience Sigawuke Project engineer biogas CSIR 27/3 Interview 

Simphiwe Memela 
Specialist waste management 
and regulating 

CoJ 27/3 Email 

Ruth Oldert Project engineer WEC Projects 28/3 Email 

Samson Masebinu Biogas researcher University of Johannesburg 
4/4, 5/4, 
4/5 

Interview + email 

Aeren Young Environmental Scientist Interwaste 10/4 Interview + email  

Representative 1 Chief engineer Food industry X 12/4 Email 

 

Interviews 

For actors assumed to have the ability to answer many qualitative questions, not ruling out asking quantitative 

ones, the writers preferred to meet in person for the chance to conduct interviews. Included amongst these 

actors were employees at the City of Johannesburg, research institutes and consultants with expert knowledge 

of biogas in South Africa. The choice of interviews and in particular a semi-structured interview form was based 

on the importance of getting a proper picture of the interviewee’s perception of the society, environment and 

culture (Bryman 2011) in Johannesburg and South Africa, which the writers were not familiar with. This was 

mainly to address the feasibility part of the aim of the study, that comes with qualitative questions. 

Additionally, interviews were seen to be a good way for the authors to get the chance to explain the aim 

appropriately and pass potential language and knowledge barriers, which would have been harder to recognize 

in non-face-to-face communication. It was also a good way to establish connections for further association 

between BRC and actors wishing to collaborate.  

Furthermore, for qualitative questions, semi-structured interviews are a good choice according to Brinkmann 

and Kvale (2015) and  Bryman (2011). This interview form helps researchers to get an understanding of what 

the interviewees themselves find important regarding the asked questions (Nylén 2005), which is why it is also 

important not to ask leading questions (Bryman 2011). The interviewee could talk freely regarding the asked 
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questions, but was interrupted for follow-up questions or clarifications. A premade list of question provided a 

structure necessary for the writers to be able to compare the collected information from different interviews 

when analysing the information (Bryman 2011). The writers also had the flexibility to skip certain questions or 

to add new ones relating to something relevant the interviewee said. 

The work with the interview questions was iterative, as the formulation of the questions were updated along 

the course of the project, as some caused misunderstanding or were misinterpreted during interviews. 

Appropriate interview questions for every meeting were selected from the questionnaire, the selection was 

based on the interviewee’s experience and working area. For some interviews, questions, mostly quantitative 

ones, were sent to the interviewee beforehand. However, when the time between deciding on a meeting and 

the meeting itself was assessed to be too short to both prepare questions and giving the interviewee enough 

time to read them through, this was not done. If necessary, follow up questions were sent via email after the 

interview, again mostly quantitative questions that the interviewee did not have information about at the time 

of the interview.  

The interviews were conducted face-to-face, the time set in advance for “about an hour” and for all interviews, 

the writers went to the workplace of the interviewee. The writers asked permission to record the interviews, 

which was accepted by all interviewees. The reason was that recording, and afterward transcribing the 

interviews, gave the writers the chance to listen and focus on what was being said, to be able to ask related 

questions. Not recording the interviews could have led to different answers from the interviewees, as they 

could have felt more comfortable disclosing information. However, sensitive details were seen not likely to 

come forward anyway, since the scope of this work and hence also the questions asked, were broad. The 

interviewees were asked if they wanted to be anonymised in the thesis and if there was something they stated 

that was confidential.  

Survey 

Eleven private waste management companies (not owned by the municipality), thought to handle organic 

waste were contacted. Since there were so many of the same type of companies that were going to be asked 

the same questions, and as time constraints limited the number of interviews that could be conducted, it was 

decided to send them a survey. Despite this, all were given the option to meet with the writers instead of filling 

out the survey. The survey (found in Appendix B) was based on the questions from the questionnaire with a 

mix of open and yes or no questions where the number of mandatory questions was intentionally kept low to 

make the form feel easy to fill out. The questions were mainly quantitative, regarding the part of assessment 

of potential in the aim, as these were found easier to answer in writing. It was made clear that the companies 

could be anonymous if they preferred. Only one company answered the survey, unfortunately not with 

sufficient answers, and stopped responding to emails afterward ending with the answers being removed from 

the result. Four other companies responded, asking for meetings instead of answering the survey. Only one of 

these meetings came through, as the other three stopped responding.  

4.4 ANALYSIS  
Information collected during interviews and from literature was sorted and analysed separately, loosely based 

on the phases of thematic analysis by Braun and Clarke (2006), compiled into the different MCA key areas. The 

purpose was to find connections and highlight important aspects by, in a perspicuous way, organize, present 

and interpret information (ibid.). This method was found to be an easy way to organize all gathered information 

and by using this method, areas of information not prepared by the writers could be found. The analysis was 

done in three phases:  
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1. Getting acquainted with the information. This meant reading the information (for interviews first 

transcribing them) and writing down ideas. 

2. Searching for reoccurring information. The information from all interviews as well as the literature 

study was collected and organized into the different key areas but also into other, reoccurring, areas 

that were thought to be relevant. 

3. Checking for relevance. The information was checked to see if relevant to the key areas and the 

research questions, and removed if not. 

4.5 METHOD DISCUSSION 
Using semi-structured interviews when both qualitative and quantitative questions are to be asked in the same 

sitting requires more structure and decisiveness than applied during the interviews of this project. Interviewees 

tended to talk for a long time about what they found interesting, which even though it was the intention with 

using the semi-structured interview form, did not work for questions that were supposed to be quantitative. 

For this reason, the writers did not have the time to ask all planned questions at the first interviews. A clearer 

division between quantitative and qualitative questions, specified by the writers to the interviewees, made this 

problem smaller at the later interviews. More focus could have been given to qualitative questions in 

interviews and the quantitative ones could have been asked beforehand. Unfortunately, asking questions 

before interviews, preparing the interviewees for quantitative questions and giving them time to find the 

answers, was not always possible as many interviews were established with very short notice (sometimes on 

the same day). Even when questions were sent beforehand, they were not always answered in the interview. 

Questions asked after the interview were answered more often. As it was easier to get answers in person than 

via email and phone calls, this challenge could have been tackled by contacting and interviewing stakeholders 

earlier, leaving time for follow-up interviews. The communication with stakeholders could have started before 

the writers came to Johannesburg since many were found from Google searches that could have been done 

anywhere. On the other hand, at the time before visiting Johannesburg, this was not prioritized, as the writers 

did not know which actors the contact person at UJ had already contacted or planned to contact.  

After a few interviews, it was noticed that the writers’ contact person at UJ, who joined almost every interview, 

started to rephrase some of the asked questions after they had been answered by the interviewee. The reason 

was that he understood that the interviewee had not fully understood the question, and knew that the 

interviewee could provide more or other information if the question was rephrased. This is something that the 

writers would not have noticed without him, despite all possible focus on the interviewee. Hence, the writers 

could have gotten more out of the first interviews if the questions had been tested on someone with knowledge 

of the South African biogas industry beforehand.  

An alternative method to the interviews for the information collection is to use surveys. Surveys could have 

been sent out to more actors resulting in a larger amount of answers. However, the part of the aim regarding 

feasibility was believed to be better assessed if the authors had a general understanding of the examined area 

and actors, which is why the authors would not have excluded interviews if doing the study all over again. The 

understanding could perhaps have been gained through e.g. surveys if the study took place in an area where 

biogas for transport is already established, given a general knowledge regarding the subject, or if the study was 

conducted in the writers’ native tongue and home culture. These are difficulties assumed to have contributed 

to the low amount of answers to the survey the writers did send out and to be the reason why the contact at 

UJ had to reformulate the questions during interviews when the writers thought they had made themselves 

understood. This goes to show that had surveys been conducted instead of interviews, the gathered 

information would most likely have been less comprehensive than the present. 
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It is possible that had more stakeholders been engaged with, a better assessment could have been made. This 

is because a larger amount of information could have led to, amongst other things, more identified feedstocks 

or a better understanding of the opinions of the public, which in turn could have led to a different result. In 

general, a larger frequency of answers makes it easier to see connections and not to miss relevant information. 

However, a big challenge of this study was to find and contact the right person at a relevant company or 

organisation, who could provide the required information. For some actors, several different phone numbers 

were found, none of them leading to the right person.  

It was, overall, difficult to get answers by phone and email. People who did not answer emails were reminded 

by phone, or another (sometimes multiple) email when a phone number could not be found. Even when the 

authors got a hold of what seemed to be a person with relevant knowledge and access to information, the 

wanted information was often not provided. The difficulty to access some information may depend on 

companies and organisations considering the information to be delicate. Two stakeholders were contacted on 

LinkedIn and one on Facebook. Contact via social media or linking social media profiles in emails, to show that 

the authors’ intentions were sincere, seemed to be giving a better reply rate than regular emails and phone 

calls, seeming as it created a sort of trust between the authors and the contacted persons. A culture of mistrust 

may be the reason for the potential initial suspicion. When this was first noticed, reminder emails to already 

contacted persons were sent out, containing links to the authors’ social media profiles. 

The quality of the gathered information varied. Since the interviewees and other contacted actors have 

represented specific public establishments, organizations or businesses, it is likely that their answers reflect 

the perspective of the institution they represent and also the position the interviewee has within the 

institution. The head of economics is likely to have another perspective than the head of sustainability. 

Furthermore, it was difficult to obtain information about the individual feedstocks for the feasibility 

assessment, partly because of the low stakeholder answer frequency and the resistance to share company 

information and partly because of the lack of information in general regarding e.g. amounts and specific 

feedstock composition. In the end, the information collected was not enough to make assessments with high 

certainty in several cases. This affects the result as the assessment of feedstocks is more limited than planned 

and contains much generic information, even though in the assessments, the information from the interviews 

and literature was used to complement and verify each other. 

In this thesis, eleven feedstocks were assessed since the aim was to make a broad assessment. A narrower 

focus on less feedstocks would have given the authors the time to find more case-specific information about 

every feedstock which likely would have given a more reliable result. However, as the purpose of this work was 

to assess the city of Johannesburg, a large number of feedstocks was considered to give a better picture of the 

situation in the city. This was considered more valuable in this thesis, despite the level of uncertainty.  

Discussion about combining different MCA methods, the usability of MCA in this type of study and the end 

result of the developed method in this work is found in 7.1 MCA as an assessment method.  
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5 THE RESULTING MCA METHOD 

In this chapter, the developed MCA method and Excel tool are presented. The chapter starts with an overview 

of the method summarizing all categories, key areas, key questions, indicators and sub-questions followed by 

an explanation of the key questions and indicators. The chapter is concluded with a description of the Excel tool 

and how to use it. 

In Table 4, Table 5, Table 6 and Table 7 the key areas, key questions, indicators and sub-questions used are 

presented for the categories potential, feasibility, economic costs and environmental performance 

respectively. The questionnaire in Appendix C specifies what information must be collected to assess the 

indicators. The scales for assessment of the feasibility indicators can be found in Appendix D. How this 

information is to be used in the tool is described in Appendix G   ̶   Excel tool. 

Table 4. Key areas, key questions and indicators used in the method for the category Potential. This category is based on the 
previously developed MCA method by Lindfors and Lärkhammar (2017) and is used to assess the city as a whole. The sub-questions 
can be found in Appendix C. 

KEY AREA KEY QUESTIONS INDICATOR SUB-QUESTION 

Biomass 
potential 

How much waste, from the 
considered waste streams, is 
managed and could potentially 
be used as feedstock? 

Amount of waste, per considered waste 
stream, managed by a treatment service 
[Tonne/year] 

2, 11-12, 13-14 
17, 19, 20a, 27-
28 

Biomethane 
potential 

What is the biomethane yield 
from each considered waste 
stream? 

Biomethane yield per waste stream 
[kg/tonne] 
 
Gross amount of biomethane [Tonne/year] 

7-8, 16, 20b, 23, 
29, 32-33  

Biofertilizer 
potential 

How much biofertilizer can be 
produced from the considered 
waste streams? 

Biofertilizer yield per waste stream [kg/kg] 
 
Gross amount of biofertilizer [Tonne/year] 

18-19, 21, 26-28, 
48 

 

The different colours of the key questions and indicators in the feasibility table below show if they are used to 

assess the city as a whole or the individual feedstocks, white for the city assessment and grey for the feasibility 

assessment. If the user has a limited amount of time, the feasibility assessment of the individual feedstocks 

can be excluded, which is why some indicators can appear to be overlapping at the first glance. However, if 

both assessment parts are used they can complement each other well. 
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Table 5. Key areas, key questions and indicators used for the category Feasibility. The MCA method is based on the previously 
developed methods by Lindfors and Lärkhammar (2017) and Ammenberg et al. (2017). The key questions and indicators in the 
grey areas are to be used when assessing the individual feedstocks and the ones in the white areas are for assessing the city as a 
whole. The sub-questions can be found in Appendix C and the scales for assessment in Appendix D. 

KEY AREA KEY QUESTIONS INDICATOR SUB-QUESTION 

Customer 
demand 

Are there influential customers on the 
market that are ready to use biomethane 
or biofertilizer? 

Customer demand for biomethane [Very poor, Poor, Fair, 
Good, Very good] 

Customer demand for biofertilizer [Very poor, Poor, Fair, 
Good, Very good] 

34-36, 37-38, 71 
 
44-46 

Control and 
competition 

Is it possible for the biogas and biofertilizer 
producer to control or secure provision of 
this feedstock and is it good regarding 
competing interests (meaning that the 
competition for it is low)?  

Control and competing interests [Very poor, Poor, 
Satisfactory, Good, Very good] 
 

80-82 

Are there any suitable alternatives to use 
organic waste for biomethane production? 

Attractiveness of organic waste for biogas production 
[Very poor, Poor, Fair, Good, Very good] 

Attractiveness of biogas and biomethane [Very poor, 
Poor, Fair, Good, Very good] 

39-40 
 
41-43 

Institutional 
support and 
societal 
acceptance 

Does biomethane production align with 
local, regional and national strategies for 
renewable fuels? 

Alignment of biomethane with strategies for renewable 
fuels [Very poor, Poor, Fair, Good, Very good] 

49-50, 71 

Is the legislation supportive of biomethane 
solutions? 

Legislative support for biomethane solutions 
[Very poor, Poor, Fair, Good, Very good] 

51-52, 71 

Are economic instruments supportive of 
biomethane solutions? 

Economic support for biomethane solutions 
[Very poor, Poor, Fair, Good, Very good] 

53-56, 71 

Is biogas production from this feedstock 
supported by the government and other 
institutions?  
 
Is the public opinion about biogas 
production from this feedstock positive?  

Level of support and administrative implications [Very 
poor, Poor, Satisfactory, Good, Very good] 

Planning horizon and clarity of business implications [Very 
poor, Poor, Satisfactory, Good, Very good] 

Public opinion [Very poor, Poor, Satisfactory, Good, Very 
good] 

83-86 
 
87 
88 

Infrastructure 
suitability 

Is the current infrastructure supportive of 
biomethane solutions? 

Suitability of current infrastructure for biomethane 
solutions [Very poor, Poor, Fair, Good, Very good] 

4, 6, 16-18, 21, 
24, 26, 30, 32, 
57-60, 62, 64-67 

Accessibility 
Is the feedstock good considering the 
physical and geographical accessibility?  

Geographical and physical accessibility [Very poor, Poor, 
Satisfactory, Good, Very good] 

77-78 

Suitability for 
anaerobic 
digestion 

Is this feedstock suitable for anaerobic 
digestion?  

Suitability for anaerobic digestion [Very poor, Poor, 
Satisfactory, Good, Very good] 

72-75 

Nutrient 
content and 
suitability for 
biofertilizers 

Is this feedstock suitable for biofertilizer 
production?  
 

Nutrient content [Very poor, Poor, Satisfactory, Good, 
Very good] 

Suitability for biofertilizers [Very poor, Poor, Satisfactory, 
Good, Very good] 

76 
 
74, 76 

Technological 
feasibility 

Are the needed technologies and 
infrastructures available and applicable 
considering the whole life cycle for biogas 
and biofertilizers produced from this 
feedstock?  

Technological feasibility [Very poor, Poor, Satisfactory, 
Good, Very good] 

79 
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Table 6. Key areas, key questions and indicators used in the method for the category Economic costs. This category is based on 
the previously developed MCA method by Lindfors and Lärkhammar (2017) and is used to assess the city as a whole. The sub-
questions can be found in Appendix C. 

KEY AREA KEY QUESTIONS INDICATOR SUB-QUESTION 

Biogas 
generation 
cost 

What is the economic cost of 
generating biogas? 

Cost of generating one unit of biogas (excl. 
investment cost) [USD/Nm3] 
 
Investment cost for biogas plant [USD] 

16, 23, 29, 38 
 
16, 23, 29, 63 

Biogas 
upgrading 
cost 

What is the economic cost of 
upgrading biogas? 

Cost of upgrading one unit of biogas (excl. 
investment cost) [USD/Nm3] 
 
Investment cost for upgrading plant [USD] 

16, 23, 29-30, 33, 
38 
 
16, 23, 29-30, 33, 
63 

Biomethane 
distribution 
cost 

What is the economic cost of 
distributing biomethane? 

Cost of distributing one unit of biomethane 
(excl. investment cost) [USD/kg] 
 
Investment cost for distribution of 
biomethane [USD] 

38, 57-59, 61-62, 
64-66 
 
63 

 

Table 7. Key areas, key questions and indicators used in the method for the category Environmental performance. This category 
is based on the previously developed MCA method by Lindfors and Lärkhammar (2017) and is used to assess the city as a whole. 
The sub-questions can be found in Appendix C. Reference fuel is the currently used fuel by the vehicles which might be replaced 
by biomethane.  

KEY AREA KEY QUESTIONS INDICATOR SUB-QUESTION 

Climate 
impact 
reduction 

How much can GHG emissions 
be reduced if heavy-duty 
vehicles run on biomethane? 

Reduction of GHG emissions 
(CO2-equivalents) compared to 
reference fuel [%] 

37, 39, 41 

Air quality 

How much can particle and 
nitrogen oxides emissions be 
reduced if heavy-duty vehicles 
run on biomethane? 

Reduction of particle emissions compared to 
reference fuel [%] 
 
Reduction of NOx emissions compared to 
reference fuel [%] 

37, 68 

Nutrient 
recycling 

How much mineral fertilizer 
can be replaced if the 
digestate is used in 
agriculture? 

Amount of virgin phosphorous that can be 
replaced [kg/year] 
 
Amount of virgin nitrogen that can be 
replaced [kg/year] 

18-19, 21-22, 27, 
45-46 

 

5.1 ASSESSMENT OF POTENTIAL 
The category potential is made up of three key areas: biomass, biomethane and biofertilizer potential. The first 

step is to identify the biomass potential in the city. If this is not known this information must be found from 

local food industries, waste management companies, landfills, WWTPs or other sources by using the 

questionnaire in Appendix C. Here the user can make the choice of treating all feedstocks together or 

calculating the potential for each source of feedstock. The biogas yield is calculated based on the available 

biomass and the biogas yield from every feedstock. It is preferable if relevant and reliable site-specific numbers 

for the biogas yield from the different feedstocks are used. Before the biomethane potential can be calculated 
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an upgrading method must be chosen. Based on the methane content in the generated biogas, the biomethane 

potential is calculated. The upgrading is assumed to lead to biomethane with a methane content of 97%.  

The biofertilizer yield is calculated using the amount of dry matter biomass and the biofertilizer yield per waste 

stream. Again, if possible it is preferred to use site-specific information. Keep in mind this shows how much 

biofertilizer is generated, i.e. how much biofertilizer the city or region must prepare to be able to manage. 

Nutrient recycling is a key area in environmental performance and explained in Environmental performance.  

5.2 FEASIBILITY ASSESSMENT 
The following key areas and indicators are used in the feasibility assessment. The scales for assessment are 

presented in Appendix D. Figure 4 illustrates if the key areas are used for the assessment of the city as a whole 

(light), the individual feedstocks (dark) or contains indicators of both types (dark circle).  

 

Figure 4. This is an illustration showing that some feasibility key areas are used for the assessment of individual feedstocks (dark 
color), some for the assessment of the city as a whole (light color) or contain both indicators used for the city and feedstocks 
assessment (dark circle). 

5.2.1 Customer demand 

The key area Customer demand consists of two indicators which are both used to assess the feasibility of the 

city as a whole.  

Customer demand for biomethane  

This indicator considers the customer demand for biomethane. The point is to examine what actors there are 

in the city that potentially could be biomethane customers, how interested they are or might be in biomethane 

for transport and how influential they are (Lindfors & Lärkhammar 2017). If the potential customer is large or 

small will affect if the demand is big enough to invest in a new biogas facility or not.   

Customer demand for biofertilizers  

This indicator is similar to the previous one but concerns the demand for biofertilizer. The user is to identify 

how much agricultural activity there is around the city and estimate the potential demand for biofertilizer 

(Lindfors & Lärkhammar 2017). If there is a demand, this could add to the value of biomethane production, but 

if there is none an alternative use of the digestate must be found.  

Customer 
demand

Infrastructure 
suitability

Accessibility

Suitability for 
anaerobic 
digestion

Technological 
feasibility

Control and 
competition

Institutional 
support and 

societal 
acceptance

Nutrient 
content and 
suitability for 
biofertilizers
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5.2.2 Control and competition 

The key area Control and competition consists of three indicators: Attractiveness of organic waste for biogas 

production and Attractiveness of biogas and biomethane for the feasibility assessment of the city and the 

indicator Control and competing interests which is used to assess each feedstock.  

Control and competing interests 

The indicator Control and competing interests covers what feedstocks the biogas producer can control or 

secure and use for biogas production. Factors considered are in which competing applications the feedstock is 

or can be used and if contracts can be signed to secure the feedstock for a longer period of time (Ammenberg 

et al. 2017), which is important to be able to make a long term budget4.  

If this indicator is assessed the following two indicators might not need an as deep assessment. However, they 

are still important to consider to get a comprehensive picture of the conditions in the city or region which could 

be missed if the feedstocks are only assessed separately.  

Attractiveness of organic waste for biogas production 

This indicator is to examine if and what other uses the organic waste has today and how attractive it is in other 

applications. Examples of competing applications are compost, animal feed and other biofuels (Lindfors & 

Lärkhammar 2017). This indicator is to examine the city as a whole. If the previous indicator is assessed, this 

indicator might not need an as deep assessment, but it is still valuable to provide an overall picture of the 

conditions in the city. 

Attractiveness of biogas and biomethane 

This indicator is also meant to examine the attractiveness, but of biogas. If there already is biogas production 

in the city or region, it is likely the biogas is used for electricity and heat generation since it is the most common 

use of biogas (Kalinichenko et al. 2016). The possibilities of upgrading the biogas to biomethane are dependent 

on the price of heat and electricity, high electricity prices will affect the upgrading costs but also the 

attractiveness of producing electricity (Lindfors & Lärkhammar 2017). Furthermore, if the reference fuel is 

expensive as well, there is an incentive for biomethane production from the biogas.  

5.2.3 Institutional support and societal acceptance 

The key area Institutional support and societal acceptance is made up by six indicators: Alignment of 

biomethane with strategies for renewable fuels, Legislative support for biomethane solutions and Economic 

support for biomethane solutions to assess the city as a whole. The indicators Level of support and 

administrative implications, Planning horizon and clarity of business implication and Public opinion is to assess 

every feedstock and can be excluded if the feedstocks are not evaluated separately. 

Alignment of biomethane with strategies for renewable fuels 

This indicator is to assess the support for biomethane solutions and renewable fuels in current national and 

regional strategies and policies. Here the user is to look into what strategies there are regarding biogas and 

renewable fuels. It is considered positive if there is a clear strategy for a fossil-free transportation fleet, but 

more problematic for the biomethane if the strategies are focused on implementing another biobased fuel or 

electric vehicles or if there are few or no strategies for sustainable transportation at all (Lindfors & Lärkhammar 

2017).  

                                                             
4 Young, Aeren; Environmental scientist, Interwaste. 2018. Interview April 10. 
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Legislative support for biomethane solutions 

The indicator regarding legislative support is meant as a help for examining the current national, regional or 

local legislation. Here the user is supposed to do some research on the current legislation regarding the entire 

life-cycle of biomethane and get an overview of the legislation affecting biomethane (Lindfors & Lärkhammar 

2017). 

Economic support for biomethane solutions 

The indicator Economic support for biomethane solutions is meant to be used for looking into the economic 

conditions for a biomethane solution throughout the entire life-cycle, including the biofertilizer. There might 

be supportive economic incentives such as tax exemptions on e.g. renewable fuels, completely lacking 

economic instruments, or economic instruments directly against biomethane (Lindfors & Lärkhammar 2017). 

However, the last one is probably not that common, but there might be economic instruments indirectly 

discrediting biomethane.  

In geographical areas where job creation is important, it is assumed that the government could be willing to 

finance projects that come with new working opportunities. This is why job creation and the unemployment 

rate can be a part of this indicator.  

Level of support and administrative implications 

This indicator is used to assess the level of support for biomethane production from the individual feedstocks 

from e.g. regional or national government, and how burdensome or efficient the administrative implications 

are (Ammenberg et al. 2017). Support for both biomethane and biofertilizer is considered. Support not directly 

concerning biogas solutions can also be of relevance, e.g. support for growing a specific energy crop, regardless 

of its end use.  

Planning horizon and clarity of business implication 

The other indicator related to this key area is to assess how clear the rules and legislation for biogas production 

from the different feedstocks are. The clarity can be related to how a potential production support is 

distributed (Ammenberg et al. 2017). An example is if the support is guaranteed if the producer meets certain 

requirements or if a pool of money is to be distributed and the amount of money received is dependent on 

how many other facilities apply. The indicator also takes the length of the planning horizon into consideration 

(Ammenberg et al. 2017). The longer planning horizon, the more favourable conditions for biogas production 

since the producers are aware of the conditions for production.  

Public opinion 

This indicator is to assess the public view on using the different feedstocks for biogas production (Ammenberg 

et al. 2017).  

5.2.4 Infrastructure suitability  

The key area Infrastructure suitability consists of one indicator, Suitability of current infrastructure for 

biomethane, which is used in the assessment of the city as a whole. This indicator is to assess the current and 

planned infrastructure such as fuel and gas distribution, waste management and wastewater treatment. The 

more infrastructure that is already in place, the more favourable it is for a biomethane solution. However, if 

the NG grid is extensive, it might be a sign of a strong NG market which can be a competitor to biomethane 

(Lindfors & Lärkhammar 2017). 
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5.2.5 Accessibility 

The key area Accessibility consists of one indicator, Geographical and physical accessibility, used in the 

assessment of every feedstock. For this indicator the location, e.g. if it is spread over a large or small area, and 

the physical form of the feedstock is considered. The variability of the accessibility over the year is another 

important factor to reflect upon (Ammenberg et al. 2017). 

5.2.6 Suitability for anaerobic digestion 

This key area consists of one indicator, Suitability for anaerobic digestion, used in the assessment of every 

feedstock. For this indicator, optimal treatment methods are assumed to put emphasis on the actual feedstock 

since the feedstock is probably not suitable for AD if a poor or satisfactory level of quality of the feedstock is 

reached even when using the most sophisticated pre-treatment method (Ammenberg et al. 2017).  

Factors which have been given the most attention here is the C/N ratio and to some extent the C:N:P ratio. A 

C/N ratio of 20-30 is considered optimal, if the ratio is higher the nitrogen is consumed too fast leading to a 

low methane yield and if the ratio is lower, nitrogen and ammonium are formed (Ammenberg et al. 2017). As 

for the C:N:P ratio, an optimal value is approximately 100:5:1 (Steffen et al. 1998).  

The number of factors which could be included in this assessment is large, and how deep the user chooses to 

go will, of course, affect the end result. Some exemplifying factors are to which extent there are nutrients and 

other trace elements in the feedstock which are important for the digestion process (Ozturk 2013), the general 

biodegradability (Labatut et al. 2011) and the presence of contaminants affecting the digestion process 

(Ammenberg et al. 2017). Finally, the chemical oxygen demand, COD, can be used for the assessment. COD is 

the amount of oxygen needed to digest a certain amount of organic material and is used to estimate the organic 

content in the feedstock (Carlsson & Uldal 2009). A high COD equals a high biogas yield (ibid.). A feedstock with 

a low COD, e.g. residual products from the pulp and paper industry can require different digestion techniques, 

e.g. much shorter retention time in the digester in order to avoid very large digester tanks (Björn et al. 2016). 

5.2.7 Nutrient content and suitability for biofertilizers  

This key area consists of two indicators, both used to assess every feedstock. 

Nutrient content 

The indicator Nutrient content is a quantitative indicator focusing on the amount of nitrogen and phosphorous 

in the feedstock. Ammenberg et al. (2017) present values for N and P for different feedstocks the user can use 

if case specific values are unavailable. There are other nutrients which are important if the digestate is to be 

used as biofertilizer such as potassium (K) and sulphur (S) (Drosg et al. 2015) but the assessment was simplified 

by only considering N and P. The optimal level of nutrients in the fertilizer depends on both local conditions 

such as soil type and quality and what crops is to be grown (Roy et al. 2006). The scale for assessment of this 

indicator from Ammenberg et al. (2017) is based on Swedish conditions. If the user has the knowledge about 

the optimal amount of nutrients, or if other nutrients than N and P are the most important in his or her context, 

the scale can be changed. If not, the provided scale can be used but with caution.  

Suitability for biofertilizers  

The quality and suitability for biofertilizer are affected by the presence and amount of unwanted materials as 

well as the persistence of these materials. Unwanted matter can be both plastics and glass and contaminants 

such as heavy metals and medical residues (Environmental Protection Agency 2012; Ammenberg et al. 2017). 

For this indicator, both the level and persistency of contamination is considered (Ammenberg et al. 2017).  
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5.2.8 Technological feasibility 

The key area Technological feasibility consists of one indicator with the same name used in the assessment of 

every feedstock. The intention of the indicator for technological feasibility is to look into how mature and 

available the technology used in every step of the life-cycle is for every feedstock, e.g. pre-treatment or 

collection (Ammenberg et al. 2017). Possibilities and challenges related to biogas production from the 

feedstock are considered. This indicator also takes relevant infrastructure in to account, if it did not fit in the 

assessment of infrastructure for the whole city in 5.2.4 Infrastructure suitability.   

5.3 ECONOMIC COSTS 
The category economic costs covers biogas generation cost, upgrading cost and biomethane distribution cost. 

What is included in these costs depends on where the user of the method draws the system line. For example, 

the cost of separation of the waste is not included, i.e. pure organic feedstocks are assumed to be delivered to 

the biodigester. Furthermore, the cost of transportation of feedstocks to the biogas plant is disregarded as it 

is assumed the waste is transported for disposal anyway. Disposal of the digestate would hopefully generate 

an income if successfully sold, but if not it too comes with a cost that has not been included in this work.  

If any of the non-included costs are known to the user, they can be included in the operating and maintenance 

costs.  

5.3.1 Biogas generation cost 

The costs for biogas generation have been divided into operation and maintenance cost and investment cost. 

The simplification of having only one biogas plant for all organic waste sources of feedstocks and one for all 

wastewater treatment sludge (called WWTP plant) has been made.  

The yearly running cost is calculated by multiplying the operating and maintenance cost per Nm3 biogas with 

the yearly generation of biogas. The total investment cost is calculated by multiplying the investment cost per 

tonne incoming waste (wet weight) per day with the total amount of incoming waste per year.  

If no local information of these costs can be found, generic European information can be found in e.g. Lindfors 

& Lärkhammar (2017) and local numbers used for the case of Johannesburg in 6.4.1 Biogas generation cost. 

5.3.2 Biogas upgrading cost 

The costs of an upgrading facility can be divided into two parts: the investment cost and the operation and 

maintenance cost. The local cost of electricity, heat and water directly affect the cost of operating an upgrading 

facility. In the Excel tool, a simplification of upgrading all generated biogas in the same upgrading facility has 

been made. However, this can be divided if so preferred. Before costs can be calculated one needs to choose 

an upgrading technique, or multiple if preferred. Table 1 provides information about parameters separating 

different techniques and generic investment costs. The investment cost is provided in USD per kilogram of 

upgraded biomethane per hour. For the total investment cost of a specific upgrading plant, this is multiplied 

with the amount of biomethane generated per hour, which can be obtained by dividing the yearly biomethane 

generation by the yearly operating hours.  

If possible, local costs for the energy required by the upgrading plant can be used when calculating the 

operating and maintenance cost. In Table 1, the required energy for different techniques is provided in 

kWh/Nm3 incoming biogas, for which the units of the found costs for energy, needs to be adapted to. Then the 

yearly operating and maintenance cost can be calculated by multiplying these costs with the total yearly 

generation of biogas.  
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If local costs of energy cannot be found, generic, European, upgrading costs can be found in e.g. Kalinichenko 

et al. (2016) or Lindfors & Lärkhammar (2017).  

5.3.3 Biomethane distribution cost 

In this work, only distribution by truck has been considered. If the biomethane can be distributed by gas grid, 

the costs would be different. Furthermore, the investment cost for distribution of the biomethane only 

accounts for compression of the gas and investment of vessels, and not a possible need for new trucks for 

transport of the vessels.  

The authors have additionally assumed that the biomethane will start by being distributed to already existing 

filling stations, that is why no cost for construction of new ones has been included. For a deeper assessment, 

cost and location of new filling stations should be considered, in which case a local cost for the investment and 

operation of them could be included when calculating the cost of distribution. These costs are assumed to be 

very dependent on local circumstances, which is why no numbers for this is included in this work. The distance 

between the upgrading plant and potential fuelling stations has not been included in the assessment but it is 

good to reflect upon when deciding where upgrading and filling stations should be placed. 

Table 2 shows Swedish numbers of investment and operating and maintenance costs for compression and 

distribution, which should be taken into consideration if these numbers are used. The investment cost for 

compression can be calculated by multiplying the investment cost per kilogram of biomethane with the yearly 

generation of biomethane. Furthermore, the operating and maintenance cost for compression in Table 2 is a 

percentage of the investment cost.  

To calculate the investment cost for the vessels, the number of vessels needed must be calculated. The easiest 

way to do this was assumed to be to calculate the daily biomethane generation and divide it with the volume 

capacity of the chosen vessel type (see 2.2.3 Distribution of biomethane) to get an idea of how many vessels 

might be needed at the same time. This number is then multiplied with the investment cost per vessel in Table 

2. 

The operating and maintenance cost in Table 2 is provided per kilogram of biomethane. To obtain the yearly 

running cost, this number is multiplied by the yearly amount of biomethane in kilograms.  

5.4 ENVIRONMENTAL PERFORMANCE 
The category environmental performance is made up of three key areas: climate impact reduction, air quality 

and nutrient recycling. For the first key area, the reduction of GHG (CO2-equivalents) is calculated compared to 

the reference fuel in the city. This is done by using the yearly gross amount of biomethane divided by the 

density and energy content in biomethane, the CO2 emission reference for diesel and the GHG emissions of 

biomethane compared to diesel. 

The key area air quality covers the reduction of two types of air pollution in relation to the reference fuel: 

particulate matter and NOx. Both indicators are calculated by dividing the gross amount of biomethane by the 

density and energy content in biomethane, the amount of PM/NOx emitted from the production and use of 

the reference fuel and the reduction of PM/NOx emission when using biomethane compared to the reference 

fuel. 

The last key area is nutrient recycling and two common nutrients are examined: nitrogen and phosphorous. To 

be able to calculate how much nutrients could be recycled the content of nitrogen and phosphorous in the 

different feedstocks should be known. The amount of nutrients (nitrogen and phosphorous respectively) that 

could be recycled per feedstock is multiplied by the amount of DM for each feedstock.   
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6 RESULTS AND ANALYSIS   ̶  THE STUDIED CASE 

Here the findings from the studied case of Johannesburg are presented. The results are based on the key areas, 

key questions and indicators presented in the previous chapter and the information both from the literature 

review and interviews have been used for the result. First, the assessed sources of feedstocks are presented 

followed by the biomass, biomethane and biofertilizers potential. Then the results of the feasibility assessment 

are presented. Here the indicators for the feedstocks are mixed with the indicators assessing the feasibility of 

the city as a whole. The focus is on making a brief, early assessment to give some guidance about the prospects 

for production of biomethane in Johannesburg, including what feedstocks might be the most appropriate. 

Finally, the economic costs and environmental performance are presented.  

6.1 SOURCES OF FEEDSTOCK 
The choice of which feedstocks would be further examined in this thesis was based on the knowledge about 

Johannesburg having problems with how to deal with waste as the landfills are lacking space, creating a natural 

focus on waste. The authors’ own experiences from the biogas industry in Sweden, where landfill gas is an 

important source for biogas and most biogas is produced from different sorts of waste (The Swedish Gas 

Association 2017c), supported the choice further. The choice of examined feedstocks in Johannesburg was 

based on commonly used feedstocks for biogas production in Sweden: landfill gas, waste from sewage 

treatment plants, households (sorted food waste), the food industry and abattoirs (The Swedish Gas 

Association 2017c).  

6.1.1 Landfill 

Landfilling is the main way of disposal of waste in Johannesburg and historically landfills have been favoured 

due to the availability of land (GIZ 2014). Today land is a limited resource in South African metropolitan areas, 

that is why alternative ways of waste disposal are necessary (ibid.).  

There are five municipal landfills in the city and four of them are still in operation3. There are also landfills 

owned by private waste management companies but due to the lack of information about how many they are, 

who owns them and the character and amount of waste landfilled each year, only the municipal landfills were 

included in the scope. An environmental scientist at Interwaste4 thinks there are two private landfills within 

the city border, and more private landfills outside the city, and a Pikitup representative20 thinks there are three. 

According to the director of waste and regulation at CoJ3 a lot of the industrial organic waste is landfilled, but 

not necessarily on the municipal landfills since they often are serviced by private waste management 

companies. The locations of the municipal landfills are shown in Figure 5. Landfill gas is extracted for electricity 

production from three of these landfills5, with a methane content of about 60%6. The collection started in 2016 

(Franks et al. n.d.) and the total installed electricity generation capacity on the three landfill sites is 5.7 MW5. 

The amount of extracted biogas is unknown to the authors. 

As mentioned earlier, the landfills in Johannesburg are filling up and have a limited amount of time left in 

operation. The director of waste management and regulation at CoJ estimates the smaller ones to operate for 

about 5-6 more years and the two largest ones, which together receive 60% of the waste, to have less than 

three years of operation left3.   

                                                             
5 Zulu, Jerry; Principal specialist waste and projects, City of Johannesburg. 2018. Email April 4. 
6 Memela, Simphiwe; Specialist waste management and regulating, City of Johannesburg. 2018. Email March 27.  
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Figure 5. A map over City of Johannesburg and the location of the municipal landfills to show how they are spread out in the city. 
From north to south the landfills are Linbro Park (no longer active), Marie-Louise landfill, Robinson Deep landfill, Goudkoppies 
landfill and Ennerdale landfill.  

6.1.2 Fresh produce market 

The Johannesburg fresh produce market is fully owned by CoJ (Joburg Market 2009). All waste that originates 

at the market is collected in containers and is today transported to and landfilled at Robinson Deep landfill 

(Ayeleru et al. 2016). The organic fraction of the waste is high but contains some other materials such as 

packaging etc.  

6.1.3 The municipal waste management company Pikitup  

Pikitup is the municipal waste management company fully owned by CoJ. Pikitup manages all household waste 

in the city, meaning no private waste management company do so. They also manage some commercial waste, 

however, this sector is also open for the private waste management companies3. Most of the waste managed 

by Pikitup is taken to the four active landfill sites in the city and compactor trucks are used for the collection3. 

The organic fraction of municipal solid waste (OFMSW) is currently not separated from the other waste 

fractions. All organic waste being landfilled by Pikitup has been accounted for in this thesis. 

6.1.4 Abattoirs 

Information regarding the amount of waste originating in abattoirs could be collected from only two abattoirs 

in Johannesburg, Morgan abattoir, which has a biodigester for electricity production on site, and Shaiks poultry. 

Since there are additional abattoirs in the area, the potential presented in this thesis is not the complete 

potential. However, the authors do not know how many abattoirs there are in total in Johannesburg. The 

abattoir waste considered in this study includes stomach content, blood and rejected material. The wastewater 

is disregarded since it is assumed to be taken care of at the WWTP. 

6.1.5 Food industry X 

Johannesburg is a large city and the number of food industries in the area is likely to be high. Several food 

industries were contacted (see Appendix A), but only one replied, hence only a part of the potential is 

presented. The company is referred to as Food industry X, as they requested anonymity, hence the specific 

type of organic waste they generate cannot be revealed. This means in the following sections where the 

feasibility of the different feedstocks is assessed, some information for this waste will be presented, but not 

what type of waste it is. The waste considered is generated at two production sites in Johannesburg. The 

information provided from the company about how much waste they are generating was divided based on the 
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current disposal method and a brief description of the waste type, that is why some assumptions about the 

character of the waste were made. The company reports not sending any waste to landfill from the concerned 

production sites. 

6.1.6 Interwaste 

Fourteen private waste management companies were contacted, but an interview was only conducted with 

the company Interwaste. Consequently, the total potential for the private waste management companies is 

higher than what is presented in this work. 

The waste management site and office of Interwaste is situated outside the CoJ border. Currently, some of the 

waste is sent to their own landfill site and some to a biodigester in the neighbouring city Pretoria. However, 

the Interwaste representative stated that transporting the organic waste to another digester would be 

reasonable if the digester was geographically closer to the source than the current disposal method4. The waste 

is comprised of: 

• Animal fat 

• Dairy 

• OFMSW (organic sludge + other food waste) 

• Old bread 

• Potatoes 

• Residual from vegetables 

• Chip fat 

• Pork intestines. 

Additional information such as the amount of every type of waste, biogas yield etc. is presented in Appendix E. 

Since these types of waste are very different from each other, it was decided to group them with the other 

considered waste streams with similar properties and assess e.g. all fruit and vegetable waste and all abattoir 

waste together for the assessment of potential and for some of the feasibility indicators. Consequently, animal 

fat and chip fat from Interwaste were put together into one group, fats; dairy, old bread and organic fraction 

of municipal solid waste (OFMSW) were grouped with the waste from Pikitup and called food waste; potatoes 

and residual vegetables were grouped with the waste from the fresh produce market (called fruit- and 

vegetable waste) since potatoes is assumed to be a vegetable and potato waste is already present in the waste 

from the market; the pork intestines were grouped with abattoir waste.  

6.1.7 WWTP 

There are six wastewater treatment works in Johannesburg owned and managed by the city-owned company 

Johannesburg Water. Some of these are already producing biogas for electricity from the waste water 

treatment (WWT) sludge. Much of the information regarding the WWTP is based on a study made on one of 

the treatment plants, Northern Works, by van der Merwe-Botha et al. (2016) and is assumed to be valid for the 

other treatment plants as well. The sludge generation from all the plants are assessed together in this thesis.  
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6.2 POTENTIAL 
The category potential covers biomass, biomethane and biofertilizer potential from the identified and assessed 

feedstocks, hence it should be noted that this is not the complete potential for all organic waste in 

Johannesburg. 

In Table 8 below the numbers used for calculating the biogas and biomethane yield are presented. The total 

biomass potential is 407,700 tonnes FM/year and 230,000 tonnes DM/year. The total biomethane yield 91.6 

million Nm3/year which with a density of 0.739 kg/Nm3 (Jalalzadeh-Azar et al. 2010) gives 67.700 tonnes/year.  

Table 8. Numbers used when calculating the biomethane yield from the different types of feedstock.  

Feedstock 

Organic 
waste 
[tonnes 
WW/year] 

Correction 
factor a 

DM 
contentb 

Organic waste 
available for 
digestion [tonnes 
DM/year] 

Biogas yield 
[Nm3/year] 
(correction factor 
included) 

Methane concentration 
in biogas 

Fresh produce 
market 

16,936c  0.85d 18.5% e 2,663 1,120,985c  60% c 

Fruit and vegetable 
waste (Interwaste) 

37,200f - - 8,400f 4,300,000f 60% c 

Waste from Pikitup 544,000g 0.5h 33% i 90,000 58,000,000j 60% k 

Food waste 
(Interwaste) 

35,300f - - 8,400f 3,600,000f 60% k 

Abattoir waste 15,000m - 60% f 9,200 3,000,000n 
4.316 m3/cow 
0.01767 m3/chicken 
(GIZ 2016) 

Abattoir waste 
(Interwaste) 

10,800f - 60% f 6,500 5,030,000f 65.5% i 

Waste from food 
industry company X 

9,5907 - 19% o 1,800 1,200,000j 67% o 

Fats (Interwaste) 12,000f - - 11,000f 9,300,000f 60% k 

Total: 
407,000 (correction factor 
included) [tonnes WW/year] 

 140,000  85,000,00   

WWTP - 0.99p - 90,000q 35,000,000r 65% s 

Total:    230,000  120,000,000  

Landfill gas 

Waste to 
landfill: 
1,600,0003 
tonnes/year 

0.99t - - 27,000,000u 60%6 

Total:     146,000,000  
a To account for the fact that 100% of the considered waste streams probably cannot be collected and used for biomethane 

production a correction factor is used. Where no correction factor is existing, it was decided that a correction factor would not 

serve any purpose, since the obtained information regarding the amount of waste from this source is not precise, meaning it is 

unclear if a correction factor would make the result better or not. 
b For the sources of feedstock that are missing a percentage of DM, the total number of DM could be obtained directly instead. 
c (University of Johannesburg 2016) 
d A high value for the correction factor was chosen since the amount of waste is not what is generated at the market but what 

arrives at the landfill. However, today the waste at the market is not sorted. If it in the future is to be used for biogas 

production and therefore be sorted, the correction factor is lower than 1 to consider the waste being sorted incorrectly. 
e Mean value of 17% for fruit and 20% for vegetables (Okudoh et al. 2014). 

                                                             
7 Representative 1; Chief engineer, Food industry x. 2018. Email. April 12. 
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f Based on numbers in Appendix E4. How the grouping of waste streams in Appendix E to them described in this table has been 

made is explained in the section Interwaste. 
g 1 600 000 tonnes MSW per year managed by Pikitup, 34% organic content3.   
h If the city was to introduce separation at source of the MSW, it is reasonable to think not all organic waste would be sorted 

because of a lack of knowledge about sorting of waste12. 
i (Carlsson & Uldal 2009) 
j Using an estimated biogas yield of 643 Nm3/tonne DM, based on calculations for general food waste in Lindfors & 

Lärkhammar (2017) who further have based their calculations on Swedish numbers, giving this biogas yield an uncertainty due 

to non-site-specific numbers. 
k Generic number from Lindfors & Lärkhammar (2017). 
m 83 kg waste per slaughtered cow and 321 g per chicken (GIZ 2016). The two examined abattoirs in this work are Morgan 

abattoir and Shaiks poultry. Morgan abattoir slaughters 500 cattles a day (Jarvis 2015) and Shaiks poultry 1,750 chickens a day8. 
n 193 Nm3/tonne fresh matter (Carlsson & Uldal 2009). 
o What type of organic waste this is cannot be named in this report, which is why an average value of different wastes from 

Carlsson & Uldal (2009) has been calculated here. 
p Reservation for some sludge getting stuck. 
q 249 dry tonnes of sludge per day, for all WWTPs combined (van der Merwe-Botha et al. 2016).  
r Using an estimated biogas yield of 384 Nm3/tonne organic DM, based on calculations for WWTP in Lindfors & Lärkhammar 

(2017) who further have based their calculations on non-South African numbers, giving this biogas yield an uncertainty due to 

non-site-specific numbers. 
s According to van der Merwe-Botha et al. (2016), the biogas from the WWTP that is currently producing biogas in 

Johannesburg has around 60%-70% methane content. 
t A high value for the correction factor was chosen since the MSW not collected by Pikitup is not included in the number due to 

1 600 000 tonnes being the amount of waste managed by Pikitup and not the amount of generated waste in the city. 
u Biogas yield for municipal solid waste is set to 16.67 Nm3/tonne. The biogas yield from the landfills is based on the methane 

concentration in the landfill gas, presented in this table, and a methane yield of 10 Nm3/tonne waste to landfill from Lindfors & 

Lärkhammar (2017). They have based this number on the methane yield from several different landfills in e.g. Brazil and chosen 

a value from the lower side of the interval. 

 

To be able to calculate the total biomethane potential, an upgrading technique had to be chosen since the 

methane slip differs between the techniques. When choosing the upgrading method, the parameters given the 

greatest attention were methane slip, electricity demand and water use. Low electricity use was considered 

important due to the rising electricity prices in the last years. Water use should be minimized since South Africa, 

including the region around Johannesburg, is classified as a water-stressed country (Johannesburg Water 

2017a). Amine scrubber is the upgrading technique with the lowest methane slip and electricity use (see Table 

1) which is why it was considered favourable. It is, however, one of two considered techniques that uses water, 

but of these two, amine scrubber uses less, and the low methane slip and electricity use were considered to 

weigh more than the water use. Overall amine scrubber was considered the most suitable upgrading method. 

In this study, the costs of the upgrading techniques were disregarded when selecting one of them, since the 

cost information available is based on the costs of actual upgrading facilities which are not situated in South 

Africa. Furthermore, the investment costs are very similar for the different techniques, as shown in Table 1. 

The authors have further assumed one upgrading facility is to be used for all biogas. 

In Figure 6 the biomethane potential per year and feedstock source are presented, based on the information 

in Table 8. 

 

                                                             
8 Zahid; Shaiks poultry. 2018. Telephone interview Mars 26 
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How many buses can the total amount of produced biomethane fuel? The total amount of biomethane 

excluding methane slip from the upgrading is 91.6 million Nm3. Based on the energy content in biomethane of 

0.0361 GJ/Nm3 (Jalalzadeh-Azar et al. 2010), this is equal to the following energy content in the biomethane 

produced yearly: 

91,614,623 
𝑁𝑚3

𝑦𝑒𝑎𝑟
∗ 0.0361

𝐺𝐽

𝑁𝑚3
= 3307 𝑇𝐽/𝑦𝑒𝑎𝑟  

According to Stafford et al. (2017), the yearly energy demand for one Johannesburg city bus is 1.23 TJ meaning 

the total annual biomethane production is enough to fuel 2689 buses/year, which is more than the 1002 buses 

Metrobus and Rea Vaya plans for or already have in operation. 

The total energy demand for the 1002 buses is: 

1002 𝑏𝑢𝑠𝑒𝑠 ∗ 1.23
𝑇𝐽

𝑦𝑒𝑎𝑟
= 1232.46 𝑇𝐽/𝑦𝑒𝑎𝑟 

which is equal to  

1232.46
𝑇𝐽

𝑦𝑒𝑎𝑟

0.0361
𝐺𝐽

𝑁𝑚3

≈ 34,100,000 
𝑁𝑚3𝑏𝑖𝑜𝑚𝑒𝑡ℎ𝑎𝑛𝑒

𝑦𝑒𝑎𝑟
= 93,500 

𝑁𝑚3 𝑏𝑖𝑜𝑚𝑒𝑡ℎ𝑎𝑛𝑒

𝑑𝑎𝑦
 

 

The potential amount of buses every feedstock source could fuel is presented in Figure 7. 
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Figure 6. The total biomethane potential for each of the assessed feedstocks, presented in Nm3/year. The gross amount of biomethane 

is 91.7 million Nm3/year. The total biomethane potential from all feedstocks, excluding methane slip from the upgrading, is 91.6 million 

Nm3/year. Abattoir waste consists of both waste from Interwaste and from the two examined abattoirs. The grey shaded areas show 

there are more potential to be found, but how much is unknown. 
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Figure 7. The number of city buses the biomethane from every feedstock source could fuel per year. The combined number of 
buses is 2680. 

To calculate the total biofertilizer potential, the biofertilizer yield per waste stream was multiplied with the 

total amount of waste (DM) from each feedstock. Since the biofertilizer yield per waste stream was assumed 

to be 0.204 kg fertilizer per kg waste (Lindfors & Lärkhammar 2017), the gross amount of biofertilizer is 46,500 

tonnes/year. How this amount is divided per feedstock is shown in Figure 8. This number should be used with 

caution since no site-specific information for the biofertilizer yield was found. The nutrient content of the 

biofertilizer is further presented in 6.5.3 Nutrient recycling. 

 

Figure 8. Amount of biofertilizer in dry matter, per feedstock in tonnes per year. 
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6.3 FEASIBILITY 
Here both the city as a whole and separate feedstocks will be assessed. The chapter is structured based on the 

feasibility key areas and the corresponding indicators. At the end of each indicator it is given a score (Very Poor, 

Poor, Satisfactory, Good, Very good) with a level of certainty if relevant (low or medium certainty). If no 

certainty level is given it has been judged be high. For the indicators where the feedstocks are assessed 

separately, two types of divisions have been used. The objects for assessment (substrates/feedstocks/source 

of feedstock) are divided either based on the source of the feedstock, i.e. from where or whom the feedstock 

can be obtained, meaning one source of feedstock can contain several types of substrates, e.g. all waste from 

Interwaste. They can also be divided based on the properties of the feedstock, meaning substrates with similar 

properties, e.g. fruit and vegetable waste from several sources are assessed together. How the division has 

been made is explained for each indicator. Furthermore, for each indicator concerning feedstocks, the 

assessment is summed up in a table at the end of the key area. 

6.3.1 Customer demand 

The key area Customer demand consists of two indicators which are both used to assess the city as a whole.  

Customer demand for biomethane 

Since this study is focused on biomethane as a fuel for public transport buses, only municipal bus operators 

are considered in this indicator covering the customer demand for biomethane. City of Johannesburg is an 

influential actor, owning many of the identified feedstocks and the public transport companies Metrobus and 

Rea Vaya, which are potential biomethane customers. The bus companies operate regular bus routes. 

Metrobus operates 455 buses and 547 buses are planned or in operation by Rea Vaya (Stafford et al. 2017). 

Rea Vaya is still under construction. The first construction phases are done and the bus routes are operating 

and one stage, with 270 planned buses, is still to be implemented (Rea Vaya 2018). The reference fuels for 

these vehicles are diesel and natural gas. Most buses are diesel-fuelled, including the Rea Vaya buses (Rea Vaya 

2016). There are 149 diesel dual fuel (DDF) buses in the Metrobus fleet kitted with natural gas tanks which can 

use both diesel and natural gas, however, most of them run only on diesel1, i.e. there are already buses that 

could be fuelled with biomethane in the city if a biogas upgrading plant was built. The price of diesel as of April 

9, 2018, is 14.38 ZAR (1.2 USD 2018-05-07) (Global Petrol Prices 2018). The price of natural gas is 9 ZAR (0.7 

USD 2018-05-07) per litre equivalent of petrol9.  

Under what conditions CoJ is willing to start using biomethane as a fuel for their public transport vehicles has 

not been discussed with them, but a biogas researcher at UJ believes the quality of the biomethane is an 

important factor12. He believes it is important that the quality of the biomethane is the same as of natural gas 

or better.  

Via the public transport companies, the city is considered a large potential customer with some knowledge of 

biomethane. Because the DDF buses are technically ready for using biomethane there are some buses ready 

to consume biomethane in the near future. This makes the overall score Good. 

Customer demand for biofertilizers 

When assessing the demand for biofertilizer the agricultural activity in Johannesburg was investigated. There 

is agricultural activity around Nigel about 60 km from Johannesburg1 and 1.8% of the households in 

Johannesburg were classified as agricultural in the 2011 census (Statistics South Africa 2011). According to the 

manager at one of the stations doing biogas research at UJ, there used to be agricultural activity in the southern 

parts of Johannesburg but it has been displaced by the informal settlements in the city1. This means within a 

                                                             
9 Masebinu, Samson; Biogas researcher, University of Johannesburg. Email. 2018. May 4. 
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50 km radius (the geographical limit in the method used in this study), the agricultural demand for biofertilizer 

is low.  

A professor and farmer with a small-scale biogas production states the digestate is a better fertilizer than 

mineral fertilizer and that some of his farmer colleagues acknowledge the benefits of the digestate, but that 

many do not know about the possibility of using digestate10. This lack of knowledge is also discussed by a biogas 

project engineer13 who says that the scepticism farmers, and others, have of the biofertilizer shows they do 

not understand what it is. A biogas entrepreneur states the problem with biogas production is to find a use for 

the digestate and potential users think it is poisonous because of the smell11. This gives the indicator costumer 

demand for biofertilizers the score Poor with medium certainty. 

6.3.2 Control and competition 

The key area Control and competition consists of three indicators: Attractiveness of organic waste for biogas 

production and Attractiveness of biogas and biomethane which both concern the city Johannesburg as a whole, 

and the indicator Control and competing interests, which is used to assess the different examined feedstocks. 

The assessments of the feedstocks may also depend on relevant findings mentioned in the city assessment. 

Control and competing interests  

For the indicator Control and competing interests, the assessment is based on the sources of feedstocks and 

not on waste types with similar properties. This means if one source of feedstock contains several substrates 

known to the authors, it will still get a combined assessment. A summary of the assessments for Control and 

competing interests is shown in Table 9. 

This thesis only includes waste that is not used as by-products, as for example tallow that is a by-product of 

meat production and can be used in the manufacture of soap (GDARD 2009). Furthermore, the focus is on 

biomethane and competing applications for that, meaning that in cases where biogas is being produced, this 

is seen as competitive with biomethane if the biogas is used for something else.  

The authors find it likely long-term contracts can be signed for production of biomethane for waste from the 

market, the waste managed by Pikitup and the sludge from the WWTP as these feedstocks are owned by CoJ 

which as mentioned above also is a potential costumer of biomethane. This is considered when assessing these 

feedstocks. Other aspects affecting the assessments follows below. 

Landfill 

CoJ has a 20-year agreement with Ener-G Systems for the building, operation and transfer of the facility using 

the landfill gas for electricity production from the five municipal landfills (Franks et al. n.d.). The contracts are 

valid for a given installed capacity, so far the electricity production is 5.7 MW from three of the landfills5. Since 

the contracts are written based on the produced electricity, the director of waste management and regulation3 

states this means that if the landfills are generating more gas than necessary to produce the stated amount of 

electricity, the excess gas could be available for upgrading to biomethane. It is, however, unknown to the 

authors how much landfill gas is extracted on average each day and how often it exceeds the installed capacity 

of the electricity generators. Hence the landfill gas is assessed to be Very poor, with medium certainty. 

                                                             
10 Mofokeng, T.A.; Professor and poultry farmer. 2018. Interview March 7. 
11 Unterlechner, Horst; Chief technology officer, ibert. 2018. Interview March 13. 

 



47 
 

Fresh produce market 

Today the waste from the fresh produce market is landfilled (Ayeleru et al. 2016), but according to a biogas 

researcher at the University of Johannesburg, they are now in the design phase of a biomethane pilot project 

using the FVW from the market as substrate12. The control and competition for this feedstock are considered 

Very good. The certainty is medium because the authors have no information for how long a contract can be 

signed for the FVW. 

Pikitup 

According to the director of waste management and regulation at CoJ, there is no legislation restricting them 

from redirecting the organic waste coming into the municipal landfills to a potential biogas plant, there just 

has to be an agreement between them and the source of waste3. However, according to a representative from 

the private waste management industry, it is difficult to sign contracts for waste for longer than three years, 

even with the municipality4. All in all, the OFMSW is scored Good with medium certainty due to the fact the 

authors do not know exactly for how long a contract can be signed.  

Abattoirs 

The control of abattoir waste lies with the abattoir owner. The owner can sign contracts with waste 

management companies collecting the waste for three years4 or have their own biogas plant on site (Jarvis 

2015). If a biogas or biomethane producer wants to use the waste, they can sign contracts with the owner 

themselves. However, it is the abattoir owner’s responsibility to dispose of the waste correctly, which might 

make them cautious of how they do so, as their business depends on them following the law13. The uncertainty 

of the legal requirements regarding abattoir waste to biogas (Goemans 2017) is likely to make them even more 

cautious. Furthermore, one legal example of control is that digestate from abattoir waste can still be 

considered as waste and is not always recognised as being safe, limiting the use of it (EcoMetrix Africa 2016). 

The score is Poor with low certainty as it is unclear for how long contracts can last, if it is only three years for 

all companies collecting waste or not, and how big the demand is for compost as well as how the legal 

requirements for it look.  

Food industry X  

Food industry X is likely in control of their own waste as they are the ones generating it. At the two production 

facilities, the waste generated is either used in other applications, e.g. in an already established anaerobic 

digester or is labelled as special disposal (hazardous) and was assumed not to be fit for digestion7. The authors 

do not know to which digester the food waste for AD is transported, but the biogas is assumed to be used for 

electricity production. Either way, as the waste that is not hazardous, is already used in other applications, the 

competition for it is assessed to be high, even though one of these applications is producing biogas. As the 

authors do not know anything about contracts for this waste, or if a biogas plant producing biomethane would 

be able to obtain this waste, this source of feedstock is graded Poor, with low certainty. 

Interwaste  

Interwaste is a waste management company and does not generate waste themselves but merely handle the 

waste of other companies. The waste management company Interwaste currently sends the milk and yoghurt 

they receive to composting4. 

                                                             
12 Masebinu, Samson; biogas researcher, University of Johannesburg. Interview. 2018. April 5. 
13 Sigawuke, Patience; Project engineer biogas, CSIR. 2018. Interview March 27. 
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According to the Interwaste representative4, the maximum length for a waste contract between them and the 

one generating waste is three years, making it hard to make any plans further into the future than that. This 

means if any waste were to be collected by Interwaste and sent to a biodigester, the waste would be under 

the control of Interwaste for a maximum of three years at a time, and another contract between Interwaste 

and the one managing the plant would also be of a maximum of three years. Interwaste already sends some of 

their organic waste to a biodigester in the Pretoria area, which means there is some competition for the waste 

as well, but they are however willing to send it somewhere closer to their own facilities if possible4. Still, this 

source of feedstock is scored Poor as the scale for this indicator gives the score Poor for contracts between 1-

3 years and due to the uncertainty of the long-term picture of accessing waste from this source.  

Wastewater treatment sludge  

When the demand for electricity started to exceed the supply and capacity in South Africa in 2008, it had a 

great impact on the water industry (van der Merwe-Botha et al. 2016). Higher electricity prices affected the 

price of wastewater reticulation and treatment, which in turn meant higher tariffs for the consumers. 

Furthermore, power shortages resulted in disturbed treatment processes, further leading to unsatisfactory 

effluent and sludge quality and extra costs because of damaged equipment, clean-up of sewage spill and start-

up of pumps (van der Merwe-Botha et al. 2016). CoJ identified the risk with the uncertainty in electricity supply 

and developed a strategy for generation of heat and electricity from anaerobic digestion of the wastewater 

sludge to make the plants partially energy self-sufficient and ensure essential processes and equipment would 

operate continuously and avoid above-mentioned impacts (ibid.). In 2016 the plants generated 60% of their 

own energy need (Deacon & Louw 2017). According to van der Merwe-Botha et al. (2016), few plants in the 

world produce more than their own power requirement. 

If this assessment was to be made for biogas only, not biogas upgraded to biomethane, this feedstock would 

have gotten a high grade. However, as the purpose of this thesis is to produce biomethane, the assessment is 

different. Even though the control of this feedstock is in the hands of CoJ, the competition for biogas, and 

consequently also the sludge, to produce biomethane from this certain feedstock is very high, making the 

score Very poor.  

Table 9. The results of the assessment and level of certainty for each feedstock regarding the indicator control and competing 
interests.  

Control and competing interests 

FEEDSTOCK SCORE CERTAINTY 

Landfill gas Very poor Medium 

Fresh produce market Very good Medium 

Waste from Pikitup Good High  

Abattoir waste Poor Low 

Food industry X Poor Low 

Interwaste Poor High 

WWT sludge Very poor High 
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Attractiveness of organic waste for biogas production 

Regarding the specific feedstocks, the attractiveness of organic waste for biogas production is discussed above. 

The general matters are presented here.  

There are currently some other usages of organic waste. Some private waste management companies take 

organic waste, mostly garden waste, to compost, but according to the director of waste management and 

regulation at CoJ, only a very small fraction of the waste is made into compost3. The biogas project engineer at 

CSIR13, looking at building a biogas plant, has identified waste from food industries already being taken by 

farmers to feed their animals, as a challenge for the success of their biogas plant.  

However, most of the waste in the city is landfilled, this is why this indicator is scored Good.  

Attractiveness of biogas and biomethane 

There is some biogas production for electricity generation in the area3,14. To the extent of the knowledge of 

the authors, there is currently no biomethane production in Johannesburg. Some households use paraffin for 

cooking which has led to large fires and biogas could be a safer alternative15.  

As mentioned previously, the load sheddings in Johannesburg due to that the electricity demand exceeded the 

supply, led to increased electricity prices. In 2007/2008 the average electricity price for different customer 

groups (residential, commercial, industrial etc.) was 0.18 ZAR/kWh, in 2015/2016 it was 0.75 ZAR, which is an 

increase of about 300% (Motiang & Nembahe 2017). Due to the power outages, the political focus has been 

on generating electricity, and not e.g. biomethane. 

On the other hand, the diesel price fluctuates more than the price of natural gas, which is a benefit the users 

of NG as a transportation fuel in Johannesburg have experienced (Mwapaura 2016). If the city is successful in 

binding large feedstocks to biomethane production for a long period of time, it is assumed the biomethane 

price could be more stable than diesel, as the diesel price is dependent on the international market due to 

import (Ratshomo & Nembahe 2017). This would increase the competitiveness of upgrading biogas to 

biomethane instead of using it for electricity. However, the liquid transportation fuels are still considered 

relatively cheap14, that is why there is low demand for alternative fuels such as biomethane right now.  

This sums up to the score Poor.  

6.3.3 Institutional support and societal acceptance 

The key area Institutional support and societal acceptance consists of six indicators: Alignment of biomethane 

with strategies for renewable fuels, Legislative support for biomethane solutions, Economic support for 

biomethane solutions, Level of support and administrative implications, Planning horizon and clarity of business 

implications and Public opinion. The first three concerns the city Johannesburg as a whole and the three latter 

assess the different examined feedstocks where specific institutional support or hinders and public opinions 

regarding the particular feedstock affect the assessments. The assessments for the feedstocks may also depend 

on relevant findings mentioned in the city-assessment.  

Alignment of biomethane with strategies for renewable fuels 

According to one of the interviewees, the direct support and policy for biogas and biomethane in South Africa 

is very low, both on national, provincial and regional level14. He also states that policy for biogas has been 

discussed but is still not in place. Other respondents confirm this view. The interviewed gas consultant believes 

the existing policies and economic incentives are benefitting the biogas industry, but the amount of support is 

                                                             
14 Cooke, Eddie; Independent gas consultant. 2018. Interview March 19. 
15 Templeton, Mark; Sustainability manager, Scania South Africa. 2018. Personal communication. February 2. 
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too low for them to be efficient and make biogas industry to develop and become a recognized industry, as in 

other countries14. Despite strategies mentioning biogas and biomethane, there is a lack of knowledge of biogas 

both amongst decision makers and the public14 (Goemans 2017; EcoMetrix Africa 2016). Furthermore, the 

national and regional government not seeing waste as a potential, a source of fuel, but instead a burden that 

has to be dealt with, is seen as a big problem on the biogas market16. All identified strategies regarding 

renewable fuels, transport and waste which were considered possible to indirectly favour biogas and 

biomethane is presented in Appendix F. 

Based on the answers from the respondents and the identified strategies in Appendix F, there are policies, 

strategies and documents in favour of cleaner fuels, lower carbon emissions, bioeconomy etc. that does not 

mention biomethane. Only a draft for a green transport strategy has been identified on a national level, where 

biomethane, in fact, is a suggestion for municipal buses, yet only if they have not already been replaced by 

electrical ones which seem to be prioritized. However, the draft is positive towards biogas from existing organic 

material which is in line with waste to biomethane production. For Johannesburg, the plans and goals to reduce 

waste to landfills and the waste-to-energy strategy are indirectly in favour of biogas production but does not 

mean biomethane will be produced. The authors further lack information about the initiated City green fleet 

program, mentioned by interviewees2,14 and hence do not know how this aligns with biomethane. Because of 

this, the score for this indicator is set with medium certainty. The low direct alignment of biomethane together 

with several sources mentioning a lack of knowledge gives the overall score Poor. 

Legislative support for biomethane solutions 

A biogas project engineer states there are no regulations for biogas in South Africa but that the Southern 

African Biogas Industry Association (SABIA) is trying to come up with a legislative framework13. According to 

the manager at one of the UJ stations, the biogas is so underutilized, explaining the lack of policy and regulation 

(both for biogas itself but also the environmental effects the digesters could impose, e.g. runoff that is seeping 

into the soil from the feedstock)1. However, biogas plants do exist and she knows of smaller digesters that have 

been built without an environmental impact assessment (EIA). Furthermore, there is no comprehensive 

legislation that controls the waste-to-energy sector (Department of Environmental Affairs 2018).  

Even though there is no direct legislation regarding biogas, Laks (2017) presents several acts and regulations 

which must be regarded if a biogas plant is to be approved, including: 

• National Environmental Waste Act;   

• National Environmental Management Act;   

• National Environmental Air Quality Act;   

• National Water Act;  

• National Gas Act;   

• National Environmental Biodiversity Act;   

• National Environmental Protected Areas Act;   

• Spatial Planning and Land Use Management Act;   

• National Heritage Act;   

• Municipal planning regulations.  

To be able to produce biomethane, a licence may be needed from the Department of Energy under the 

Petroleum product act (University of Johannesburg 2016). This is especially important when the biomethane is 

used for transport. For the storage, transportation and trading of gas, a licence is required from NERSA, the 

National Energy Regulator of South Africa, (University of Johannesburg 2016) and obtaining this licence to trade 

                                                             
16 Oldert, Ruth; Project engineer, WEC Projects. 2018. Email. March 28. 
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is a time-consuming task (Mwapaura 2016). Furthermore, a permit to bring waste to the site for digestion and 

a permit regarding air quality are required from the Ministry of Environment (University of Johannesburg 

2016). One of the interviewees further highlights that South Africa does not have emission control for transport 

and vehicles does not have to comply with Euro I-VI or similar14. The director of waste management and 

regulation at CoJ believes the South African regulations are against biomethane, not by intention but by not 

foreseeing that biomethane can be a part of the fuel mix when developing the legislation. She thinks the 

current legislation evolves around petrol and diesel3. 

Several respondents brought up the extensive legislation and bureaucracy as an obstacle for a biomethane 

solution in Johannesburg. Both the director of energy at CoJ19 and specialist at waste policy and projects at 

CoJ18 states South Africa is an overregulated country with different governmental agencies doing very similar 

things but still requires new developments to apply for permits and licenses from every agency. According to 

a biogas researcher at UJ12, the legal arguments for new projects are very costly and take a long time, he gives 

an example of a project where it took over two years and 8 million ZAR to get the legal matters sorted out. A 

biogas project engineer confirms that receiving permits is time consuming13. She especially points out the EIA 

process, which is very extensive for biogas projects since it concerns several areas of interests which must be 

included in the EIA, e.g. air quality, waste management and water use licenses. According to her, it can take 

more than two years to receive these licenses. The director of energy at CoJ thinks the process of receiving 

approvals for new projects must be easier and involve less different governmental bodies19.  

The literature confirms regulations and licences are barriers for biomethane projects in South Africa and that 

the existing legislation must be better harmonized. According to Laks (2017), the environment sector in South 

Africa is subject to especially strong regulations.  

Currently, there is a lack of alternative waste disposal methods in Johannesburg which contributes to waste 

ending up on landfills. A ban on putting organic waste on landfill has been discussed (ISWA 2017), but it is very 

likely organic waste would end up in landfills anyway because there are no other options20.  

In summary, there is no prohibition hindering biogas or biomethane production but the score is lowered by the 

extensive bureaucracy that according to several respondents is very time consuming17, and the number of 

regulations that must be considered if building a biogas plant. However, the fact that a landfill ban of organic 

waste is even on the table is assessed as a good thing for biogas, which is why the score is not set to the worst 

score, but instead to Poor.  

Economic support for biomethane solutions 

For the indicator Economic support for biomethane solutions, taxes, job creation and funding options are 

discussed. 

Currently, there is no carbon tax in South Africa but several respondents believe it is on its way14,19. In a draft 

for a carbon tax bill from 2017 (National Treasury 2017), the tax base depends amongst other things on a rate 

per tonne CO2eq for each fuel type, presented in Table 10. Based on the greenhouse gas emission factor in 

CO2eq per tonne, this should be beneficial for biobased fuels.  

  

                                                             
17 E.g. Mahlatsi, Thabo; Sigawuke, Patience.  
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Table 10. Own calculations of the greenhouse gas emission factor based on the information from National Treasury (2017). 

Type of fuel CO2eq 

Crude oil 3200 

Diesel 2800 or 3200a 

Landfill gas 2.7 

Municipal wastes (biomass fraction) 22 

Other biogas 2.7 

Natural gas 2700 

a Occurs twice with different numbers. 

Another tax on its way is a landfill tax that according to a representative from a private waste management 

company, might be coming into place by the end of 20184. This tax will mean a decrease of disposal of waste 

at landfills as it gets more expensive, which the representative thinks will make projects making use of waste 

a lot more feasible. The cost related to the disposal of waste on landfills today is considered too low, hindering 

the development of other waste management strategies such as re-using, recycling or waste-to-energy 

solutions (GreenCape 2017; GIZ 2014). 

A gas consultant states there are enough regulations regarding the technical safety and application in transport 

but that there is a grey area in the taxation of alternative fuels14. Since there is no control of biogas and 

biomethane in the sense of not knowing in what application it is going to be used (e.g. transport or industrial) 

the government does not know how to tax it. The government’s solution was, since the biogas percentage of 

the transport sector is so low, to not make any efforts regarding taxation until it reaches a certain share of the 

transport sector. The problem with this is, both according to the gas consultant14, and the director of waste 

management and regulation at CoJ3, the road levies are not paid for, resulting in the biomethane vehicles not 

being covered by the traffic insurance system in the case of an accident. The gas consultant states that in other 

countries the alternative fuel levies are covered for by the traditional fuels, but that decision has not been 

taken in South Africa. They both think this is preventing the development of biomethane since there is no 

income to the government from the biomethane in transport due to the lack of taxation. Due to this, the 

government might not make the decision to support that industry14. Compressed natural gas (CNG) is currently 

exempted from the taxes and fuel levies that traditional fuels are subject to in South Africa (Laks 2017), 

indicating that this could be possible for biomethane as well. 

According to the last census in 2011, the unemployment rate in Johannesburg was 25% (Statistics South Africa 

2011). In the third quarter of 2017, it was 27.7% (STATS SA 2017). Several interviewees have lifted job creation 

as an important matter in Johannesburg and South Africa2,14. No specific funding or financing solutions for 

projects creating new jobs have been found, but that does not mean they do not exist. It is further assumed 

job creation could increase governmental interest for public co-financing. That is why the number of jobs that 

could be created with a biomethane solution has been considered. AltGen Consulting (2016) has done a study 

of the number of jobs that would be needed for planning, constructing and operating a biogas plant in the 

country. In this thesis, only the jobs in operation and maintenance of the plant are considered since they are 

the long-term jobs in the biogas industry. For a large facility (>1MW electricity) they estimate a total of 3.89 

jobs/MW (Table 11) in operating and maintenance, where one job is equivalent to “one person employed full-

time for a period of one year, roughly 1,920 hours considering a 160-hour work month”. According to the 

Swedish Gas Technology Centre, 1 m3 biogas from a digester generate 6.5 kWh electricity. For the theoretical 

co-digestion plant in this study, with waste from the fresh produce market, Pikitup, the two studied abattoirs, 

the company called Food industry X and Interwaste, the total biogas production would be 85 million Nm3 (Table 

8). This results in:  
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6.5 kWh ∙ 85,000,000 Nm3

8760 h
 ≈ 63.1 MW 

And: 

63.1 MW ∙ 3.89 
jobs

MW
≈ 245 jobs  

This number should be used with caution as it is an estimation and follows the production linearly, which might 

not be the case in reality. Furthermore, in the process of generating electricity from biogas there can be big 

losses of energy, which are not considered here. 

Table 11. The number of jobs created per project phase when planning, constructing and operating a biogas plant generating 
more than 1 MW electricity. Altered from AltGen Consulting (2016). 

Project phase Jobs/MW 

Feasibility & Development 6.56 

Construction 31.17 

Operation & Maintenance 3.89 

Total project 41.62 

 

AltGen Consulting (2016) assumed large biogas plants have a highly automated operation, which might not be 

the case in Johannesburg as it might intentionally be low automation to increase the number of jobs14. 

Furthermore, this calculation does not account for biogas from landfills and WWTP, only the one big biogas 

plant assumed to take in all studied SOW. Hence, more work could be in landfills and WWTPs and also before 

and after the production of biogas, such as work in waste sorting, upgrading of biogas and distribution of 

biomethane.  

According to EcoMetrix Africa (2016), an initiative to create a database of funding options for biogas projects 

(in South Africa and internationally) is supported by the French Development Agency. There are several 

potential funding options for biomethane projects (e.g. the Renewable energy independent power producer 

procurement (REIPPP) programme mentioned in Appendix F and South African Renewables initiative (SARi) 

(van Rooy et al. 2013)), however, none identified directly targeting biomethane.  

In conclusion, for the indicator Economic support for biomethane solutions, the potential funding options 
together with a carbon tax and a landfill tax that may be of support of biomethane in the future, but is not at 
the moment, and with a biomethane market that can create new jobs, gives the indicator the score 
Satisfactory.   
 
Summing up the first three indicators concerning Johannesburg as a whole, for the key area Institutional 

support and societal acceptance, parameters that have been identified to influence the three next coming 

indicators assessing feedstocks are: extensive and time-consuming bureaucracy, the closing of landfills, 

possible landfill ban, and possible landfill tax. In general, the three latter parameters would mean a decrease 

of waste being landfilled contributing to a smaller amount of landfill gas, but also open up to alternative use of 

organic waste possibly leading to a larger production of biogas. More on how this affects each type of examined 

feedstocks is described below.  

Level of support and administrative implications 

For this indicator, the feedstocks are assessed according to the properties of the different substrates and not 

according to the feedstock source, e.g. the waste from the company Interwaste is divided into different 
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groups of feedstock. A summary of the assessments for Level of support and administrative implications is 

shown in Table 12. 

Landfill 

The authors have not identified any specific information about administrative implications for landfill gas in 

particular. However, as landfill gas is already extracted for electricity production, the administrative process is 

assessed to be reasonable with low certainty as this is an assumption. The level of support is assessed to be of 

some support since the current waste management system indirectly supports waste to landfill. This makes 

the overall score for landfill gas Satisfactory with some uncertainties due to the lack of information about direct 

hinders or support. 

Fruit- and vegetable waste 

Right now the waste from the Fresh produce market is landfilled, that is why the indirect support of waste to 

landfill applies here. For the market waste, both CoJ and UJ are involved in the pilot project to use the FVW 

from this source of feedstock for biomethane production12,18. This means influential actors are supporting the 

project and the use of this waste which might be an advantage in the bureaucracy process. This sums up to 

some support and reasonable administration with the overall score Good for the Fresh produce market waste. 

Since the reasoning above does not apply to the fruit and vegetable waste from Interwaste, it is assessed 

separately. Some of the waste from Interwaste is currently sent to landfill but some of it is sent to a biodigester. 

It is unknown to the authors which solution applies to the fruit and vegetables, but no legislative hinders for 

sending it to a digester has been identified. The above mentioned general burdensome administrative process 

is assumed to apply here as well as the potential landfill tax and landfill ban, which is assumed to favour biogas 

production. The overall score for the fruit and vegetable waste from Interwaste is consequently set to 

Satisfactory with medium certainty.  

Food waste 

For food waste collected by the municipally owned Pikitup, the process of producing biogas might be easier 

than for other feedstocks if the biogas would be produced by the city. The city could then decide that Pikitup 

should redirect the dumping of waste from landfills to the site of the biogas plant, which the aforementioned 

closing of landfills and possible landfill tax would reasonably support. The level of support is however assessed 

as No support as there is none today, and the administration to be reasonable, with the overall score 

Satisfactory. The same assessment is assumed to be valid for the OFMSW from Interwaste.  

Abattoir waste  

Regulations are especially strict when dealing with abattoir waste as it could potentially be hazardous 

(EcoMetrix Africa 2016). The strict regulations can be an indirect support for abattoir waste to be used as biogas 

feedstock, as it must be handled separately (Jarvis 2015; AltGen Consulting 2016). Only a few landfill sites have 

a license for taking in abattoir waste and there are legal requirements for the waste to be sterilized to a 

satisfactory level before disposed of at these landfills, making it harder to dispose of this waste at landfills 

(GDARD 2009).  

One of the abattoirs studied in this work, Morgan abattoir, had a hard time obtaining necessary licences and 

getting the EIA approved (Jarvis 2015). At the campus of the Council for Scientific and Industrial Research (CSIR) 

in Pretoria, they are looking into building a biogas plant on campus13. They too have discovered problems with 

                                                             
18 Zulu, Jerry; Principal specialist waste policy and projects, City of Johannesburg. 2018. Interview March 26. 
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getting an approved EIA when using abattoir waste and have because of this chosen to not use abattoir waste 

in their plant (at least for now).  

Morgan abattoir further needed to prove to municipal, provincial and national government that the biogas was 

not increasing the abattoir’s total air pollution (Jarvis 2015). An option the CSIR representative mentioned was 

that if they were to use abattoir waste in their biogas plant, they could enclose the abattoir waste completely, 

in pipes linking from the origin of the waste to their plant, so it does not interact with air13.  

The general level of support can be summed up to include some barriers, together with burdensome 

administrative implications, making the overall score Very poor. 

Waste from Food industry X 

Since some of the waste from Food industry X is already used for anaerobic digestion7, it is clear it is feasible. 

Because the composition of the waste is unknown to the authors, specific hinders or support for the particular 

feedstock cannot be searched. However, based on the low general support for biogas and that no support for 

other feedstocks has been identified, no support is assumed. Since some of the waste is sent to AD, it is 

assumed the administrative implications are reasonable, giving this feedstock the score Satisfactory, with low 

certainty due to assumptions. 

Wastewater treatment sludge 

The responsibility for regulation of wastewater services lies with the Department of Water and Sanitation and 

the conditions for sludge management is confined in Water Use Authorisations that endorse beneficial use of 

sludge, where discarding is to be the last option (van der Merwe-Botha et al. 2016). If sludge disposal is on-site 

of the WWTP it is included within the Waste Authorization, but off-site disposal would require a waste license 

(van der Merwe-Botha et al. 2016), which likely means it would legally be easier to co-digest sludge with other 

organic waste on the site of the WWTP.  

Support from the municipality for biogas production for electricity exists, as the WWTPs are owned by the City 

of Johannesburg, who started the biogas for electricity production. Would this assessment only consider 

production of biogas, the support would be high. However, for biomethane, there is no specific support, 

concluding in the assessment Some support. Administrative implications on a municipal level should not be 

hard as the City of Johannesburg is the sole shareholder of Johannesburg Water (Johannesburg Water 2017b). 

Furthermore, as biogas is already being produced, the authors do not see why there should be implications on 

a higher level either. The overall score is Good, with medium certainty due to uncertainty of the administrative 

implications.  

Fats 

No specific support, hinders or administrative implications has been found for this type of substrate in 

Johannesburg. Since “fats” here means animal fat and chip fat collected by the company Interwaste, the same 

support and implications found for the company are used to assess fats for this indicator. As previously 

mentioned, some of the waste from Interwaste is currently sent to landfill and some to a biodigester, but it is 

unknown to the authors which route the fats take, which is why the score for this feedstock is set with medium 

certainty. No legislative hinders for sending this type of waste to a digester has been identified. Furthermore, 

since some or all of this waste might be landfilled, this feedstock is assumed to comply with the possible landfill 

tax and the administrative complications concerning several feedstocks, mentioned above. The score is set to 

Satisfactory with medium certainty. 
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Planning horizon and clarity of business implication 

For the indicator Planning horizon and clarity of business implication, the feedstocks are assessed according to 

the properties of the different substrates and not according to the feedstock source, e.g. the waste from the 

company Interwaste is divided into different groups of feedstock.  

Landfill 

Even if the amount of waste to landfill would reduce due to the closing of landfills, possible landfill ban and 

tax, there is still gas being generated from the waste that is already there. However, contracts for landfill gas 

to electricity were signed for 20 years, which provides some clarity for the planning horizon for biogas. Still, 

for production of biomethane, the overall score for landfill gas is Very poor. 

Fruit- and vegetable waste 

For fruit- and vegetable waste, there is no clarity for business. If landfilling continues to be cheap, if it takes a 

long time for the landfills to close or if the ban for landfilling organic waste will not come in place, it will likely 

continue to be landfilled. However, if these things were to come in place, it would create an incentive to make 

use of the waste, an indirect incentive for biogas production.   

Some of this waste is collected by Interwaste, which are usually only able to sign contracts valid for maximum 

three years4, which is a quite short (mid-term) planning horizon.  

Since there is no support for this feedstock, the clarity is assessed as unclear. Planning horizon short due to the 

uncertainty in the future rules and legislation, giving the overall score Very poor. 

Food waste 

The arguments for the assessment of food waste is very similar to the fruit and vegetable waste above. The 

planning horizon is short and the clarity of business implications is low since it is unknown when (if) the landfill 

tax and ban for organic waste on landfills are coming into place. The feedstock is assessed as Very poor for the 

same reasons as above.  

Abattoir waste 

Due to the unclarity of whether abattoir waste is measured as hazardous or not, getting an environmental 

permit is particularly problematic for abattoirs which in turn affects the legislative procedure an abattoir-

waste-to-biogas project must undergo (Cape EAPrac 2015). For example, there is no consensus among 

provinces, provincial and national departments and between different national departments, of the definition 

of animal blood (ibid.). On the municipal level, the owner of Morgan abattoir struggled a lot to get licenses for 

biogas production approved, due to the municipality’s inexperience of biogas technology (Goemans 2017). 

Biogas industries using this type of waste will depend on how the regulations for abattoir waste and biogas will 

turn out, if there will be a consensus about this at some point. This will furthermore likely influence which road 

the development will take; a more positive image of abattoir waste or a more negative one. This gives the score 

Very poor. 

Waste from Food industry X 

Since this industry reports not sending a lot of waste to landfill from the concerned production sites, they are 

assumed to be less concerned by the possible upcoming landfill tax and closing of landfills. However, this 

information is considered insufficient to make an assessment, that is why no score is given. 
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Wastewater treatment sludge 

The amount of sludge is not seen likely to change considerably as wastewater needs to be treated. However, 

as wastewater reticulation and treatment is dependent on electricity, therefore being vulnerable to the 

uncertainty of electricity prices and supply, the planning horizon for this feedstock being used for anything 

other than electricity is unclear. Furthermore, Johannesburg Water is said to intend to implement electricity 

production on all their WWTPs in the future (van der Merwe-Botha et al. 2016), that is why the score, 

considering production of biomethane and not biogas, is Very poor. 

Fats 

As all of the fat waste studied in this work is collected by Interwaste, that either puts this waste on their own 

landfills or send it to a biodigester, the planning horizon regarding contracts is mid-term (see Appendix D) 

because Interwaste is usually only able to sign contracts valid for maximum three years4. Furthermore, 

assuming that this feedstock is currently landfilled, similar to several other feedstocks, the clarity for business 

is unclear. This feedstock is therefore assessed as Very poor, with medium certainty due to the possibility that 

the waste is today sent to a biodigester which could impact the business clarity.  

A summary of the assessments for Planning horizon and clarity of business implications is shown in Table 12. 

Public opinion 

According to the director of energy at CoJ19 and a UJ biogas researcher12, very few people know about biogas 

in Johannesburg. This has resulted in too little information to make an assessment for any feedstock except for 

abattoir waste. 

Abattoir waste 

When Morgan abattoir was to obtain a license for its biogas plant, one of the greater aspects influencing the 

community’s reaction, in favour of the biogas plant, was that the biogas digester would decrease the smells 

related with abattoirs (Jarvis, 2015), which can be seen as supportive of biogas production from this feedstock. 

However, the recent outbreak of listeriosis and the recall of processed meat products (WHO 2018) have turned 

heads to the abattoir industry and its waste, worsening the picture of the biogas industry using abattoir 

waste14,20. Overall this gives the score Satisfactory with medium certainty. 

  

                                                             
19 Mahlatsi, Thabo; Director energy, City of Johannesburg. 2018. Interview March 6. 
20 Mashego, Mlawule; Pikitup. 2018. Interview March 26. 
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Table 12. The results of the assessment and level of certainty for each feedstock regarding the indicators Level of support and 
administrative implications and Planning horizon and clarity of business implications.  

FEEDSTOCK SCORE CERTAINTY 

Level of support and administrative implications 

Landfill gas Satisfactory Medium 

Fruit and veg. Fresh produce market Good High 

Fruit and veg. Interwaste Satisfactory Medium 

OFMSW Satisfactory High 

Abattoir waste Very poor High 

Food industry X Satisfactory Low 

WWT sludge Good Medium 

Fats Satisfactory Low 

Planning horizon and clarity of business implication 

Landfill gas Very poor High 

Fruit and vegetables Very poor High 

OFMSW Very poor High 

Abattoir waste Very poor High 

Food industry X - - 

WWT sludge Very poor High 

Fats Very poor High 

 

6.3.4 Infrastructure suitability 

The key area Infrastructure suitability, is made up of one indicator, Suitability of current infrastructure for 

biomethane solutions, which is used to assess the city as a whole.  

According to a gas consultant, there are industries in the area using their organic waste for biogas production 

to generate electricity to cover their own demand14, e.g. some of the municipally owned wastewater treatment 

plants. Due to erosion, only about 50% of the existing pipelines for water and sewer is useful and Johannesburg 

Water has an infrastructure renewal plan to replace the aging infrastructure (Johannesburg Water 2017c). 

There are also plans for renewal of the sewer and WWTP (ibid.).  

The Robinson Deep landfill site is considered a potential location for a biogas plant12. How far the waste 

managed by Interwaste would be transported if a biodigester was built at this location cannot be stated here 

since the authors do not know the place of origin of the waste. The two Food industry X production sites are 

10 and 50 km away from the potential location and the considered abattoirs, Morgan abattoir and Shaiks 

Poultry, are situated about 45 km and 30 km respectively away from Robinson Deep. The waste from Joburg 

market and a large share of the waste managed by Pikitup is already taken to this site for disposal.  

The authors have not identified any biogas upgrading plants in Johannesburg and consider Robinson Deep to 

also be a suitable site for a potential upgrading facility due to the closeness to the biodigester. If additional 

biodigesters are to be built, e.g. close to industries from which it is not feasible to transport the organic waste 

for digestion, the closeness of the upgrading facility to the city centre and the user of the biomethane is seen 

as an advantage. A fishbone structure of pipelines or truck routes from different biogas producers could lead 

from the outskirts of the city towards the centre. The current NG filling station is situated in Langlaagte, about 

10 km from Robinson Deep.  



59 
 

There is a gas network of 1200 km pipeline under Johannesburg (Herbst 2012) owned and operated by Egoli 

Gas19. The director of energy at CoJ estimates the number of clients, both residential and industrial, to about 

12,00019. He further states the previously municipally owned gas network was sold to Egoli Gas with the 

intention for them to expand the gas grid, but Egoli Gas considered the gas network old and in the need of 

renewal which is why it has not been expanded. Egoli Gas do not allow biomethane in the gas network19, the 

reason for this is unknown to the authors.  

Today the public transport buses are fuelled at different fuelling depots throughout the city, however a biogas 

researcher at UJ considers the number of depots to be limited9. The DDF buses from Metrobus, which can use 

both diesel and natural gas, can fill up both fuel types at the same time at the depot in Braamfontein9. The 

company NGV gas owns a fuelling station for NG which is currently used by private minibus taxis operating in 

Johannesburg on NG (CNG Holdings n.d.). 

As the gas grid does not accept distribution of biomethane, the separation level of waste is low and the number 

of fuelling depots is considered low, this indicator is given the score Poor. 

6.3.5 Accessibility 

The key area accessibility is made up of one indicator, Geographical and physical accessibility, which is used to 

assess the individual feedstocks. For this indicator, the assessment is based on the sources of feedstocks and 

not on waste types with similar properties. This means if one source of feedstock contains several substrates 

known to the authors, it will still get a combined assessment. 

Landfill 

The City of Johannesburg is judged to be a relatively small area, with a large concentration of landfills. The 

landfills could have been situated outside the city and widen the collection area, which is not the case here. 

Furthermore, the landfill gas is limited to the five municipal landfills and already in the form of gas. The 

accessibility is scored as Very Good.  

Fresh produce market 

All waste that originates at the market, is collected in containers and is today transported to Robinson Deep 

landfill (Ayeleru et al. 2016). The organic content of the waste is high, 93% (of the weight) (ibid.). The 

accessibility is scored Very good.  

Pikitup 

Pikitup collects and manages the household waste in Johannesburg which means they have control over the 

waste. The city is geographically vast but the population big, meaning the city is densely populated making the 

collection of the waste easier. Most of the MSW is taken to the four active landfills. 

The OFMSW is not separated from the other waste fractions which means separation of the organic fraction 

must be implemented, either at the source or at the landfill sites when the waste arrives. The organic fraction 

of the waste brought to the Robinson Deep landfill is 34% by weight (University of Johannesburg 2016) and is 

assumed to be the same throughout Johannesburg20, making the OFMSW the largest fraction in the waste. 

Since the organic fraction is not separated at the moment, the accessibility is assessed as Poor, but if separation 

at source or before digestion is implemented, this assessment will change.  

Abattoirs 

Bigger abattoirs that have been found are located outside the City of Johannesburg, e.g. Karan Beef about 70 

km from Johannesburg. As smaller ones are closer to the city, and as the size of abattoirs differs, the 
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geographical accessibility is not perfect. However, the waste is concentrated to the industries themselves, 

making collection physically easy. Nevertheless, if abattoir waste is measured as hazardous or not is uncertain 

(Goemans 2017), which can influence the legal means of transportation. Legal requirements that have been 

found is abattoir operators having to use special containers when transporting their waste on road (GDARD 

2009). There is, however, knowledge of abattoir waste being transported to an existing biogas plant at a 

different place in Gauteng4. 

The accessibility is assessed as Satisfactory with medium certainty due to laws regarding transport of the waste 

being unclear to the authors. 

Food industry X 

The waste is generated at two industrial sites within Johannesburg. Assuming the waste is in an accessible form 

the accessibility of the feedstock is assessed to be Good, but with low certainty. 

Interwaste 

This waste is already collected and managed by Interwaste, meaning it is feasible to collect it. Their waste 

management facility is considered as a connected area. However, would specific waste be transported to a 

biogas plant, it might be transported directly from where it is generated and not go through Interwaste waste 

management facility. Assuming the waste is in an accessible form, the waste is scored Good, with low certainty 

as the sources of waste generation are unknown to the authors.  

Wastewater treatment sludge 

The substrate is generated on large wastewater treatment plants where the sludge is already treated in some 

way. This is why if a co-digestion where to happen with other waste, it would likely be easier to transport that 

waste to the WWTP site. However, the transportation and storage of other wastes to the WWTPs could be a 

hinder (Maragkaki et al. 2018). The accessibility for the sludge is assessed to be Good. 

A summary of the assessments for geographical and physical accessibility is shown in Table 13. 

Table 13. The results of the assessments and level of certainty for each feedstock regarding the indicator Geographical and physical 
accessibility.  

Geographical and physical accessibility 

FEEDSTOCK SCORE CERTAINTY 

Landfill gas Very good High 

Fresh produce market Very good High 

Pikitup Poor High 

Abattoir waste Satisfactory Medium 

Food industry X Good Low 

Interwaste Good Low 

WWT sludge Good High 

 

6.3.6 Suitability for anaerobic digestion 

The key area Suitability for anaerobic digestion is made up of one indicator with the same name, which is used 

to assess the feasibility of every individual feedstock. For this indicator, the feedstocks are assessed according 

to the properties of the different substrates and not according to the feedstock source, e.g. the waste from the 

company Interwaste is divided into different groups of feedstock. An assessment for landfill gas is not 

applicable for this indicator. 



61 
 

Fruit- and vegetable waste 

The C/N ratio is 32 for fruit and vegetable waste (Sall et al. 2016). The average C/N ratio for experiments with 

waste from Joburg market was 29 (Masebinu et al. 2018). Sall et al. (2016) set the C:N:P ratio to 189:11:1. 

According to Scano et al. (2014), the AD of FVW without co-digestion with another substrate is difficult due to 

the high content of simple sugars in FVW which can cause acidification. However, if the mixture of FVW is well-

balanced and the amount of fruit with a high content of simple sugars is kept low, the effect of the potential 

acidification can be reduced (ibid.). Masebinu et al. (2018) who conducted research on the FVW from the 

Joburg fresh produce market concluded AD of the FVW without co-digestion is viable if the fraction of vegetable 

waste is larger than the one of fruit. However, this study was on a small-scale digester and according to Scano 

et al. (2014), the examples of full-scale digestion of FWV in the literature was all co-digestion with other 

substrates. According to a biogas entrepreneur the South African sand soil is contaminating the waste and 

affects the biogas production, which is why it must be removed, including from the FVW11.   

Since the proportions of fruit and vegetables must be controlled and the C:N:P ratio is not optimal the score is 

set to Satisfactory.  

Food waste 

The specific characteristics for the MSW in Johannesburg are not known, but a study of waste in Scandinavia 

showed the C/N ratio was between 15.5 and 21.5 (Davidsson et al. 2007), which is below the optimal ratio. 

According to Carlsson & Uldal (2009), the biogas generation from food waste is high but is dependent on the 

choice of pre-treatment method and the level of separation from other types of waste. There is usually 

lignocellulose in the food waste and some of it can be lignin, which cannot be anaerobically digested 

(Ammenberg et al. 2017).  

Based on the high biogas yield, the suitability is assessed to be Good. However, using non-case-specific values 

makes the certainty low since the OFMSW can be very different in different geographical areas (Fisgativa et al. 

2016).   

Abattoir waste 

Abattoir waste includes stomach content, rejected material and blood (EcoMetrix Africa 2016). Excluding 

blood, as the blood has high pollution loads (Ozturk 2013), abattoir waste has a high biogas yield because of 

its high energy content (Carlsson & Uldal 2009; Environmental Protection Agency 2012).  

Stomach content has a C/N ratio of 22-37 with a total amount of N on 13-21 kg/tonne TS and other soft, 

rejected parts have a C/N ratio of 4 because of the high amount of protein, which is a low value for anaerobic 

digestion (Carlsson & Uldal 2009). This makes abattoir waste not fit for sole digestion as there is a risk of low 

pH when digested on its own, but when included in co-digestion plants the biogas yield is usually very high 

(ibid.). The high presence of fats also contributes to this high methane yield, but the fats and proteins cause 

instability in the digestion process, leading to microbiological problems when the waste is digested on its own 

(Pagés 2015).  

The score is set to Satisfactory, with medium certainty due to the use of non-case-specific numerical 

information of the C/N ratio. As for the fat and protein content in the waste, it is assumed to be similar around 

the world but it also contributes to the set level of certainty.  

Waste from Food industry X 

The concentration of COD is 1200-7500 mg/L for this type of waste (Kosseva 2013). Generally, a concentration 

higher than 1500 mg/L is required for an acceptable methane production (Metcalf & Eddy 2003, p.987).  
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Based on this the suitability is graded Good, but with low certainty since the authors have no additional 

information about the feedstock.  

Wastewater treatment sludge 

Sludge is degraded to methane relatively fast as it is easily digested (Henriksson et al. 2015). A COD 

concentration higher than 1500 mg/l is generally needed for satisfactory production of methane (Metcalf & 

Eddy 2003, p.987). According to Parvaresh et al. (2004) sludge normally has a C/N ratio between 10-20 and 

was measured by Forkman (2014) to have a C/N of 12.5. 

For the Northern Works WWTP, an identified risk was sand settling with the sludge, further settling in the 

digester, generating volume reduction and unproductive mixing (van der Merwe-Botha et al. 2016). Average 

values of constituents over the period 2014-2015 of the sludge going into the digesters at the Northern Works 

WWTP (van der Merwe-Botha et al. 2016): 

• N = 252 mg/l 

• COD = 30,740 mg/l 

• P = 134 mg/l 

For wastewater treatment sludge, the suitability for anaerobic digestion has been set to Good. 

Fats 

According to Ruggieri et al. (2008), animal fats have a C/N ratio higher than 4000, which is a lot higher than the 

value of 20-30 that is typically seen as beneficial (Ammenberg et al. 2017). Fats, in general, have a very low 

content of nitrogen in relation to carbon content (Sasaki et al. 2003), which is why this value is assumed to be 

applicable to the fats (chip fat and animal fat) assessed here. This high ratio means the biomethane yield would 

be low if fats would be digested on their own. Furthermore, a high concentration of fats can give a low pH in 

the digester due to the build-up of long fatty acids, if they do not get consumed fast enough by other 

microorganisms (Carlsson & Uldal 2009), which can be obtained in other substrates. In co-digestion with other 

substrates, substrates with a high amount of fat can enhance biogas yield (Okudoh et al. 2014). Fats can be 

suitable to co-digest with different types of sludge that typically has low C/N ratio (Wakelin & Forster 1997). 

The scale for this indicator mentions for the score Poor that the feedstock may be used as a complementary 

feedstock for co-digestion, this together with the high C/N ratio gives this feedstock the score Poor with 

medium certainty due to lack of information about contaminants in the waste.  

A summary of the assessments for suitability for anaerobic digestion is shown in Table 14. 

Table 14. The results of the assessments and level of certainty for each feedstock regarding the indicator Suitability for anaerobic 
digestion.  

Suitability for anaerobic digestion 

FEEDSTOCK SCORE CERTAINTY 

Landfill gas - - 

Fruit and vegetables Satisfactory High 

OFMSW Good Low  

Abattoir waste Satisfactory Medium 

Food industry X Good Low 

WWT sludge Good High  

Fats Poor Medium 
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6.3.7 Nutrient content and suitability for biofertilizers  

This key area consists of two indicators, Nutrient content, and Suitability for biofertilizers which both are used 

to assess every feedstock.  

Nutrient content 

For the indicator nutrient content, the feedstocks are assessed according to the properties of the different 

substrates and not according to the feedstock source, e.g. the waste from the company Interwaste is divided 

into different groups of feedstock. The scale used for assessment is based on Swedish conditions and is used 

since information regarding optimal amounts of the nutrients in a South African context could not be found, 

which adds to the overall uncertainty of the assessment. Nitrogen (N), potassium (K) and phosphorus (P) are 

the most used fertilizers in South Africa (DAFF 2016), which is why it would have been interesting to examine 

the amount of all of these nutrients in the feedstocks. However, no scale for assessment was available for K, 

and it was decided not to include K in the assessment. An assessment for landfill gas is not applicable for this 

indicator. 

Fruit- and vegetable waste 

Total N content in the fruit and vegetable waste from the market 20 kg N/tonne TS (Masebinu et al. 2018) and 

the total P content is 1.8 kg P/tonne TS (Pavi et al. 2017) or 2.6 kg P/tonne TS (Alibardi & Cossu 2015). These 

values are quite low giving the score Poor with medium certainty since the values for P are not specific to the 

Johannesburg context. 

Food waste 

Total N content is 45 kg N/tonne OFMSW (TS) (Ammenberg et al. 2017) and the total P content is 4 kg P/tonne 

TS (Ammenberg et al. 2017). This generates the score Satisfactory with low certainty due to the lack of non-

case-specific information. 

Abattoir waste 

For soft rejected parts of pigs, the amount of N is 90 kg/tonne TS and the amount of P is 14 kg/tonne TS 

(Edström et al. 2006) which gives the score Good. The stomach content of pigs has an amount of 32 kg N/tonne 

TS and 11 kg P/tonne TS (ibid.) which gives the score Satisfactory. The amount of soft parts per tonne is higher 

than the amount of stomach content (ibid.), making the concluding score Good. This comes with low certainty 

due to not case specific numbers and values only for pigs. 

Waste from Food industry X 

The authors could not find information about the nutrient content of this feedstock.  

Wastewater treatment sludge 

Annual average in 2014, for final biosolids (i.e. after sludge drying) for Northern Works (van der Merwe-Botha 

et al. 2016): N = 50 kg/tonne, P = 20 kg/tonne, which the authors interpret as weight in TS, that is why the 

assessment is based on these numbers, giving the score Satisfactory.  

Fats 

Fats have a low nutrient content, with particularly low phosphorous and nitrogen content in relation to a high 

carbon content (Sasaki et al. 2003). A value of the percentage of nitrogen in animal fat is given by Ruggieri et 

al. (2008) to be less than 0.02% of dry matter fat, which equals to 0.2 kg/tonne. For this indicator, the score is 

set to Very poor if the total N is very low (≤ 10 kg/tonne dry matter) and the total P is very low (≤ 1 kg/tonne 

dry matter). Because of the low amount of N, the score is set to Very poor, but because this number is based 
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on animal fat alone and not on both animal and chips fat, and no amount of phosphorous has been found, the 

score is given with low certainty.  

A summary of the assessments is shown in Table 16. 

Suitability for biofertilizers 

For this indicator, the feedstocks are assessed according to the properties of the different substrates and not 

according to the feedstock source, i.e. the waste from the company Interwaste is divided into different groups 

of feedstock. An assessment for landfill gas is not applicable for this indicator. 

Fruit- and vegetable waste 

The level of organic content in the waste from Joburg market is 93% of the weight (Ayeleru et al. 2016). The 

rest of the waste from the market is made up of paper, plastics, wood and metals (ibid.). The market waste is 

considered clean since the presence of other wastes contaminating the feedstock is low, however, some 

sorting and cleaning is required to reach a high level of purity (Masebinu et al. 2018). The fruit and vegetable 

waste from Interwaste is assumed to have a similar level of purity. According to research by di Maria et al. 

(2014), the level of heavy metals in FVW was well below European threshold values for organic fertilizer. The 

score for the waste is Good with medium certainty due to the lack of case-specific information about the level 

of contaminants such as heavy metals in the FVW.  

Food waste   

For MSW a big issue is the plastic bags the waste often is collected in since it can stay in the digester and remain 

in the digestate (Ammenberg et al. 2017) affecting the attractiveness as biofertilizer. This is assumed to be an 

issue also in Johannesburg since the household waste currently is collected in plastic bags. The mix with other 

types of waste causes other visual contaminants which can remain in the digestate as well unless the waste is 

separated and cleaned properly before digestion. Information is lacking on the level of heavy metals in the 

OFMSW but since it is not separated at source it is assumed to be higher than for source separated food waste. 

It is not known to the authors how easy it is to remove the other waste fractions, which is why the biofertilizer 

is assessed as Poor with low certainty. 

Abattoir waste 

Abattoir waste could contain contaminants such as bone, metallic objects and rope, which makes the 

dispersion of the substrate and removal of these objects, before it is put in a digester, important (Carlsson & 

Uldal 2009). Furthermore, this type of waste can be polluted with high numbers of microorganisms, which 

comes with a potential health risk unless managed accurately (EcoMetrix Africa 2016). When substrate with 

animal origin is to be digested, it should be hygienised before entering the biogas process (Environmental 

Protection Agency 2012). Safety measures such as pasteurizing and making sure that waste from sick animals 

is not fed into the digester can be taken (Jarvis 2015). According to Baky et al. (2006) and various real examples 

(Environmental Protection Agency 2012), digestate from this type of waste is clean enough to use as fertilizer.  

The score has been set to Satisfactory, with low certainty due to the use of non-South African references and 

the suitability could differ in Johannesburg. 

Waste from Food industry X 

The authors could not find information for this feedstock.  
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Wastewater treatment sludge 

Constituents to consider in WWT sludge are nutrients, metals, odours and pathogens (van der Merwe-Botha 

et al. 2016). The substance of heavy metals in sludge can make it potentially hazardous and limit the agricultural 

use of the digestate (Environmental Protection Agency 2012; van der Merwe-Botha et al. 2016). 

The Northern Works WWTP has a license requiring them to produce a Class A1a sludge (van der Merwe-Botha 

et al. 2016), and for this assessment, this is assumed to comply for all WWTP in Johannesburg. The classification 

of sludge shows what the sludge can be used for and comes with, amongst other things, limits for heavy metals 

which can be seen in Table 15. Class A1a is the highest class, and means that agricultural use is an option, with 

no additional restrictions and requirements and that the sludge, therefore, could potentially be sold as a 

product (DWA 2006).    

Table 15. The heavy metal concentration of the final biosolids product from the treated sludge at Northern Works, compared to 
the Sludge Guideline limits for Class A1a sludge. Adapted from a table in van der Merwe-Botha et al. (2016). 

Heavy metal constituent 
analysed 

Pollutant limit for Class A1a 
sludge [mg/kg] 

Annual average in 
2014 [mg/kg] 

Annual average in 
2014 [% of limit] 

Arsenic (As) < 40 7.4 18 
Cadmium (Cd) < 40 < 10 < 25 
Chromium (Cr) < 1200 333 28 
Copper (Cu) < 1500 309 21 
Lead (Pb) < 300 33 11 
Mercury (Hg) < 15 0.6 4 
Nickel (Ni) < 420 63 15 
Zink (Zn) < 2800 840 30 

As the amount of heavy metals are well below the limits, the assessment would be Very good if it would only 

be based on this. However, the amount of nutrients and pathogens have not been assessed, which is why the 

score is not set to Very good. Yet, as the digestate end product from Northern Works is to comply with Class 

A1a sludge which can be used as fertilizers, these amounts are assumed to be appropriate, which led to the 

score Good. This is assumed to be valid for all the Johannesburg WWTP. 

Fats 

Animal fats and chips fat should likely be clean substrates if not influenced by other material. However, as 

mentioned under the indicator Suitability for anaerobic digestion, the authors have no information about 

contaminants for this particular waste, which is why no assessment has been made. 

A summary of the assessments for nutrient content and suitability for biofertilizers is shown in Table 16.  
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Table 16. The results of the assessments and level of certainty for each feedstock regarding the indicators Nutrient content and 
Suitability for biofertilizers. Remember the scale for assessment of Nutrient content is based on a Swedish context and optimal 
levels of nutrient content in the biofertilizer could be different in South Africa. If the user of the method has knowledge about the 
South African conditions a scale adapted for that should be used when scoring the indicators.  

FEEDSTOCK SCORE CERTAINTY 

Nutrient content 

Landfill gas - - 

Fruit and vegetables Poor Medium 

OFMSW Satisfactory Low 

Abattoir waste Good Low 

Food industry X - - 

WWT sludge Satisfactory High 

Fats Very poor Low 

Suitability for biofertilizers   

Landfill gas - - 

Fruit and vegetables Good Medium 

OFMSW Poor Low 

Abattoir waste Satisfactory Low 

Food industry X - - 

WWT sludge Good High 

Fats - - 

 

6.3.8 Technological feasibility 

The key area technological feasibility consists of one indicator which is used to assess each feedstock. For this 

indicator, the feedstocks are assessed according to the properties of the different substrates and not according 

to the feedstock source, e.g. the waste from the company Interwaste is divided into different groups of 

feedstocks. When making the technical assessment the process before the digestion, e.g. collection and pre-

treatment, the digestion and the upgrading was included. In 6.3.1 Customer demand, the demand for 

biofertilizer is set to Poor, meaning that the digestate might have to be managed in some other way. The 

treatment of the digestate for biofertilizers was however disregarded here, as technical solutions for this do 

exist (Bachmann 2015; Environmental Protection Agency 2012). But it is always important to keep in mind if 

the technological solutions are available, geographically and economically. 

Landfill 

There is currently installed technology for collection of the landfill gas in three of the landfills, for production 

of electricity5. How well this technology works is not known to the authors, but the installations are relatively 

new. The construction phase at the first landfill started in 2014 (Franks et al. n.d.). This indicates the technology 

should not work poorly due to outdated technology or machinery.  

The permits for the landfills are from 1990 but they could be even older6. E.g. Robinson Deep landfill was 

opened in 1930 (City of Johannesburg 2018). According to the director of waste and regulation at CoJ and the 

interviewed Pikitup representative, the landfills in Johannesburg are now sanitary3,20. This is the most 

sophisticated level of landfill technology meaning there are conditions for a high methane yield in the landfill. 

The challenge for using landfill gas as vehicle fuel is to remove the contaminants present in the gas, e.g. 

siloxanes (Bauer et al. 2013). The high levels of nitrogen in the gas cannot be removed by many of the 

commonly used upgrading techniques and the techniques capable of removing the nitrogen is cryogenic 
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upgrading and PSA (ibid.). Landfill gas is often considered too contaminated to be used as vehicle fuel, 

consequently, the purification process will be costly (Rasi et al. 2007). 

Due to the difficulties in upgrading the landfill gas, the technological feasibility is graded Poor. The grading is 

of medium certainty since the composition and level of contaminants is unknown to the authors, which is why 

assessing the level of difficulty for the upgrading is difficult. Furthermore, information regarding the collection 

system is lacking to be able to make a proper judgment.  

Fruit- and vegetable waste 

There are several studies of the digestion of FVW and in general the challenge does not seem to be related to 

the available technology but more to find the right ratio of fruit and vegetable waste in the substrate and other 

matters related to the composition of the substrate (see e.g. Scano et al. 2014; Alibardi & Cossu 2015; 

Masebinu et al. 2018). Due to the need for job-creating in Johannesburg and the general approach that jobs 

that could be performed by people should not be automatized14, the separation of FWV is assumed to be 

performed by people, that is why no advanced technology is needed. Food waste is a common feedstock for 

biogas production and in Sweden, it has been used since the 1990’s (Ammenberg et al. 2017). However, a 

standard solution for how to build an efficient biodigester using food waste does not exist, making the biogas 

facilities different from each other regarding pre-treatment techniques etc. meaning there is room for technical 

improvements (Yngvesson et al. 2013). Due to this, the technological feasibility is assumed to be Satisfactory 

with low certainty since FVW was assumed to have similar properties as food waste and no specific information 

regarding the upgrading of the biogas from FVW could be found.   

Food waste 

In the trucks picking up the household waste there is only one compartment, meaning that if the waste would 

be sorted in the future, the trucks need to be altered or replaced. However, separation at source is not 

technologically necessary due to existing technology that can separate the waste on the site of the biogas 

plant11 (but because Johannesburg is in need for new jobs this technology is not relevant here at the moment 

as separation could be done by people).  

In Sweden, there are several technical solutions already implemented but in need of improvement throughout 

the digestion process (Ammenberg et al. 2017). As mentioned above, it has been used for about the last 25 

years but there is no standard solution for how to construct the digestion sites for optimal biogas yield (ibid.). 

The assessment of Ammenberg et al. (2017) for household food waste was Satisfactory (Good). Since the 

development of biogas solutions from household waste in South Africa is not as mature as in Sweden, the 

technological feasibility is evaluated as Satisfactory with low certainty due to the lack of specific information 

about the upgrading of biogas from food waste and the use of non-case specific information about the 

digestion technique.  

Abattoir waste 

Process instability due to high content of fats (see more about fats below) and proteins can lead to 

microbiological and operational problems when digested on its own (Pagés 2015). However, as stated above, 

when included in co-digestion plants, abattoir waste can contribute to a high biogas yield (Carlsson & Uldal 

2009). Production of biogas from abattoir waste is existent in South Africa4(Goemans 2017), showing that the 

technology is there, and in Sweden, there are several examples where the biomethane yield is high 

(Environmental Protection Agency 2012). 

The assessment result in a Good score with medium certainty due to uncertainty or lack of information about 

other stages in the process such as the pre-treatment technology and whether or not abattoir waste is legally 
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seen as hazardous and must be transported accordingly, as it is uncertain to the authors how well the 

technology for the transportation is working. However, the fact that there is biogas production from abattoir 

waste in South Africa shows that the technology is available. That is why the certainty is not set to low though 

non-case specific information was used.  

Waste from Food industry X 

As no specific information for this feedstock could be found due to the small amount of knowledge the authors 

had about it, the score will be based on the technology available for the food waste from Pikitup. Consequently, 

the score is Satisfactory with low certainty. 

Wastewater treatment sludge 

Before going to anaerobic treatment the waste is already decomposed because of the previous purification 

steps (Carlsson & Uldal 2009). Anaerobic digestion is the most energy-efficient treatment of sludge with the 

best quality end-product according to (Tezel et al. 2011). However, in South Africa most biogas plants at 

wastewater treatment plants do not have optimal processes, producing only a small part of their energy 

potential (van der Merwe-Botha et al. 2016). They further state that their study shows the majority of 

municipalities do not function according to best practice, which has a bad impact on the biogas yield and quality 

from WWTPs in South Africa. However, Johannesburg Water started an optimization and refurbishment 

programme for sludge treatment in 2013, which included, amongst other things, optimization of collection and 

thickening of sludge stream and the various processes needed for that (van der Merwe-Botha et al. 2016). This 

started in 2013 for the Northern Works and Olifantsvlei Works, new digesters were inserted at Direfontein 

WWTP and Bushkoppie WWTP in 2013-2014 and the optimization project for Goudkoppies was in the planning 

phase at the time of writing for van der Merwe-Botha et al. (2016).  

The risk of sand (grit) settling in the digesters mentioned above, is possible to solve by controlling the digesters 

every 5-6 years for removal of sand and solids, as well as by making sure a degritting system (which is an existing 

technique) is in function upstream, to avoid sand in digesters in the first place (van der Merwe-Botha et al. 

2016).  

Paolini et al. (2018) have confirmed high levels of siloxanes in biogas from sewage sludge, that is considered as 

a main technical barrier for upgrading this biogas to biomethane for use in engines. However, they further 

state that this is not a critical issue for the upgrading technique they studied (vacuum swing adsorption, similar 

to pressure swing adsorption). This shows that there is existing technique to upgrade this type of biogas, and 

does not rule out that other upgrading techniques do not work for the same purpose.  

The already implemented biogas technology at Johannesburg Water WWTPs, with some new technologies, 

together with upgrading being technically possible and existing technique for a big identified risk, gives the 

score Very good. 

Fats 

Fats, in general, are technologically possible to digestate, however, the digestion of fats can cause foaming, 

and as previously mentioned a lower pH, in the digester (Carlsson & Uldal 2009). Furthermore, fats can cause 

other problems such as blockage in pipes (Long et al. 2012).  

Because co-digestion of fats and other substrates with a lower content of carbon (see 6.3.6 Suitability for 

anaerobic digestion) can increase the digester gas production (Long et al. 2012), the authors do not see that 

this would cause problems in upgrading the gas to biomethane.  
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The authors have no information about how the company Interwaste collects this type of waste but assumes 

it is working technically as they collect it regularly today. Since the authors do not have information about 

possible contaminants, the necessity of pre-treatment is unknown.  

The score is set to Good, but the assumptions and lack of information contribute to the low certainty of this 

score.  

A summary of the assessment for technological feasibility is shown in Table 17. 

Table 17. The results of the assessments and level of certainty for each feedstock regarding the indicator Technological feasibility.  

Technological feasibility 

FEEDSTOCK SCORE CERTAINTY 

Landfill gas Poor Medium 

Fruit and vegetables Satisfactory Low 

OFMSW Satisfactory Low 

Abattoir waste Good Medium 

Food industry X Satisfactory Low 

WWT sludge Very good High  

Fats Good Low 

 

An overview of all feasibility indicators and assessments for the city as a whole is shown in Figure 9 and an 

overview of the examined sources of feedstocks in Table 18.  

  

Figure 9.  Overview of all feasibility indicators and assessments for the city Johannesburg as a whole. From inside and out the 
scores are increasing from Very poor to Very good. The asterisks represent the authors’ level of certainty, *** indicate high 
certainty and ** indicates medium certainty.
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Table 18. Overview of all feasibility indicators and assessments, both for the sources of feedstock and for the group of feedstocks with similar properties. The asterisks represent 
the level of certainty of the assessment. *** indicates high certainty, ** indicates medium certainty and * indicates low certainty. 

 

Indicator Landfill gas 
Fresh produce 
market 

Fruit and veg 
Interwaste 

Pikitup 
Food waste 
Interwaste 

Abattoir 
waste 

Abattoir waste 
Interwaste 

Food 
industry X 

WWT sludge 
Fats 
Interwaste 

Control and 
competing  interests Very Poor                    

** 
Very Good                    

** 
Poor                    
*** 

Good                   
*** 

Poor                                     
*** 

Poor                    
* 

Poor                               
*** 

Poor                    
* 

Very Poor                    
*** 

Poor                    
*** 

Level of support and 
administrative 
implications  

Satisfactory                    
** 

Good                    
*** 

Satisfactory                    
** 

Satisfactory                    
*** 

Satisfactory                                    
*** 

Very Poor                    
*** 

Very Poor                    
*** 

Satisfactory                    
* 

Good                    
** 

Satisfactory                    
* 

Planning horizon 
and clarity of 
business 
implications  

Very Poor                    
*** 

Very Poor                    
*** 

Very Poor                    
*** 

Very Poor                    
*** 

Very Poor                                
*** 

Very Poor                    
*** 

Very Poor                                  
*** 

Lack of info 
Very Poor                    

*** 
Very Poor                    

*** 

Public opinion Lack of info Lack of info Lack of info Lack of info Lack of info Satisfactory                    
** 

Satisfactory                    
** 

Lack of info Lack of info Lack of info 

Geographical and 
physical accessibility  Very Good                    

*** 
Very Good                    

*** 
Good                       

* 
Poor                    
*** 

Good                                   
* 

Satisfactory                    
** 

Good                            
* 

Good                    
* 

Good                    
*** 

Good                    
* 

Suitability for 
anaerobic digestion  

Not 
applicable Satisfactory                    

*** 
Satisfactory                    

*** 
Good                    

* 
Good                                   

* 
Satisfactory                    

** 
Satisfactory                                  

** 
Good                    

* 
Good                    
*** 

Poor                    
* 

Nutrient content  
Not 

applicable Poor                           
** 

Poor                    
** 

Satisfactory                    
* 

Satisfactory                                   
* 

Good                    
* 

Good                            
* 

Lack of info Satisfactory                    
*** 

Very Poor                    
* 

Suitability for 
biofertilizers  

Not 
applicable Good                          

** 
Good                    

** 
Poor                    

* 
Poor                                     

* 
Satisfactory                    

* 
Satisfactory                    

* 

Lack of info Good                    
*** 

Lack of info 

Technological 
feasibility Poor                    

** 
Satisfactory                                 

* 
Satisfactory                    

* 
Satisfactory                    

* 
Satisfactory                        

* 
Good                    

** 
Good                            

** 
Satisfactory                    

* 
Very Good                    

*** 
Good                    

* 
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6.4 ECONOMIC COSTS 
The category economic costs covers biogas generation cost, upgrading cost and biomethane distribution cost.  

In this study the cost of separation of the waste is not included, i.e. pure organic feedstocks are assumed to be 

delivered to the biodigester. However, much of the waste considered must be separated from other types of 

waste before being used as a substrate, e.g. the MSW from Pikitup and the fruit and vegetable waste, and the 

separation at source or at the biogas facility is related to additional costs. The transport of the biogas to the 

upgrading facility is disregarded as well, but since a possible location of the upgrading plant and the biodigester 

are close to each other at the Robinson deep landfill, the transport to the upgrading facility might be short.  

6.4.1 Biogas generation cost 

The operating and maintenance cost for one of the studied abattoirs in Johannesburg that runs a biogas plant, 

Morgan Abattoir, is 0.625 million ZAR/year (Goemans 2017). Together with the number of 3 million m3 biogas 

per year (from Table 8) this gives the operating and maintenance cost 0.21 ZAR/Nm3 biogas or 0.017 USD/Nm3 

biogas (1 ZAR = 0.08 USD 2018-05-07). For SOW the amount of biogas is 85 million Nm3 (Table 8). This gives 

the yearly running cost of: 

0.017
𝑈𝑆𝐷

𝑁𝑚3
∙  85 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 

𝑁𝑚3

𝑦𝑒𝑎𝑟
 ≈ 1.4 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑈𝑆𝐷 

Using the same numbers of operating and maintenance cost for the WWTP plant gives the yearly running cost 

of: 

0.017
𝑈𝑆𝐷

𝑁𝑚3
∙  35 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 

𝑁𝑚3

𝑦𝑒𝑎𝑟
 ≈ 0.6 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑈𝑆𝐷 

The investment cost for a biogas plant treating 52 tonnes waste/day in Western Cape, South Africa, was 13.7 

million ZAR (Gogela et al. 2017). The investment cost for the biogas plant at Morgan Abattoir was 15 million 

ZAR (Goemans 2017) and they treat 41.5 tonnes waste/day (based on numbers from Table 8). This gives 

263,000 and 361,000 ZAR/tonne waste per day, giving an average investment cost of 312,000 ZAR/tonne or 

25,000 USD/tonne digested waste per day (1 ZAR = 0.08 USD 2018-05-07).  

The total amount of organic waste for SOW plant, according to Table 8, is 407,000 tonnes/year giving 1115 

tonnes/day. This gives an investment cost for SOW of: 

25,000
𝑈𝑆𝐷

𝑡𝑜𝑛𝑛𝑒
∙ 1115 𝑡𝑜𝑛𝑛𝑒𝑠 ≈ 28 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑈𝑆𝐷 

The corresponding investment cost for the WWTP is not calculated since in reality, the sludge will most likely 

not be digested in the same digester and some of the WWTP already have biodigesters on site.  

It should be noted the cost for operating and maintenance is based on the corresponding cost from only one 

facility, and the investment cost on two facilities. Even though these numbers come from a South African 

context, the cost can still vary between facilities. An average value based on several South African facilities 

would have been preferred, which is why the calculated costs are related to uncertainties. 

6.4.2 Biogas upgrading cost 

A simplification of upgrading all generated biogas in the same upgrading facility has been made. The cost of 

upgrading can also be divided into two parts: the investment cost and the operation and maintenance cost. 

The upgrading technique chosen is amino scrubber which according to Kalinichenko et al. (2016) has an 

investment cost of 5600 USD/kg/h for an upgrading facility generating more than 500 Nm3 biomethane/hour 
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(see Table 1). The theoretical upgrading facility in this thesis generates 67,700 tonnes biomethane/year (see 

6.2 Potential) which for 8760 operating hours per year (some hours the facility would probably not operate 

due to maintenance etc. but that has not been considered here) gives 7728 kg/h. The investment cost is: 

5600
𝑈𝑆𝐷

𝑘𝑔/ℎ
∗ 7728 

𝑘𝑔

ℎ
= 43.3 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑈𝑆𝐷 

This is based on European numbers, hence the result of the investment cost is of low certainty as the prices 

could differ between Europe and Johannesburg.  

As for the operating cost, the upgrading technique amine scrubber needs water, electricity and heat to operate 

(see Table 1). The dominant costs were assumed to be the costs of electricity and heat. Table 1 shows the mean 

value of the electricity need of 0.19 kWh/Nm3 and the mean value of the need of heat is 0.36 kWh/Nm3, which 

is equal to 1296 kJ/m3 for the amine scrubber. The price for electricity was 0.75 ZAR/kWh in 2016 (Motiang & 

Nembahe 2017). To calculate the price for heat, it was assumed heat is generated from natural gas for which 

the price was 48.6 ZAR/GJ in 2015 (based on the numbers for a Class 4 user in (Motiang & Nembahe 2017)). 

The price of natural gas per Nm3 is calculated as follows: 

48.6 
𝑍𝐴𝑅

𝐺𝐽
∗ 1296 

𝑘𝐽

𝑁𝑚3
= 0.063 

𝑍𝐴𝑅

𝑁𝑚3
  

And the price for electricity per Nm3: 

0.75 
𝑍𝐴𝑅

𝑘𝑊ℎ
∗ 0.19 

𝑘𝑊ℎ

𝑁𝑚3
= 0.143 

𝑍𝐴𝑅

𝑁𝑚3
  

This gives the total price of operating the upgrading system: 

0.063 
𝑍𝐴𝑅

𝑁𝑚3
+ 0.143 

𝑍𝐴𝑅

𝑁𝑚3
= 0.206 

𝑍𝐴𝑅

𝑁𝑚3
  

With a total production of 146 MNm3 biogas per year (Table 8), the total operating cost for the upgrading is 30 

million ZAR/year. With an exchange currency of 1 ZAR = 0.08 USD (2018-05-07) this gives 0.017 USD/ Nm3 and 

2.4 million USD/year.  

6.4.3 Biomethane distribution cost 

As described in 6.3.4 Infrastructure suitability, the existing gas grid in Johannesburg does not allow biomethane, 
hence distribution costs have been made for distribution by truck.  

The potential annual production of biomethane is 91.6 million Nm3/year or 67,700 tonnes/year (see 6.2 

Potential). With an energy content of 0.0361 GJ/Nm3 (Jalalzadeh-Azar et al. 2010), this is equal to 916 GWh. 

Assuming the cost for a 520 GWh production in Table 2, which refers to production between 520-1600 GWh, 

this gives an investment cost for compression of 0.11 USD/kg. The total compression investment cost is:  

67,700 𝑡𝑜𝑛𝑛𝑒𝑠 ∙ 0.11 
𝑈𝑆𝐷

𝑘𝑔
≈ 7.4 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑈𝑆𝐷 

With an operating and maintenance compression cost of 3% of the investment cost (Table 2), this equals to: 

7.4 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑈𝑆𝐷 ∙ 0.03 ≈ 220,000 𝑈𝑆𝐷 

The vessels are assumed to be filled once a day. To reduce the number of trucks needed for transport of the 

vessels the composite tanks that can store a larger volume of gas were chosen over the steel vessels (described 

in 2.2.3 Distribution of biomethane). Hence, to calculate the number of vessels needed, the amount of 
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biomethane produced per day was considered: 91 million Nm3/year gives 251,000 Nm3/day. This further gives 

the number of vessels: 

251,000 𝑁𝑚3/𝑑𝑎𝑦

4300 𝑁𝑚3/𝑣𝑒𝑠𝑠𝑒𝑙 
= 59 𝑣𝑒𝑠𝑠𝑒𝑙𝑠 

In reality, consideration of the need for higher pressure for these vessels should be taken (250 bar compared 

to 200 bar in steel vessels) which is likely to affect the vessel price. To account for the possibility to switch full 

vessels for empty ones at the fuelling depots, the total number of vessels might be higher to optimize 

distribution routes etc. The investment cost for 59 composite vessels (cost from Table 2): 

252,000 𝑈𝑆𝐷 ∙ 59 𝑣𝑒𝑠𝑠𝑒𝑙𝑠 ≈ 14.9 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑈𝑆𝐷 

The yearly operating and maintenance cost for distribution of gas with truck (0.24 USD/kg from Table 2) is: 

67,700 
𝑡𝑜𝑛𝑛𝑒𝑠

𝑦𝑒𝑎𝑟
∙ 0.24 

𝑈𝑆𝐷

𝑘𝑔
≈ 16 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑈𝑆𝐷 

Consideration should be given to the fact that the numbers in Table 2 are estimations by Börjesson et al. (2016), 

in a Swedish context.  

6.5 ENVIRONMENTAL PERFORMANCE 
For the environmental performance climate impact reduction, air quality and nutrient recycling are assessed 

and absolute numbers of the potential reduction of the emissions and virgin nutrients are calculated.  

6.5.1 Climate impact reduction 

Since the reference fuel in most buses in Johannesburg is diesel, the reduction of CO2 emissions if all buses 

were to use biomethane was calculated in reference to diesel. No number for the well-to-wheel CO2 emissions 

from diesel in a South African context was identified, which is why the numbers from different references were 

combined. The well-to-tank emission is from a Chinese study. All used numbers, the total calculated emissions 

from the Johannesburg city bus fleet and the potential CO2 reduction is shown in Table 19.  

The total CO2 reduction when using the biomethane compared to diesel is calculated using the gross amount 

of biomethane produced per year (Figure 6), the density and energy content in biomethane21, the CO2 emission 

reference for diesel and the GHG emissions of biomethane compared to diesel (Table 19). This generates a 

total potential reduction of 256,000 tonnes CO2eq/year. As described in 6.4 Economic costs above, the gross 

amount of methane is more than enough to fuel the entire municipal bus fleet, which is why the potential CO2 

reduction is also calculated for the 1002 municipal public transport buses in Johannesburg. If these 1002 buses 

would run on biomethane instead of diesel, the reduction of CO2 equivalents would be 95,000 tonnes/year. 

  

                                                             
21 According to (Jalalzadeh-Azar et al. 2010) the density of biomethane is 0.739 kg/Nm3 and the energy content is 0.0361 GJ/Nm3. 
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Table 19. The numbers used to calculate the current CO2 emissions for every bus and the entire bus fleet in Johannesburg, and the 
potential reduction of CO2 emissions if the bus fleet was to use biomethane instead of diesel.  

WTTa emissions diesel [g CO2eq/MJ] 27.9 (Ou et al. 2010) 

TTW emissions diesel [g CO2eq/MJ] 69 (EcoMetrix Africa 2016) 

WTW emissions diesel [g CO2eq/MJ] 97 

Energy demand Johannesburg bus [TJ/bus/year] 1.23 (Stafford et al. 2017) 

CO2 emission [tonne CO2eq/bus/year] 119 

Buses in Johannesburg 1002 (Stafford et al. 2017) 

CO2 reduction biomethane [%] 80b (Börjesson et al. 2016) 

CO2 emission bus fleet [tonne CO2eq/year] 119,000 

CO2 reduction bus fleet [tonne/year] 95,000 
a The life-cycle of transportation fuels can be divided into different phases, well-to-wheel (WTW) which is the entire life-cycle, 

well-to-tank (WTT) which is the production and distribution of the fuel and tank-to-wheel (TTW), which is the end-use of the 

fuel (Börjesson et al. 2016). 
b Based on BAT and Swedish conditions. 

However, since the reduction of CO2 is based on using the best available technology for the biomethane 

production, the reduction could be lower if BAT technology is not installed in the Johannesburg biomethane 

production.  

6.5.2 Air quality 

The reduction of particle matter in reference to diesel is calculated using the gross amount of biomethane 

(Figure 6), the density and energy content in biomethane21, the amount of PM emitted from the production 

and use of diesel (12 mg PM/MJ) and the particle emission reduction when using biomethane (74%) (Börjesson 

& Berglund 2007; Lindfors & Lärkhammar 2017). However, this data is based on Swedish conditions. This 

resulted in the potential reduction of PM of 30 tonnes/year. 

Similarly, the potential reduction of NOx can be calculated using the same information as above, but with the 

amount of NOx emitted from the diesel production and use (760 mg/MJ) and the reduction of NOx emitted 

when using biomethane compared to diesel (65%) (Börjesson & Berglund 2007; Lindfors & Lärkhammar 2017). 

This data is also based on Swedish conditions. This resulted in the potential reduction of NOx of 1.6 tonnes/year. 

6.5.3 Nutrient recycling 

According to DAFF (2016), the three most used nutrients in agriculture in South Africa are nitrogen, 

phosphorous and potassium. DAFF (2016) further states that South Africa is a net importer of nitrogen and 

potassium, importing all potassium and 60-70% of the used nitrogen, and a net exporter of phosphorous. 

Importing nutrients mean prices are influenced by shipping costs and exchange rates and subjected to the 

supply and demand drivers in international industry (ibid.).  

In this work, potassium has not been accounted for but could be considered in a deeper assessment study. The 

content of phosphorous and nitrogen in each feedstock source (except for Food industry X for which 

information could not be found, and landfill gas) is described in the feasibility assessments for the feedstocks 

under the indicator Nutrient content, where the certainty of these contents also is evaluated, not all being site-

specific values. In Figure 10 the nutrient content per waste stream has been multiplied with the feedstock DM 

weight per year, consideration should be given to where these numbers come from and the level of uncertainty 

that comes with that. Figure 11 shows the amount of phosphorous and nitrogen for the estimated biofertilizer 

yield for these sources of feedstocks. As described in chapter 6.2 Potential, no relevant site-specific information 

for biofertilizer potential for any feedstock has been found, which is why these numbers too should be used 

with care.  
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Figure 10. The amount of phosphorous and nitrogen for the sources of feedstocks in tonnes/year. The nutrient content per waste 
stream has been multiplied with the feedstock DM weight per year.  

 

Figure 11. The phosphorous and nitrogen content in the estimated biofertilizer yield for examined feedstocks. 
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7 DISCUSSION 

In this chapter the main findings from the studied case as well as from the development of the MCA tool are 

discussed and the findings are compared with the findings from other studies to highlight the contribution of 

this thesis. The chapter begins with a discussion regarding the concept and suitability of multi-criteria analysis 

for this type of case and regarding strengths and weaknesses with the developed method. Some implications in 

the Johannesburg context are discussed regarding an implementation of a biomethane solution followed by the 

need for separation of organic waste and the competing electricity production. The identified feedstocks are 

also ranked in order of feasibility and further, economic hinders and incentives are discussed.  

The findings of that biogas production is contributing to job creation and improved management of organic 

waste are in line with many other studies on different geographic levels (Deklerk 2017; Goemans 2017; 

Roopnarain & Adeleke 2017 etc.) Furthermore, the calculated number of buses the biomethane could fuel are 

in line with Masebinu et al. (2018), who have done a more detailed study about biomethane from Joburg fresh 

produce market, including a calculation of the number of buses the waste from the market could fuel.  

Many aspects brought up in Goemans (2017), EcoMetrix Africa (2016) and AltGen Consulting (2016), who have 

studied biogas in South Africa, have also been brought up in our study. These aspects are laws, policies, 

economic support and knowledge, which seem to be similar for biogas in the whole country and can give 

notions of how well a biogas or biomethane solution would work. To examine a real implementation of a 

biomethane solution, more local studies should be conducted. This is because specific circumstances for 

supply, production and demand concern specific geographic areas (Ersson et al. 2013). This study can be a start 

of this in Johannesburg. It accounts for aspects concerning the whole country but also assesses possible sources 

of feedstock on a local level, with a bottom-up approach. According to Offermann et al. (2011), bottom-up 

approaches have a higher level of transparency than top-down approaches and can be suitable as a base for 

further and deeper assessments.  

Even though EcoMetrix Africa (2016) touches upon many of the areas concerned in our work, but for the whole 

South Africa, it does not assess possible sources of feedstock on a local level and hence does not cover all 

aspects covered by the MCA method used in our study. No study using a systematic tool covering both 

potential, costs, feasibility and environmental performance in this way has been found in the studies of biogas 

or biomethane in South Africa.  

7.1 MCA AS AN ASSESSMENT METHOD 
As described in 4.1 Multi-criteria analysis, when choosing MCA as the assessment method in this work, 

strengths like the possibility to include multiple areas, the ability to handle both qualitative and quantitative 

criteria and also subjective judgements were considered appropriate for the aim, compared to other methods 

described in 3 Sustainability assessment. Hence, if another method had been used, this broad approach had 

most likely been hard to accomplish. E.g. a study focusing on the biomass and biomethane potential would 

only result in that there is potential to fuel almost 2700 buses from the biomethane potential identified in this 

study. Such study would overlook that more than a third of this potential is already used in other applications 

or that the customer demand for biofertilizer is low, which could be major hinders for a biomethane solution.  

During the information gathering process in Johannesburg, the authors collected a lot of information and not 

all of it fits into the different indicators of the method. For every indicator, all relevant and available 

information was included, but there are still things the method does not cover. Despite the possibility to extend 

the method and include a lot of different aspects, it has not been easy to do so in a systematic manner. One 

such thing, which was brought up in several interviews, is the lack of biomethane knowledge and skills. An 
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indicator for this could be created, but challenges of how to measure knowledge (Which scales should be used? 

Where is the line drawn between no knowledge, some knowledge and expert?) was considered too big to do 

so. However, aspects that have not been brought up as indicators can still be used when assessing the 

indicators or the final result. For example, important but yet not included aspects can be considered if weighing 

different indicators against each other. 

In this work, the feasibility indicators for the feedstocks were weighed against each other, however not in a 

systematic way. To make a decision easier, including a systematic weighting system in the MCA method is a 

good idea. Not including a weighting system might give the impression that an average value of the indicator 

scores should be used to show the result, meaning every indicator is of equal importance, which might not be 

a good reflection of reality. However, which aspects and indicators are more or less important depends on the 

case. For this reason, the weighting should preferably be done by someone who is well familiar with the 

assessed system so no important aspects are missed.  

The fact that subjective judgments can be included in this and other forecasting methods can reduce the 

credibility of the result (Ness et al. 2006). However, it can be discussed if it is better to have less information 

that might not lead to a result at all or to include these judgements but be aware of the subjectivity if a decision 

is to be made. 

7.1.1 Our MCA method and its usability 

Regarding the digestion of the feedstocks, it has been assumed only two digesters are used when calculating 

investments costs etc. One of the digesters is used for all separated organic waste (SOW) and one for all 

wastewater sludge, even though there already are biodigesters on several WWTP and mixing of all SOW would 

require a very large digester. In reality, this might not be possible depending on the size and wanted geographic 

location of the digester/digesters, which should be considered if a deeper assessment is to be made.  

Furthermore, it was assumed all biogas is upgraded in the same upgrading facility, for which the user of the 

method must choose one upgrading technique for the total amount of biogas. In reality, there might be 

different techniques more suitable for different types of gas and it is possible one does not want to mix the 

landfill gas with the biogas from a digester due to the presence of other types of contaminations in the landfill 

gas. The assumption of one upgrading facility is further rather unreasonable for any large city. Transporting the 

gas from the spread out digesters at the WWTPs and the landfills is a logistical challenge and due to the distance 

also related to additional transport costs. If using the full biogas potential in Johannesburg, several upgrading 

facilities with potentially different techniques would be preferable, however not too many since sufficient size 

to maintain profitability is still important, as discussed above.  

As mentioned below, in 7.5 Order of feasibility for feedstocks, the feasibility of feedstocks is assessed separately 

for each feedstock. Because of this neither benefits or issues regarding co-digestion have been given much 

room in the assessment. This indicates feedstocks in need of co-digestion with other feedstocks, to generate a 

higher methane yield, are disfavoured when using this method. However, this is an aspect that can be included 

in a potential weighing, which further indicates the importance of the person doing this having enough 

knowledge about the concerned subject.   

Some of the indicators may seem overlapping, e.g. the indicators in control and competition and institutional 

support and societal acceptance. In these matters, it is important to make the distinction between the 

indicators made for the city assessment and for the feedstock assessment, which are meant to complement 

each other. If e.g. the indicator for the feedstock assessment regarding level of support and administrative 

implications was removed with the motivation the general legislative and economic support is already 

assessed, important variations between the feedstocks will be missed. In Table 18 this is evident, as the score 

for the different feedstocks shows a great variation, while the city assessments regarding economic and 
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legislative support for biomethane solutions in general were both given the same score. On the contrary, the 

indicator Planning horizon and clarity of business implications was scored the same for all feedstocks (except 

one where sufficient information was lacking). In this case the indicator could have been used to assess the 

city as a whole instead, however, it might not be the case for all cities and regions. To maintain the 

generalizability of the method, it is kept as a feedstock indicator. 

The wish of creating a generalizable method is further the reason for not adding new indicators based on 

everything the authors found in Johannesburg since what is important there might not be important in other 

cities. However, questions regarding job creation were added to the indicator economic support for 

biomethane solutions since the authors found out this is very important in the Johannesburg context but also 

assumed it could be of relevance everywhere. In retrospect, job creation could have been an indicator of its 

own. This also shows if the user of this method and tool is not already familiar with the assessed context, it is 

of great importance to visit the assessed region to see first-hand what the opportunities and hinders are. 

Coming from outside the region, the user of the method could see the city with fresh eyes and see 

opportunities local actors might have missed. On the other hand, if the primary user is e.g. the municipal itself 

or a company already established in the region it might be easier to get in touch with relevant companies and 

potential participants in the biomethane solution thanks to an already existing network.  

The fact that the key area called Biofertilizer potential is listed under Potential, indicates that it is favourable 

with a high biofertilizer yield, which is correlated to the amount of digestate produced. However, if the demand 

for biofertilizers is low, it is favourable for the biogas plants to generate as low amount of digestate as possible 

since as long as it cannot be sold, it is an additional cost for the biogas plant owner who must dispose of the 

digestate some other way. If the demand for biofertilizer is high, a high digestate yield might not be a problem, 

but still the transport can be a challenge due to the low DM content in the digestate. However, what is 

important regarding the digestate is the nutrient concentration and recycling, which is why the biofertilizer 

yield in Potential must be compared to the amount of nutrients in Environmental performance. The most 

favourable situation is, of course, a low generation of digestate with as high DM content as possible and with 

a high nutrient concentration, since the value per volume would increase.  

7.2 FUTURE NEEDS FOR AN IMPLEMENTATION OF A BIOMETHANE SOLUTION 
The fact that the landfills in Johannesburg are filling up, the possibility of a future landfill ban on organic waste 

and a landfill tax, should favour waste-to-energy solutions in general and biomethane for transport in 

particular. Due to the contract binding the landfill gas to electricity production it is unlikely this gas can be 

upgraded and used. If these regulations come in place, the possibility of using the organic waste for biomethane 

production increases, which is positive from a biomethane for transport point of view. However, the future 

closing of the landfills seems to be known among all interviewees and could already have been a powerful 

indirect support for biomethane, but it has not had that effect, at least not yet.  

The feasibility of a biomethane solution could increase in the future e.g. if the ban or tax or other kinds of 

policies are implemented. This is one of the main conclusions from Table 18, the collected feedstock 

assessment, which shows the feedstocks themselves are not the big problem, as the characteristics of the 

feedstock, such as quality and technical suitability, are assessed to be good. The overall limiting aspects 

regarding the feedstocks are level of support and administrative implications; and planning horizon and clarity 

of business implications. The same goes for the city assessment of strategies, economics and legislative support 

which are also given low scores (Figure 9). These are areas that can be improved by the local or national 

government to give better conditions for production of biomethane in the future. 

As mentioned throughout the thesis, several interviewees have stressed the lack of skills and knowledge as a 

hinder for a successful implementation of a biomethane solution14,19. An increased level of knowledge on all 
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levels, from the decision makers at a national and regional level to the transport sector, the generators of 

organic waste, farmers and the workforce is crucial for a biomethane solution to be successful in Johannesburg. 

From the government side, the knowledge is needed to see the potential in biomethane to create a policy 

landscape that supports biomethane as oppose to indirectly working against it.  

Increased knowledge and education on other levels than governmental is also important for biomethane 

solutions to work. The workforce must know how to build a biodigester to avoid construction problems, as for 

the construction of Morgan abattoir, which had to be rebuilt twice (Goemans 2017). The drivers of the public 

transport buses must be properly informed of why the diesel is changed to a gaseous fuel, to avoid an outcome 

as of the Johannesburg DDF buses. They ended up mostly using diesel even though they can also run on NG 

and the gas consultant interviewed believes this was due to the lack of attention to the change management 

when this change was implemented14. Metrobus did not explain to their employees why they could use NG in 

the buses. Furthermore, it is important that farmers, a potential user of biofertilizer, have knowledge about 

the digestate and reasonably the whole biogas process so that they understand the benefits and/or 

disadvantages that using biofertilizers would mean for them. Due to the general low knowledge about biogas, 

GIZ (2015) highlights the need for a biomethane champion within the municipality who can lead and inspire as 

important for the success of the implementation of a biogas solution.  

If no use for the digestate is found, it could stop the whole biomethane implementation, because the revenues 

of only the biogas or biomethane might not be enough to run the plant, and/or simply because there is 

nowhere to put the digestate. Furthermore, if the digestate is not used as biofertilizers, the nutrients in it are 

lost and the material loop explained in 3.2 Sustainability concepts is broken. Initially, an attempt to create a 

demand for biofertilizer might be necessary, for example by giving biofertilizers to the farmers for free, for 

them to learn about it and try it, as they might not want to pay for it. Later on, if they accept it, hopefully, they 

will be willing to pay for it or trade it for livestock manure, that trucks can collect while transporting 

biofertilizers to the farmers, making manure as a substrate for biogas production more feasible and may be 

worth examining in a deeper assessment. An issue to solve here would be the question of who should pay for 

the transport. Nevertheless, the digestate is an important product which is adding value to the entire biogas 

plant, that is why it is important to find a use for it11.  

If not enough farmers would want to pay for or trade with biofertilizers, or if the transport cost is considered 

too high, the digestate needs to be taken care of in some other way. To cover up the landfills when they close 

is one option, using it in road construction another (Environmental Protection Agency 2012). Furthermore, it 

can be composted or dried and used for incineration in heat or electricity production (Bachmann 2015). WWTPs 

could, for example, upgrade their biogas to biomethane, sell it and then incinerate the digestate for electricity 

instead. In the future, as landfills close and waste-to-energy solutions become more usual, the techniques for 

incineration to electricity might be more accessible and the latter option an attractive solution for making use 

of the digestate. 

7.3 SORTING AND SEPARATION OF WASTE 
As in many other cities, the generated waste in Johannesburg is not separated at source. If e.g. the household 

waste is separated, either where it is generated or on waste treatment sites, it would increase the feasibility 

and reduce the economic costs for biomethane production compared to the situation today, since some kind 

of separation is necessary. This could also be done on the biogas production site with advanced, yet existing, 

technology11. The waste separation could also be done manually as job creation is important in South Africa, 

by workers somewhere along the waste-to-biogas line.  

However, there is a cost related to the separation of organic waste and as long as it is cheap to dispose waste 

on landfills, the authors find the implementation of separation unlikely. An economic incentive is necessary 
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and if the future landfill tax is high enough, this could be a powerful incentive. The authors find it important 

that for a successful implementation of a biomethane solution, the rules of the game must be clear (see 6.3.3 

Institutional support and societal acceptance). Exactly when the landfills reach full capacity and consequently 

close is hard to know but the decision makers can make a decision of a landfill tax and/or a landfill ban on 

organic waste in order to provide a longer planning horizon and clarity for business for all involved parties. This 

might be what is necessary to start the use of waste for energy generation. For biomethane in particular, which 

one of these incentives is implemented first (closing of landfills, landfill tax and landfill ban on organic waste) 

is considered less important as they are assessed to have the same effect on a biomethane solution.  

If a well-established sorting of waste is formed before biogas is being produced by this type of waste, the cost 

of sorting would likely fall on the company implementing the sorting facilities, which would be owned by the 

City of Johannesburg regarding household waste. If the biogas industry wants the waste before this happens, 

the cost will probably fall on them. For this situation, it is favourable if the same company producing biogas is 

in charge of the waste, as the cost of sorting could be paid for by the production of biogas. However, other 

financing solutions, for example higher gate fees at landfills, would be preferable. The City of Johannesburg 

further owns other sources generating organic waste and owns public transport buses, which gives the city 

positive conditions for biomethane production as CoJ can be involved in every stage of the production, from 

collection of waste to end use, if they are to produce biomethane themselves.    

Since the private waste management companies manage the waste from the private industrial sector with 

larger volumes of waste with the same properties compared to household waste, this type of waste could be 

easier to access at an earlier state in a biomethane solution implementation process since the sorting process 

might not have to be as extensive as for the municipal household waste. This is e.g. the case for the waste from 

Interwaste (see Appendix E). 

7.4 COMPETITION WITH ELECTRICITY 
There is bigger economical value to upgrade biogas to biomethane for fuel than to use it for electricity2 

(Stafford et al. 2017; EcoMetrix Africa 2016; AltGen Consulting 2016; Bachmann 2015), indicating that waste 

and biogas generators would earn more money if selling waste or biogas to biomethane production instead of 

producing electricity. However, the power shortages could be a bigger incentive than money, preventing these 

generators from selling, as producing electricity for oneself, keeps one safe from these power shortages. This 

has been found to be especially relevant for WWTPs which generate their own electricity to keep their 

processes going in the event of a power shortage. However, they do not generate enough power today to run 

their whole facilities, making the authors wonder if power shortages affect them anyway, in which case, if 

affected badly enough, they maybe would consider upgrading their biogas if that meant they would get more 

money.  

The population in Gauteng, the province in which Johannesburg is situated, is influenced by migration of 

people, both from other South African provinces and other countries (Statistics South Africa 2018). As 

mentioned in the introduction, the population of Johannesburg has grown by about 3% per year in the past 

years, which is why the demand for electricity is also increasing. According to the last census in 2011, 91% of 

the households had access to electricity (Statistics South Africa 2011) and that is why the authors do not want 

to neglect the need for continuous expansion of the electrical grid and increased supply of electricity in 

Johannesburg. The dominance of electricity production from biogas instead of e.g. transport today was to 

reduce the imbalance between the supply and demand of electricity in the city.  
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7.5 ORDER OF FEASIBILITY FOR FEEDSTOCKS 
Table 18 on page 70 shows the result of the feasibility assessment for each source of feedstock. For this case, 

the sources of feedstocks have further been listed in order of which is most feasible for biomethane 

production, all in a near future, hence the same time perspective is used for all sources and choices made for 

the listing. This compilation is shown in Figure 12 together with the biomethane potential for all sources.  

In Table 18 all sources have the score “Very poor” or lack of information for the indicator “Planning horizon 

and clarity of business implication”. Furthermore, Landfill gas and WWT sludge both have the score “Very 

poor” for the indicator “Control and competition”, which makes them unrealistic sources for biomethane in 

the near future, which puts them both in the bottom of the list. 

Remaining feedstocks with scores of “Very poor” are Abattoir waste, both from Interwaste and the studied 

abattoirs, that has the score “Very poor” for the indicator “Level of support and administrative implications” 

which could be an obstacle for biomethane production, and Fats have the score “Very poor” for nutrient 

content. The level of support and administrative implications are assessed as more critical than nutrient 

content since this concerns the whole production of biomethane and the indicator nutrient content only 

concerns biofertilizers. Furthermore, the suitability for anaerobic digestion is “Poor” for Fats, but 

consideration should be given to the fact that this is if fats are digested on its own. In summary, Fats is given 

a higher ranking than Abattoir waste and no other remaining feedstock has any “Very poor” scores, putting 

Fats followed by Abattoir waste in the bottom, just before Landfill gas and WWT sludge. Between Abattoir 

waste from the studied abattoirs and from Interwaste, the scores are very similar, which is why they are put 

in the same place. 

The five remaining feedstocks are now Fruit- and vegetable waste (both from the fresh produce market and 

from Interwaste), Food waste (both from Pikitup and Interwaste) and waste from Food industry X. Only Fruit- 

and vegetable waste from fresh produce market has scores of “Very good”, whereas one for the indicator 

“Control and competition”, making this source of feedstock assessed as the one with the largest feasibility of 

all. Furthermore, the other remaining four have overall similar scores, which is why the indicator “Control and 

competition” is given a higher value than the other indicators, as this could make or break how the feedstock 

is used. Because of this, Waste from Pikitup, which has the score “Good” for this indicator, compared to “Poor” 

for the other remaining sources, is given second place in the list.  

Between the three that are left, the assessment for Waste from Food industry X lacks of more information than 

the assessment for Fruit- and vegetable waste from Interwaste and Food waste from Interwaste, which is why 

the two latter are put higher in the list. Between the two remaining the scores are similar, that is why 

“Suitability for anaerobic digestion” got to determine that Food waste from Interwaste was to be put higher in 

the list. The order is shown in Figure 12. 

No attempt to favour Landfill gas or WWT sludge for this feasibility listing has been done. The indicator control 

and competition is the sole reason they are in the bottom of the feasibility order. It is shown in Table 18 that 

would this indicator not be accounted for, landfill gas would be rather good and WWTP be in the top of the 

feasibility list. Furthermore, since the landfill gas and the biogas from the WWTP are already used for electricity 

production, there is no doubt the feasibility for biogas production from these feedstocks is high. However, the 

aim of this thesis is to assess the feasibility of biomethane for transport, and Figure 12 shows the order of 

feasibility for biomethane production. The current biogas production from WWT sludge and landfill gas could 

contribute to an overall feasibility increase for Johannesburg as a whole, since it can lead to the spread of 

knowledge about biogas in the city and expansion of the industry base. However, it does not affect their 

position in the feasibility order for biomethane due to the fact that upgrading this biogas to biomethane is 

hindered by contracts binding them to electricity production. As mentioned in 7.4 Competition with electricity 
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the production of electricity has been prioritized in the past years due to the history of power shortages 

affecting Johannesburg. 

When interpreting Figure 12, some aspects should be kept in mind. The feedstocks furthest to the right are 

only assessed to have the least feasibility among the identified feedstocks, which is not equal to an impossibility 

to produce biomethane from them. If additional feedstocks were included in the assessment, their feasibility 

could be assessed to be much lower, e.g. material not even possible to digest. 

The shadings on the bars show there is a lot of potential for more production of biomethane than what has 

been found in this work, as not all feedstock sources have been identified. No interviewee in this case had 

more specific information about e.g. which food industries there are in Johannesburg, more than that there 

are existing food industries. To make the identification easier, a mapping of private waste management 

companies and their landfills, food industries, abattoirs and other possible feedstock sources, would hence 

make a biomethane assessment easier. 

If one or several of the incentives presented above (closing of landfills, landfill tax and landfill ban on organic 

waste) are implemented in the future, they could affect the order of feasibility of the feedstocks presented in 

Figure 12. To assess this, new assessments of every feedstock taking these incentives into account must be 

done, which is not done here. It is however likely the feasibility of biomethane production would increase for 

all feedstocks, possibly with the exception of landfill gas which potential would decrease over the years.  
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Figure 12. The potential of biomethane production for each feedstock source, including the methane slip from the upgrading technique, is shown 
on the y-axis. On the x-axis the feedstock sources are in order of feasibility, with the feedstock source assessed as the most feasible to the left and 
the least to the right. The spiky part of the x-axis means there could be feedstocks assessed to have a much lower feasibility than the least possible 
feedstock identified in Johannesburg. The order of the feedstocks is based on their feasibility in relation to each other and not in relation to all 
feedstocks in the world. Abattoir waste consists of both waste from Interwaste and from the two examined abattoirs. The grey shaded areas 
show there are more potential to be found. The two least feasible sources of feedstock, WWT sludge and landfill gas, were assessed to be the 
least feasible for biomethane production of the identified feedstocks due to the competitive uses of the gas making an upgrading of the biogas to 
biomethane unrealistic. Therefore, no further analysis was conducted on the feedstocks to decide which one of the two was the least feasible. 
However, they are very feasible for biogas production and could increase the overall feasibility in Johannesburg due to knowledge diffusion. The 
value of potential comes from Figure 6 and the order of feasibility is based on Table 18 and described above. 
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Additionally, the feedstocks are evaluated separately which means that e.g. fats get a bad assessment of 

anaerobic digestion. But as discussed in the assessments, if co-digested and assessed together with another 

feedstock, this feedstock might be very feasible.  

7.6 ECONOMICS 
For the whole assessment, generic numbers have been used when no case-specific information was found. 

Regarding costs, the importance of finding as much case-specific information as possible became evident. The 

calculated costs where case-specific values were used, and replaced data from the US or Europe, resulted in a 

lower value compared to when the generic information was used to calculate the same cost. Based on this, it 

is likely also e.g. the investment cost for the upgrading facility, of which no case-specific information was 

identified, is lower in South Africa than the Excel tool shows. 

Furthermore, it would be good to assess the feedstocks from other points of views as well, than what has been 

done in this work. For example, including cost of pre-treatment in this case, might have given the result that 

e.g. biomethane from WWTPs would be more feasible, as biogas is already produced at those sites, making the 

investment cost for biomethane lower than for example food waste where no equipment is present. However, 

the collected information in this work was not enough to include more aspects in the assessment.  

The development of waste management, other than landfilling, seems to be moving slowly, despite the landfills 

filling up, making it seem like this is not a big enough incentive to make use of the waste and e.g. produce 

biogas. It is possible more incentives could help this development, for example, an economic one. Focusing on 

biomethane an economic incentive would be that biomethane would be cheaper than the current fuels diesel 

and petrol, which is why it would be interesting to calculate how much the theoretically produced biomethane 

in this work could be sold for compared to diesel and petrol. However, the costs calculated in this work are 

assessed to be too uncertain to make any use of that kind of calculation. Contributing to much uncertainty is 

that not all numbers for costs are from a South African context. Furthermore, in reality, both investment and 

operating and maintenance costs per Nm3 should reasonably decrease with increasing plant size, which is also 

shown in Kalinichenko et al. (2016), but in this work, it has been calculated linearly. The costs of generating 

and upgrading biogas would in reality also come with costs for more or less pre- and post-treatment depending 

on for example type and form of feedstock, quality of the biogas and choice of upgrading technique. In turn, 

the choice of upgrading technique could be different when necessary pre- and post-treatment are specified.  

If the price of biomethane would not be cheap enough to create an economic incentive for production, it at 

least needs to be able to compete with the currently used fuels. Stafford et al. (2017) state that facilities 

producing more than 2,000 Nm3 biomethane per hour have low enough production costs for the fuel to 

compete with market prices of diesel and petrol in South Africa. This is one reason for waste generators and 

management companies to talk to each other to try to find synergies and produce biomethane together and 

not on their own, possibly producing too small amounts of methane to be profitable. Furthermore, since the 

theoretical upgrading in this thesis is about 10,000 Nm3/h, and this is only from a few identified feedstocks, it 

could be able to compete with the other fuels. The authors think this is a good indication of a possible profit of 

a biomethane solution in Johannesburg and a good reason to work on collaborations and financing of this 

solution, which also helps solve the waste problem. 

However, profit does not come only with low enough production costs. The sale of by-products from 

biomethane production is a way to increase the profit. Biofertilizers and carbon dioxide are two by-products. 

The authors tried to get in touch with Coca-Cola factories in Johannesburg to see if they would be interested 

in the carbon dioxide, but got no answer. As for biofertilizers, it is clear not all farmers would accept using 

biofertilizers from digestate on their farms with the understanding they have of it today, as discussed above.  
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8 CONCLUSIONS 

In this study, an early assessment of the potential, feasibility, environmental performance, and economic cost 

of a waste-based biomethane solution for public transport in Johannesburg, South Africa, has been performed. 

The first research question was What types of organic waste exist in Johannesburg, that could potentially be 

used for biogas production? The feedstocks identified and examined are landfills, organic household waste 

managed by the municipal waste management company, food waste from Joburg fresh produce market and a 

food industry, WWT sludge, abattoir waste and different types of organic waste from a private waste 

management company. In addition to this, there are other industries not identified in this study with organic 

waste, such as other food industries and private waste management companies. 

The second research question was What is the potential, feasibility, environmental performance and economic 

cost of producing biomethane for transport for the city as whole and more specifically for each type of identified 

organic waste stream? The biomethane production from the identified biomass in Johannesburg is enough to 

fuel 2700 municipal buses which is more than enough for the 1000 buses CoJ owns today. However, this 

calculation is only based on the identified organic waste, which is why the real potential is likely much higher, 

as there is additional organic waste in and around Johannesburg.  

The feasibility was assessed both for the individual feedstocks and for the city as a whole. Both the authors and 

several interviewees consider the general lack of knowledge about biogas and biomethane as a hinder for an 

implementation of a biogas solution in Johannesburg. Increased knowledge and education regarding e.g. 

biomethane and the value of waste could improve the conditions for biomethane, as it is not the availability 

and quality of the feedstocks that are the main barriers for an implementation, but changeable factors 

regarding e.g. level of support, administrative implications, planning horizon and clarity of business 

implications. Other hinders for a successful implementation of a biomethane solution in Johannesburg is e.g. 

high electricity demand and low landfilling costs. Furthermore, the demand for the biofertilizer today is 

assessed to be low due to the lack of agricultural activity close to the city and that is why alternative usages of 

the digestate must be identified.  

Out of the examined feedstocks, SOW has the best feasibility for the time being. The possibility of securing the 

feedstock was considered a very important factor. Due to the possibility of controlling the waste from the fresh 

produce market and from Pikitup, these two feedstocks were assessed as the most feasible. Landfill gas and 

sludge from WWTP were considered challenging to use for biomethane for transport as the biogas from these 

sources are already used for electricity production.  

As for the environmental performance the reduction of CO2-eq, PM, NOx and the possible nutrient recycling 

were examined. A shift from diesel to biomethane has the potential to significantly improve the performance 

regarding all these factors. Depending on how important improved environmental performance is for decision 

makers, this could favour a biogas solution to e.g. meet environmental goals. 

Finally, the economic costs have been calculated, some based on generic numbers and some based on local. 

The results from the calculation using local numbers are: generation of one unit of biogas (0.017 USD/Nm3), 

investment cost for biodigesters (25,000 USD/tonne waste) and cost of upgrading one unit of biogas (0.017 

USD/Nm3). However, the revenues from the biomethane could not be calculated which is why it is difficult to 

make a general conclusion regarding the economic performance. If the revenues were to be calculated as well, 

it could together with the costs help to assess if a biomethane solution in Johannesburg is economically viable 

or not.  
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The final research question was How can a method for answering question 1 and 2 be designed and used? In 

this study a multi-criteria assessment (MCA) method was used, and MCA is considered useful since a lot of 

different information of different character can be included in the assessment. This is thanks to the structure 

with key areas and indicators. However, this structure can also result in important factors specific for the 

studied case to be missed and not accounted for, if they do not fit into any of the indicators. This is why it is of 

significance to investigate aspects important specifically for the assessed city or region so additional indicators 

can be added in an early stage if necessary.  

The MCA-method developed in this study contains the following key areas: biomass, biomethane and 

biofertilizer potential regarding potential; customer demand, control and competition, institutional support and 

societal acceptance, infrastructure suitability, accessibility, suitability for anaerobic digestion, nutrient content 

and suitability for biofertilizer and, technological feasibility regarding feasibility; biogas generation, biogas 

upgrading and biomethane distribution cost regarding economic costs; and climate impact reduction, air 

quality and nutrient recycling regarding environmental performance. There are key areas for a feasibility 

assessment of the city and the individual feedstocks. The latter is to be able to make a comparison among the 

identified feedstocks to determine which one is suitable to use first when introducing a biomethane solution 

in the city.  
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9 FUTURE WORK 

Some things had to be excluded from this study, e.g. to limit the scope or because the authors could not find 

sufficient information. Nevertheless, these issues are still interesting and are proposed as future work.  

Regarding the study of Johannesburg, it would be interesting to continue the search for biomass to come closer 

to evaluate the total biogas and biomethane potential from organic waste. Additional feedstocks not 

originating from waste could also be assessed and potentially added to the biomethane potential. One example 

mentioned by some interviewees is Napier grass, a potential energy crop with additional benefits as it can take 

up heavy metals from contaminated soil in the former mining areas in the city (Wiangkham & Prapagdee 2018). 

It would also be interesting to assess the feasibility of the individual feedstocks based on economics. If it was 

included in this work, it is possible the order of feasibility of the feedstocks could change.  

There are a lot of vehicles in Johannesburg and since the biomethane potential in this work turned out to be 

more than enough for the buses owned by CoJ the study could be expanded to also include additional vehicles 

such as garbage trucks and the minibus taxis widely available in Johannesburg. Some of them are already 

converted to use NG, which could be an advantage.  

Some factors hindering the biomethane solution were identified, which is why studies regarding the continued 

development in Johannesburg are suggested. Is it possible to increase the feasibility of the indicators and 

feedstocks given a low score? How can knowledge about biogas and biomethane be spread in the city to 

facilitate the administrative and legislative process which today is very burdensome? How is the digestate to 

be managed? And what must change in Johannesburg in order for a biomethane solution to be successful?  

Finally, since biogas production for electricity already exists in and around the city from e.g. the landfill gas and 

WWT sludge, the possibilities and potential synergies with biomethane for transport should be investigated. 

Improvements regarding legislation, knowledge diffusion etc. would benefit all biogas plants.  
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APPENDIX A   ̶   CONTACTED STAKEHOLDERS 

Name Comment 

City representatives, organisations and experts 

James Beukes Metrobus Gas Champion 

Nickey Janse van Rensburg Manager UJ PEETS  

Idah Mwapurah UJ PEETS DDF Technical Support 

Eddie Cooke UJ PEETS DDF Technical Support  

Jerry Zulu CoJ EISD Biogas Project (Robinson Deep)               

CoJ  DED Green Economy Unit     

Patience Sigawuke CSIR 

Horst Unterlechner ibert 

SABIA  

CSIR  

bio2watts  

Pikitup  

Khosi Baker CoJ 

Thabo Mahlatsi CoJ 

Coj, EISD (Environment, infrastructure and 
service dept) 

 

Mlawule Mashego Pikitup 

GIZ ZA  

Johannesburg Water  

Stores 

Sandton City mall 
 

Shoprite 
 

Woolworths 
 

Spar 
 

Pick’n’pay 
 

Food and beverage industries 

Douglasdale 
 

Simba  

Oetker  

Dursots  

Sneakersnack  

Bidfood  

BRM Brands  

Catercorp  

Astral Foods  

Distell  

Miliquori liquor producers Germiston. No answer.  

Riverside Distillers Cc Germiston.  

Amalgamated beerage industries (Coca-Cola) Benrose 

Coca Cola Bedfordview 

South African Breweries Chamder. Information confidential. 

mailto:Jbeukes@mbus.co.za
mailto:nickeyjvr@uj.ac.za
mailto:idah.mwapaura@gmail.com
mailto:eddie@sagas.co.za
mailto:Z@joburg.org.za
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Name Comment 

Food and beverage industries  

South African Breweries Alrode 

South African Breweries Krugersdorp 

Distell Ltd Germiston 

Coca Cola  Olifantsfontein/Midrand 

Coca Cola  Westrand/Devland 

Douglasdale  

Simba  

Oetker  

Dursots  

Agriculture 

Kate's Dairy Farm Roodepoort 

Lanasia livestock & poultry  

Abattoirs 

Leeuwkop Correctional Services Called different parts of the organisation 

Karan Beef (Abattoir) Germiston 

Earlybird Farm (Abattoir) Olifantsfontein 

Shaiks Poultry Farm (Abattoir)  

Private waste management companies 

Averda Survey 

Interwaste Survey 

Oricol Survey  

Enviroserv Survey 

Skipwaste Survey 

Collect-a-tube Survey 

Musenga Survey 

Skips4Africa Survey 

Big rubble removals Survey 

Buhlewaste Survey 

Waste group Survey 

Load Away (waste management company) Survey 

Buhle Waste  Survey 

Remade Recycling Survey 

Other 

Johannesburg Zoo  

Gauteng Department of Agriculture and Rural 
Development 

 

WaterGroup  

Gauteng Waste Information System 4 people, no answer. 
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APPENDIX B   ̶   SURVEY  

Here the questionnaire with the questions to the private waste management companies is presented.  

Though we would be very glad to get an answer to every question, we do not want you to feel uncomfortable. 

So fill in as much as you feel like, we appreciate every answer we get. If you don’t know the answer to a question 

you can just leave it blank. Your email address will be used only for potential follow up questions. You will be 

able to choose to be anonymous or not in the end of the form. 

*Required 

1. Email address * 

2. How much waste does your company manage in Johannesburg? 

3. From what types of companies in Johannesburg do you collect waste? I.e. abattoirs, supermarkets, vegetable 

markets, breweries. No names of the companies are needed. 

4. How much waste do you collect from each of these types of companies? E.g. 500 tonne annum from 

restaurants, 1000 tonne annum from supermarkets, 300 tonne annum from school, 800 tonne annum from 

other. (Please include if this is for dry or wet weight organic waste) 

5. What is the organic content of the collected waste from every source? E.g. 80% organic waste of the waste 

collected from restaurants (Please include if this is for dry or wet weight organic waste) 

6. Do you know the composition of different types of waste that you collect? Such as 50% vegetables, 30% 

carton boxes, 3% metals etc. (Please include if this is for dry or wet weight organic waste) 

7. Do you handle waste from abattoirs? * 

Yes   Sometimes   No (Skip to question 14) 

8. How much abattoir waste from the municipality of Johannesburg does your company manage? 

9. From how many abattoirs? 

10. Are you allowed to dump abattoir waste at landfills? * 

o Yes     No (Skip to question 13)                           It depends (Skip to question 12) 

11. Is every waste management company allowed to do so? * 

o Yes (Skip to question 15)           No (Skip to question 13)        Do not know (Skip to question 15) 

12. What does it depend on? 

13. What do you do with the waste from the abattoirs? 

14. Do you know what happens to the abattoir waste that you do not collect? 

15. Is one allowed to transport abattoir waste in to the City of Johannesburg from outside the city jurisdiction? 

* 

o Yes              No (Skip to question 18)                It depends (Skip to question 17) 

16. Does this transportation need to be done by anyone in particular? 
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17. What does it depend on? 

18. Do you handle any hazardous waste? * 

o Yes                 No (Skip to question 20)     Sometimes  

19. Is the hazardous waste separated from the other types of waste during the whole time, from collection to 

disposal? (If not always, answer no) * 

o Yes         No 

20. What is the cost of your current waste disposal? (I.e. a fee per tonne waste dumped at a landfill site?) 

21. Are there fees for dumping waste on landfill sites? * 

o Yes               No (Skip to question 24)                 It depends (Skip to question 23) 

22. How big are the fees? 

23. What does it depend on? 

24. Do you think the fees will increase in 3 years? 10 years? 20 years? 

25. Where is your current dumping station? 

26. Approximately how far do you transport the waste? 

27. Do you manage the organic waste separately? * 

o Yes                  No (Skip to question 30)   Sometimes  

28. Is the organic waste used for anything? (For example, compost or animal feeding) 

29. If yes on the previous question, do you get money for that? 

o Yes                  No 

30. Would you consider separating and transporting organic waste to a site where it could be used for biogas 

production? * 

o Yes               No (Skip to question 32)                      Maybe (Skip to question 33) 

31. What would be your minimum requirements for doing so? (For example: the new facility cannot be more 

than XX km away from you current dumping station, or it would cost less than current fees)  

32. Why not? 

33. What makes you hesitate? 

35. Would you like your answers to be anonymous? * 

o Yes          No      Does not matter 
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APPENDIX C   ̶   QUESTIONNAIRE 

This is the questionnaire to be used when using the assessment method and Excel tool. It is a merge of the 

questionnaire from Lindfors and Lärkhammar (2017), questions based on the key areas and assessment criteria 

from Ammenberg et al. (2017) and questions added by the authors.  

ASSESSMENT OF THE ENTIRE CITY/REGION 
1. What is the name of the city/region and the country? 

This question is mainly to document the geographical location but in the provided spreadsheet also 

contains regional data on MSW and SOW generation. 

 

2. What is the size of the population? 

The larger the population, the more organic waste is generated and the demand for transport will also 

be higher. The information on population size is needed as some estimations on the availability of 

material for biomethane production are based on per capita generation of waste. 

 

3. What is near? Where/how will the geographical limitation be drawn? 

Decide on what geographical area you will include in the assessment. 

 

4. Are there any existing landfills adjacent to the city? If so, how many? 

This is just to get you started on whether landfills could at all be a source of organic waste. 

 

5. Who owns and operates the landfill? 

The owner is usually the local municipality but might be a private company as well. Knowing this, you 

will know who to talk to about landfill issues and it will give you an idea of a potential partner. 

 

6. How is the municipal solid waste disposed of: in open dumps, controlled dumps, controlled landfills 

or in sanitary landfills? 

Depending on the design of the landfill, the generation of methane will vary. Shallow, open dumps 

where the waste is in contact with air to a higher extent will create a larger share of carbon dioxide 

while deeper, enclosed sanitary landfills will generate a higher share of methane, which is what you 

want for your vehicle fuel. 

 

7. How much waste is currently in the landfill? 

Knowing this, a very rough estimate could be made on the methane potential from the existing 

stocks. Other information will be needed though, which is asked for in the following questions. 

 

8. How old is the existing landfill and for how long has it been receiving organic waste? 

If the landfill has been around for a long time, there might be large stocks of waste but there is also a 

risk that significant amounts of the organic material has already decayed and will not produce any 

more methane. Knowing how long the landfill has accepted organic waste can help in estimating the 

potential from the existing stocks. 

 

9. Does the landfill still accept organic waste? 

If many years have passed since the landfilled stopped accepting organic waste, the content might 

not be high enough for the project to be economically viable. 
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10. Have there been any large fires at the landfill during its operation? 

During a fire, the organic material is destroyed and would not generate any more methane. Having 

knowledge about fires during the operation of the landfill might help you avoid too optimistic 

estimations on methane potential. 

 

11. How much municipal solid waste is currently landfilled each year? 

Most landfills, if operated by a long-term and stable actor, will have fairly good documentation of the 

waste flows but the information should be regarded with a pinch of salt as you do not know the 

history of the landfill and the conditions that have affected its development. However, this type of 

data can further help in estimating the methane potential from the landfill. If you cannot find an 

answer to this question, please try the next one. 

 

12. What percentage of the population is served by a waste management service? 

If this information can be acquired, an estimation can be made on how much municipal solid waste is 

generated and disposed of in landfills. 

 

13. Which waste management companies operate in the studied regions? 

This is to get an overview of all the waste management companies operating in the city. There may 

be private companies and not only municipal. This is good to know since they might have statistics on 

how much organic waste they manage meaning you don’t have to examine every company with 

organic waste to get that information.   

 

14. How much waste does these waste management companies manage? 

Finding out how much organic waste is generated in the city might be hard but if you know this you’ll 

know how much waste is collected and managed which might be available for biomethane 

production.  

 

15. What is the organic content of the landfill waste? 

It is the organic waste in the landfill that generates methane, i.e. everything with a biological origin 

such as food waste, garden waste, animal residues etc. Depending on the type of organic waste, the 

time it takes for it to break down and generate methane will differ. 

 

16. If landfill gas is currently collected, what is the state and age of the system, how much gas is 

collected each year and what is the methane content of the gas? 

If landfill gas is already being collected, it will be helpful to know something about the existing system 

and how efficient it is. The methane content of the gas will decide whether it is reasonable to 

upgrade landfill gas for vehicle purposes. 

 

17. Is the population density relatively high in the area? 

If the population density is high, a lot of waste is potentially generated in a smaller area, which might 

facilitate waste management and make a separate collection of organic waste an economically and 

logistically reasonable option. 

 

18. What does the management of organic household waste look like? 

Is organic waste from the households being collected separately or is it mixed with the rest of the 

municipal solid waste? Is there a structure for collecting household waste at all? This will affect the 
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current feasibility of separate collection from households and how reasonable it is for this to happen 

in the future. 

 

19. What type of activities in the area, other than households, generate organic waste that could be 

used for biogas production? 

This could be a variety of things such as slaughterhouses, fruit and vegetable markets, restaurants 

and hotels, food industry etc. The defining characteristic should be that large amounts of organic 

waste appear in a separate waste stream. 

 

20. For each feedstock: 

If you want to make a simpler assessment you can assess all SOW together. If you want to assess the 

feedstocks individually you can also choose to do so. Here are the potential questions to be answered 

for each feedstock. The feasibility questions for each feedstock start from question no 72 and 

onwards. In the excel tool, there is a tab for the feasibility assessment for each feedstock.  

a. How much of this feedstock is available? 

This will be added to your biomethane potential. It’s preferable if you can get the amount 

both in wet and dry weight.  

b. How much biogas can the feedstock yield? 

For some feedstocks, the local biogas yield from that particular feedstock might be known. If 

you don’t have this data some generic values are provided in the tool. 

 

21. What does the management of organic waste from these activities look like? 

Is the waste being collected separately? Is it being sent to landfill, compost, incineration or another 

end-use destination? 

 

22. If a separate waste management exists for organic waste, who owns and operates it? 

Is it a private or a public actor? Large or small? One or several? Knowing this, you will know who to 

talk to on these issues. 

 

23. If biogas is already extracted from separated organic waste, how much is generated each year and 

what is the methane content? 

If biogas is already being produced, this could add to the potential, unless the gas is used for another, 

more attractive application such as electricity generation. 

 

24. Are there any wastewater treatment plants in the city? If so, how many? 

This is the third type of source for organic waste that is considered in an urban location, sewage 

sludge from wastewater treatment plants, which is rich in nutrients and organic matter. 

 

25. Who owns and operates the wastewater treatment plant? 

Is it a private or a public actor? Large or small? One or several? Knowing this, you will know who to 

talk to on these issues. 

 

26. What is the level and state of the infrastructure for wastewater treatment? 

How old is the infrastructure? Has it been well maintained? Is the technology on a rudimentary or a 

sophisticated level? This is important in order to understand if biogas could be extracted without 

costly upgrading and construction on the wastewater treatment plant. 
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27. How much sewage sludge is collected each year from the wastewater treatment plants (dry weight 

preferred)? 

This will add to your biomethane potential unless the sludge is already being used for another, more 

attractive, application. The dry weight is interesting to know as the water itself will not add to the 

biomethane potential. If you cannot get this information, try the next question. 

 

28. What percentage of the population is connected to a wastewater treatment plant? 

If this information can be acquired, an estimation can be made on how much sewage sludge is 

generated and treated at the WWTP. 

 

29. If biogas is extracted at the wastewater treatment plant, how much is generated each year and what 

is the methane content? 

If biogas is already being produced, this could add to the biomethane potential, unless the gas is used 

for another, more attractive application like electricity generation. 

 

30. Are there any biogas upgrading plants in the area? 

If existing, maybe the current infrastructure can be used to treat an increased amount of biogas. 

Otherwise, new infrastructure might need to be constructed or added to the existing one. 

 

31. If existent, who owns the upgrading plant? 

Is it a private or a public actor? Large or small? One or several? Knowing this, you will know who to 

talk to on these issues. 

 

32. What technology is being used to upgrade the biogas? 

Some common techniques include water scrubbing, amine scrubbing and pressurized swing 

adsorption. If biogas is currently being produced, the choice of technology might affect the further 

development of related infrastructure. 

 

33. How much upgraded biogas is being produced and with what methane content? 

In the rare case of biomethane infrastructure having come this far, this can give you an initial idea of 

the market potential for your vehicles. 

 

34. Is there an influential actor in the area that is interested in using biomethane to run vehicles? 

You might already have this in mind as you are looking at the location, but establishing a demand is 

equally important as estimating the production potential. Infrastructure around biomethane takes 

time to develop and therefore a large and stable actor with a long-term perspective will probably be 

more suitable than venture capitalists. 

 

35. Under what conditions are the customer prepared to start using biomethane as a fuel? 

This might include political stability on the topic of renewable fuels or some sort of economic 

warranty. Make sure to understand under what conditions the customer is prepared to proceed with 

the project. 

 

36. What type of vehicles and how many is the customer interested in running on biomethane? 

Are we talking 10, 100 or 1000 vehicles? Are the vehicles on regular bus routes, trucks for picking up 

garbage, distributional trucks or regional buses? This will affect the design of the infrastructure and 

what coverage is needed by fuelling stations etc. 
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37. What is the reference fuel for the potential customer? 

This is good to know as it might motivate the changeover from the current fuel. If the reference fuel is 

diesel, then maybe biomethane could be motivated from an air quality perspective but if the fuel is 

natural gas then the question will probably be more about price and the attitude of existing actors on 

the market. 

 

38. What is the price of the reference fuel? 

This aspect will differ across the globe and will influence how attractive biomethane is as a 

replacement in one specific location. 

 

39. Is organic waste currently being used for other applications, like compost or animal feeding? 

Competition for organic waste can prove a problem for biogas production. If a large amount of 

organic waste is already used for things like compost, animal feed or incineration there might be 

problems diverting these streams into a biogas plant. This could lead to a more expensive feedstock 

for the biogas plant and a lower climate impact reduction because the incineration plant or livestock 

owner will have to use other options for their operations that could have worse climate impact than 

using organic waste.  

 

40. What share of the organic waste is used in these applications? 

“These applications” are the other applications for organic waste, other than landfilling, asked about 

in question 39. This is important in order to understand how large the before- mentioned impact on 

economic and environmental performance is. 

 

41. If biogas is currently produced in the area, what is it used for? 

Currently, the most common application for biogas on a global scale is for the production of 

electricity and heat. Understanding how biogas is being used in the area could help with creating a 

picture of the local market for biogas and if there are any potential local investors for a biomethane 

solution. 

 

42. If biomethane is currently produced in the area, what is it used for? 

This is good to find out in order to assess if the competitive uses might hinder a biomethane solution 

for transport. 

 

43. If so, are the competitive users hindering the feasibility of biomethane for transport? 

The biomethane might e.g. be used in the natural gas grid.  

 

44. Are there any significant agricultural activities taking place adjacent to the city?  

The biofertilizer produced from the digestate in the bioreactor, which also produces biogas, can be 

used on nearby farming areas. However, keep in mind that in order to use the biofertilizer, there 

might be a need to clear the material with local health and safety regulations. There is also a 

possibility that fertilizer from waste is entirely banned. 

 

45. Are farmers willing to use biogas digestate as biofertilizer? 

Even if the fertilizer is cleared by health and safety and not regulated by any law there might still be 

stigmatisation around its use and farmers might not be willing to use it. If the farmers are also willing 

to pay for the biofertilizer, this will create an additional incentive for biomethane production. 
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46. If existent, how large is the agricultural demand for nutrients within a radius of 50 km? 

The last question about using the biofertilizer is if there is any demand in the region. This is a 

culmination of above-mentioned questions about biofertilizer. It is also important to keep in mind the 

distance to each of the potential buyers since the biofertilizer has a fairly low-value density and thus 

cannot be transported too far without an economic loss. 

 

47. If agricultural demand is non-existent, what are the other opportunities for management of the 

biogas digestate? 

If some of or all of the biogas digestate cannot be used as fertilizer, another way to dispose of this 

must be found. This will add additional costs to the generation of biogas. 

 

48. How much digestate is created from every feedstock? 

If you can get feedstock specific values for the amount of digestate generated it will give you a more 

accurate result, but if you don’t have this information generic values are provided in the tool. 

 

49. What do the local/regional/national goals, policies and strategies related to renewable fuels look 

like? Are there any plans for biomethane in the city/region? 

The answer to this question should be in the form of a list of policies, goals and strategies concerning 

renewable fuels. This list will be important in creating an idea of how the politics in the area supports 

renewable fuels as well as convincing politicians and decision makers to support biomethane 

production. It is good to get an understanding of the general attitude in the region but focus on 

things that have been or will be implemented and not on abstract visions with no impact. 

 

50. How does biomethane production align with these goals, policies and strategies? Can it help the 

region reaching green goals? 

To answer this, the list from question 49 is meant to be used. If there is support for renewable fuels in 

the area, it is important to clarify if these goals, policies and strategies align with biomethane 

production or if they favour other biofuels or even electric vehicles. This is important to understand 

because if other renewables are being pushed more, the entrance of biomethane into the market 

might be difficult. 

 

51. What type of legislation is there that concerns biomethane solutions (including, but not limited to, 

use of feedstock, production and use of biomethane as well as the use of digestate)? 

This is a question that spans the entire life-cycle of biomethane. To understand the legislative 

situation in the area and how it affects the production of biomethane, the whole production chain 

must be taken into account. Another important thing to investigate is legislation about competing 

applications of both the feedstock and the biogas. 

 

52. How supportive is the legislation of biomethane solutions? 

For this question, one must analyse the legislation found in question 45 and how supportive it is for 

biomethane. Bans on competing fuels or regulations on landfilling organic waste are examples that 

could benefit biomethane production. 

 

53. What type of economic instruments are there that concern biomethane solutions? Can biomethane 

be subsidized? 

Produce a brief list of the major economic instruments that concern biomethane production. These 

could include incentives that are given to fuels that reduce carbon emissions, all renewable fuels, 
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fuels from waste products only or specific incentives for biomethane production as well as tax 

exemptions and fees, for example on waste going to landfill. 

 

54. How supportive are these instruments of biomethane solutions? 

Analyse and discuss the list from question 47. Do the economic instruments favour biomethane over 

other renewable fuels and if that is the case then why? If it seems the instruments are better suited 

for other renewable fuels it could prove difficult for biomethane to enter the market. 

 

55. How high is the unemployment rate? Is job creating important for the city? 

If the unemployment rate is high and job-creating is important this might improve the chances of 

receiving governmental or municipal support for the biomethane production if you can show the 

plant will create new job opportunities.  

 

56. How many jobs can the biomethane production create? 

If there are other biogas or biomethane facilities in the country or region, you can look into how many 

job opportunities they created.  

 

57. Is there a gas network in the area? If yes, who owns and operates it? 

This is important because there could be a possibility to use this network for biomethane distribution. 

The gas network actor might be a potential ally if there is a demand for a biomethane gas with mixed 

origin. It can also be important to get an early idea of how the infrastructure is owned and how well it 

is being operated. 

 

58. If existent, what is the state of it the gas network?  

Similar to question 57 but this question is more about how expansive and functional the gas network 

is. There could be several parts of the area which cannot be reached through the network. There 

could also be leakage in the system which would reduce the performance of the biomethane solution. 

 

59. Does the gas network allow for the distribution of biomethane? 

Even if there is a gas network, this network needs to be connected to fuelling stations and allow for 

biomethane to be blended with the existing gas in the network for it to be possible to use. 

 

60. If there is a considered user of the biomethane, how are their vehicles fuelled today and who owns 

the current fuel stations/fuelling sites?  

This can help you decide on how the biomethane can be distributed and if there are any local actors 

that might be involved in the design of the refuelling infrastructure.  

 

61. If biogas is being produced in the area, who owns and manages the production? 

Local biogas producers can be both an ally in the biomethane project, a potential local investor and a 

source of information about the area. 

 

62. If existent, what is the state of the biogas production and related infrastructure? 

Try to create an understanding of the development level, coverage and if there is any expansion 

potential for biogas in the area. This will be important when trying to create an image of the local 

biogas production. 

 

63. How could a potential biomethane facility be designed? 

This includes factors such as the location of the biogas and upgrading plants and the consideration if 
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one or several plants are necessary. 

 

64. How far is it between the feedstock source and the potential location for a biogas plant? 

Feedstock has a low value-density and therefore cannot be transported very far before losing its 

value to the transportation costs. Any further transport than the immediate local area is usually not 

viable without subsidies or economic incentives. Therefore, it is important to understand this when a 

biogas plant is being built. 

 

65. How far is it between the potential biogas plant and the potential upgrading plant? 

As with question 64, biogas also has a low value-density and thus the biogas upgrading plant should 

be located as close to the biogas plant as possible. Proximity to each other also has other benefits, for 

example, you can then use the excess heat from an amine scrubbing upgrading plant in the 

bioreactor process in the biogas plant. 

 

66. How far is it between the potential location for an upgrading plant and the location of the end user 

of biomethane? 

This will assist when attempting to calculate the economic costs. A shorter transport distance will 

result in lower costs for the biomethane. 

 

67. What is the price of heat and electricity? 

Production steps for biomethane all require heat and electricity in different amounts, therefore the 

local pricing is highly relevant to understand the economic costs of the biomethane solution. One 

should also keep in mind that a low electricity price might give electric vehicles a more favourable 

position. Furthermore, the heat and electricity price can have some impact on which upgrading 

technique you choose to use. Amine scrubbing can be a good choice if the heat is cheap and 

electricity is expensive, while the PSA or water scrubbing might be more favourable options in heat is 

expensive and electricity is cheap. 

 

68. Is there a problem with air pollution in the area? 

Reduction of air pollution can be one of the strongest arguments for using biomethane over diesel. If 

the area is suffering from bad air quality, this could be used as a way of gaining a more favourable 

situation for biomethane production. 

 

69. Could people be losing a source of food or income if organic waste would be used to produce 

biomethane? 

This question is important to consider because there could be a local underground market for organic 

waste. For example, on some landfills people could be living on picking scraps of organic wastes and 

removing this stream could impact them negatively unless they are considered in some other way. 

However, be mindful of how you pose this question since some respondents might not want to discuss 

the matter of poverty. 

 

70. What is the cost of the disposal of the digestate?  

You might get an answer to this question if there already is a biogas plant in the area. The cost is an 

incentive to use the digestate as e.g. biofertilizer.  

 

71. What is the level of knowledge about biogas and biomethane with influencing bodies? 

This can be decision makers, entities with economic power and others with the capacity to influence 

the decision making in favour of or to hinder the development of biomethane solution.  
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FEASIBILITY ASSESSMENT PER FEEDSTOCK 
Suitability for anaerobic digestion 

72. What is the carbon to nitrogen (C/N) ratio in the feedstock?  

The assessment will be better if this value is found for the specific feedstock, otherwise, generic 

numbers can be used.   

 

73. What is the carbon to nitrogen to phosphorous (C:N:P) ratio? 

The assessment will be better if this value is found for the specific feedstock, otherwise, generic 

numbers can be used.   

 

74. Does the feedstock contain any undesirable substances or materials? 

This is important to know as some substances or materials can decrease the suitability for anaerobic 

digestion or hinder it all together, as well as decrease the suitability for the digestate to be used as 

biofertilizers. Undesirable materials can be heavy metals, medical residuary products, pathogens, 

materials such as plastics etc.  

 

75. Can they be removed easily/for a low cost? 

If the contaminants can be removed, the feedstock might still be suitable for digestion. 

Nutrient content 

76. What is the nitrogen and phosphorus content in the feedstock? 

This is good to know to be able to assess the suitability for biofertilizers of the feedstocks.  

Suitability for biofertilizers 

For this indicator, questions number 74 and 76 are relevant.  

Geographical and physical accessibility 

77. In what physical form is the feedstock found? Is it easily accessible?  

This question is to evaluate how easy it is to access and make use of the feedstock. For example, 

organic waste that is separated at source is easier to make use of than mixed waste.  

 

78. Where is the feedstock located? 

To assess the geographical accessibility. Is the biomass located on few sites or many? Is it spread over 

a large or small area? 

Technological feasibility  

79. Is biogas production from this feedstock facing any technological obstacles?  

All steps of the life-cycle should be considered. Technology can be available but immature and/or 

inefficient.  

Control and competition 

80. Are there any competing applications for this feedstock, now or in the future?  

Competing applications could be a hinder for the biomethane production from this feedstock. 

This question may have already been answered if the other section of this assessment has been 

completed. 
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81. What is the cost of the current disposal of the feedstock and how far is transported? 

If it is expensive and transported a long way, this can work in favour of producing biogas from it 

instead if that means cheaper disposal, or the other way around. 

 

82. Who owns the feedstocks? Can biogas producers access and control this feedstock? 

Can the feedstock be used for biogas production and can biogas producers secure the availability by 

e.g. signing contracts. The time period for this control should also be considered.  

Institutional support and social acceptance 

83. Are there any laws/policies/goals hindering or supporting biogas production from this feedstock?   

Current or future ones. Can be hard to find but if found it can help to assess the institutional support 

for each feedstock. E.g. required permits for producing the feedstock, for transporting it, for 

producing biogas from it.  

 

84. Is the current disposal of the feedstock (if not used to produce biogas) “good” or “bad” considering 

future legislation, capacity reaching landfills etc.?  

If it is “bad”, this can work in favour of producing biogas from it instead, or the other way around. 

“Good” and “bad” might be in regard to e.g. economic or environmental aspects.  

 

85. What type of economic support is possible to get for producing biogas from this feedstock? 

E.g. subsidies, tax exemptions. If available, economic support can help implementation. This can be 

both current and future ones.  

 

86. Are there any administrative implications hindering or supporting biogas production from this 

feedstock? 

This can e.g. be how complicated it is to get permits or how easy or troublesome the process to get 

permits etc. is. 

Planning horizon and clarity of business implication 

87. How likely are the current supports and hinders identified in the previous 3 questions to stay the 

same for the next 2 years? 5 years? Longer term? 

The longer the time horizon is, the easier it will be to make plans for the future regarding investments 

etc.  

Public opinion 

88. What is the public opinion of biogas production from this feedstock? 

Is there an opposition or public support for using this feedstock for biogas or anything else? E.g. an 

opposition to produce gas from human faeces.  
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APPENDIX D   ̶   SCALES FOR FEASIBILITY ASSESSMENT 

Here the scales for assessment of the feasibility indicators from the methods by Ammenberg et al. (2017) and 

Lindfors & Lärkhammar (2017) respectively used in this thesis are presented. Note that no scales for potential, 

costs or environmental performance are provided. The first indicators with a five-grade scale are from 

Ammenberg et al. (2017) and the indicators with two described scales are from Lindfors & Lärkhammar (2017). 

However, the indicators form Lindfors & Lärkhammar (2017) can also be graded very good and very bad, based 

on the own judgment of the user. 

CUSTOMER DEMAND FOR BIOMETHANE 
Poor There is no larger customer or the knowledge of biomethane is lacking and the interest to use 

the fuel within the near future is low. 

Good There is at least one large or several small customers that have a bit of knowledge 

of biomethane and are ready to use it as a fuel within the near future. 

CUSTOMER DEMAND FOR BIOFERTILIZER 
Poor There is little agricultural activity or the farmers are not willing to use the digestate-based 

biofertilizer within the near future.  

Good There is some agricultural activity in the area taking place and the farmers are willing to use 

the digestate-based biofertilizer within the near future. 

CONTROL AND COMPETING INTERESTS 
Very good Existing biogas and biofertilizer producers have control over this feedstock and this is 

expected to remain for long (at least for 7 years). 

OR 

If existing biogas and biofertilizer producers would like to produce biogas from this feedstock, 

they are able to sign very long term contracts (at least for 7 years) to secure the access during 

this period. Except for biogas and the by-products from that production, there seem to be no 

realistic competing options for productification and valorization. 

Regarding control and competition, the terms for access are reasonable considering a period 

of at least 7 years. 

Good If existing biogas and biofertilizer producers would like to produce biogas from this feedstock, 

they are able to sign long term contracts (at least for 5 years) to secure the access during this 

period. The feedstock might be used for some other applications, why the competition might 

increase in the near future. 

Regarding control and competition, the terms for access are reasonable considering a period 

of at least 5 years, but the more long term picture is a bit uncertain. 

Satisfactory If existing biogas and biofertilizer producers would like to produce biogas from this feedstock, 

they are able to sign short term contracts (at least for 3 years) to secure the access during this 

period. The feedstock might be used for many other applications, why the competition is 

expected to increase in the near future. 
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Regarding control and competition, the terms for access are reasonable considering a period 

of at least 3 years, but the more long term picture is very uncertain. 

Poor If existing biogas and biofertilizer producers would like to produce biogas from this feedstock, 

they are only able to sign very short term contracts (at least for 1 year) to secure the access 

during this period. The feedstock is used for some other applications, and many other are 

possible, why the competition is expected to increase significantly in the near future. 

Regarding control and competition, the terms for access are only reasonable considering a 

period of 1 year, but the more long term picture is very uncertain. 

Very poor Existing biogas and biofertilizer producers cannot get access to this feedstock, because they 

do not control it AND/OR the competition for it is too tough. 

Regarding control and competition, this feedstock is not realistic to utilize for biogas 

production. 

ATTRACTIVENESS OF ORGANIC WASTE FOR BIOGAS PRODUCTION 
Poor A notable part of the biomass in the region is currently being used for value creating 

applications like animal feed, compost, heat and electricity generation or other biofuels than 

biogas. 

Good  Most of the biomass in the region is landfilled. 

ATTRACTIVENESS OF BIOGAS AND BIOMETHANE 
Poor The price of reference fuel for transportation is fairly low, compared to electricity and heat 

prices, and the biogas sources are quite spread out in the area. 

Good The price of reference fuel for transportation is quite high, compared to electricity and heat 

prices, and the biogas sources are fairly concentrated in the area. 

ALIGNMENT OF BIOMETHANE WITH STRATEGIES FOR RENEWABLE FUELS 
Poor The strategies for renewable fuels have quite low ambitions or focus on other renewable fuels 

than biomethane. 

Good The strategies for renewable fuels have quite high ambitions, with specific goals and a clear 

plan of action, and they include biomethane. 

LEGISLATIVE SUPPORT FOR BIOMETHANE SOLUTIONS 
Poor At least one legislation prohibits or complicates the production and use of biomethane from 

organic waste. 

Good There are no immediate regulations against producing and using biomethane from organic 

waste or using digestate as a biofertilizer. There are some positive legislations, for example in 

the form of a landfill ban on organic waste. 

ECONOMIC SUPPORT FOR BIOMETHANE SOLUTIONS 
Poor  No economic support exists for renewable fuels or biomethane production and use. 
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Good Some economic support exists for renewable fuels or biomethane production and use. This 

includes tax exemptions, feed-in tariffs, investment support and other similar instruments. 

LEVEL OF SUPPORT AND ADMINISTRATIVE IMPLICATIONS 

 

Appendix figure 1. The scale for the assessment of the level of support and administrative implication. The picture is from 
Ammenberg et al. (2017). 

PLANNING HORIZON AND CLARITY OF BUSINESS IMPLICATION 

 

Appendix figure 2. The scale for the planning horizon and clarity of business implication. The picture is from Ammenberg et al. 
(2017). 

PUBLIC OPINION 
Very good Biogas production from this feedstock is widely supported. The general public opinion is very 

positive. 

Good  Biogas production from this feedstock is supported, the general public opinion is positive 
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Satisfactory Biogas production from this feedstock is seen as reasonable by most people, but there is also 

some critique/scepticism leading to an ongoing discussion. However, the general public 

opinion is acceptance. 

OR 

It appears uncontroversial to produce biogas and biofertilizers from this feedstock, there is no 

public debate about it although production exists and/or is planned and known. 

Poor Biogas production from this feedstock is questioned by many people, even if it supported by 

some. 

Very poor Biogas production from this feedstock is seen as unacceptable by many people. 

SUITABILITY OF CURRENT INFRASTRUCTURE FOR BIOMETHANE SOLUTIONS 
Poor There is no local or regional gas grid, or the existing one does not allow the distribution of 

biomethane. The separation level of organic waste is low and waste usually ends up on open 

or controlled dumping sites. 

Good There is an existing local or regional gas grid that allows for the transportation of biomethane. 

The separation level of organic waste is fairly high and the waste that is not recycled ends up 

in controlled or sanitary landfills. 

GEOGRAPHICAL AND PHYSICAL ACCESSIBILITY 
Very good Most of the biomass is located within small/connected areas and in such a way/form that it is 

easily accessible. Assuming technological feasibility, biogas production appears favourable 

considering collection and transportation. 

This means that large-scale biogas production might be possible, for most of this feedstock. 

Good A large share of the biomass is located within small/connected areas AND in such a way/form 

that it is easily accessible. Assuming technological feasibility, biogas production appears 

favourable within these areas considering collection and transportation. 

However, a small share of the biomass is spread over large/unconnected areas OR has such a 

form that it is hard to access. Even if assuming technological feasibility, biogas production is 

probably not reasonable within these areas considering collection and transportation. 

This means that several large scale biogas production plants might be possible. For most of 

the biomass medium- or small-scale biogas plants seem reasonable. 

Satisfactory A significant share of the biomass is located within small/connected areas and in such a 

way/form that it is easy accessible. Assuming technological feasibility, biogas production is 

possible within these areas considering collection and transportation. 

However, a significant share of the biomass is spread over large/unconnected areas or has 

such a form that it is hard to access. Even if assuming technological feasibility, biogas 

production is probably not reasonable within these areas considering collection and 

transportation. 
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This means that primarily medium- or small-scale biogas production seems reasonable, for 

some of this feedstock. 

Poor A small share of the biomass is located within small/connected areas and in such a way/form 

that it is easy accessible. Assuming technological feasibility, biogas production is possible 

within these areas considering collection and transportation. 

However, a large share of the biomass is spread over large/unconnected areas or has such a 

form that it is hard to access. Even if assuming technological feasibility, biogas production is 

probably not reasonable within these areas considering collection and transportation. 

This means that mainly small-scale biogas production seems reasonable, for a small share for 

this feedstock. 

Very poor Most of the biomass is spread over large/unconnected areas or has such a form that it is hard 

to access. Even if assuming technological feasibility, biogas production is probably not 

reasonable within these areas considering collection and transportation. 

This means that perhaps a few small scale biogas plants might be possible, or no production 

at all. 

SUITABILITY FOR ANAEROBIC DIGESTION 
Very good This feedstock is very digestible and contains all of the components needed for digestion (in 

suitable amounts and proportions). There is no content of undesirable substances/materials 

that are inhibiting. 

Good This feedstock is digestible and contains most of the components needed for digestion (in 

suitable amounts and proportions). This means that additives are needed. There is no content 

of undesirable substances/materials that are inhibiting. 

Satisfactory This feedstock is rather digestible and contains some of the components needed for digestion 

(in suitable amounts and proportions). This means that this feedstock needs to be co-digested 

with feedstock containing the lacking components (or additives need to be added). There may 

be some content of undesirable substances/materials, but they are not significantly inhibiting. 

Poor This feedstock may be used as a complementary feedstock for co-digestion, because it 

contains one or few of the needed components. There may be some content of undesirable 

substances/materials, but they are not significantly inhibiting. 

Very poor This feedstock cannot contribute to the digestion process, or may act as an inhibitor. 

  OR 

There are some content of undesirable substances/materials that will significantly inhibit the 

digestion. 
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NUTRIENT CONTENT 
 

 

Appendix figure 3. The scale for the assessment of the nutrient content. The scale is from very good (VG) to very poor (VP). The 
picture is from Ammenberg et al. (2017).   

SUITABILITY FOR BIOFERTILIZERS 
Very good The feedstock contains negligible amounts of undesirable substances/materials and these 

undesirable materials are easily degradable (they are very short-lived) or easily removed. 

  To produce certified biofertilizers is very likely unproblematic. 

Good The feedstock contains negligible amounts of undesirable substances/materials and these 

undesirable substances/materials are relatively degradable (they are relatively short-lived) or 

relatively easily removed. 

  OR 

The feedstock contains noteworthy amounts of undesirable substances/materials, but these 

undesirable substances/materials are easily degradable (they are very short-lived) or easily 

removed. 

  To produce certified biofertilizers is likely unproblematic. 

Satisfactory The feedstock contains negligible amounts of undesirable substances/materials, but these 

undesirable substances/materials are not degradable (they are persistent) and are difficult to 

remove. 

  OR 

The feedstock contains noteworthy amounts of undesirable substances/materials, but these 

undesirable substances/materials are relatively degradable (they are rather short-lived) or 

relatively easily removed. 

  OR 
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The feedstock contains high amounts of undesirable substances/materials, but these 

undesirable materials are easily degradable (they are very short-lived) or easily removed. 

  To produce certified biofertilizers is possible, but requires precaution. 

Poor The feedstock contains noteworthy amounts of undesirable substances/materials, and these 

undesirable substances/materials are not degradable (they are persistent) and cannot be 

removed. 

  OR 

The feedstock contains high amounts of undesirable substances/materials, and these 

undesirable substances/materials are not easily degradable (they are rather persistent) or 

easily removed. 

  To produce certified biofertilizers is problematic. 

Very poor The feedstock contains high amounts of undesirable substances/materials, and these 

undesirable substances/materials are not degradable (they are persistent) and cannot be 

removed. 

  To produce certified biofertilizers is not possible. 

TECHNOLOGICAL FEASIBILITY 
Very good Mature technological solutions exist on the market and they are applicable and commonly 

implemented in a rather optimized way. 

This means that biogas production from this feedstock is not faced with any technological 

barriers (no job-stoppers) and there is no significantly underdeveloped technology in any 

stage of the life cycle. 

Good Technological solutions exist on the market and they are applicable and implemented, but 

there are areas that could improve. 

This means that biogas production from this feedstock is not faced with any technological 

barriers (no job-stoppers), but there are significantly underdeveloped technologies that could 

be improved. 

Satisfactory Technological solutions exist on the market and are applicable and implemented, but there 

are areas that should be improved significantly. 

This means that biogas production from this feedstock is not faced with any technological 

barriers (no job-stoppers), but there are a few underdeveloped technologies which should be 

improved significantly. 

Poor The technological solutions that exist on the market are not applicable, OR are very inefficient. 

  OR 

No technological solutions exist on the market, but there are promising 

research/development activities that are expected to solve the problems within a period of 

10 years. 
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This means that biogas production from this feedstock is faced with technological barriers 

(some job-stoppers) and there are many underdeveloped technologies that need to be 

improved significantly. 

Very poor No technological solutions exist on the market. 

  OR 

There are relevant research/development activities ongoing, that could solve the problems, 

but they are NOT expected to solve the problems within a period of 10 years. 

  This means that biogas production from this feedstock is not feasible. 
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APPENDIX E   ̶   DATA FOM INTERWASTE 

Input data given by the representative at Interwaste4. 

Appendix table 1. Data for the waste collected by Interwaste, divided by type of substrate. 

 
WW 
[tonnes/month] 

TS  
[% of WW] 

TS 
[tonnes/month] 

Volatile solids 
(VS)  
[% of TS] 

Specific gas 
yield  
[m3/tonne VS] 

Gas yield  
[m3/tonne WW] 

Animal fat 400 90% 360 90 850 688.5 

Dairy  1400 5% 70 90 750 33.8 

OFMSW (Organic 
sludge + Other 
Food waste) 

1240 35% 434 50 580 101.5 

Old bread 300 65% 195 95 700 432.3 

Potatoes 1600 25% 400 92 680 156.4 

Residual from 
vegetables 

1500 20% 300 80 450 72 

Chip fat 600 95% 570 87 1000 826.5 

Pork intestines  900 60% 540 90 875 465.8 

 Average:  36%     

Total per month 7940  2869    

Total per year 95280  34428    
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APPENDIX F   ̶   IDENTIFIED STRATEGIES 

The complete list of strategies related to renewable fuels in general and biomethane solutions in particular.  

The following lists present the identified policies and strategies on local, regional and national level related to 

renewable fuels. 

• National Development Plan (NDP) from 2011, with a vision for what the South African society will look 

like in 2030. This plan will affect budget allocations until the year 2030 (Government of South Africa 

2018) and highlights the need for South Africa to move away from unsustainable use of natural 

resources towards a low-carbon economy (Mukonza 2017). 

• The White paper on renewable energy (Department of Minerals and Energy 2003) includes the 

propositioning of biofuels as a part of the South African energy mix. 

• Biofuels industrial strategy (Department of Minerals and Energy 2007) includes the propositioning of 

biofuels as a part of the South African energy mix. However, this strategy is focused on energy crops 

for bioethanol and biodiesel and does not mention biomethane or biogas from anaerobic digestion. 

• The green economy accord 2009, with the goal to produce at least 50,000 green jobs by 2020 

(Mukonza 2017). 

• The bioeconomy strategy 2013, which will work for growth of the bioeconomy (Mukonza 2017).  

• Several respondents mention REIPPP, the Renewable Energy Independent Power Producer 

Procurement programme (Department of Minerals and Energy n.d.). This is the South African 

renewable energy plan, with the aim of introducing renewable energy into the South African energy 

mix encouraging private sector investments (GIZ 2014). REIPPP is mainly focused on electricity and one 

of the interviewees, a gas consultant, does not think it favours biogas very much at this stage since the 

portion of the plan allocated to biogas is very small14. production and the allocated capacity to biogas 

and landfill gas is 110 MW and 25 MW respectively, out of a total of 14,725 MW (IPP n.d.). However, 

in the first four bidding windows no biogas projects were awarded any support and 18 MW was 

allocated to landfill gas (Department of Energy 2016). According to a biogas project engineer13 the 

REIPPP programme is currently on hold.  

• The South African government has ratified the Paris agreement (Department of Environmental Affairs 

2016) binding them to follow the commune goals. 

• The South African government White paper for National climate change response, however, neither 

biogas nor biomethane is mentioned in the document (Department of Environmental Affairs 2011). 

What is mentioned though is some incentives to restrain greenhouse gas emissions, including lower 

fuel taxes on cleaner fuels and energy efficiency. 

• On the provincial level, there is the 2011 Gauteng Climate Change Response Strategy (GCCRS) and the 

2010 Gauteng Integrated Energy Strategy, which binds Gauteng to reduce the carbon emissions by 

30% and 45% by 2025 and 2055 respectively, compared to the 2000 emission levels (GDARD 2018).  

The following policies are facilitating the South African transition towards a green economy  (City of 

Johannesburg 2011): 

• Industrial Policy Action Plan;  

• The Green Paper (South Africa’s national response to climate change);   

• The National Framework for Sustainable Development (NFSD).  

According to EcoMetrix Africa (2016), the current main biogas initiatives in South Africa are:  
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• National Biogas Platform that gathers donors, industry representatives, academia, local and national 

government and research institutions. The focus is on regulatory requirements, collect information 

and investigate financing options for biogas projects; 

• SABIA, which gathers parts in need of a biogas representation in South Africa. The aim is to support 

the entire biogas industry, regardless if end use of the biogas if for transport, heat or electricity.  

Regarding transport, there are a few policies and programs to make the fleet and transport system more 

sustainable, both from the regional and national government.  

• The City of Johannesburg initiated the City green fleet program, an initiative to reduce the emissions 

from the publicly owned vehicles, which includes the buses in the entire public transport fleet2,14.  

• From the national government, there is a draft for a green transport strategy (Department of Transport 

2017). This strategy aims to promote green mobility so the transport sector can contribute to the 

reduction of emitted greenhouse gases and air pollution in urban areas. Low carbon fuels are listed as 

one of the mitigation opportunities to reduce emissions from the transport sector. Biogas and 

biomethane are also mentioned in the strategy, e.g. a desired outcome of the strategy is “substantial 

investments” in renewable fuels. Here biomethane is lifted as an example and an analysis of the 

mitigation potential of different fuels suggest that South Africa should focus on biomethane and 

electricity driven vehicles. Biomethane is mentioned in the short-term targets, e.g. investments in 

biogas filling stations. In the long term, biogas is suggested to be used in all waste collection vehicles 

and together with other biofuels in the municipal buses that have not been replaced by electrical 

buses.  

The strategy is against growing biomass material to be used as fuel due to food security but is positive 

towards the biogas production from existing organic material. According to the strategy, the 

Department of Transport and the Department of Energy will examine the cost and benefits of building 

biodigesters on major landfills and wastewater treatment plants.   

Finally, the strategy targets the biogas transport fuel regulations and outlines the short-term target to 

“develop regulations that compel government fleet with access to biogas to use the biogas as an 

alternative fuel” (Department of Transport 2017).  

• The City of Johannesburg’s integrated transport plan (Stafford et al. 2017). 

Waste generation is a problem in Johannesburg and the available landfill space is filling up quickly. In the Joburg 

2040: Growth and Development Strategy (City of Johannesburg 2011) the city presents its visions, policies and 

plans for how the waste is to be minimized:  

• The Polokwane Declaration with the goal to reduce waste to landfill with a zero waste to landfill target 

by 2030. 

• The municipal waste management company Pikitup’s Waste Minimization Plan.  

• The Growth and Development Strategy recommends integrated waste disposal and treatment systems 

and that waste and energy issues should be addressed simultaneously, including using the landfill gas 

for energy purposes and waste-to-energy facilities. Waste should be regarded as a product with an 

economic value.   
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APPENDIX G   ̶   EXCEL TOOL 

This appendix contains some snapshots from the input and output tabs in the Excel spreadsheet. 

The Excel tool consists of six tabs, where the first tab is an introductory tab with some general information 

about the tool. The following three tabs are the input tabs, one for information regarding potential and 

performance and two regarding feasibility, where the first is based on the method by Lindfors & Lärkhammar 

(2017) and the second on Ammenberg et al. (2017). The fifth tab is the output tab and the last one contains 

numeric data used in the other tabs.  

In the tab Input - Potential & performance information about the geographical area of the project and 

population size is inserted. After this, it is time to consider what feedstocks will be included in the study. In the 

section 1. Waste generation and collection, shown in Appendix figure 4, the user has two choices, either to 

take a slightly easier way and enter the combined amount of SOW from all identified sources in the same cell 

or to divide it per feedstock. If the second alternative is chosen, the user is required to have basic knowledge 

on how to use and create equations in Excel. If the user chooses to divide the SOW per feedstock the same 

number of rows is inserted under the SOW row as the number of feedstocks. For these feedstocks, no generic 

numbers are provided since they are meant to be used if the user has the knowledge about the generated 

amount of organic waste. Furthermore, 0 is typed in the Answer cell for SOW (C9) to avoid double counting.  

When the user has decided what feedstocks to assess, the amount of waste (tonnes/year) is inserted for each 

feedstock. There is a column both for the amount of fresh and dry matter. The amount of solid waste to landfill 

and organic dry matter from wastewater sludge is also to be inserted. 

To account for the fact that 100% of the considered waste streams probably cannot be collected and used for 

biomethane production a correction factor for every feedstock is used. This correction factor is decided 

subjectively by the user based on knowledge about e.g. the collection method. If the user decided to divide the 

SOW per feedstock, a row for the correction factor for every feedstock must be added.  

In the section 2.a Biogas generation - Landfill the user can fill in site-specific values for the biogas yield and 

methane concentration if this information is available. If not, the generic values provided can be used.  

The next section 2.b Biogas generation - SOW is again different depending on if the user treats all the SOW 

waste as on unit or divided per feedstock. If it is treated together, the amount of biogas generated and methane 

concentration can be filled in if this information is available, if not the tool will calculate a yield based on the 

amount of waste. If the user has divided the SOW per feedstock, two rows for every feedstock is to be inserted, 

one for the biogas yield and one for the methane concentration. The formula for the calculation of the generic 

biogas yield is copied from the SOW row.  

Finally, in the section 2.c Biogas generation WWTP, the site-specific biogas yield and methane concentration 

can be added if this is known. If not, the generic values are used to calculate it.  
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Appendix figure 4. Section 1 and 2 from the tab Input - Potential & performance in the Excel tool. Here the user can fill in the 
amount of feedstock identified in the city. If the amount of biogas produced from the feedstocks is known, this can be filled into 
the Answer column in section 2. If not, the tool will calculate the amount in the Generic column. The investment and operation 
cost for the biogas generation is also calculated using generic information. 

In section 3. Upgrading, shown in Appendix figure 5, no site-specific information is inserted since the tool is 

calculating the biomethane yield for every feedstock based on the biogas yield. Again, if the separate SOW 

feedstocks are evaluated a row for every feedstock must be inserted here. The equation for the calculation of 

the biomethane yield can be copied from the cell with the generic biomethane yield from SOW (E9), just make 

sure the correct values from e.g. Numeric data is referred to since they can be specific for every feedstock. 

Now a number for the total biomethane yield, excluding methane slip, is calculated and it is time to choose an 

upgrading technique. The different upgrading techniques have different methane slip which will affect the final 

biomethane yield. The user can choose from five commonly used upgrading techniques and a value for the 

corresponding methane slip will automatically be included in the final biomethane yield. In this section, the 

investment cost and annual operating cost is also calculated.  

In the two last sections 4. Distribution and 5. Use costs related to compression and distribution is calculated. 

The user can also choose the correct reference fuel. 
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The assessments of the feasibility indicators in the two following tabs are based on the information collected 

with the help of the questionnaire. In the first tab, Input - Feasibility city, the general feasibility for the city or 

region is assessed. For every indicator, the scale is Very good to Very poor and there are definitions of what is 

to be achieved to set the scores Good and Poor. For the other scores, the user’s own judgment is to be used.  

 

Appendix figure 5. Section 3, 4 and 5 from the tab Input - Potential & performance in the Excel tool. In section 3 the amount of 
biomethane from the feedstocks is calculated as well as the investment and operation costs for the upgrading. In section 4 the 
costs for the distribution is calculated. In section 5, the reference fuel is chosen. 

In the second tab, Input - Feasibility feedstocks (Appendix figure 6), every feedstock is assessed separately, 

which is a possibility that was added to the Excel tool. This tab is only to be used if the user previously decided 

to assess the feedstocks individually. If the user chooses to do so, they must be added manually in the tab since 

the type and number of feedstocks assessed can be different for every case.  Again, the scale is from Very good 

to Very poor, and the options Not applicable or Lack of info can be chosen if relevant. Here there is a definition 

for every score. 
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Appendix figure 6. In the tab Input - feasibility feedstocks the feasibility assessment of the feedstocks the score given to each 
indicator is inserted using a drop-down menu. The indicator can get a score from Very poor to Very good, or Not applicable or 
Lack of info if relevant. 

In the tab Output (Appendix figure 7) the values for the indicators regarding potential, feasibility for the city, 

environmental performance and economic costs are presented. The results are based on the information 

inserted in the previous tabs as well as the information in Numeric data, presented below. This tab gives the 

user an overview of the results, e.g. gross amount of biomethane and biofertilizer and the investment costs. 

There are also graphs showing e.g. the score of the feasibility indicators and process investment costs. Of 

course, the users can create other graphs themselves in order to present the information most useful to them. 

In the final tab, Numeric data, the generic information used in the other tabs is found.  
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Appendix figure 7. The tab Output, giving the user an overview of the results from the indicator. The results of the feasibility 
assessment for the feedstocks is not included in this tab since it is shown in Input - Feasibility feedstocks. 


