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ABSTRACT 
Biomethane made from the anaerobic digestion of organic waste can provide several economic 

and environmental benefits such as: the valorisation of waste products, increased resource 

efficiency, increased retention of nutrients through recycling of biogas digestate (Banks, et al., 

2011), reduction of greenhouse gas emissions (Börjesson, et al., 2016) as well as the reduction of 

nitrogen oxides and particulate matter emissions (Börjesson & Berglund, 2007). 

To help actors understand when and where biomethane solutions can succeed, including the 

qualitative and quantitative aspects of a solution, an Early Assessment Method has been developed. 

The categories included in the assessment are potential, feasibility, economic and environmental 

performance. The Early Assessment Method was developed using a multi-criteria framework and 

consists of 15 key areas and 24 key indicators that should be considered when assessing 

biomethane solutions. Each quantitative indicator can be assessed either with site-specific data or 

by using generic equations and average values while the qualitative indicators are given a five-

grade scale to facilitate the assessment.  

The potential category focuses on assessing how much raw material there is in the investigated 

area and how much of the usable products can be produced. The final areas are: biomass potential, 

biomethane potential and bio-fertilizer potential. In the feasibility assessment, qualitative aspects 

are assessed using a five-grade scale. The key areas for feasibility include: customer demand, 

competing applications, strategies for renewable fuels, legislation, economic instruments and 

infrastructure suitability. Performance is assessed both for economic performance and 

environmental performance to understand how the biomethane solution would perform if 

implemented. Economic performance includes both an indicator for cost per unit produced and an 

indicator for the investment cost for each production step. The key areas included are: biogas 

generation cost, biogas upgrading cost and biomethane distribution cost. The environmental 

performance is evaluated to understand how environmental aspects would change if biomethane 

replaced an alternative fuel on the market in the studied region. Key areas to assess this are: climate 

impact, air quality and nutrient recycling. These areas highlight some important benefits of using 

biomethane over fossil fuels, which are the most common fuels for heavy-duty vehicles. 

A two-part Early Assessment Tool was also developed. The tool is included in the method, but can 

be used separately if the user has a basic knowledge of biomethane. It assists with information 

collection, through a questionnaire, and structuring and presenting data, through a spreadsheet. 

The design of the Early Assessment Tool favours simplicity and usability while striving to 

maintain relevant information. It is meant to be used both for educational and investigative 

purposes when providing an early assessment of biomethane solutions within a certain region. The 

result from the tool can aid when making decisions and help with identifying which local actors to 

involve and what consultancy work might be needed to realise a biomethane solution. 

 

Keywords: biomethane, system analysis, multi-criteria approach, Early Assessment Method, Early 

Assessment Tool, heavy-duty vehicle  
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SAMMANFATTNING 
Biometan från anaerob nedbrytning av organiskt avfall kan medföra flera ekonomiska och 

miljörelaterade fördelar så som: ökat värdeskapande av avfall, ökad resurseffektivitet, ökat 

bibehållande av näringsämnen genom återvinning av rötslammet (Banks, et al., 2011), minskning 

av växthusgasutsläpp (Börjesson, et al., 2016) samt kväveoxidutsläpp och partikelformigt material 

(Börjesson & Berglund, 2007). 

För att hjälpa aktörer förstå när och hur biometanlösningar kan lyckas, inklusive de kvalitativa och 

kvantitativa aspekterna av biometanlösningen, utvecklades en metod för tidig bedömning. 

Metodens bedömningskategorier är: potential, rimlighet, ekonomisk och miljömässig prestanda. 

Bedömningsmetoden utvecklades genom att använda en multi-kriteriemetod och utgörs av 15 

nyckelområden och 24 nyckelindikatorer som ska beaktas vid bedömmandet av 

biometanlösningar. Varje kvantitativ indikator kan bedömas antingen med platsspecifik 

information eller genom att använda generiska ekvationer och medelvärden, medan de kvalitativa 

indikatorerna använder sig av en femgradig skala för att underlätta bedömningen. 

Kategorin för potential fokuserar på att bedöma hur mycket råmaterial som finns i det utvärderade 

området och hur mycket av de användbara produkterna som kan produceras. Nyckelområdena är: 

biomassapotential, biometanpotential och biogödselpotential. Rimlighetsbedömningen inkluderar 

de kvalitativa aspekterna som bedöms med hjälp av en femgradig skala. Nyckelområdena för 

rimlighet inkluderar: kundernas efterfrågan, konkurrerande applikationer, strategier för 

förnybara bränslen, lagstiftning, ekonomiska styrmedel och infrastrukturens lämplighet. 

Prestanda bedöms både för ekonomisk och miljömässig prestanda för att förstå hur 

biometanlösningen skulle prestera om den implementerades. Ekonomisk prestanda inkluderar 

både en indikator för kostnad per producerad enhet och en indikator för den totala 

investeringskostnaden för varje produktionssteg. Nyckelområdena inkluderar: produktionskostnad 

för biogas, uppgraderingskostnad för biogas och distributionskostnad för biometan. Den 

miljömässiga prestandan utvärderas för att förstå hur miljömässiga förutsättningar kan ändras om 

biometan ersatte andra bränslen på marknaden i den studerade regionen. Nyckelområden att 

bedöma för miljömässig prestanda är: klimatpåverkan, luftkvalitet och återvinning av 

näringsämnen. Dessa områden belyser några viktiga fördelar med att använda biometan istället 

för fossilbränslen, som är de vanligaste bränslen att använda i tunga fordon. 

Ett tvådelat verktyg för tidig bedömning utvecklades även. Verktyget inkluderas i 

bedömningsmetoden men kan användas separat om användaren har en grundläggande kunskap om 

biometan. Verktyget hjälper användaren med informationssökning, via en intervjuguide, och att 

strukturera och presentera informationen, via ett kalkylark. Bedömningsverktyget är konstruerat 

för att främja enkelhet och användbarhet och strävar efter att bibehålla relevant information. 

Verktyget är menat att användas både i utbildningssyfte och i undersökande syfte för att ge en tidig 

bedömning av biometanlösningar inom en vald region. Resultatet från verktyget kan användas som 

beslutshjälpmedel och för att identifiera vilka lokala aktörer som ska involveras samt vilka 

konsultuppdrag som kan vara nödvändiga för att realisera en biometanlösning. 

  Nyckelord: biometan, systemanalys, multi-kriterietillvägagångssätt, metod för tidig bedömning, 

verktyg för tidig bedömning, tunga fordon 
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Terminology and abbreviations 
Biogas The gas that is produced when microorganisms break down organic 

matter under anaerobic conditions.  

Biomethane Biogas that has been upgraded to a methane content of 95-99 percent and 

that can be used as a vehicle fuel. 

Biomethane solution A system that includes all the stages of biomethane production; from 

feedstock generation and extraction of biogas to upgrading, fuelling a 

vehicle and recycling nutrients, i.e. a system that offers the complete 

service of using biomethane as a fuel for transport. 

Early Assessment 

Method  

A multi-criteria method developed in the thesis in order to simplify the 

complex task of early assessment of well-to-wheel biomethane solutions.  

Early Assessment Tool A tool included in the Early Assessment Method that is used to collect and 

structure data, both generic data from the thesis and case specific data 

from external sources. 

DM Dry matter, which is the material that remains after water has been 

removed from the organic material. Also known as total solids (TS). 

GHG Greenhouse gas, which in the case of this thesis mainly includes carbon 

dioxide and methane. 

Heavy-duty vehicle Includes trucks, buses and coaches. 

MSW Municipal solid waste 

ODM Organic dry matter (also known as volatile solids (VS)), which is a 

measurement of the organic content in wastewater. 

SOW Separated organic waste 

Sewage sludge  The semi-solid material that is produced during the sedimentation stage 

of wastewater treatment. 

TS Total solids, also known as dry matter (DM). 

VS Volatile solids, also known as organic dry matter (ODM). 

Well-to-wheel Implies that the entire life-cycle of biomethane is taken into consideration, 

i.e. from feedstock generation to the combustion of the fuel in a vehicle 

engine. 
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1 INTRODUCTION 
This chapter presents the background for the thesis and why this work was done as well as the 

aim, research questions and scope of the thesis. The chapter ends with displaying the disposition 

of the report. 

1.1 Background 
Society is facing a multitude of challenges and environmental problems that are related to human 

activity. The ongoing urbanization sees a large number of people moving into cities and the 

increased density of residents creates difficulties in the form of local air pollution, caused by 

transport and energy generation, as well as a greater demand for waste management. At the same, 

in a greater perspective, society is confronted with the issue of greenhouse gas emissions and the 

resulting climate change, which affects agricultural production, causes sea levels to rise and 

contributes to more extreme weather events. Another question that is equally important is today’s 

linear flows of material and energy, which causes valuable resources like nutrients to simply be 

lost as emissions to nature, where they contribute to eutrophication and are more difficult to 

recover for reuse. 

Biogas solutions based on organic waste could contribute to solving these challenges and one way 

of using biogas is upgrading it to biomethane. Biomethane is a renewable vehicle fuel that can 

have a positive effect on air quality due to lower particle emissions than both diesel and petrol 

(Uusitalo, et al., 2013) and it has a lower climate impact than fossil fuels (Börjesson, et al., 2016). 

In addition to the production of renewable fuel, biomethane from organic waste offers a 

management option for this waste fraction and by-products from the production can be used as 

fertilizer, recycling nutrients and closing the loop on resources. Another aspect that makes 

biomethane an interesting fuel candidate is that it has the same chemical properties as natural gas, 

which means that existing gas engines may not need modification in order to run on the renewable 

option. 

With initiatives like the proposed ban on diesel cars and trucks in Paris, Mexico City, Madrid and 

Athens by 2025 (BBC, 2016) and the European Commission’s low-emission mobility strategy 

(European Commission, 2017) there appears to be a clear motive to change things within the 

transport sector. Looking at the current trends, and the conditions they might create, it is estimated 

that biomethane could have as much as 20 percent of the European market share of gaseous fuels 

by 2050 (EBA, 2016). 

However, this transition from a market dominated by fossil fuels, which accounted for an estimated 

96 percent of global road transport fuel use in 2015 (REN21, 2016), to one where renewables 

account for a larger part will not be easy. In many places, production facilities and infrastructure 

that supports renewable fuels are lacking and would require large investments. Because of this, 

both private and public actors are hesitant to invest in vehicles that use renewable fuels, which in 

turn means that few people are willing to invest in the production of these fuels. To solve the 

problem of which one must come first, the infrastructure or the vehicles, a simultaneous push for 

production facilities, fuelling infrastructure and vehicles that can operate on the renewable fuel is 

necessary.  
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The challenge with a simultaneous push is the fact that the production of biomethane includes a 

myriad of actors, production steps and processes, from the generation of feedstock and biogas to 

the upgrading, distributing and final use in vehicles as well as management of by-products 

throughout the life-cycle. These attributes are characteristic of a so-called socio-technical system, 

which takes time to develop and cannot be quick-fixed in the blink of an eye. However, one way 

to initiate a simultaneous push is with heavy-duty vehicles, e.g. garbage trucks and buses, 

providing the demand and organic waste from cities providing the supply. Heavy-duty vehicles 

have the potential to provide a demand that is large enough to support the development of fuel 

infrastructure while being fairly concentrated to certain transport routes. Cities, on the other hand, 

provide a good base for supply because the population density is higher than in rural areas, 

meaning that the organic waste generation is more concentrated. Furthermore, the transport 

intensity is higher in cities than in other areas, which means that the resource, organic waste, is 

produced in greater proximity to where the final product, biomethane, will be used. 

Understanding the complexity of the situation, it can be realised that to expand the market for 

biomethane in a strategic way, one must take many aspects into account, from the amount of 

organic waste available and the existing infrastructure to legislation, political climate and 

economic support systems, all of which can affect the potential as well as the feasibility of putting 

such a solution into practice. Furthermore, it is interesting to know the environmental performance 

of the system and how much the fuel contributes to solving the previously listed problems, not to 

mention the economics behind it and whether it is a reasonable investment to do. In order not to 

invest too much time and resources into projects that turn out not to be realisable, it would therefore 

be useful to perform some type of early assessment to establish which projects might be worth to 

investigate further. 

The task can appear daunting and the core issue here is how to assess a complex system that 

includes multiple qualitative and quantitative aspects, not always prone to comparison with one 

another, and to do it in a way that is simple enough to be useful when making decisions, while not 

losing relevant information in the process. It can be argued whether it is even possible to develop 

a method for the assessment of complex socio-technical systems but the authors are aiming to 

contribute to this field by combining knowledge of different aspects and structuring them in a 

common framework.  

1.2 Aim 
The aim of this thesis is to develop a method that simplifies the early assessment of well-to-wheel 

city-based biomethane solutions and that includes a tool that is simple enough to be useful yet 

captures most of the relevant information. Potential, feasibility and performance, both economic 

and environmental, will be regarded in a life-cycle perspective and the Early Assessment Tool is 

meant to be used by actors that are interested in strategically expanding the market for heavy-duty 

vehicles that run on biomethane. 

  



3 

 

1.3 Research questions 
From the aim, three research questions have been formulated that the authors shall answer 

throughout the report to ensure that the aim of the thesis is fulfilled. 

RQ1 – Which key areas are important to consider when assessing the potential, feasibility 

and performance of city-based biomethane solutions for heavy-duty vehicles and 

what indicators can be used to characterise these key areas? 

RQ2 – How can a tool for the early assessment of biomethane solutions be structured so that 

the result is simple enough to be useful and still captures most of the relevant 

information? 

RQ3 – How can a tool for the early assessment of biomethane solutions help companies 

within the field of heavy-duty vehicles to ease their customers’ transition from fossil 

fuels to biomethane? 

1.4 Scope 
This master thesis originates from conversations between Linköping University and the company 

Scania CV AB. As Scania produces heavy-duty vehicles, it might seem given for this work to 

assume that biogas is upgraded to biomethane and used as transportation fuel. However, despite 

the fact that the most common use of biogas on a global scale is heat and electricity production 

(Kalinichenko, et al., 2016), the choice to use the gas as a vehicle fuel can be motivated by the 

current situation of the transport sector, which is struggling to become renewable and should 

welcome all options. The choice is further supported by studies that show that using biomethane 

as a transport fuel is one of the more reasonable applications for the gas, either from an economic 

or an environmental point of view, as long as there is no suitable end use for heat from a CHP 

application (Uusitalo, et al., 2013; Huttenen, et al., 2014; Woon, et al., 2016).  

As for the geographical scope of the thesis, the focus will be on cities. The main reason for this is 

that large and densely populated areas generate a lot of organic waste that could be used as 

feedstock for biomethane production. On a global scale, rural and domestic applications of biogas 

production are quite common but these are generally small-scale and it would be more difficult to 

organise the production and upgrading in order to supply the transport sector with fuel, which is 

why cities might be a preferred choice for large-scale development. The geographical scope also 

affects the selection of feedstock, which in the case of this thesis includes municipal solid waste 

in landfills, separated organic waste from households, restaurants and industries etc., as well as 

sewage sludge from wastewater treatment plants. While biogas can be produced from basically all 

types of organic waste, these feedstocks have been selected as they are common in cities. 

Furthermore, using these wastes one also avoids the ongoing debate about producing fuel from 

sources that could be used for other applications, such as agricultural crops. Finally, organic waste 

will, within the foreseeable future, always be generated as long as there is human activity and using 

it to produce biomethane contributes to solving several problems simultaneously. However, a 

biomethane solution should not be considered a fixed state but as a dynamic system where new 

technologies and solutions are introduced. Therefore, other feedstocks should of course be 

considered and added to the Early Assessment Method when they become relevant enough. 
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Considering technology, the authors have chosen to focus on anaerobic digestion for the 

production of biomethane, as this is a technology for treatment of organic wastes. As for 

production and refinement technology in general, the focus will be on technologies that are 

relatively well established in places were biomethane production exists on a commercial scale. 

This is to avoid low feasibility due to an immature, but potentially efficient, technology and so the 

authors have chosen to focus on amine scrubbing, pressurised swing adsorption and water 

scrubbing for the upgrading of biogas to biomethane. 

Regarding economics, the scope does not include costs of collecting the organic waste used for 

biomethane production. This is due to the fact that the primary function of waste management is 

not to create biomethane but to sort, transport and dispose of waste streams. Without biomethane 

production, waste management services would still be necessary and the costs could remain 

similar. Furthermore, if the costs were in fact to differ due to biomethane production, it is difficult 

to say if they would increase or decrease as this would depend on the alternative costs for waste 

management in the specific location, such as the land value of the landfill, changes in logistical 

costs or fees and taxes. For these reasons, the authors are of the opinion that waste management 

costs should not be included when assessing the costs of producing biomethane. 

The results of the thesis are meant to be used in dialogue with actors that could potentially be part 

of the complete biomethane solution, such as municipalities that are interested in running their bus 

or garbage truck fleet on biomethane, i.e. actors with enough economic influence and decision 

power. Therefore, the report does not handle smaller vehicles like cars or vans that are owned by 

private households. Instead, the thesis focuses on heavy-duty vehicles, i.e. trucks, buses and 

coaches.  

Since the goal is to simplify the complex task of assessing biomethane solutions for heavy-duty 

vehicles and to identify the key areas of interest when performing this assessment, the authors are 

not aiming to provide in-depth analysis of a certain area or technical aspect. Furthermore, the report 

will have a life-cycle approach, taking into account all the stages of acquiring biomethane and 

what key areas are relevant to consider for each step. The authors are aiming to include as many 

of the relevant aspects as possible that could influence the realisation of a biomethane solution. 

However, because of time limitations, a certain point will be reached where it is unreasonable to 

spend numerous hours in order to further improve one specific data set. In these cases, the 

knowledge gap will be highlighted and future research recommended to address the uncertainty of 

the data. 

Finally, the process from identifying a city or a region as a potential candidate for a biomethane 

solution to the actual realisation and implementation of a full-scale project is not a smooth and 

easy one. It includes many steps, multiple actors and several evaluations on technical, 

environmental, economic aspects etc. This process is briefly outlined in Figure 1, where the 

contribution of this thesis in the form of an early assessment is highlighted. The early assessment 

is meant to shed light on aspects that might have a large influence, positive or negative, on the 

biomethane solution and establish whether it might be reasonable or not to continue with a more 

detailed assessment.  
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Figure 1. Flowchart that briefly outlines the process from identifying potential candidates for biomethane solutions 

to realising a full-scale project, highlighting the early assessment which is where this thesis contributes. 

1.5 Disposition 
Chapter 1: Places the thesis in a context and introduces the work. Includes background, aim, 

research questions and scope. 

Chapter 2:   Presents how the authors have decided to work with the thesis. It starts with 

introducing the theoretical perspective, with which the authors are looking at the 

issue and continues to briefly describe the multi-criteria approach which is applied 

when working with the different key areas of biomethane production. Following 

this, the overarching idea of the Early Assessment Method and how the authors 

have developed it is presented. Finally, the investigative methods used in the thesis 

are described, these include a literature study and interviews. 

Chapter 3:   Provides the reader with a background on biomethane production based on organic 

waste. This includes biomass generation, biogas extraction and nutrient recycling, 

upgrading, distribution and combustion in vehicle engines. Generic data used in 

the Early Assessment Tool can be found here. 

Chapter 4: Introduces the Early Assessment Method and the key areas used to perform the 

assessment, including arguments and motivations for the selection of key areas and 

their respective indicators. The chapter also describes how indicators should be 

assessed, both quantitative and qualitative. For quantitative data, generic values 

and equations are shown to assess each indicator if site specific data cannot be 

found. For qualitative data, a grading system is introduced and defined. 

Chapter 5:   Shows how to use the Early Assessment Tool, which is divided into a questionnaire 

and a spreadsheet used for processing the data. This includes how to input data 

found from using the questionnaire into the spreadsheet as well as how to interpret 

the result.  Finally, in this chapter a hypothetical case study is performed using the 

Early Assessment Tool. 

Chapter 6: This chapter begins with a discussion about the limitations and scope of the thesis 

and what affect these have had on the result. Afterwards a discussion about the 

Early Assessment Method and tool is held focusing on the design, usability and 

application of the tool. 

Chapter 7: A conclusion about the Early Assessment Method and all its parts is held in this 

chapter. It describes the Early Assessment Method briefly and recaptures some of 

the discussions mentioned in the previous chapter. 

Chapter 8: Points out areas of interest, connected to the thesis, that the authors believe need 

more research in the future to improve the level of knowledge. 
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2 WORKING WITH THE THESIS 
The chapter starts by presenting the theoretical point of view from which the authors are 

approaching the subject of the thesis followed by the general approach of the work. It continues 

with a brief description of the multi-criteria approach that has been used, followed by the 

proceedings that lead to the development of the Early Assessment Method and Tool. After this, the 

performed literature study and interviews are described and the chapter ends with a discussion on 

the method used when working with the thesis. 

2.1 Theoretical context 
In order to work with the thesis topic in a structured way and systematically study biomethane 

solutions, a few theoretical concepts have been helpful. These include industrial ecology and 

resource efficiency as well as system analysis and life-cycle thinking. These are elaborated on in 

chapter 2.1.1, Industrial ecology and resource efficiency and chapter 2.1.2, System analysis and 

life-cycle thinking. 

2.1.1 Industrial ecology and resource efficiency 
The production of biomethane from waste flows is one example of resource efficiency and 

industrial ecology. In industrial ecology, the industrial landscape is regarded as heavily analogous 

with the natural world and its behaviour (Frosch, 1992). Each industry is regarded as a living entity 

that requires inputs and produces outputs, which other industrial entities can use, much like how 

natural ecosystems work. In the case of biomethane, the previously costly waste from industrial 

and municipal activities, such as households, slaughterhouses and wastewater treatment plants, is 

given a value through the production of fuel for use in transportation. This bio-based fuel can 

replace fossil fuels that are based on virgin resources, such as diesel or natural gas, and increases 

the resource efficiency as it reduces the total material input into the technosphere.  

Another important produce from biomethane production is the bio-fertilizer that can be derived 

from the digestate, a by-product from the anaerobic digestion of organic waste. Both the bio-based 

fuel and fertilizer can create economic and environmental benefits through increased retention of, 

as well as added value to, resources because of the reuse of waste flows (Andersen, 2007). 

Biomethane produced from waste can have additional benefits, which are more difficult to 

translate into a measurable economic or environmental indicator. This includes self-sufficiency of 

fuel and the creation of local work opportunities. Since biomethane is a fuel that is produced from 

a local source (organic waste) it can increase fuel security for nations that depend on importing oil 

from other countries. It has also been estimated that each GWh biomethane produced creates one 

job opportunity in the local area (M. Ahrne, 2017, pers. comm., 14 March).  
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2.1.2 System analysis and life-cycle thinking 
Because of the complexity of biomethane solutions and the large number of factors that can 

influence the potential benefits, a certain structure is needed to analyse and understand them. This 

is where system analysis can help. Merriam-Webster Inc. (2017) defines system analysis as: “the 

act, process, or profession of studying an activity (as a procedure, a business, or a physiological 

function) typically by mathematical means in order to define its goals or purposes and to discover 

operations and procedures for accomplishing them most efficiently”. In this thesis, the focus is not 

so much on intricate mathematical models but rather on the general idea behind system analysis, 

where the activity studied is production of biomethane and the goal is to identify the operations, 

or key areas, that are important to consider when assessing a potential solution.  

Another important concept that adds to the structured study of biomethane solutions is life-cycle 

thinking. In the case of this thesis, the idea of taking the whole life-cycle of a product into 

consideration is applied in order ensure that the entire system is considered and that nothing that 

could impact the success of a biomethane solution is ignored or unnoticed because of it only 

affecting a certain part of the life-cycle.  

2.2 General working approach 
The general approach of the work, starting with the core idea and ending with the Early Assessment 

Method and Tool, is shown in Figure 2 together with a curve that indicates the complexity of the 

work process. Complexity here indicates the amount of information managed as well as how 

structured and easily accessible this information would be to the user if delivered in its current 

form. It can be seen that as more information is gathered, the task of assessing the biomethane 

solution appears more complex but as ways of structuring and simplifying the information is 

introduced, the task of assessing biomethane solutions appears less complex.  

The work starts with formulating an aim and research questions that stem from the core idea 

mentioned in in the background, i.e. can you really, in a generic and structured way, assess 

complex systems such as biomethane solutions? At this point in time, the level of complexity is 

fairly low as what appears to be simple questions are being asked. However, as the theoretical 

context is introduced, described in chapter 2.1, Theoretical context, the complexity starts to 

increase as different ways of looking at the world are included. This all culminates when the 

investigative methods are being implemented as this is the point in time where the largest and most 

comprehensive amount of information is being managed in order to try and answer the questions. 

The goal is for the complexity to decrease as the information is being structured with the help of 

the multi-criteria approach, described in chapter 2.3, Multi-criteria approach, and finally reach a 

manageable level once the Early Assessment Tool is being developed. In summary, the work starts 

with a fairly low level of complexity, culminating at the point where all knowledge and information 

is gathered, to finally reach a practical level that is meant to be available even for someone that is 

not well versed in biomethane solutions.  
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Figure 2. The general approach of the thesis, starting with aim and research questions and ending up with the 

development of an Early Assessment Tool. Included is a curve that shows the complexity of the task as the work 

progresses. 

2.3 Multi-criteria approach 
Assessing the potential, feasibility and performance of well-to-wheel biomethane solutions for 

heavy-duty vehicles requires that aspects within very different areas are taken into consideration. 

It is not sufficient to only perform a life-cycle analysis to establish the environmental performance 

or to do an economic assessment of a project. Local legislation on biofuels, the amount of organic 

feedstock available, the state of the infrastructure, social impacts of the development etc., are all 

needed to create a representative overview of the solution in question. Therefore, a multi-criteria 

approach has been chosen for this thesis, as it allows for several indicators, both qualitative and 

quantitative, within different areas to be evaluated together. This approach has been used on other, 

similar sustainability projects and reviews such as: Feiz & Ammenberg (2017a; 2017b), Yap & 

Nixon (2015), Bojesen et al. (2015) and Huang et al. (2011).  

The multi-criteria approach is derived from multi-criteria analysis and is applied as a general 

concept to ensure that the result considers all important aspects within the different stages of the 

biomethane life-cycle. Most multi-criteria analysis methods include defining the problem, 

identifying relevant alternatives, defining key areas and indicators, weighting and scoring as well 

as recommendations for preferred alternatives (Feiz & Ammenberg, 2017a). However, no 

weighting or mathematical scoring will be done in this report as the multi-criteria approach is only 

meant to act as a base of inspiration when creating the method for the early assessment of different 

biomethane solutions.  



9 

 

While it is important to point out that the multi-criteria approach is an iterative process, the general 

idea, which is shown in Figure 3, follows as such: the key areas that affect potential, feasibility 

and performance of biomethane solutions are identified through interviews and discussions with 

professionals, a literature study as well as the authors own experience and knowledge about 

biomethane production. Each identified area is then assessed with the help of a few questions, 

where the answer to a question is defined by one or two indicators, which rely on either qualitative 

or quantitative data. The key areas, questions and their characterising indicators form the base for 

the method that assesses the potential, feasibility and performance of different biomethane 

solutions. 

Figure 3. The different steps in the iterative multi-criteria approach that is used when developing the Early Assessment 

Method. 

2.4 Early Assessment Method and Tool 
The process for developing the Early Assessment Method and Tool, see Figure 2, has been 

developed using two core approaches for finding information and data, i.e. a literature study and 

interviews. Having the multi-criteria approach in mind, the information gathered from these 

sources was used to develop the Early Assessment Method and Tool, which were then validated 

by relevant interviewees from each professional field and by applying it to a hypothetical case, see 

chapter 5.3, Hypothetical case. 

The Early Assessment Method attempts to assess the potential, feasibility and performance of a 

biomethane solution at an early stage. A more detailed description of how the method has been 

developed is described in chapter 4, DEVELOPING THE EARLY ASSESSMENT METHOD, but 

the general idea is as follows. Regarding potential, the idea is to estimate how much biomethane 

can be produced in a certain region. This estimation is based on site specific data, if available, as 

well as assumptions based on literature and interviews with industry professionals. Feasibility 

mainly includes qualitative indicators, such as the current state of the infrastructure and whether it 

could support the production, refinement and distribution of biomethane. Furthermore, aspects 

such as local legislation, policy and national goals on biomethane as well as economic support in 

the form of subsidies or tax reductions are also considered as feasibility indicators. With regard to 

the performance of biomethane solutions, both economic and environmental performance are 

considered. Indicators for environmental performance are limited to greenhouse gas (GHG) 

emissions, nitrogen oxide emissions, particle emissions and amount of phosphorus and nitrogen 

recycled, i.e. in the form of fertilizer. Economic performance is measured in total investment cost 

and cost per unit of produce. 

To increase the usability of the Early Assessment Method and aid with collecting and structuring 

the data, an Early Assessment Tool is included within the method. This is a two-part tool where 

one part is a questionnaire, which focuses on the collection of data, and the other is a spreadsheet, 
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which focuses on calculations and presenting the data. The Early Assessment Tool is part of the 

Early Assessment Method but can be used as a stand-alone tool if the user has sufficient knowledge 

about biomethane solutions. 

2.5 Literature study 
To support the approach of the thesis, enable a discussion around the results as well as help in 

answering the research questions and the aim, a literature study of relevant topics was needed. 

Furthermore, the literature study was meant to support the design of the Early Assessment Method, 

i.e. the identification of key areas, the selection of questions and the definition of indicators. 

Because of these aspects, knowledge of the following topics was needed to be acquired by the 

authors: 

- The main stages of the biomethane life-cycle and their general processes as well 

as the selected feedstocks, i.e. landfill waste, source separated organic waste and 

sewage sludge. 

- The aspects that are important to consider when developing and implementing 

biomethane solutions. 

- How multi-criteria analysis works on a basic level. 

Once these main topics were identified, the authors used the strategy seen in Figure 4 in order to 

gather and structure the information. 

 

Figure 4. Overview of the iterative strategy that was used throughout the literature study, which started with the 

authors first identifying topics of interest for the thesis. After this, the iterative part started where literature within the 

relevant areas was briefly browsed to allow for a large amount of information to be sifted through in a short time. 

Following this, the potential sources and their useful information were stored in a digital, Excel-based library and 

further studied during the development of the report. Through this process, knowledge gaps were identified and the 

iterative process started again to fill these gaps, if the authors deemed it necessary and within the allocated time 

frame.  
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The literature study focused on several subcategories within these main topics and search engines 

like Google Scholar and ScienceDirect were used. The main topics were identified through internal 

discussions amongst the two authors as well as in cooperation with the university supervisor while 

the more detailed subcategories emerged as the thesis work went on and knowledge gaps were 

identified. One type of information that the authors were especially interested in finding was case 

studies, in order to learn about practical applications of biomethane and the challenges and 

obstacles these might face. The search resulted in a variety of sources and Table 1 gives an 

overview of some of the different topics of interest studied throughout the literature study. 

Table 1. An overview of some of the topics covered by the literature study. 

Topics of interest 

Biogas production policy Multi-criteria analysis 

Biogas potential Biogas cases 

Biogas substrate collection LCA and environmental impact of biogas 

Reviews of above mentioned areas 

2.6 Interviews 
To acquire more information about biomethane solutions and the key areas to consider for the 

development of these, the authors performed interviews with people within the biogas industry 

and biogas research as well as the heavy-duty vehicle business. The purpose of the interviews was 

to collect up-to-date information, which could serve as a complement to the literature study and to 

validate the functionality of the Early Assessment Method.  

While the main objective of the interviews was to gather qualitative data, such as information on 

drivers and barriers for biomethane development, some quantitative data related to economic and 

environmental performance of the different solutions were also of importance. The combination 

of these two types of data resulted in a mix of specific questions, sometimes posed via email, and 

more open questions that allowed for a discussion of the topic, which was usually done in an 

interview via telephone or in person.  

Considering actors within the biogas industry, the authors interviewed people within a wide range 

of areas, from biogas generation and upgrading to customer relations, marketing and 

internationalisation, three interviewees in total. These people were located through the network of 

the university supervisor as well as business contacts from Scania. The wide scope of the 

interviews aimed to contribute to a generic understanding of the market development for complete 

biomethane solutions as well as an understanding of the internal knowledge and thought processes 

that these actors use to assess biomethane projects in their own work.  

As for the heavy-duty vehicle business, in this case Scania, the authors interviewed employees 

from different departments, seven interviewees in total. These people were located with the help 

of the company supervisor but also through the network of the examiner of the thesis. One 

department that has been important, other than the technical side of the vehicles, is the sales 

department, for both buses and trucks, as they have direct contact with the customers and have 
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therefore been able to answer questions regarding the knowledge level of customers, what 

customers usually ask for and what knowledge and competence the sales department feel that they 

possess, or do not possess, regarding biomethane solutions. These interviews have also contributed 

to establishing which actors are most important in order for a biomethane project to be successful. 

Because of the dependency on professional opinion in the thesis it could include some biased 

information. This information bias could affect the result of the work since both the creation of the 

Early Assessment Method, including the Tool, and the validation has in large been done through 

interviews and conversations with personnel working within each step of the biomethane 

processes. To combat this potential bias, information from the interviews have been, if possible, 

confirmed with data from the literature study, the authors own knowledge and the knowledge of 

the thesis supervisors. 

2.7 Method discussion  
The choice and implementation of method can have a large impact on a thesis. In this section, the 

authors discuss why the chosen method was selected and how this impacted the result. 

Furthermore, different methods will briefly be investigated, including what kind of result they 

would have produced.  

The thesis has used two investigative means to procure the knowledge and information needed to 

provide the result. These were interviews and a literature study. The interviews were done with 

industry professionals working with biomethane or biogas. Together with the case studies found 

in the literature study, the interview material provided the basis for understanding how barriers 

and drivers work for biomethane production. Through this, the key areas were identified.  

The interviews have however had some flaws. Because of the limited time frame and the difficulty 

with finding individuals to interview, there are some parts of the biomethane life-cycle were no 

interviewees have been established. These gaps include professionals working with sewage sludge 

management, water scrubbing (WS) or PSA upgrading and gas distribution. While interviews with 

people working in these fields would have created a deeper understanding of these areas and could 

have helped with further validating the method, the authors believe the interview gaps do not 

impact the practicality or the use of the result in a major way. Considering the sewage sludge, 

academic literature and information from business organisations have had to suffice. As for the 

upgrading, both techniques (WS and PSA) have low inherent uncertainties and data found in the 

literature study are consistent and varies little. The gap on gas distribution has been filled by using 

knowledge from professionals working with biogas or biomethane production, since it is a 

necessary support function for both production parts. The industry professionals had a lot of 

knowledge about distributing biogas and thus the authors believe that the fact that no interview 

with a gas distributer has been performed will not impact the result in a negative way. 

The literature study was done to enable some in-depth analysis and to ensure that the data from 

interviews were not too bias. Furthermore, some case studies of biomethane solutions were 

identified in the literature study and these were very helpful in identifying the key areas as 

mentioned above. Finally, the literature study also assisted with understanding the complex 

biomethane lifecycle.  
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The overarching method was the multi-criteria approach, previously described in chapter 2.2, 

General working approach. This method was chosen as it allows for both qualitative and 

quantitative data, as well as data from many different areas, to be assessed together. Because of 

the large span of a multi-criteria approach, the thesis needed to include many different topics and 

could not provide in-depth analysis for all of these. However, because the result of the thesis is 

meant to be used as an educational and investigative method in the early parts of a biomethane 

project, the authors do not believe that this lack of in-depth analysis will lower the usefulness of 

the result in a major way. It may also allow for people who are perhaps not as knowledgeable or 

interested in biomethane to use the result of the thesis. 

A different approach could have been to focus on one of the key areas described further on in 

chapter 4, DEVELOPING THE EARLY ASSESSMENT METHOD. This would have provided a 

more detailed analysis and perhaps a better understanding of the many nuances of a particular area. 

However, the thesis aim was to create an understanding of the entire life-cycle of biomethane and 

to do this in a detailed manner would have taken a lot more time than was allotted for the work. 

Because of this, the authors used reports and articles that were more detailed and in-depth and 

attempted to bring the most important highlights into the thesis. The previous work on the area of 

biomethane production was very helpful and crucial for the thesis. 
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3 FROM ORGANIC WASTE TO BIOMETHANE 
The following sections will present an overview of the biomethane life-cycle. The various stages 

in the life-cycle are displayed in Figure 5 and include: feedstock generation and collection, 

extraction of biogas, recycling of nutrients, upgrading to biomethane as well as distribution and 

use in vehicles. 

 

Figure 5. A simplified overview of the biomethane life-cycle steps that are described in chapter 3, FROM ORGANIC 

WASTE TO BIOMETHANE. 

3.1 Feedstock for biogas 
Biogas is generated when specialised microorganisms break down organic material under 

anaerobic conditions. Several types of feedstock can be used, where the methane yield depends on 

the feedstock, and it is mainly a question of what is available. The feedstocks in focus in this thesis 

include municipal solid waste, ending up in landfills or where the organic fraction is separated at 

the source, and sewage sludge from wastewater treatment plants. 

3.1.1 Municipal solid organic waste – ending up in landfills 
In 2012, a report from the World Bank took a global grasp on waste generation and estimated that 

the world’s three billion urban inhabitants were generating 1.3 billion tonnes of municipal solid 

waste (MSW) per year, i.e. 438 kilograms per capita and year (Hoornweg & Bhada-Tata, 2012). 

Separated into different geographical areas, the OECD countries had the highest average on MSW 

generation, i.e. 803 kilograms per capita and year, while countries in the South Asian region had 

the lowest average MSW generation, i.e. 164 kilograms per capita and year (Hoornweg & Bhada-

Tata, 2012). Projections were also made that these numbers would increase to 4.3 billion urban 

residents, generating 2.2 billion tonnes of MSW per year, i.e. 518 kilograms per capita and year, 

by 2025 (Hoornweg & Bhada-Tata, 2012).  

Even though it is hard to establish comparable, numeric data of high quality, due to differences in 

definitions of waste as well as data collection, it is generally agreed that on a global scale, 

landfilling is the most common way for disposing of MSW (Hoornweg & Bhada-Tata, 2012). 

However, landfills can be divided into four main categories, depending on their level of quality; 

open-dumping, controlled dumping, controlled landfilling and sanitary landfilling, where the first 

two are more common in low-income countries and the latter ones are more common in high-

income countries (Hoornweg & Bhada-Tata, 2012). An example is India, where more than 90 
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percent of MSW ends up in open dumps or poorly managed landfills outside the cities (Sing, et 

al., 2011). For some cities, the situation is really pressing. Landfills in Shanghai, Bordo Poniente 

in Mexico City and Sudokwon in Seoul, just to name a few, receive around 10,000 tonnes of waste 

per day and for many low- and middle-income countries, MSW management is the single largest 

budget post for cities as well as one of the largest employers (Hoornweg, et al., 2013).  

The nature of a landfill, especially if it is a rudimentary one, poses a lot of issues related to the 

environment, such as air pollution, leachate of chemicals into ground water etc. Another problem 

is related to the uncontrolled degradation of the organic content of the MSW under anaerobic 

conditions, which generates methane that is slowly released from the landfill. Since methane is a 

greenhouse gas, much more potent than carbon dioxide in the short-term, MSW in landfills is one 

of many contributors to an increased greenhouse effect. In the US, methane emissions related to 

human activities accounted for 11 percent of the country’s total GHG emissions in 2014 and of 

these, 20 percent came from landfills (EPA, 2017). 

Considering biogas production, an important aspect of landfilled municipal solid waste is much 

organic matter there is in the waste stream. The composition of waste varies across the world, 

affected by factors such as culture, economic development, climate etc. and therefore the share of 

organic material differs (Hoornweg & Bhada-Tata, 2012). In India, the organic content of MSW 

is typically around 50 percent, compared to MSW in the UK, which has a share of biodegradable 

waste at around 34 percent (Yap & Nixon, 2015). In developing countries, the amount of organic 

matter generally accounts for more than 55 percent of the total MSW (Surendra, et al., 2014). 

Methane generation from landfills is not an endless source, but if business continues as usual 

Hoornweg et al. (2013) predict that the global peak of waste generation will not be seen in this 

century. Even if measures are taken and trends change, such as lower populations as well as denser 

and more resource efficient cities, the peak might not arrive until 2075 (Hoornweg, et al., 2013). 

This means that there will still be a lot of waste to manage, and methane emissions to handle, for 

decades to come. 

3.1.2 Municipal solid organic waste – separated at the source 
Another way to handle solid organic material from urban waste flows is to separate it from other 

waste streams and form a single organic fraction, i.e. a separated organic waste (SOW) fraction 

and then dispose of it. This fraction usually consists of food waste from households, restaurants, 

grocery stores and food industries. Waste streams that could, if not sorted, end up in a landfill, as 

is the case in cities such as Makkah and Hong Kong (Nizami, et al., 2017; Woon & Lo, 2016).  

Separation of organic waste is considered a more sustainable option, compared to landfilling, for 

generating biogas. This is because it has lower land use, more efficient digestion, usually has less 

leachates and less slip of greenhouse gases (Woon & Lo, 2016). This is due to it being easier and 

more efficient to treat the organic waste if it has been separated from other waste streams. 

Separation is most of the time done at the source of the waste flow and then collected and brought 

to the location of the anaerobic digestion plant. However, because of the extra steps needed to 

dispose of the waste and the costs associated with these it usually requires economic or 

administrative incentives to perform separation. Examples of these are the bans on landfill disposal 
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of food waste in Sweden and South Korea, and the landfill ban on biodegradable waste in Norway 

(Woon & Lo, 2016).  

Food waste is of course different across the world. In some places access to food is more limited 

and is thus more valuable and in others, food lasts longer due to climate or access to refrigerators. 

However, the average person produces, directly and indirectly1, between 68 and 380 kilograms of 

food waste annually (Woon & Lo, 2016; Girotto, et al., 2015; Nizami, et al., 2017; Gustavsson, et 

al., 2011). The tendency is that Asian countries generally have a lower waste generation than other 

countries and that cities tend to have a higher waste generation than rural areas.  

When generating biogas from food waste it is common to use the dry matter (DM) mass as a 

reference for how much biogas can be generated from each tonne of food waste. This is because 

the remaining fraction of the waste is water, which does not add to the biogas potential. In this 

work, food waste is estimated to have a dry matter concentration of 33 percent (Feiz & 

Ammenberg, 2017b). 

3.1.3 Sewage sludge 
Last, but not least, a third type of substrate for biogas production is sludge from wastewater 

treatment plants. These plants are designed to remove solids, nutrients and biodegradable organic 

matter from wastewater (de Arespacochaga, et al., 2015) and are an important part of infrastructure 

in cities. This is with regard to both environmental pollution as well as health and the issue of 

water borne diseases (Andersson, et al., 2016). There is also a question of recycling nutrients, a 

valuable resource that society can no longer afford to waste in the form of emissions (Andersson, 

et al., 2016). 

Briefly described, the treatment of wastewater includes physical processes that filter away larger 

particles and chemical processes that stabilise suspended solids, see Figure 6. After these primary 

treatments, sedimentation takes place where a so-called primary sludge is generated (Rodriguez, 

2011).  Following the first steps, a secondary treatment might be used that includes some type of 

biological processes where microorganisms break down the organic material. The sedimentation 

that takes place after this step generates secondary sludge (Rodriguez, 2011). 

 

                                                 
1 Waste produced earlier in the food lifecycle than in the consumer stage. 

Figure 6. Brief schematic over the treatment processes in a wastewater treatment plant, showing where the primary 

and secondary sludge is generated. 
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Anaerobic digestion is one of the oldest and now most widely spread methods for treating and 

stabilising sewage sludge before it can be recycled or disposed of (Rodriguez, 2011). In Europe, 

sewage plants are also the third largest substrate for biogas production (12%) after agriculture and 

landfills (Starr, et al., 2014) and in Sweden, they were the largest single substrate source producer 

of biogas in 2015, accounting for 36 percent of the total 1947 GWh produced (Harrysson & 

Svensson, 2015). 

Evaluating the potential for biogas production from sewage sludge means estimating how much 

substrate can be generated from a certain number of people. An estimation made in 2015 stated 

that the global human population of 7.3 billion people generates around 9.5 million m3 of human 

excreta and 900 million m3 of municipal wastewater every day (Andersson, et al., 2016). These 

streams contain a lot of water however and for biogas production, the fraction of interest in the 

wastewater is the solid organic matter. The dry weight generation of sewage sludge can be 

estimated to 90 grams per capita and day2 or 33 kilograms per capita and year (Bresters, et al., 

1997) and the organic dry matter (ODM) content is relatively high, compared to other substrates, 

i.e. usually more than 50 percent and up to 75 percent of the dry matter (Usman, et al., 2012). 

3.1.4 Summary of feedstock generation 
In Table 2, the per capita generation of the three different feedstock is listed. For separated organic 

waste and MSW an interval is given while the authors have only found mean values sewage sludge. 

Note that the organic fraction of MSW, though previously mentioned, is not explicitly listed. This 

is because the numbers on biogas yield from landfilled waste that the authors have established, 

described later in chapter 3.2.1, Landfill extraction, are per tonne of MSW and not per unit of 

organic waste. However, the higher the organic content of the MSW, the greater the potential for 

generation of biogas would be. It should also be noted that to avoid a double count when estimating 

the biomethane yield from the waste, the authors will subtract the assumed SOW fraction from the 

assumed landfill fraction. 

Table 2. The per capita generation of the three biogas feedstocks that are being studied. 

Annual waste 
generation per capita 

Landfill3 SOW (food waste) Sewage sludge 

164-803 kg MSW4 
68 – 380 kg5  

(DM concentration 33%)6 

33 kg dry matter7 

(ODM 50-75%8) 

                                                 
2 Sewage sludge from primary and secondary treatments. 
3 Organic fraction is not explicitly listed. 
4 Europe – 803 kg, North America and Oceania – 803 kg, Latin America – 402 kg, Middle East and North Africa – 

402 kg, East Asia – 374 kg, South and Southeast Asia – 164 kg, Sub-Saharan Africa – 237 kg. All per capita per year. 

(Hoornweg & Bhada-Tata, 2012) 
5 Based on values from Woon & Lo (2016), Girotto et al. (2015), Nizami et al. (2017) and continent specific values 

per capita and year: Europe – 280 kg, North America and Oceania – 300 kg, Latin America – 220 kg, Middle East and 

North Africa – 210 kg, East Asia – 240 kg, South and Southeast Asia – 120 kg, Sub-Saharan Africa – 170 kg, by  

Gustavsson et al. (2011) 
6 (Feiz & Ammenberg, 2017b) 
7 (Bresters, et al., 1997) 
8 (Usman, et al., 2012) 
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3.2 Biogas generation and nutrient recycling 
Once it has been settled which feedstock will be used, it becomes a question of accessing the gas. 

As mentioned earlier, biogas is generated when microorganisms break down organic material but 

the method for collecting the gas varies slightly depending on the source of organic material. 

3.2.1 Landfill extraction 
Landfill gas is commonly extracted in gas wells, i.e. perforated pipes that are distributed over the 

landfill and submerged in the waste (T. Zetterfeldt, 2017, pers. comm., 23 March). A vacuum 

draws the gas into the collection system, which is then compressed and stored. Depending on the 

system, different technologies might be used to prevent condensation and the creation of water 

traps. Here, it is worth noting that the ease with which the biogas can be extracted from a landfill 

depends on the design of the facility. If the site is an open dump, gas collection will probably be 

less successful than in an enclosed, monitored landfill. Within the EU, the latter is addressed in 

the landfill directive which states that: “Landfill gas shall be collected from all landfills receiving 

biodegradable waste and the landfill gas must be treated and used” (EU, 1999). 

Furthermore, the methane generation itself is dependent on the facility design. A shallow site, 

where the waste is not compressed but allowed to degrade under aerobic conditions generates a 

higher share of CO2, while a deeper, enclosed sanitary landfill with anaerobic conditions generates 

more methane (Frøiland Jensen & Pipatti, n.d.). The methane generation also varies over time, as 

seen in Figure 7, where a stable generation of methane from a landfill is typically achieved after 

around 10 years (Nadaletti, et al., 2015). If no new material is added, the methane generation will 

slow down, as the amount of organic material decreases, and eventually stop, where the time will 

depend not only on the conditions in the landfill but also on what type of organic waste is 

degrading.  

 

Figure 7. The production of biogas components over time. Figure from (Nadaletti, et al., 2015). 

Estimating the amount of methane that is generated in a landfill is a difficult task and a theoretical 

calculation is subject to large uncertainties. Things like waste composition, age and design of the 

landfill, the efficiency of the gas collection system and whether any fires in the past have destroyed 

the organic material all affect the potential. A study in the US states that several landfills reported 

capturing up to 100 Nm3 of methane per ton of MSW landfilled in a given year  
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(Themelis & Ulloa, 2007). On the other side of the spectrum, a Brazilian study reports levels being 

as low as 4 m3 of collected methane per tonne of waste during a year (Nadaletti, et al., 2015). The 

authors have spoken with an actor that is currently active within the business and in their 

experience, the amount of captured landfill gas is more like the lower numbers mentioned by 

Nadaletti et al. (2015) rather than the higher ones as described by Themelis & Ulloa (2007), (T. 

Zetterfeldt, 2017, pers. comm., 23 March). 

As for the economic aspects, no numbers on investment costs are provided as these are dependent 

on the design and potential of the landfill, where the latter is a very unceratin factor as stated above. 

For operation and maintenance though, it can be said that the largest costs, except for employee 

expences, are related to the electricity consumption of the facility, which is mainly dependent on 

the pressure difference in the system, the required gas flow and the local energy prices (T. 

Zetterfeldt, 2017, pers. comm., 23 March). 

3.2.2 Bioreactor 
Another way of extracting biogas from organic material, in this case separated organic waste and 

sewage sludge, is with a bioreactor. Basically, a bioreactor is an enclosed chamber where 

microorganisms break down the organic material under anaerobic conditions in a controlled 

environment. Before going into the bioreactor, the feedstock might need some sort of pre-treatment 

to facilitate the operation of the reactor, such as grinding, adding or removing water (Energigas 

Sverige, 2015). Some wastes might also need to be sanitised, i.e. heated up to a certain temperature 

to remove hazardous bacteria and microorganisms (Energigas Sverige, 2015). One example of 

such a waste type is slaughterhouse waste. 

Biogas produced in bioreactors usually contain about 60-70 percent methane, 30-40 percent carbon 

dioxide, 0.2 percent nitrogen as well as small traces of hydrogen sulphide (0-4000 ppm) and 

ammonia (about 100 ppm) (Papacz, 2011). However, the concentration of each component can 

vary, depending on what feedstock is used.  

So, the next question becomes: “How much biogas can I produce with my source separated 

feedstock?” Well, that varies quite a lot depending on what feedstock is available and according 

to Huttenen et al. (2014), the actual selection of feedstock is usually based on what is available in 

proximity to the plant rather than trying to optimise the feedstock into the bioreactor. In Table 3, 

the biogas yield from separated organic waste and sewage sludge is listed along with the biogas 

yield from landfills. The estimation on biogas yield from SOW assumes that the separated waste 

is made up mostly mixed food waste and hence the value for SOW is based on literature about 

mixed food waste biogas yield. If a purer waste stream is being considered, such as slaughterhouse 

waste, the biogas yield will of course be different. 

As for economic aspects, Yap and Nixon (2015) show that the investment cost of a bioreactor is 

about 50 USD per tonne of treated feedstock per year. The annual costs of production, shown in 

Table 3, are based on a report by Vestman et al. (2014) and these include cost for operation and 

maintenance as well as cost of staff and capital costs. The annual costs are based on a study of 

Swedish bioreactors (Vestman, et al., 2014), but are in line with global values by Shafiei et al. 

(2015) who estimate a cost between 0.20 to 1.04 USD/Nm3 of biogas. 
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3.2.3 Summary of biogas generation 
Table 3 summarises the biogas yield, methane content and annual cost of extracting biogas from 

the three types of feedstock covered in the work. For specific references on the span that has been 

established by the authors, see the footnotes to the table. Note that the biogas yield from landfills 

is on a yearly basis. In a landfill, it takes longer time for organic material to decompose, compared 

to in a bioreactor where the conditions are optimised and it is only a question of weeks. 

Table 3. Biogas yield, methane content and annual cost of production for biogas generation from landfills, source 

separated waste (mixed food waste) and sewage sludge. Note that the biogas yield from landfills is on a yearly basis. 

 Landfill (MSW) SOW Sewage sludge 

Biogas Yield 
4-100  

Nm3/tonne waste9,10 

465-76511  

Nm3/tonne DM 

254-47712  

Nm3/tonne ODM 

Methane Content 35-65 %13 60-73 %10 63-67%14 

Annual Cost of 
Production15 

- 
0.37-0.59 USD/Nm3 

biogas 
0.37-0.59 USD/Nm3 

biogas 

 

3.2.4 Recycling nutrients 
Biogas is not the only product from the bioreactor. Since the feedstock is not completely digested, 

the remaining sewage sludge and SOW exit the bioreactor as a digestate. This digestate contains 

microorganisms as well as nutrients and can be used as a bio-fertilizer and replace virgin mineral 

fertilizer (Energigas Sverige, 2016). However, there may be several problems with using the 

digestate. Legal and health related problems can arise when using digestate from sewage sludge 

as bio-fertilizer since there may be traces of medical and chemical substances that would harm 

agricultural activities. Environmental problems can also arise if the digestate is left in an open 

storage since it would emit both methane gas and indirect nitrous oxide gas (Hijazi, et al., 2016). 

Because of the legal and health related problems with digestate from sewage sludge, the nutrient 

recycling in this thesis is based on the SOW digestate, represented by domestic and commercial 

                                                 
9 50 Nm3 methane/(tonne MSW/year) (Themelis & Ulloa, 2007) and 4 m3 methane/(tonne MSW/year) (Nadaletti, et 

al., 2015). The biogas yield is estimated, assuming a methane content of 50% (Themelis & Ulloa, 2007). 
10 This is on a yearly basis. In a landfill, it takes longer time for the organic material to decompose compared  

  to in a bioreactor where the conditions are optimized and it is only a question of weeks. 
11  645 m3/tonne DM with a methane content of 63 % (Börjesson, et al., 2016), 500-650 m3/tonne VS with a methane 

content of 60 % (Davidsson, et al., 2007) with estimated 85 % of dry matter (DM) as volatile solids (VS) (Carlsson 

& Uldal, 2009), 643 m3/tonne DM with an assumed methane content of 60 % (Feiz & Ammenberg, 2017b) and 

465 m3/tonne DM with a methane content of 73 % (Zhang, et al., 2007). 
12  Gross gas yield 475 L/kg VS (Bachmann, 2015), methane yield of 165 L CH4/kg VS (Nielfa, et al., 2015), methane 

yield of 310 L CH4/kg VS (Rodriguez, 2011) where the raw gas generation for the latter two was calculated 

assuming a methane content of 65 % (Bachmann, 2015). Note that VS (volatile solids) and ODM (organic dry 

matter) represent the same thing (Bachmann, 2015). 
13 45 % (T. Zetterfeldt, 2017, pers. comm., 23 March) and 35-65 % (Papacz, 2011). 
14 Interval from (Bachmann, 2015). 
15 Interval for bioreactor cost based on Swedish conditions (Vestman, et al., 2014). 
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food waste. This means that another means of disposal will have to be found for the digestate from 

sewage sludge, unless it lives up to the required standards. 

The exchange rate of digestate output and food waste input was found to be close to 1:1 on a wet 

weight basis (Banks, et al., 2011). However, the low dry matter content in the digestate of 6.8 

percent (Swedish biogas international Jordberga AB, 2017; Swedish biogas international 

Lidköping AB, 2017; Swedish biogas international Örebro, 2017), compared to a dry weight of 33 

percent for food waste (Feiz & Ammenberg, 2017b), means that the dry weight exchange rate is 

1:5.5. Using a dry matter concentration of 33 percent of wet weight and the nutrient content per 

wet weight from Banks et al. (2011), the average nutrient content of domestic food waste was 

found to be 2.9 kg TKN (Total Kjeldahl Nitrogen16) and 0.6 kg P (phosphorus) per tonne of dry 

matter. While commercial food waste in Banks et al. (2011) had a slightly lower nutrient content 

it was not enough to show any difference with a single decimal approximation. Therefore, the 

above-mentioned values will be used throughout the report to represent all types of food waste.  

The above-mentioned values will suffice when making an early assessment but one should be 

aware that they are site specific values which may vary depending on both feedstock and 

management of the bioreactor. However, they give a rough indicator of what to expect in terms of 

both dry weight and nutrients in the bioreactor digestate. The nutrient values are also taken 

immediately after the digestion has been finished inside the bioreactor. Leakage of nutrients can 

occur both in storage and through transportation but can be hindered through good routine and 

technology. However, because of this leakage risk the bio-fertilizer could have slightly lower 

nutritional values when applied on the farmlands after being stored and transported. 

3.3 Upgrading to biomethane 
After generation, the biogas requires upgrading to increase the methane content. This is because 

besides methane, biogas also contains carbon dioxide, water, hydrogen sulphide, nitrogen, 

ammonia, oxygen, siloxanes and particles, see 3.2.2 Bioreactor, for the content of these impurities. 

Biogas from a bioreactor typically contains somewhere between 60 and 70 percent methane 

whereas landfill gas is usually lower, at 35-65 percent methane (Papacz, 2011). This means that 

landfill gas needs more extensive cleaning and upgrading in order to reach the same quality as 

biogas from a bioreactor. One of the reasons for landfill gas having a lower methane content is that 

it usually contains higher levels of nitrogen due to ambient air leaking into the landfill and being 

captured by the gas collection system (T. Zetterfeldt, 2017, pers. comm., 23 March). The problem 

here is that methane and nitrogen have similar physical properties, which makes them harder to 

separate and the methane slip in the upgrading step is therefore higher, around 16-23 percent 

depending on the type of technology used (Avfall Sverige, 2010). 

To remove the impurities in the biogas, there are several technologies currently used and they 

involve adsorption, absorption (physical and chemical), permeation and cryogenics. Some of the 

more common techniques currently used are water scrubbing (WS), PSA or pressure swing 

adsorption and amine scrubbing (AS). In Sweden, the country which currently utilizes the highest 

                                                 
16 Total amount of organic nitrogen, in the form of ammonia (NH3) and ammonium (NH4

+). 
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share of biogas for vehicle use (around 50 percent), about 70 percent of the biogas upgrading plants 

use WS, whereas PSA and AS plants constitute about 15 percent each (Kalinichenko, et al., 2016).  

In order to utilize the biogas in vehicles, it is usually upgraded to about 97 percent of methane. 

However, Scania’s new engine can manage methane contents as low as 90 percent (Z. Stojanovic, 

2017, pers. comm., 6 April). Since biomethane can have a methane content between 90-99 percent, 

which impacts both density and energy density, the authors have made some simplifications and 

assumptions regarding density, energy density and methane content, see Table 4, to enable 

estimating calculations. 

Table 4. General data for biomethane used in the report. 

Biomethane and biogas properties Data 
Density of biomethane [kg/Nm3] 0.73917 

Methane content in biomethane 97 % 

Energy content in biomethane [MJ/Nm3] 36.117 

Density biogas [kg/Nm3] 1.20117 

Methane content in biogas (unless specified) 60 % 

Energy content in biogas [MJ/Nm3] 22.317 
 

3.3.1 Technical aspects 
The three technologies included in the report (AS, WS and PSA) may have the same purpose, to 

upgrade biogas to biomethane, but are quite different in use. AS and WS have certain similarities 

as both technologies use a solvent to remove carbon dioxide and hydrogen sulphide. The medium 

is flushed from the top of a scrubbing tower while the raw gas is introduced at the bottom. As the 

streams pass each other, soluble substances are released from the gas into the medium. In WS, the 

medium is water while in AS the medium is based on amine chemicals such as monoethanolamine, 

diethanolamines and diglycolamines. The amine medium can dissolve more carbon dioxide per 

volume than water and thus requires smaller volumes and plant sizes compared to water scrubbing.  

As for energy and pressure, the WS and PSA techniques require a working pressure of around 4-

7 bar. PSA utilizes the ability that certain materials selectively retain one or more chemical 

components of the raw gas. These materials are called adsorbents and can include activated carbon, 

natural zeolites (alumina silicates), activated aluminas, polymeric sorbents, silica gels and 

synthetic zeolites (Patterson, et al., 2011). In addition to a pressurized working environment, PSA 

also utilizes depressurisation to regenerate the adsorption material and therefore, it requires the 

most electricity. However, exactly how much electricity a PSA plant requires varies depending on 

the size of the plant and how it is being operated. Water scrubbing requires the second highest 

amount of electricity of the three above mentioned techniques since it needs a working pressure 

above atmospheric levels. Amine scrubbing has the lowest electricity demand because it can 

operate without a pressurized environment. However, AS requires heat in order to operate, 

somewhere between 120-160 °C, which translates to between 0.28 kWh/Nm3 and 0.44 kWh/Nm3 

                                                 
17 (Jalalzadeh-Azar, et al., 2010) 
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(Patterson, et al., 2011; Börjesson, et al., 2016). The other two techniques do not require any extra 

heat. For specific values on kWh/Nm3 biomethane, see Table 5. 

Another important technical aspect is the methane slip, which is methane that is lost during the 

upgrading process. Amine scrubbing has the lowest methane slip, between 0.1 percent (Börjesson, 

et al., 2016; Papacz, 2011) and 0.04 percent (Kalinichenko, et al., 2016). Water scrubbing has an 

average methane slip between 2 percent (Papacz, 2011; Kalinichenko, et al., 2016) and 0.5 percent 

(Börjesson, et al., 2016). Finally, PSA has the highest average methane slip of between 3 percent 

(Papacz, 2011) and 2 percent (Kalinichenko, et al., 2016). This can be compared to the methane 

slip mentioned earlier of between 16 and 23 percent when upgrading landfill gas with high levels 

of nitrogen (Avfall Sverige, 2010). 

The final technical remark is a concluding one regarding the use of landfill gas in the upgrading 

plants. If the biogas being upgraded consists purely of landfill gas, upgrading it to 97 percent 

methane content will be costly and most of the time it is not economically viable. However, if one 

allows a lower methane content and more inert gas, around 90 percent methane, the costs will be 

comparable to upgrading biogas from SOW or WWT sludge. This is the case for AS (R. Håkansson 

2017, pers. comm., 22 March) and the authors assume the situation to be similar for the other two 

techniques. However, two aspects should be noted here. The first one is that biomethane with 10 

percent impurities will probably need a separate distribution system as it will not be allowed to be 

mixed with biomethane with only 3 percent impurities. The economic calculation should also take 

into account that while the upgrading cost might be lower if 10 percent impurities are allowed, the 

transportation costs will increase as a larger share of inert gas will need to be transported along 

with the methane. 

3.3.2 Economic aspects 
Regarding economic performance of upgrading, the main costs are: construction, heat and 

electricity use, operational staff, consumables and maintenance costs. As stated earlier, the 

economic performance is evaluated in terms of both investment cost and cost per kilo of upgraded 

biomethane. 

The investment cost for the upgrading plant varies a lot depending on the scale of the plant while 

costs per kWh methane produced decrease drastically with scale. For example, Börjesson et al. 

(2016) show an investment cost of 17 million SEK for a 30 GWh AS plant (about 0.88 USD/kilo) 

and 21 million SEK for a 100 GWh AS plant (about 0.32 USD/kilo), the costs for WS were 12 

million SEK (about 0.62 USD/kilo) and 20 million SEK (about 0.31 USD/kilo) for 30 GWh and 

100 GWh plants respectively. This shows the economic benefits of scale, with lower investment 

costs per kilogram of biomethane produced if the plants have a larger production volume. The 

operational costs and investment costs from Kalinichenko et al. (2016) are shown in Table 5. 

Börjesson et al. (2016) suggest using 3 percent of the investment cost as an annual operation and 

maintenance cost. Papacz (2011) and Patterson et al. (2011) estimated a total cost for upgrading 

plants instead, including both investment costs and operational costs, which are also included in 

Table 5.  
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3.3.3 Summary of biogas upgrading 
As stated earlier, the choice of which upgrading technology to use is highly situation dependent. 

There is no ‘best’ technology, instead some techniques work better in some situations. Amine 

scrubbing might be a suitable alternative when there is a lot of excess heat available, possibly from 

nearby industries or a district heating network, or when the electricity is very expensive. This is 

because it has lower electricity consumption than the other techniques but a higher heat 

requirement. If the opposite is true, WS or PSA might be better. 

Another influential factor is the consumables. Water scrubbing requires a lot of water and if this 

resource is scarce in the area, perhaps another technology is preferable. Water scrubbing plants are 

also usually larger than AS because water can dissolve less carbon dioxide than the amine 

compounds in an AS plant, which means larger volumes are needed to achieve the same result. 

Another important aspect could be methane slip. Since the average methane slip is highest for the 

PSA, the increased environmental benefits of another technology might outweigh any small 

economic benefit this technology might have. However, it should be noted that all techniques could 

reach very low methane losses with extra monitoring and sealing features but this would probably 

increase the investment costs.  

Table 5 summarises the energy requirement, methane leakage and different ways of estimating the 

cost for the three different upgrading technologies. The data is based on literature, shown in the 

related footnotes in the table. Some calculations have been made in order to achieve the same unit 

and currency. These were done with data shown in Table 4 and using an exchange rate of 0.95 

EUR per USD and 9.05 SEK per USD (EUROINVESTOR, 2017). 
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Table 5. Energy requirements, methane leakage, investment and operational costs as well as a total yearly cost for 

the upgrading of biomethane. These are based on literature shown in the footnotes. Some calculations have been made 

in order to achieve the same unit and currency. These were done with data shown in Table 4 and using an exchange 

rate of 0.95 EUR per USD and 9.05 SEK per USD (EUROINVESTOR, 2017). 

 Amine Scrubbing PSA Water Scrubbing 

Energy 
requirement18 

0.11-0.27 kWh/Nm3 elec. 
0.28-0.44 kWh/ Nm3 heat 

0.24-0.6 kWh/Nm3 

elec. 
0.20-0.46 kWh/Nm3 

elec. 

Methane 
leakage19 

0.04-0.1 % 2-3 % 0.5-2 % 

Investment 
Cost20 

4985 - 7834 
USD/(kilo/hour) 

5271 - 7691 
USD/(kilo/hour) 

4985 - 7834 
USD/(kilo/hour) 

    

Operational 
Cost20 

0.16 | 0.17 USD/kilo or  
 3 % of investment21 

0.13 | 0.14 USD/kilo 
or 3 % of invest.21 

0.13 | 0.15 USD/kilo  
or 3 % of invest.21 

Total Cost22,23 
0.17-0.28 USD/kilo 

biomethane 
0.15-0.37 USD/kilo 

biomethane 
0.15-0.35 USD/kilo 

biomethane 

  

3.4 Distribution of biomethane 
Once the upgrading is finished, the biomethane needs to be transported to the location where it is 

going to be used and this is done either through pipelines in a gas network or by truck. If 

transported in a compressed state by truck, steel or composite vessels can be used depending on 

the desired pressure in the tanks. The pressure is related to the fact that the biomethane needs to 

be compressed in order to reduce its volume and facilitate transport. The gas can also be liquefied 

instead of compressed to reduce its volume further but this is not as common. In Sweden for 

example, 70 percent of gas that is used as vehicle fuel is distributed as compressed gas (CBG) by 

truck and the remaining part via the natural gas or vehicle gas grid (Börjesson, et al., 2016). 

Depending on the start-pressure and required end-pressure, the amount of energy needed for 

compression will vary. Biomethane exiting an amine scrubber typically has a pressure of 1 bar and 

biomethane exiting a water scrubber typically has a pressure of 4 bar (Börjesson, et al., 2016). As 

for final pressure, examples include 4 bar (low pressure grid), 80 bar (transmission grid), 200 bar 

(steel vessels) and 250 bar (composite vessels) (Börjesson, et al., 2016). 

                                                 
18 Based on values from (Börjesson, et al., 2016), (Kalinichenko, et al., 2016), (Papacz, 2011) & (Patterson, et al., 

2011). 
19 Values from (Börjesson, et al., 2016), (Kalinichenko, et al., 2016) & (Papacz, 2011). 
20 Based on values by (Kalinichenko, et al., 2016) with investment and operation costs between 500-250 m3/hour 

plants, with a larger capacity investment costs per kilo hourly rate will decrease.  
21 Per annum (Börjesson, et al., 2016). 
22 (Papacz, 2011) 
23 (Patterson, et al., 2011) 
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As for the transport vessels, Börjesson et al. (2016) assume an efficient capacity of 2 000 Nm3 (at 

200 bar) and 4 300 Nm3 (at 250 bar) for steel and composite tanks respectively and that a truck 

could take three vessels in one load, i.e. 6 000 and 12 900 Nm3 respectively. 

Considering estimates on cost for compression and distribution, data acquired from Börjesson et 

al. (2016) and (Vestman, et al., 2014) are summarised in Table 6. In the estimating calculations, 

performed by the authors, no generic investment costs for a gas grid are included as it is unlikely 

that an entire gas network would be constructed, just to be able to distribute biomethane. For this 

type of distribution, the user would have to rely on the existing grid or construct a few pipelines to 

single distribution points. 

Another thing that is important to take into consideration is the type of vehicle that is going to use 

the biomethane. If the vehicle in question is a garbage truck, all infrastructure could possibly be 

located near an existing waste management site that has methane collection, as the trucks will 

return there on a regular basis. If the vehicle is a bus, the pattern repeats itself and it seems logical 

to have a filling station near the bus depot, as they too will return on a regular schedule. If the 

vehicle is a distribution truck or similar, it might be trickier and several options will probably have 

to be evaluated. 

Table 6. Estimates on cost for compression and distribution of biomethane. Data from Börjesson et al. (2016) unless 

otherwise specified. 

 Investment (USD) Total costs (USD) 

Compression 

 30 GWh24 100 GWh25 

Annual cost: 3% of 
investment, excluding 

electricity. 

Local gas grid 110 500 - 

Transmission 
grid 

- 1 326 000 

CBG 773 500 1 326 000 

Distribution 
Steel vessel 

Composite 
vessel 

Gas grid Truck Grid 

99 500 232 000 - 
0,16 

USD/kilo26 
0.12 

USD/kilo 

Filling 
stations 

Total costs 

0.10 USD/kilo26 

3.5 Environmental impact of biomethane 
As stated earlier in chapter 2.3, Early Assessment Method and Tool, environmental performance 

in this report concerns greenhouse gas emissions, particle emissions, nitrogen oxide emissions and 

finally nutrient recycling through the use of biogas digestate as bio-fertilizer. The first three of 

these emissions are included in this chapter as they appear, in small or large amounts, throughout 

the entire life-cycle of biomethane, while nutrient recycling takes place first and foremost in 

                                                 
24 Annual gas production 
25 Annual gas production 
26 (Vestman, et al., 2014) 
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relation to the bioreactor and has been dealt with in chapter 3.2.4, Recycling nutrients. Regarding 

emission data presented in this chapter there are of course uncertainties and situational 

characteristics, which might not be fully applicable in a generic setting, but they still provide an 

indication on the potential emission reduction from using biomethane in heavy-duty vehicles.  

3.5.1 Greenhouse gas emissions 
A well-to-wheel analysis that was performed on biomethane as a vehicle fuel estimated that GHG 

emissions can be reduced by 75-91 percent for heavy-duty vehicles, depending on different local 

circumstances and what methodology was used for the life-cycle calculations (Börjesson, et al., 

2016). The well-to-wheel analysis also states that the reduction of GHG emissions for biomethane 

typically exceeds 80 percent, compared to gasoline and diesel, and this is irrespective of how the 

biomethane is produced, distributed or used in vehicle engines (Börjesson, et al., 2016). This 

suggests that a generic reduction of around 80 percent is a reasonable assumption. However, this 

estimation is based on Swedish conditions and the best available technology, hence the estimation 

might vary for different nations and with older technologies. Börjesson et al. (2016) furthermore 

suggest using a fossil reference for GHG emissions from diesel at 14-17 g CO2-eq per MJ of final 

fuel.  

3.5.2 Particle emissions 
Particle emissions are small particles ranging from 2.5-10 µm (PM10), but also less than 2.5 µm 

(PM2.5). These particles are small enough to penetrate the respiratory system and can cause 

aggravation of asthma, cardiovascular morbidity and increase mortality rates from cardiovascular 

and respiratory diseases and lung cancer (World Health Organization, 2013).  

The majority of the particle emissions from diesel comes from the combustion of the fuel in a 

vehicle, 11.2 mg per MJ fuel, while the production of the diesel releases 1 mg per MJ fuel 

(Börjesson & Berglund, 2007). This contrasts with the biomethane life-cycle, where around 1.8 

mg of particles per MJ kinetic energy are released in the production of the biomethane and only 

an additional 1.4 mg per MJ kinetic energy during combustion (Börjesson & Berglund, 2006). 

Worth mentioning here is that the particle emissions during the life-cycle of biomethane are mainly 

due to the use of diesel for collection and transportation of feedstock, biogas and biomethane 

(Börjesson & Berglund, 2006).  

Considering the full life-cycle, using biomethane will result in an approximate particle emission 

reduction of 74 percent, based on above mentioned data. If only the end-use is considered, the 

reduction in particle emissions is as high as 88 percent, again using above mentioned data. This 

data is based on municipal organic waste as feedstock for the biomethane and the assumption made 

that the conversion efficiency of a diesel engine is 40 percent and that of a gas engine is 36 percent 

(Börjesson & Berglund, 2006; Börjesson & Berglund, 2007). The emission value will differ if 

other waste fractions or other engine efficiencies are used. Börjesson and Berglund (2006) has an 

extensive table of particle emissions from different feedstocks for biomethane production. 
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3.5.3 NOx – emissions  
The reduction of nitrogen oxides emissions is desirable because nitrogen oxides react with 

atmospheric gases to form ozone and acid rain (United States Environmental Protection Agency, 

1999). The ozone forms in the troposphere and is the primary constituent of smog while the acid 

rain contributes to increased acidification which severely affects certain ecosystems (United States 

Environmental Protection Agency, 1999).  

Nitrogen oxide emissions follow a similar pattern to particle emissions. For diesel, most of the 

emissions occur at the end use of the fuel, 720 mg per MJ fuel, while the production emits 40 mg 

per MJ fuel (Börjesson & Berglund, 2007). Biomethane on the other hand emits 169.2 mg of 

nitrogen oxides per MJ fuel during end use and 97.2 mg per MJ fuel during production (Börjesson 

& Berglund, 2006). Thus, the total reduction of nitrogen oxides emissions by using biomethane 

instead of diesel is 65 percent and the end-use reduction is roughly 77 percent, using above 

mentioned data. As stated earlier, this data is based on municipal organic waste and previously 

mentioned engine efficiencies (see chapter 3.5.2, Particle emissions), subsequently if other 

feedstocks or efficiencies are used, this will impact the emission reduction. The authors refer to 

Börjesson and Berglund (2006) for an extensive table of nitrogen oxide emission from different 

feedstocks for biomethane production. 
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4 DEVELOPING THE EARLY ASSESSMENT METHOD 
This chapter details how the Early Assessment Method was developed as well as the structure of 

the method itself and its key areas, questions and characterising indicators. The authors’ reasons 

for choosing the selected structure is motivated and the expected output in each step is furthermore 

presented.  

4.1 The general idea 
As mentioned in chapter 1.4, Scope, the developed method is meant to be used for the early 

assessment of a limited number of identified candidates to establish whether one should proceed 

with a more detailed assessment. The importance of the first step should not be reduced however, 

i.e. identifying a limited number of candidates. This initial screening process still requires a basic 

understanding of what fundamental conditions are needed for a biomethane solution to be a 

realistic option. Once this process has been completed, the Early Assessment Method described in 

the next sections can be applied. 

In the case of this thesis, the early assessment of a biomethane solution is done using three main 

categories: potential, feasibility and performance. Within these three categories, several key areas 

represent a type of critical knowledge that is needed to evaluate the solution. For each key area, a 

key question is specified that aims to pinpoint the critical knowledge within that key area. To 

answer each question in a clear and structured way, an indicator is used, which can be qualitative 

or quantitative depending on the nature of the question. An elaboration on the relation between 

key areas, key questions and indicators within the categories is given in the following sections of 

the chapter, where each section starts with a summarising table, followed by a more detailed 

description of how the selection was done and how each indicator should be evaluated. 

The key areas, questions and indicators were developed with an ideal scenario in mind, meaning 

that under the assumption that everything is known about biomethane production in a region; 

which questions should be asked to obtain the data necessary to make an early assessment of a 

project? However, the ideal scenario never exists and therefore, each question comes with an 

equation to calculate an estimate for a quantitative indicator. In addition the qualitative indicators 

have been given a five-grade scale27 so that the information gathered about the qualitative areas 

can be assessed in a structured and meaningful way. This is to increase the practicality of the 

method. Furthermore, the selected approach allows for the assessment method to be used in 

projects where the amount of available information varies. If a certain region is thoroughly studied, 

this data can be used in the assessment method and if little data is available, assessment can still 

be made using generic values.  

To assist with the collection and structuring of data, a tool has been included in the Early 

Assessment Method, see Figure 2. The tool has two parts, a questionnaire, see Appendix 1 – 

BiogasGUIDE – Questionnaire, and a spreadsheet, see Appendix 2 – BiogasGUIDE – Spreadsheet. 

The questionnaire is meant to assist with the collection of information about the area or region that 

is being assessed. However, the gathered information will need structuring and that is where the 

                                                 
27 Very poor, Poor, Fair, Good and Very good 
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second part of the Early Assessment Tool is helpful. Information about the considered area is put 

into a spreadsheet, where calculations and generic values from the Early Assessment Method will 

result in a structured output, which is further explained in chapter 5, USING THE EARLY 

ASSESSMENT TOOL. 

The key areas that the authors have identified and how they are related to the stages of the 

biomethane life-cycle are shown in Figure 8, showing for example that infrastructure suitability 

and legislation on renewable fuels might be important throughout the whole life-cycle while 

nutrient recycling plays a greater part in the biogas generation stage, which includes bio-fertilizer 

distribution and use. 

 

Figure 8. Overview of the identified key areas for the early assessment of biomethane solutions. Included are also 

some major steps of the biomethane life-cycle to help in visualising what part of the life-cycle each key area affects 

the most. Yellow boxes indicate key areas affecting potential, blue boxes performance, red economic performance 

and green environmental performance.  
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4.2 Potential 
Regarding the first of the three categories, the key areas identified for potential include biomass 

potential, biomethane potential and bio-fertilizer potential. Their respective key question and 

related indicators can be seen in Table 7, where the index column refers to the questions in the 

questionnaire, see Appendix 1 – BiogasGUIDE – Questionnaire. The key areas and their indicators 

depend on each other as the estimation on biomass potential will influence the estimation on gross 

amount of biomethane and bio-fertilizer. With that said, once combined, these three key areas aim 

at generating a rough numeric estimate of the production potential for biomethane and bio-fertilizer 

in the selected region. 

Some indicators are in unit form, which is aimed at enhancing the understanding of the different 

stages, but the goal is to get an estimation on the total potential for biomethane and bio-fertilizer. 

Transportation and the usage of the biomethane is not included in the potential assessment because 

of difficulties with translating the amount of fuel into a distance or transported mass. This is due 

to the fact that the transportation potential per unit of biomethane depends a lot on which vehicle 

is used as well as where and how the vehicle is driven (Z. Stojanovic, 2017, pers. comm., 6 April). 

The units chosen for the indicators of each question are based on literature and discussions with 

Scania employees as well as industry professionals. Until the gas is upgraded and compressed, the 

unit is normal cubic metres, i.e. the volume of the gas at atmospheric pressure (roughly 101 kPa) 

and 0 °C. After the gas has been upgraded, the gas is usually in compressed form and thus it is 

easier to use mass and the unit of kilograms. 

Table 7. Summarising table of the key areas, key questions and indicators within the potential category. The index 

column relates to the more detailed questionnaire found in Appendix 1 – BiogasGUIDE – Questionnaire. 

Potential 

Key Area Key Question Indicator Index 

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] 

2,10, 
11, 14, 

16, 
23,24 

Biomethane 
Potential 

What is the biomethane 
yield from each 

considered waste 
stream? 

Biomethane yield per waste stream 
[kg/tonne] 

6,7, 
13,19, 
25, 28, 

29 Gross amount of biomethane [Tonne/year] 

Bio-fertilizer 
Potential 

How much bio-fertilizer 
can be produced from 
the considered waste 

streams? 

Bio-fertilizer yield per waste stream [kg/kg] 
15-17, 
22-24 

Gross amount of bio-fertilizer [Tonne/year] 
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The first step in evaluating the potential of biomethane is to establish the amount of organic waste 

in the area that can be used as feedstock for biogas production. Note that this key area focuses on 

the managed part of the waste streams, while the second key area under chapter 4.3, Feasibility 

brings the qualitative aspect of competing applications for organic waste into the assessment. This 

means that the biomass potential is defined neither as the realisable nor the total amount of waste 

possible to use as feedstock, but rather the amount of waste that is managed by some form of waste 

management services and that could be redirected towards biogas production. 

The indicator for biomass potential, Indicator 1, focuses on how much organic waste is treated 

within the waste management system, excluding those amounts that are directly disposed of into 

nature and therefore not as easily available. The best scenario is if site specific data on treated 

amounts of waste is directly available but if that is not the case, an alternative is to calculate an 

estimation. The calculation is based on the size of the population, the per capita generation of the 

different feedstocks and a correction factor. The correction factor is a number between zero and 

one and includes the collection rate, coverage of the waste management system and if the organic 

waste within each waste stream is treated by means that cannot produce biogas, like municipal 

solid waste being incinerated. This correction factor has to be estimated from site-specific data and 

knowledge of the local area since waste management practice is very different around the world. 

The per capita generation of biomass can be important to investigate as it illustrates how the 

biomethane potential can increase with a growing population. If site specific data is available on 

the amount of waste generated per capita, this should preferably be used but if site specific data is 

non-existent, the generic values from chapter 3.1, Feedstock for biogas can be applied,. It should 

be noted that if very little information on the area is available the population based estimation can 

help but will rarely reflect the immediate realisable potential.  

Each feedstock is given a separate equation, see equation (1) – (3). As mentioned earlier, three 

types of feedstock are included in the scope of this thesis and are each given their own equation. 

The feedstocks include municipal solid waste (MSW) that has been landfilled, separated organic 

waste and sewage sludge from wastewater treatment plants. In order to keep a level of transparency 

these three sources are kept separate but in parallel calculations. This is to ensure that it is easy to 

trace back which waste stream produced what amount of biomethane and with what yields. 

However, this will require that Indicator 1 is assessed once for each considered waste stream.  

In order to assess Indicator 1, the per capita generation of biomass from the different waste streams 

can be used together with the total population served by waste management services. However, it 

should be kept in mind that these numbers vary across the globe and are prone to uncertainties. 

  

Biomass 
Potential

Key Question: How much waste, from the considered 
waste streams, is managed and could potentially be 
used as feedstock? 
Indicator 1: Amount of waste, per considered waste

stream, managed by a treatment service
[Tonne/year]
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𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟏: 𝑀𝑆𝑊 = 𝑃𝑜𝑝 × 𝑀𝑆𝑊𝐺𝑎𝑣𝑔  × 𝐶𝐹𝑀𝑆𝑊     (1) 

Where  

MSW is the amount of untreated wet weight of municipal solid waste that is 

landfilled each year. 

Pop is the size of the population. 

MSWGavg is the average annual generation of municipal solid waste per capita, see 

Table 2. 

CFMSW is a correction factor, between zero and one, which takes into account that all 

MSW might not be collected and that all of the collected amount of MSW 

might not be sent to landfill. 

 

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟏: 𝑆𝑂𝑊 = 𝑃𝑜𝑝 × 𝐹𝑊𝑎𝑣𝑔 × 𝐷𝑀 × 𝐶𝐹𝑆𝑂𝑊     (2) 

Where  

SOW is the amount of dry matter separated organic waste that is collected each 

year. 

Pop is the size of the population. 

FWavg is the average annual food waste generation per capita, see Table 2. 

DM is the dry matter content in the food waste, see Table 2. 

CFSOW is a correction factor, between zero and one, which takes into account the 

collection rate and coverage in the area, meaning the fraction of the total 

waste that could be separated and collected. 

 

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟏: 𝑂𝐷𝑀 = 𝑃𝑜𝑝 × 𝐷𝑀𝑎𝑣𝑔 × 𝑂𝐷𝑀𝑓𝑎𝑐𝑡𝑜𝑟 × 𝐶𝐹𝑊𝑊𝑇    (3) 

Where  

ODM is the amount of organic dry matter acquired from processed wastewater. 

Organic dry matter is sometimes referred to as volatile solids. 

Pop is the size of the population. 

DMavg is the average annual generation of sewage sludge (dry matter) per capita, 

see Table 2. Dry matter can also go by the name of total solids. 

ODMfactor is the fraction of organic dry matter in the total amount of dry matter, see 

Table 2. 

CFWWT is a correction factor, between zero and one, which takes into account the 

fraction of the population that is connected to the wastewater treatment 

and the fact that all sewage might not be collected and processed. 
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After the total amount of feedstock managed by a waste treatment service has been established, or 

estimated, the next step is to try and estimate the amount of biomethane that can be generated from 

the organic matter in each waste stream. This includes two steps in the biomethane production, i.e. 

the biogas extraction or collection and the upgrading step. The report assumes a methane content 

of 97 percent for upgraded biogas, applying the physical and chemical properties for this content. 

If another methane content is desired, various physical properties might need to be adjusted such 

as energy and mass density. Due to the varying composition of the feedstock, the biogas yield per 

tonne of organic matter and the methane content of the gas will be different, which will have 

consequences in the upgrading step. Because of this variation, Indicator 2A includes separate 

equations for each feedstock, see equation (4) – (6), and these are labelled 2A(L) for landfill waste, 

2A(S) for separated organic waste and 2A(W) for sludge from wastewater treatment. The numbers 

are then added to give an answer to Indicator 2B, see equation (7). It should be noted that the 

generic values from literature on biogas yield from landfills only considers the amount of methane 

that is actually captured and not the theoretical yield. 

At this point it is very important to mention the large uncertainties one is faced with when trying 

to estimate the biogas yield from heterogeneous organic waste. For separate types of substrates, 

like manure or homogeneous slaughterhouse waste, numbers are available but once they are mixed 

together, the task becomes more difficult. The characteristics of sewage sludge are more similar 

across the globe than for MSW in landfills and separated organic waste. Thus, it is incredibly 

difficult to provide any generic numbers as the composition of the feedstocks varies greatly. For 

example, the biogas yield and methane content will differ if the waste is mainly made of 

slaughterhouse waste, fruit and vegetables, household waste or garden waste etc. From what the 

authors have found, biogas yield from landfills can vary a lot while the values for separated organic 

waste also differs but not as much, see Table 3. This makes it clear that this type of estimation is 

a most difficult task. In the case of landfills, it is in fact recommended to perform early 

measurements to establish the actual yield and methane content of the landfill gas in order to verify 

theoretical estimates (T. Zetterfeldt, 2017, pers. comm., 23 March). 

Under these conditions, the authors are humbly approaching the task of estimating biogas yield 

and press on the fact that more specific data and further measurements are needed to give a more 

representative estimation. If any site-specific estimations or pilot projects on biogas have been 

done in the region, these values should be used, instead of average values, in equation (4) – (6). 

The generic values for methane content that are applied include 50 percent for landfill gas, 60 

percent for biogas from separated organic waste and 65 percent for biogas from sewage sludge. 

As for the upgrading step it is important to have an understanding for the different upgrading 

technologies and how the local conditions such as available space and energy prices can affect 

Biomethane 
Potential

Key Question: What is the biomethane yield from each 
considered waste stream?

Indicator 2A: Biomethane yield per waste stream [kg/tonne] 

Indicator 2B: Gross amount of biomethane [Tonne/year]
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how economically sound a certain technology is. Considering estimations on potential, the critical 

aspect here is the methane slip of the different technologies. Another thing to remember about the 

upgrading step is what the desired methane content is. A high methane content is generally more 

expensive to achieve but could lead to lower distribution costs since less inert gas is transported. 

In addition the chemical and physical properties of the gas will change if the methane content 

changes, in the report all generic options are assumed to use a biomethane gas with three percent 

impurities. 

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟐𝑨(𝑳): 𝐵𝑀𝑌𝐿 =
𝐵𝑌𝐿×𝑀𝐶𝑏𝑖𝑜𝑔𝑎𝑠

𝑀𝐶𝑏𝑖𝑜𝑚𝑒𝑡ℎ𝑎𝑛𝑒
× (1 − 𝑀𝑆) × 𝜌     (4) 

Where  

BMYL is the mass of biomethane, in kilos, per untreated wet weight tonne of landfilled 

municipal solid waste. 

BYL is the volume of biogas (in normal cubic meters) captured per tonne of landfilled 

municipal solid waste, see Table 3. 

MC is the methane content, where biogas denotes methane content for the biogas used 

and biomethane denotes the methane content for the upgraded biomethane, see 

Table 3 and Table 4. 

MS is the methane slip, see Table 5. 

ρ is the density of biomethane, see Table 4. 

  

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟐𝑨(𝑺): 𝐵𝑀𝑌𝑆 =
𝐵𝑌𝑆×𝑀𝐶𝑏𝑖𝑜𝑔𝑎𝑠

𝑀𝐶𝑏𝑖𝑜𝑚𝑒𝑡ℎ𝑎𝑛𝑒
× (1 − 𝑀𝑆) × 𝜌     (5) 

Where  

BMYs is the mass of biomethane, in kilos, per tonne of dry matter separated organic 

waste. 

BYs is the volume of biogas (in normal cubic meters) generated per tonne of dry matter 

of separated organic waste, see Table 3. 

For the other denotations, see explanation to equation (4). 

 

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟐𝑨(𝑾): 𝐵𝑀𝑌𝑊 =
𝐵𝑌𝑊×𝑀𝐶𝑏𝑖𝑜𝑔𝑎𝑠

𝑀𝐶𝑏𝑖𝑜𝑚𝑒𝑡ℎ𝑎𝑛𝑒
× (1 − 𝑀𝑆) × 𝜌    (6) 

 Where  

  
BMYW is the mass of biomethane, in kilos, per tonne of organic dry matter in sewage 

sludge. 

BYW is the volume of biogas (in normal cubic meters) generated per tonne of organic 

dry matter in sewage sludge, see Table 3. 

For the other denotations, see explanation to equation (4). 
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𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟐𝑩: 𝐵𝑀𝑌 = (𝐵𝑀𝑌𝐿 × 𝑀𝑆𝑊) + (𝐵𝑀𝑌𝑆 × 𝑆𝑂𝑊) + (𝐵𝑀𝑌𝑊 × 𝑂𝐷𝑀)  (7) 

Where 

BMY is the annual biomethane yield in kilos. 

MSW is the mass of municipal solid waste that is landfilled each year. 

SOW is the dry mass of separated organic waste that is collected each year. 

ODM is the amount of organic dry matter acquired from processed wastewater each 

year. 

 

 

While the main focus of this report is biogas, and subsequently biomethane, the potential benefits 

from bio-fertilizers cannot be ignored. The digestate, the semi-solid by-product from the anaerobic 

digestion inside the bioreactor, can be used as bio-fertilizer to replace mineral fertilizer. However, 

this requires the digestate to have a certain level of nutrients and organic matter (levels may differs 

from country to country) and it cannot be contaminated with heavy metals or medical residues. 

Because of these requirements, SOW is the feedstock most suited for bio-fertilizer production 

since the WWT sludge is usually contaminated by medical and chemical traces and the digestate 

from landfill waste is too scattered throughout the landfill to collect. 

Utilisation of the digestate creates an increased valorisation in the biomethane production chain 

because the nutrients in the organic waste can be reused as fertilizer. This bio-fertilizer can replace 

virgin mineral fertilizers, which creates an environmental and sometimes economic benefit and 

increased resource efficiency. However, bio-fertilizer usually has a low value-density and 

therefore it is important that the biogas plant is in relative proximity to the agricultural business 

that could use the bio-fertilizer. The reason to use digestate as a bio-fertilizer is mainly due to its 

nutritional value and the stabilized organic content. This will mean that the dry matter in the 

digestate is the valuable product. However, since the digestate in large consists of water which 

need to be handle in some way the operators of the biogas plant might be more interested in 

knowing the wet weight of the digestate. 

If the digestate cannot be used as bio-fertilizer, either because there is no demand for it or that the 

digestate is not up to the required standards, an alternative use or means of disposal must be found. 

Some common alternative ways of using the digestate (both from WWT sludge and SOW) are to 

use it together with sand and saw dust as a sealant material for landfills or ground coverage for 

road and infrastructure construction. Another solution is to incinerate it for heat and power 

generation. All of these ways require the digestate to be dried first. 

To calculate the mass of digestate able to be used as bio-fertilizer see equation (8). Each kilogram 

of dry feedstock digested will result in the creation of roughly 0.18 kilogram of dry digestate. 

Looking at it the opposite way, one kilo of digestate requires 5.5 kilos of DM feedstock to be 

Bio-fertilizer 
Potential

Key Question: How much bio-fertilizer can be 
produced from the considered waste streams?

Indicator 3A: Bio-fertilizer yield per waste stream [kg/kg]

Indicator 3B: Gross amount of bio-fertilizer [Tonne/year]
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digested. The exchange rate for wet weight SOW and digestate is roughly 1:1, meaning that each 

wet kilogram of feedstock creates one kilogram of wet digestate. Keep in mind that while a large 

benefit of the bio-fertilizer is the nutritional value but there are other potentially useful contents in 

the bio-fertilizer, such as stabilized organic matter. Therefore, it is just as important to consider 

the total mass of the digestate. The amount of nutrient potentially available for recycling can be 

found in chapter 4.4.2, Environmental Performance under the key area of nutrient recycling. 

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟑𝑩: 𝐷𝑊𝑒𝑖𝑔ℎ𝑡 = 𝑆𝑂𝑊 × 𝐸𝑋𝑅       (8) 

Where 

4.3 Feasibility 
The second assessment category is important because even if the biomethane potential might be 

considered large enough to be promising, there could be other qualitative aspects that can hinder 

the development of biomethane solutions. Similarly, if it is the other way around, that biomethane 

potential is regarded as small, there might still be aspects that support the development. An 

example of such a qualitative aspect could be that biomethane is not yet an approved fuel, as in 

the case with Scania’s biomethane project in Nagpur, India (J. Strömberg, 2017, pers. comm., 27 

March), or that there is no way of dealing with the digestate by-product from the anaerobic 

digestion, which creates problems despite the potential. In the city of Linköping, Sweden, there 

was no gas infrastructure in place but other influences, like political ambitions and bad air quality 

in the city centre, drove the development instead. 

These aspects are considered within the feasibility assessment, which is based on qualitative data, 

and the key areas included here are: customer demand, competing applications, strategies for 

renewable fuels, legislation as well as economic instruments and infrastructure suitability.  The 

key areas and their related key questions and indicators can be seen in Table 8, where the index 

column refers to the questions in the questionnaire, see Appendix 1 – BiogasGUIDE – 

Questionnaire.  

Since the input data is purely qualitative, each indicator has a five-grade scale (Very poor, Poor, 

Fair, Good, Very good), which is meant to help in assessing the key question. In order not to over-

complicate things, only two grades are defined, “Poor” and “Good”, and each indicator can be 

assessed with regard to these two definitions. For example: if the region’s infrastructure is worse 

than the definition in “Poor” the answer would be “Very poor”, if it is better than poor but not 

quite good enough to comply with the definition of “Good” the answer would be “Fair” and so 

forth. 

  

Dweight is the total mass of digestate from feedstock digestion, either dry or wet weight. 

SOW is the total amount of source separated waste, dry or wet weight. 

EXR is the exchange rate between SOW and digestate, see 3.2.4 Recycling nutrients. 
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Table 8. Summarising table of the key areas, key questions and indicators within the feasibility category. The index 

column relates to the more detailed questionnaire found in Appendix 1 – BiogasGUIDE – Questionnaire. 

Feasibility  

Key area Key Question Indicator Index 

Customer 
Demand 

Are there influential 
customers on the market 
that are ready to use 
biomethane or bio-
fertilizer? 

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

30-35 

Customer demand for bio-fertilizer 
[Very poor, Poor, Fair, Good, Very 
good] 

39-41 

Competing 
Applications 

Are there few or no 
suitable alternatives to 
use organic waste for 
biomethane production? 

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

36-37 

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

38 

Strategies for 
Renewable 

Fuels 

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] 

43-44 

Legislation 
Is the legislation 
supportive of 
biomethane solutions? 

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

45-46 

Economic  

Instruments  

Are economic 
instruments supportive 
of biomethane solutions? 

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

47-48 

Infrastructure 
Suitability 

Is the current 
infrastructure supportive 
of biomethane solutions? 

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

3, 5, 13-15,  
17, 20, 22, 
26, 28 49-
51, 53-57 

 



39 

 

 

While it is important to have a feedstock to produce biomethane it is equally important, if not 

more, to have a customer that is interested and ready to use the fuel and the bio-fertilizer. For the 

first indicator, Indicator 4A, it is interesting to know what type of customers there are in the area, 

how influential they are on the transportation market and how interested they are in using 

biomethane as a fuel. It is especially interesting to look for a customer that has a long-term 

perspective on business as biomethane solutions take time to develop and require stable actors. 

One might for example have a municipally owned company that is solely responsible for all public 

transport in the city or all waste management, which would make them an influential actor, but 

they might not at all be interested in using biomethane. This could be because of low prices for the 

reference fuel or that there are strong actors within the natural gas market that are not interested in 

having renewable competition. On the other hand, one might have a small delivery firm but that is 

nevertheless very dedicated to renewable transportation. In this case, there is no need for 

convincing the customer but the demand side will probably not be enough to motivate the 

development of a biomethane solution. 

The same thing applies for bio-fertilizer and Indicator 4B. If there is a lot of agricultural activity 

in the area and the farmers are willing to use the digestate in their business, they might even get 

paid for it, the outlook for use of by-products might be promising. If agriculture is insignificant 

however or the farmers are unwilling to use the digestate, either because of harmful residues or 

because they must pay a high price for it, one needs to look for alternative management of the by-

products, like incineration, which could be a costly business if not in place. 

Finally, it can be helpful to conceive what a potential pilot project could look like, preferably 

something that can be up-scaled later. For example, one could start with one bus service in the city 

centre or a few garbage trucks within a larger fleet. 

Questions 30–35 and 39–41 in the BiogasGUIDE focus on customer demand and the information 

gathered should be used when assessing the two indicators. The definitions of “Poor” and “Good” 

are listed below to help evaluate the customer demand for biomethane and bio-fertilizer. 

Indicator 4A: 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

Key Question: Are there influential customers on the 
market that are ready to use biomethane or bio-
fertilizer?

Indicator 4A: Customer demand for biomethane 
[Very poor, Poor, Fair, Good, Very good]

Indicator 4B: Customer demand for bio-fertilizer 
[Very poor, Poor, Fair, Good, Very good]
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Indicator 4B: Customer demand for bio-fertilizer 

Poor:  There is little agricultural activity or the farmers are not willing to use the digestate-based 

bio-fertilizer within the near future.  

Good: There is some agricultural activity taking place in the area and the farmers are willing to 

use the digestate-based bio-fertilizer within the near future. 

 

 

As mentioned under chapter 4.2, Potential earlier, the fact that there is organic waste in the area 

does not necessarily mean that the future of biomethane is bright. In some cases, the waste might 

already be used for other value creating applications, like other biofuels, compost, animal feeding 

or incineration to create heat and electricity, which is assessed by Indicator 5A. In certain places, 

some people will even have discarded food as one of their main sources of nutrition. 

Re-directing the organic waste from its current application could worsen the overall environmental 

impact, as substitutes would have to be found for the other processes. Whether this is true or not 

in a certain scenario is not something that this work elaborates on, but will have to be decided from 

case to case. With that said, it is better to focus on the organic waste that is not currently generating 

any value. 

The same thing goes for competing applications of biogas and Indicator 5B. As stated earlier, the 

most common use of biogas is generation of electricity and heat, which means that it might not be 

a given to upgrade it to biomethane. The outcome here will depend on the existing fuel and energy 

market, including the prices for heat, electricity and reference fuel. If the price for electricity is 

high it might be too costly to upgrade the biogas and compress the biomethane, especially if the 

price for diesel is low. The attractiveness of biogas for biomethane production might also be 

affected by the distribution of the biogas sources. If they are spread out and several upgrading 

plants or a lot of transport is needed, the upgrading case might not be too appealing compared to 

if the biogas sources are more geographically concentrated. 

Questions 35, 36-38, 57 and 59 in the BiogasGUIDE focus on competing applications but things 

like legislation and economic instruments will also play a part. The information gathered should 

be used when assessing the two indicators. The definitions of “Poor” and “Good” are listed below 

to help evaluate the competing applications for biogas and biomethane. 

  

Competing 
Applications

Key Question: Are there few or no suitable 
alternatives to use organic waste for biomethane 
production?

Indicator 5A: Attractiveness of organic waste for biogas 
production [Very poor, Poor, Fair, Good, Very good]

Indicator 5B: Attractiveness of biogas for biomethane 
production [Very poor, Poor, Fair, Good, Very good]
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Indicator 5A: 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. 

Indicator 5B: Attractiveness of biogas for biomethane production 

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. 

 

Political climate and strategies regarding renewable fuels has been somewhat of a recurring theme 

when the authors have been talking to actors within the biogas industry. It is important as the 

political ambitions set the legal and economic framework that the actors are expected to operate 

within. If the situation is unstable and conditions are rapidly changing, actors might not be ready 

to invest in biomethane solutions, and if designed in the wrong way, the system might fail in 

creating fair market conditions for all fuel alternatives. In some cases, this is done on purpose and 

in others, the unfair conditions are created due to lack of knowledge of the advantages and 

disadvantages of different alternatives. In the case of biomethane, the fuel rarely gets credit for its 

nutrient recycling function through the use of digestate as a bio-fertilizer. 

This key area focuses on how well the general strategies on renewable fuels and transport in the 

region align with the production and use of biomethane. If, for example, the region has ambitious 

goals to reduce greenhouse gas emissions and to have fossil free transportation, chances for 

biomethane to enter the picture are quite good. However, if the region has already decided to go 

for road electrification or another bio-based fuel then it might be more difficult for biomethane to 

acquire renewable market shares. In a worst-case scenario, the ambitions for renewable transport 

could be low or non-existent, which could either mean a great hurdle to introduce biomethane or 

an opportunity to create a new market. It is worth pointing out that the focus is on strategies that 

are actually being implemented, and not on vague ambitions that might have no effect. That is why 

Indicator 6 should have a higher grade if specific goals and plans of action are in place. 

Questions 43 and 44 in the BiogasGUIDE focus on strategies for renewable fuels and the 

information gathered should be used when assessing the indicator. The definitions of “Poor” and 

“Good” are listed below to help evaluate the political climate and general strategies. 

Strategies for 
Renewable 

Fuels

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

Indicator 6: Alignment of biomethane with strategies for 
renewable fuels [Very poor, Poor, Fair, Good, Very good]
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Indicator 6: 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. 

 

 

This key area could be considered a sub-category to the previous strategies on renewable fuels. 

The reason for keeping legislation as a separate area is that it is essential to know about the local, 

regional and national regulations that affect the area where a biomethane solution is being 

considered. This includes legislation in nearby countries since they might be more supportive and 

could potentially, on a free market, create benefits that undermine the local market for biomethane 

(E. Woode, 2017, pers. comm., 31 March). 

Legislation could be supporting biomethane solutions, in the form of a landfill ban on organic 

waste. It could also hinder them, for example if biomethane cannot be mixed with natural gas in 

the network, that it is not an approved fuel with a standard or that it is not allowed to use the 

digestate as a fertilizer. Whatever the nature of the legislation, it is important to do some research 

and create a brief overview of the regulations that affect the different parts of the biomethane life-

cycle, from acquiring organic waste to combusting the fuel and disposing of the by-products. 

Questions 45 and 46 in the BiogasGUIDE focus on legislation and the information gathered should 

be used when assessing the indicator. The definitions of “Poor” and “Good” are listed below to 

help evaluate the political climate and general strategies. As legislation could look very different 

from place to place, the definitions for Indicator 7 have been defined in a way so that there is room 

for interpretation on how regulations can help or hinder biomethane solutions. 

Indicator 7: 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 bio-fertilizer. There are some positive legislations, for example 

in the form of a landfill ban on organic waste. 

  

Legislation
Key Question: Is the legislation supportive of biomethane 
solutions?

Indicator 7: Legislative support for biomethane solutions 
[Very poor, poor, fair, good, very good]
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Another topic that naturally appears on the agenda when talking to business actors is economics. 

Without a profitable organisation, a company will not be around for long. This key area could in 

fact be seen as one of the real consequences of the previous legislation and strategies for renewable 

fuels, i.e. these broader topics culminate in economic instruments that either promote or discourage 

certain actions. This key area is kept separate for the same reason as legislation; it is necessary to 

have a thorough understanding of the economic conditions that one is operating under. 

In the case of biomethane solutions, supporting instruments could be in the form of tax exemptions 

or subsidies that focus on fuels that reduce carbon emissions, all types of renewable fuels, fuels 

from waste products only or specific instruments for biomethane production or use. The opposite, 

economic instruments that directly discredit biomethane, is maybe not that common but the mere 

lack of instruments could still play a crucial role in places where the fossil market is well 

established, while the market for renewable fuels is still emerging. 

It is important to remember that these instruments, whether rewarding or discrediting, could appear 

in all stages of the life-cycle; from the acquisition of organic waste, to the production and use of 

biomethane as well as the use of the bio-fertilizer. Furthermore, it is important to understand where 

the incentive comes into effect and who is receiving it; if it is the producer of biomethane and bio-

fertilizer or if it is the user, like the driver of the vehicle or the farmer. This difference could 

drastically change the economic landscape and affect the development of biomethane solutions. 

Questions 47 and 48 in the BiogasGUIDE focus on economic instruments and the information 

gathered should be used when assessing Indicator 8. The definitions of “Poor” and “Good” are 

listed below to help evaluate the economic landscape. As instruments could look very different 

from place to place, the definitions have been defined in a way to leave room for interpretation on 

how economic instruments can help or hinder biomethane solutions. 

Indicator 8: Economic stimulation for biomethane 

Poor: No economic support exists for renewable fuels or biomethane production and use. 

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. 

  

Economic 
Instruments

Key Question: Are economic instruments supportive of 
biomethane solutions?

Indicator 8: Economic support for biomethane solutions
[Very poor, Poor, Fair, Good, Very good]
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A city’s current and planned infrastructure for waste management, gas and fuel distribution can 

have a great influence on the success of biomethane solutions, which is why this has been selected 

as the last key area within the feasibility category.  

Having a well-functioning waste management system that keeps waste streams separate could 

facilitate the production of biogas from organic waste while an extensive and well maintained 

infrastructure for wastewater treatment provides favourable conditions for sewage sludge as a 

feedstock. Finally, controlled landfill activity with the proper enclosure and drainage could offer 

positive working conditions for the extraction of methane from landfilled organic waste.  

As for the transport of gaseous fuels, an existing gas network could support the development of 

biomethane solutions by lowering the economic threshold on investments. However, one should 

also be aware of the fact that an existing gas network could mean that there is a strong market for 

natural gas, where the actors might not be interested in renewable competition. There could also, 

as previously mentioned, exist legislation that prevents the mixing of biomethane with natural gas 

and that renders the existing infrastructure useless. 

Several questions in the BiogasGUIDE consider infrastructure suitability, see Index column in 

Table 8, and the information gathered should be used when assessing Indicator 9. The definitions 

of “Poor” and “Good” are listed below to help with the evaluation. As the infrastructure 

requirements will differ depending on the feedstock that is considered, the definitions have been 

defined in a way to try and leave room for interpretation on how infrastructure can help or hinder 

biomethane solutions. 

Indicator 9: Suitability of 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. 

  

Infrastructure

Suitability

Key Question: Is the current infrastructure supportive of 
biomethane solutions?

Indicator 9: Suitability of current infrastructure for 
biomethane solutions [Very poor, Poor, Fair, Good, Very 
good]
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4.4 Performance 
The last assessment category, performance of the biomethane solution, is measured in both 

economic and environmental performance. The economic performance is very important because 

without sufficiently good economic performance, the biogas or biomethane plant cannot operate 

and will not provide the potential benefits of using biomethane over conventional fuels. 

Environmental performance is the major selling point for biomethane because of the potential 

benefits to air quality and climate change that biomethane has over conventional fossil based fuels.  

4.4.1 Economic performance 
Economic performance is an additive indicator, much like potential, and includes three key areas, 

biogas generation cost, biogas upgrading cost and biomethane distribution cost. The additive 

aspect implies that the answers to the three key questions together represent the economic 

performance of the biomethane generation, including distribution. The indicators present the 

aggregated total costs, including investment and operational costs, and the investment costs 

separately. The latter is used in order to give the user an idea of the scale of investment that will 

need to be paid up front in order to realise a biomethane solution. The key areas and their related 

key questions and indicators can be seen in Table 9, where the index column refers to the questions 

in the questionnaire, see Appendix 1 – BiogasGUIDE – Questionnaire. 

In the report, it is assumed that costs for waste treatment is allocated to the primary function of 

keeping cities and rural areas free of waste. Therefore, the cost of collecting waste by truck and 

constructing landfills and wastewater treatment plants is not included in the economic 

performance.  

Table 9. Summarising table of the key areas, key questions and indicators within the economic performance category. 

The index column relates to the more detailed questionnaire found in Appendix 1 – BiogasGUIDE – Questionnaire. 

Economic Performance  

Key Area Key Question Indicator Index 

Biogas 
Generation 

Cost 

What is the economic 
cost of generating 
biogas? 

Total cost of generating one unit of biogas 
[USD/Nm3] 

13,19,25, 
35 

Investment cost for biogas plant [USD] 13,19,25 

Biogas 
Upgrading 

Cost 

What is the economic 
cost of upgrading 
biogas? 

Total cost of upgrading one unit of biogas 
[USD/Nm3] 

13,19,25, 
26, 29, 

35 

Investment cost for upgrading plant [USD] 
13,19,25, 

26, 29 

Biomethane 
Distribution 

Cost 

What is the economic 
cost of distributing 
biomethane? 

Total cost of distributing one unit of 
biomethane [USD/kg] 

35, 49-56 
Investment cost for distribution of 
biomethane [USD] 
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The cost of biogas generation varies a lot depending on what feedstock and what technique is used. 

In landfills, the organic waste produces a gas with a lower methane content because of the higher 

quantity of contaminants and the ambient air leaking into the landfill. This gas is usually referred 

to as landfill gas and it is collected by using a vacuum system as described in chapter 3.2.1, Landfill 

extraction. However, if separated organic waste or wastewater sludge is on the agenda, the most 

common way to produce biogas is through a bioreactor.  

Landfill gas extraction cost is problematic to estimate on a per produce basis because of the large 

variance in potential. Because of this, an average value for the operational costs and investment 

costs would not benefit the early assessment since it would be extremely uncertain and so, costs 

for landfill gas extraction are not included in the report. However, the costs for landfill gas 

extraction are relatively small and should not impact the total economic cost of the biomethane in 

a significant way (T. Zetterfeldt, 2017, pers. comm., 23 March). The largest cost of operating the 

landfill gas extraction unit is the electricity cost for the fan that generates the vacuum in the system 

(T. Zetterfeldt, 2017, pers. comm., 23 March).  

Bioreactor costs on the other hand have been included, in the form of Indicator 10B. If site specific 

values cannot be acquired, the generic values in chapter 3.2.2, Bioreactor and equation (9) can be 

used to calculate an estimation of this. However, economic costs will vary depending on local 

conditions, energy pricing and biogas yield. Therefore, the generic values should be used as an 

early interval estimation and should not alone provide a decision basis. 

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟏𝟎𝑩: 𝐵𝑅𝑖𝑛𝑣𝑒𝑠𝑡. = 𝐺𝐸𝑁𝐼𝑛𝑣𝑒𝑠𝑡.  ×  𝐹𝑆𝑦𝑒𝑎𝑟     (9) 

Where 

BRinvest is the investment cost of the bioreactor. 

GENinvest is the investment cost per treated tonne of feedstock in the bioreactor, see 

chapter 3.2.2 Bioreactor. 

FSyear is the yearly amount of treated feedstock in the bioreactor. 

 

 

 

  

.  

  

Biogas 
Generation 

Cost

Key Question: What is the economic cost of generating 
biogas?

Indicator 10A: Total cost of generating one unit of biogas 
[USD/Nm3]

Indicator 10B: Investment cost for biogas plant [USD]
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As with other economic performance areas, the upgrading cost is evaluated in cost per produce 

and total investment cost for the upgrading plant. If biomethane production is too expensive, it 

could still be economically sound to generate electricity from the biogas. 

While the difference in cost between the three considered upgrading technologies is small, it could 

be quite important to pay attention to local conditions as they will affect the cost of the techniques 

in different ways. For example, amine scrubbing can be preferable for large plants since they 

require less space than the other techniques while water scrubbing might be preferable if electricity 

is cheap and heat expensive or not available. 

Again, site specific values are to prefer but if none are available, the generic values found in 

chapter 3.3.2, Economic aspects, can be used for economic cost per unit of biogas. The investment 

cost can be calculate using equation (10). 

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓 𝟏𝟏𝑩: 𝑈𝑃𝑖𝑛𝑣𝑒𝑠𝑡. = 𝑈𝑃𝐺𝐼𝑛𝑣𝑒𝑠𝑡.  ×  𝐵𝑀𝑌ℎ       (10) 

Where 

UPinvest is the investment cost of the upgrading plant. 

UPGinvest is the investment cost per kilo of biomethane, see Table 5. 

BMYh is the hourly biomethane yield in the biomethane plant. 

 

 
In the Early Assessment Method, distribution consists of three parts, i.e. compression, 

transportation and filling at a fuelling station. Compression costs are sometimes included within 

the upgrading costs but in this work, they are part of distribution because there are other ways to 

transport upgraded biogas than as compressed gas. Therefore, if someone should choose to 

transport liquefied or low pressure gas, the costs do not change for both the upgrading and 

distribution, only the distribution. Compression costs can be found in Table 6 but the thesis does 

not provide any generic option for liquefaction. This is due to the difficulty of finding examples 

and studies where this distribution method has been successful. 

Costs for the transportation of biomethane can vary quite a lot as they depend on the distance 

between the production of biomethane and the fuelling stations as well as what means are used to 

Biogas 
Upgrading 

Cost

Key Question: What is the economic cost of upgrading 
biogas?

Indicator 11A: Total cost of upgrading one unit of biogas 
[USD/Nm3]

Indicator 11B: Investment cost for upgrading plant [USD]

Biomethane 
Distribution 

Cost

Key Question: What is the economic cost of 
distributing biomethane?

Indicator 12A: Total cost of distributing one unit of 
biomethane [USD/kg]

Indicator 12B: Investment cost for distribution of 
biomethane [USD]
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transport the fuel. In the report, two common ways of transporting gas are evaluated and the costs 

for these are estimated through equation (11). The most common way of transporting large 

quantities of gas is through gas pipelines while smaller quantities are usually transported by truck 

in pressurised containers, also known as vessels. If there is a pipeline that allows for biomethane 

distribution, it is most likely the option to use, based on economic costs. Regarding pipeline or gas 

grid usage, the generic costs from chapter 3.4, Distribution of biomethane, are estimated based on 

both transportation distance and the required gas pressure. Truck transportation is done by steel or 

composite vessel, requiring compression of the gas, each with their own respective costs, see Table 

6. Also, included in Table 6 are total costs per kilo of biomethane for truck transportation and gas 

grid transportation.  

Since this study focuses on developing or virgin biomethane markets and how to expand them, 

investment costs for gas grids are not included. If there is no existing gas grid to use in the area, it 

is unlikely that constructing a new gas grid for biomethane would be considered. In these cases, 

transport of biomethane will have to be done by truck and in pressurised vessels. Another option 

is to liquefy the biomethane, which reduces the volume of the fuel and makes it easier to transport 

longer distances. This could be an option if the fuel is to be transported longer than 200 kilometres, 

as transporting compressed gas further than this is not economically viable (E. Woode, 2017, pers. 

comm., 31 March). However, the report does not include generic data on the costs of liquefying 

biomethane because it is done on such as small scale and generic data would have very few 

reference points. If site specific data is available for liquefaction of biomethane it can be used in 

equation (11) as well. Finally, fuelling station costs, which can be found in Table 6, are estimated 

based on public fuelling stations. A private fuelling station could reduce the costs as it can be better 

optimized and it is easier to control. Such a fuelling station could for example be a bus fuelling 

station at the municipal bus garage.  

𝐷𝑖𝑠𝑡𝑖𝑛𝑣𝑒𝑠𝑡. = 𝐹𝑆𝑖𝑛𝑣𝑒𝑠𝑡. + {
𝐶𝑜𝑚𝑝𝑖𝑛𝑣𝑒𝑠𝑡. × 𝐵𝑀𝑌 + {

𝑆𝑉𝑖𝑛𝑣𝑒𝑠𝑡. × 𝑆𝑉𝑝   {𝑠𝑡𝑒𝑒𝑙 𝑣𝑒𝑠𝑠𝑒𝑙}

𝐶𝑉𝑖𝑛𝑣𝑒𝑠𝑡. × 𝐶𝑉𝑝  {𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑣𝑒𝑠𝑠𝑒𝑙}

𝐿𝑖𝑞𝑖𝑛𝑣𝑒𝑠𝑡. +  𝑉𝐿𝑖𝑞 {𝑙𝑖𝑞𝑢𝑒𝑓𝑎𝑐𝑡𝑖𝑜𝑛}

       (11) 

Where 

  

Distinvest is the investment cost of distributing biomethane. 

FSinvest is the investment cost of constructing a fuelling station, Table 6. 

Compinvest is the investment cost for compression per kilo biomethane, Table 6.  

BMY is the annual biomethane yield. 

SVinvest is the investment cost of a steel vessel, see Table 6. 

SVp is the number of steel vessels needed to distribute the biomethane.  

CVinvest is the investment cost of a composite vessel, see Table 6. 

CVp is the number of composite vessels needed to distribute the biomethane. 

Liqinvest is the investment cost of liquefying the biomethane, no generic value is 

available.  

VLiq is the investment cost of vessels needed to transport the liquefied biomethane, 

no generic value is available. 
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4.4.2 Environmental performance 
The background section of the thesis describes many problems that modern society is facing today 

and in the environmental performance part of the assessment the authors have selected climate 

impact, air quality and nutrient recycling as key areas when assessing biomethane solutions. The 

key areas, key questions and characterising indicators are listed in Table 10, with references to the 

questions in the BiogasGUIDE in the index column. Most of the indicators focus on relative change 

rather than absolute when switching from the reference fuel to biomethane, which means that the 

generic numbers will not vary from case to case other than in comparison with different reference 

fuels. 

Table 10. Summarising table of the key areas, key questions and indicators within the environmental performance 

category. The index column relates to the more detailed questionnaire found in Appendix 1 – BiogasGUIDE – 

Questionnaire. 

Environmental Performance  

Key area Key Question Indicator Index 

Climate 
Impact 

How much can climate impact be 
reduced if heavy-duty vehicles run on 
biomethane? 

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

34, 
36,38 

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 [%] 

34, 58 
Reduction of NOx emissions 
compared to reference fuel [%] 

Nutrient 
Recycling 

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

Amount of virgin phosphorous 
that can be replaced per unit 
of feedstock [kg/tonne] 15-18, 

23, 
40-41 Amount of virgin nitrogen that 

can be replaced per unit of 
feedstock [kg/tonne] 
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Greenhouse gas (GHG) emissions, measured in CO2-eq, are a global problem because of the link 

to the ongoing climate change and rise in average temperature. The Paris Agreement is a global 

spanning agreement to curve this rise in temperature (UNFCCC, 2017), and thus GHG emission 

reduction is a very important factor to consider for the environmental performance of a fuel, 

resulting in the adoption of Indicator 13.  

The percentage decrease is selected as the authors believe it will show more clearly how 

biomethane contributes to a reduction of greenhouse gas emissions rather than absolute numbers 

of tonnes of saved CO2-equivalents. The generic value used in the report is a GHG emission 

reduction of 80 percent when using biomethane compared to using diesel, see chapter 3.5.1, 

Greenhouse gas emissions. This is based on a life-cycle perspective using best available 

technology. Therefore, emission reduction might be lower if older technology is used, especially 

due to methane leakages and energy efficiencies throughout production and distribution. The 

actual performance will also depend on the local energy mix and what type of electricity and heat 

is used in the production. 

However, absolute numbers could be interesting for actors that are part of an emission trading 

scheme or that need to account for their exact emissions. In that case, absolute emissions could be 

calculated by using a fossil reference in addition to the emission reduction value, see equation (12). 

For example, the fossil reference for diesel is 14-17 g CO2-eq per MJ final fuel (Börjesson, et al., 

2016). If there are trusted local studies on either fossil reference or GHG emission reduction from 

using biomethane, these should be used in favour of the generic values in the report. 

𝐺𝐻𝐺𝑟𝑒𝑑 =
𝐺𝐻𝐺𝐵𝑀−𝐺𝐻𝐺𝑟𝑒𝑓

𝐺𝐻𝐺𝑟𝑒𝑓
         (12) 

Where 

Climate 
Impact

Key Question: How much can climate impact be reduced if 
heavy-duty vehicle run on biomethane?

Indicator 13: Reduction of GHG emissions (CO2-equivalents) 
compared to reference fuel [%]

GHGred is the greenhouse gas (GHG) emission reduction compared to the reference 

fuel. 

GHGBM is the GHG emissions for biomethane in CO2-equivalents.  

GHGref is the GHG emissions for the reference fuel in  CO2-equivalents. 
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While climate impact is generally high up on the agenda, the authors believe local air pollution 

will be a stronger driving force for a renewable transport sector because its impact is more obvious 

within a short time perspective than rising sea levels or other effects of climate change. There is 

also the long-term benefit of improved health of the urban residents and the reduced societal costs 

for healthcare. Two problematic air pollutants are particle emissions and nitrogen oxides as they 

are both difficult to filter out of the exhaust and they severely impact respiratory health. These are 

each given their own indicator, Indicator 14A and 14B.  

In order to reduce these two pollutants there are two prominent options. Either apply an advanced 

filter and cleaning technology to the engine or use a fuel which produces less pollutants when 

combusted. Using biomethane instead of diesel can reduce particle emissions by 70 percent and 

nitrogen oxides by 61 percent. This is based on a life-cycle perspective and using sources and data 

described in chapter 3.5, Environmental impact. These values are generic but will provide an idea 

of the possible reduction that using biomethane instead of diesel may bring. 

 

One thing that is not to be forgotten when talking about biomethane solutions is the generation of 

digestate as a by-product from the bioreactor. This semi-solid material is rich in nutrients and can 

be used a bio-fertilizer in agriculture or forestry. Because it is a by-product, it might not get as 

much attention as the biogas produced but the material offers a valuable possibility to recycle the 

nutrients and break the linear flow of resources. Therefore, the authors have selected this as the 

last key area for environmental performance. The increased demand for organically produced food 

could help in creating a larger demand for this type of bio-fertilizer but it should be noted that it 

might not always be possible to use the digestate if it contains too high levels of contaminants, like 

heavy metals or medical residues. 

Indicator 15A and 15B focus on the amount of virgin phosphorus and nitrogen, important 

components in fertilizers, which could be replaced if the digestate is used instead. To answer this, 

Air Quality

Key Question: How much can particle and nitrogen 
oxide emissions be reduced if heavy-duty vehicles 
run on biomethane?

Indicator 14A: Reduction of particle emissions 
compared to reference fuel [%]

Indicator 14B: Reduction of NOx emissions compared 
to reference fuel [%]

Nutrient 
Recycling

Key Question: How much mineral fertilizer can be 
replaced if the digestate from the biogas 
production is used in agriculture?

Indicator 15A: Amount of virgin phosphorous that 
can be replaced per unit of feedstock [kg/tonne]

Indicator 15B: Amount of virgin nitrogen that can be 
replaced per unit of feedstock [kg/tonne]
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information is needed on how much digestate is generated per tonne treated feedstock as well as 

the nutrient content of the digestate. The estimation given in the thesis in chapter 3.2.3, Recycling 

nutrients is that from each tonne dry matter feedstock, 2.9 kg Total Kjeldahl Nitrogen28 and 0.6 kg 

phosphorous can be acquired. With this estimation and equation (13) the total amount of nutrients 

can be calculations. See chapter 4.2, Potential, for the bio-fertilizer mass potential. 

𝑃𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 = 𝑃𝑑𝑖𝑔𝑒𝑠𝑡𝑎𝑡𝑒 × 𝐹𝑆𝐷𝑀         𝑜𝑟         𝑁𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 = 𝑁𝑑𝑖𝑔𝑒𝑠𝑡𝑎𝑡𝑒 × 𝐹𝑆𝐷𝑀   (13) 

Where 

 

4.5 Summarising uncertainties 
In chapter 4, DEVELOPING THE EARLY ASSESSMENT METHOD, many generic values and 

equations have been either referred to or demonstrated. These generic values and equations are to 

be used when site specific data cannot be acquired. However, many of the generic options have 

inherent uncertainties and are average values from several site-specific values. Therefore, in Table 

11, the quantitative indicators and the generic options are summarised together with an uncertainty 

evaluation. The uncertainty evaluation has been done by the authors and is based on how certain 

the generic options are relative to using site specific data and on how interviewed professionals 

describe uncertainties about assessing each indicator.  

Uncertainty is classified into three levels – low, medium and high. A low uncertainty implies a 

generic option that is either an average value with a small variation (compared to other variations 

in the report) or a generic option that has been validated both by literature and industry 

professionals. A medium uncertainty implies that the generic option is either an average value that 

has a moderate variation or a generic option that has only been validated by either literature or 

industry professionals. A high uncertainty implies that the generic option is either an average value 

with a large variation or that the generic option has been validated by either literature or industry 

professionals but with cautionary words on the uncertainty. 

The uncertainty of each indicator only concerns uncertainties of either the generic values for the 

indicator, the equation used to calculate a value for the indicator or generic values applied in 

equations used to calculate the indicator. That means that if case specific data is used, the 

uncertainty will decrease. Also, if an indicator relies on other indicators, the uncertainty of the 

indicator in question is evaluated only based on generic values and equations used for this indicator 

and not on the uncertainty of preceding indicators. For example, Indicator 2B, which is the gross 

                                                 
28 The total amount of nitrogen bound in organic substances. 

Precycled is the amount of phosphorous recycled from the digestate, in kilograms. 

Pdigestate is the amount of phosphorous in each tonne of dry mass of feedstock, in 

kilograms. 

Nrecycled is the amount of Total Kjeldahl Nitrogen recycled from the digestate, in 

kilograms. 

Ndigestate is the amount of Total Kjeldahl Nitrogen in each tonne of dry matter 

feedstock, in kilograms. 

FSDM is the amount of dry matter feedstock treated in the biogas plant in tonnes. 
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amount of biomethane per year, relies on Indicator 2A, the biomethane yield per considered waste 

stream. When evaluating the uncertainty of Indicator 2B, the uncertainty of Indicator 2A, which 

is on average medium, is not included because Indicator 2A may use site specific data if that data 

is available, thus the uncertainty of Indicator 2B is evaluated as low without considering the 

medium uncertainty of Indicator 2A.   
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Table 11. In the table, each quantitative indicator’s generic option is shown and its uncertainty is evaluated. The 

levels of uncertainty are low, medium and high. The qualitative indicators are not shown because they do not have a 

generic option and require an assessment by the user.  

Indicator 
Generic 

value/Equation 
Uncertainty 

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

Table 2, Equations 
1-3 

Landfill – High  

SOW – High  

WWT - Low 

2A – Biomethane yield per waste stream 
[kg/tonne] 

Equations 4-6 
Landfill – High  

SOW – Low  
WWT – Medium  

2B – Gross amount of biomethane [Tonne/year] Equation 7 Low 

3A – Bio-fertilizer yield per waste stream [kg/kg] 
Chapter 3.2.3 - 

Recycling nutrients 
Medium 

3B – Gross amount of bio-fertilizer [Tonne/year] Equation 8 Medium 

10A – Total cost of generating one unit of biogas 
[USD/Nm3] 

Table 3 
Landfill – N/A 

Bioreactor – Medium 

10B – Investment cost for biogas plant [USD] Equation 9 
Landfill – N/A 

Bioreactor – High 

11A – Total cost of upgrading one unit of biogas 
[USD/Nm3] 

Table 5 Low 

11B – Investment cost for upgrading plant [USD] Equation 10 Medium 

12A – Total cost of distributing one unit of 
biomethane [USD/kg] 

Table 6 High 

12B – Investment cost for distribution of 
biomethane[USD] 

Equation 11 High 

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

Chapter 3.5.1 - 
Greenhouse gas 

emissions 
Low 

14A – Reduction of particle emissions compared to 
reference fuel [%] 

Chapter 3.5.2 - 
Particle emissions 

Low 

14B – Reduction of NOx emissions compared to 
reference fuel [%] 

Chapter 3.5.3 – 
NOx – emissions 

Low 

15A – Amount of virgin phosphorous that can be 
replaced per unit of feedstock [kg/tonne] 

Chapter 3.2.3 - 
Recycling nutrients 

Medium 

15B – Amount of virgin nitrogen that can be 
replaced per unit of feedstock [kg/tonne] 

Chapter 3.2.3 - 
Recycling nutrients 

Medium 
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By showing the uncertainties of the generic options for the indicators, the aim is to aid with 

understanding the result of using the Early Assessment Method, including the tool, and how it 

should be interpreted. There are some notable generic options, namely the ones with high 

uncertainty, that the authors believe deserve to be discussed. Furthermore, if time is short and one 

must prioritise which site specific data should be investigated, the authors think that these are the 

ones that should be prioritised. 

The generic option for Landfill MSW and SOW generation per capita and year are both evaluated 

to have a high uncertainty because the generic data for generation per capita is very uncertain, even 

if generic data for larger regions have been added to the global average, see footnote 4. However, 

waste collection data is usually something that is recorded on a national or regional level in most 

countries and using this reduce the uncertainty of the indicator. Other sources for waste 

management data could be talking with officials and employees at the local waste management 

operations. Since national data on waste management is usually quite plentiful the authors do not 

believe that the high uncertainty of these generic options impact the method in any major negative 

way. 

The third generic option that has a high uncertainty is the one used when calculating biomethane 

yield from landfilled MSW. Unfortunately, to reduce this uncertainty, pilot tests will have to be 

performed. Another option is to remove landfill gas from the early assessment as it often 

contributes with the least total amount of biomethane because of the relatively low methane yield 

per tonne of landfilled MSW. Another problem regarding landfill gas is the lack of generic options 

for assessing investment costs and yearly costs for the gas extraction. As with the biomethane yield 

from landfilled MSW, the only options are to perform a pilot test or remove landfill gas from the 

assessment. 

High uncertainty has also been given to the total costs of distributing a kilogram of biomethane. 

This is because the large variation in how far and with which means one can transport the fuel. To 

combat this uncertainty, local haulage contractors or gas grid owners can be contacted to acquire 

cost estimates. 

The last two generic options with a high uncertainty are the investment costs for bioreactors and 

the investment costs for biomethane distribution. The best way to improve the result of the 

assessment regarding these two indicators is to find site specific data. This can be done either by 

talking to local actors or describing conditions to experienced people who might be able to provide 

an estimation of local investment costs.  
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5 USING THE EARLY ASSESSMENT TOOL 
While the previous chapter described the Early Assessment Method’s backbone and its key areas, 

questions and indicators, this chapter focuses on the Early Assessment Tool included in the 

method. It details how to enter data into the tool and how to interpret the output as well as a 

hypothetical case to help users understand the features of the tool. 

5.1 Structuring the collected information 
To be able to organise the input data and present what the result of an early assessment could look 

like, the authors have developed a spreadsheet, see Appendix 2 – BiogasGUIDE – Spreadsheet, 

but anyone that is interested could create one, using the equations in chapter 4, DEVELOPING 

THE EARLY ASSESSMENT METHOD, and the generic values from chapter 3, FROM ORGANIC 

WASTE TO BIOMETHANE. Once the equations and generic data are in place, the data gathered 

for a specific location, with the help of Appendix 1 – BiogasGUIDE – Questionnaire, can be 

entered. 

The spreadsheet itself consists of five tabs, where the first is an introductory tab and the two 

following are dedicated to input of data and information, while the fourth focuses on presenting 

the output, see elaborated description in chapter 5.2, Presenting and using the output. The final 

tab contains numeric data, such as economic costs and technical properties of biogas. A more 

detailed walk-through of how to put information into the spreadsheet can be found in Appendix 2 

– BiogasGUIDE – Spreadsheet while this chapter provides an overview of each spreadsheet tab. 

The first of the input tabs, shown in Figure 9, focuses on potential and performance, and the sub-

categories include generation and collection (of feedstock), generation (of biogas), upgrading (to 

biomethane) and distribution. Most of the required input data is numeric, aimed at estimating the 

potential for biomethane and bio-fertilizer, but some data, like the reference fuel of the customer 

for example, are of a qualitative nature. Each section is furthermore split into a generic column 

and a case specific column, which allows the user to choose between using generic data, provided 

by the authors, or case specific data, if such has been collected. It is not a question of one or the 

other however. If the user does not provide case specific data for a certain question, the spreadsheet 

will automatically select the generic value and this is the case for all input cells. 
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The second of the input tabs, shown in Figure 10, concerns feasibility and requires a bit more work 

by the user. With the help of the information gathered through Appendix 1 – BiogasGUIDE – 

Questionnaire and the authors’ definitions of “Poor” and “Good”, the user is meant to make an 

overall assessment of each indicator. Figure 10 gives an idea of what the interface could look like, 

including the name of the indicators, a list of the relevant questions in the BiogasGUIDE and a 

drop-down menu with the different qualitative grades as well as a related comment that provides 

the user with the definitions of “Poor” and Good”. As mentioned earlier, only these two definitions 

are given and the user is meant to make a qualitative judgment whether the area under study is 

worse or better than the definitions provided. 

Figure 9. A screenshot showing the first of the two input tabs. Input is divided between one “Generic” column and 

one “Answer” column. If the user adds site-specific data into the “Answer” column, that data will be used instead of 

the generic data found in the “Generic” column. The input is also divided into five steps, Generation and collection 

of feedstock, extraction or generation of biogas, upgrading of the biogas, distribution of biomethane and finally use. 
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Figure 10. A screenshot of the second input tab detailing feasibility. In the first column each feasibility indicator is 

listed. In the B column, the related questions in the questionnaire are listed, the questionnaire can be found in 

Appendix 1 – BiogasGUIDE – Questionnaire. Also in the feasibility input tab are drop down menus to choose which 

grade to assign each indicator as well as the definitions for the five-grade scale defined for each indicator in chapter 

4.3, Feasibility. 
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The fifth tab, shown in Figure 11, mainly contains numeric data, for example on food waste 

generation, which the spreadsheet uses as default value if the user does not provide any case 

specific data. This data also includes economic costs of upgrading and distribution, technical 

properties of biogas and biomethane as well as data on GHG emissions reductions, etc., that are 

needed to assess the performance of the biomethane solution.  

 

Figure 11. A screenshot of the first two categories in the fifth tab in the spreadsheet. It details all generic numeric 

data that can be found in the report as well as slider options for some of the data which has been given in an interval 

in the report. Since the entire fifth tab is too large to shown without multiple screenshots, two of the five categories in 

the numeric data tab is shown. The five categories are: Technical details, Feedstock and biogas generation and 

characteristics, Economic data, Environmental data and Other data. 

5.2 Presenting and using the output  
The fourth tab of the Excel-file is dedicated to the output of the assessment and this is presented 

in a few different ways. First, a list of all indicators, both quantitative and qualitative, is given and 

this provides the user with a relatively simple overview of the indicators and their respective 

values, see Figure 12. To highlight the performance data, a separate table is presented, as shown 

in Figure 14. In addition to these, a few diagrams are provided in order to present the reader with 

a more visual version of the result. The first one is a radar chart with all the feasibility indicators, 

see Figure 13. The dots indicate the grade for the indicators and a one corresponds to “Very Poor” 

and a five corresponds to “Very Good”, which means that the further out to the edges the dots are, 

the more positive the result of the feasibility assessment.  
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Figure 12. The list of all 24 indicators and their respective values as seen in the Excel-file. The values are example 

values used to shown how a result could look like and represent no actual region. The list provides the user with an 

easy overview of the result of using the Early Assessment Tool. 

Indicator Value

Potential
1: Amount of waste, per considered waste stream, managed by a treatment service [Tonne/year] See below.

Landfilled MSW 753

Dry Matter SOW 5528

WWT Sludge Organic Dry Matter 4084

2A: Biomethane yield per waste stream [kg/tonne] See below.

Landfilled MSW 1,9

Dry Matter SOW 228,4

WWT Sludge Organic Dry Matter 202,9

2B: Gross amount of biomethane [Tonne/year] 2 243 738

3A: Bio-fertilizer yield per waste stream [kg/kg] 0,18

3B: Gross amount of bio-fertilizer [Tonne/year] 1005

Feasibility
4A: Customer Demand for Biomethane Good

4B: Customer Demand for Bio-fertilizer Very Poor

5A: Attractiveness of Organic Waste for Biogas Production Poor

5B: Attractiveness of Biogas for Biomethane Production Good

6: Alignment of Biomethane with Strategies for Renewable Fuels Very Good

7: Legislative Support for Biomethane Solutions Good

8: Economic Support for Biomethane Solutions Poor

9: Suitability of Current Infrastructure for Biomethane Solutions Fair

Economic performance
10A: Total cost of generating one unit of biogas [USD/Nm3] See below.

Landfill gas Unavailable

Bioreactor 0,42

10B: Investment cost for biogas plant [USD] See below.

Landfill gas Unavailable

Bioreactor 480 563

11A: Total cost of upgrading one unit of biogas [USD/Nm3] 0,15

11B: Investment cost for upgrading plant [USD] 2 047 508

12A: Total cost of distributing one unit of biomethane [USD/kg] 0,27

12B: Investement cost of distributing biomethane [USD] 1 398 348

Environmental Performance
13: Reduction of GHG emissions compared to reference fuel [%] 80%

14A: Reduction of particle emissions compared to reference fuel [%] 74%

14B: Reduction of NOx emissions compared to reference fuel [%] 65%

15A: Amount of virgin phosphorous that can be replaced per dry matter SOW [kg/tonne] 0,6

15B: Amount of virgin nitrogen that can be replaced per dry matter SOW [kg/tonne] 2,9
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Figure 13. Example of feasibility assessment for a region, where the conditions are quite positive towards a 

biomethane solution, except for the customer demand of bio-fertilizer, attractiveness of organic waste for biogas 

production and economic support for biomethane solutions. 
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Figure 14. A screenshot showing a way to summarize the performance data into absolute figures. The economic 

performance is divided into the prime economic cost per kilogram of biomethane and total investment for the 

biomethane solution. The environmental performance is shown with the absolute annual reduction of each emission 

included in the thesis. 

The second chart is a pie chart that shows the contribution of each feedstock to the total biomethane 

potential, see Figure 15. The shares are calculated by dividing the amount of biomethane generated 

by one individual feedstock with the total biomethane potential, in this case resulting in 7 % 

contribution from landfilled MSW (untreated wet weight), 48 % contribution from food waste (dry 

matter SOW) and 45 % contribution from sewage sludge (organic dry matter). The contribution of 

each feedstock depends on both the amount of waste generated and the biomethane yield per tonne 

of feedstock. It should also be noted that in addition to the biomethane yield, another aspect that 

makes landfilled MSW look quite bad compared to the other feedstock is that the yield is presented 

on a yearly basis. In a landfill, it might take several years for organic matter to decompose while 

in a bioreactor it might only take a few weeks, due to optimised conditions. This should therefore 

be kept in mind when assessing the contribution of each feedstock. 
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Figure 15. A pie chart showing the contribution from each feedstock to the total biomethane potential. Each share is 

calculated by dividing the amount of biomethane from one feedstock by the total potential and will depend on both 

the amount of waste generated per feedstock as well as the biomethane yield per tonne of feedstock, In the case of 

landfilled MSW, the low methane yield combined with the fact that the generation is spread out over several years 

makes the yearly contribution low for this feedstock. 

The third and last chart is a column chart with the investment costs for each production step, see 

Figure 16. The biogas generation cost is split up into investment costs for landfill and biogas 

reactor while the upgrading and distribution costs are combined as the authors made the simplified 

assumption that as of the upgrading, there will be one flow of gas. It is worth mentioning though, 

that using landfill gas for vehicle purposes, the upgrading costs might be a bit higher as the gas 

needs more cleaning than biogas from a bioreactor.  
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Figure 16. An example of the investment costs of different biomethane production stages as well as distribution. The 

landfills gas extraction is shown as zero because generic data could not be acquired. This provides a quick overview 

into which part of the production steps which requires the highest investment. 

The previous figures are ways to present the result of using the Early Assessment Tool. Once the 

assessment has been performed, the result itself can be used in several ways where the major ones 

are as a decision aid, to highlight knowledge gaps, identify local actors and to provide groundwork 

for further studies in the area. 

The most obvious use of the result from the tool is perhaps as a decision aid, as the result will give 

decision makers insight into the key areas that affect biomethane solutions. In addition, the result 

sheds light on potential barriers and drivers for biomethane solutions present in the local area. This 

is meant to aid decision makers to make qualified judgements on whether or not to move forward 

with a biomethane solution in the assessed area.  

Another way to use the result of the Early Assessment Tool is to highlight knowledge gaps in the 

area. This will help in establishing which areas might need consultancy work or further studies 

before a biomethane project can move forward. If, for example, the result highlights that the local 

customer demand for bio-fertilizer is unknown, hiring a local consultant to perform a survey of the 

local agriculture businesses might prove a sound idea.  

After using the questionnaire to collect local information for the assessment, the user will most 

likely have come in contact with several local actors. These actors may be more or less interested 

and knowledgeable about biomethane solutions but if a local partnership is to be established, 

knowledge about these actors will be important. In most cases, biomethane solutions will require 

many different local actors, investors and owners to cooperate and contribute to different parts of 
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the biomethane production. With knowledge about local actors, the user of the Early Assessment 

Tool can become a coordinator for a potential biomethane solution and bring these different actors 

together.  

Finally the result of the Early Assessment Tool can be used to provide groundwork for further 

studies of the area. As said earlier the result will highlight knowledge gaps but it will also provide 

a lot of knowledge about many topics and any further, more in-depth, studies can use this 

knowledge. This local knowledge can aid these studies and with this, less effort will be needed to 

achieve the desired result of the study in question. 

To summarize, the result from the Early Assessment Tool can be used in different ways and these 

will aid any actor to understand how to strategically expand a biomethane solution in the 

investigated region.  

5.3 Hypothetical case 
To briefly illustrate what an early assessment could look like, the authors developed a hypothetical 

case. A “larger Swedish city” was the object of the assessment as the authors realised that a 

minimum population of around 200 000 people was needed in order for the assumed economic 

values to be realistic as they depend on the scale of production. The information provided is a 

mixture of acquired data and the authors’ general understanding of the Swedish conditions, see 

Table 12. The data that has been acquired is country specific for Sweden, where government body 

websites and business organisation information was very helpful, and is therefore more relevant 

than the generic assumptions in the thesis. It should be noted that in order for an actual early 

assessment to be of any value, quite a lot of time needs to be spent on collecting data and 

information. However, this simplified hypothetical case serves an illustrative purpose and the brief 

information is therefore sufficient. 
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Table 12. Information for the hypothetical case, which is a mixture of country specific data for Sweden and the authors' 

general understanding of the country. 

Case study: a “larger Swedish city” 
Number of inhabitants 250 000 

Waste generation 
385 kg MSW/(capita/year)29 
134 kg food waste/(capita/year)30 

Waste management 

The municipality is responsible for waste management. 
Incineration is the most common treatment for MSW and so only 0.8% 
goes to landfill.31 
Household food waste is not sorted today but the municipality is 
considering it due to national goals. 
Anaerobic digestion is used to treat the sewage sludge and most of the 
digestate is sent to incineration. 

Infrastructure 

No local/regional gas grid. 
Two landfills that have been in operation since the 1960’s.  
Methane gas is collected at the landfill, today around 568 000 Nm3 
with a methane content of 49 %, and it is combusted to produce 
electricity and heat.32 
District heating is available from a nearby CHP plant. 

Current biomethane 
production 

No biomethane production is taking place even if biogas production is 
existent.  

Customer demand 
Local bus operator is interested, in part because of biomethane 
success in other places and partly because of issues with air quality in 
the city centre. 

Agriculture 
Some activity in the area but farmers are a bit sceptical towards using 
digestate as a fertilizer as there are regulations that control the level of 
contaminants. 

Political climate 
National ambitions to have a fossil free transportation fleet by 2030.33 
National goals on collecting household food waste.34 
A regional plan of action to increase the biomethane production. 

Legislation National ban on landfilling of organic waste since 2005. 

Economic instruments 

Biogas is relieved from taxes until 2020.35 
Failure in subsidy design however means that imported biomethane 
gets double economic support, which might be a threat for Swedish 
biomethane, at least in the south of the country.36 

                                                 
29 (Tekniska Verken, 2016) 
30 (Naturvårdsverket, 2016) 
31 (Avfall Sverige, 2016) 
32 Based on average energy collection values for Swedish landfills in 2002 (Avfall Sverige, 2010), and using an energy 

density for landfill gas of 4.4 kWh/Nm3 (Svenskt Gastekniskt Center, 2012). 
33 (Fossilfritt Sverige, 2017) 
34 (Naturvårdsverket, 2016) 
35 (Regeringskansliet, 2015) 
36 (Ny Teknik, 2017) 
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5.3.1 Assessing potential 
The biomethane potential was assessed, using the equations and descriptions in chapter 4.2, 

Potential and generic values from chapter 3, FROM ORGANIC WASTE TO BIOMETHANE. The 

description of the hypothetical city in Table 12 also provided some data that could be used in the 

calculations. The basis for the potential assessment was the population of the city, which was set 

to 250 000 inhabitants. Food and MSW generation per capita in Sweden, 134 kg and 385 kg 

respectively, was used to give a more detailed value than the world average. Since only 0.8 percent 

of the country’s MSW is landfilled, the correction factor for MSW generation was set to 0.008. 

However, landfill gas is assumed to be collected from the old organic waste that was landfilled 

prior to the landfill ban in 2005. This data is preferred over the generic option and will be used to 

calculate the biomethane potential from the landfills. The correction factor for SOW was set to 0.5 

to represent the ambition to separate and sort 50 percent of the food waste in the town. Finally, the 

correction factor for WWT sludge was set to 0.99 because the coverage for wastewater treatment 

in Swedish cities is usually very high. Because of the relatively cheap electricity price in Sweden 

as well as the access to heat from the CHP plant, amine scrubbing could be a good choice of 

upgrading technology and so it was selected when calculating biomethane yield.  

With these site-specific data, generic data and equations, the indicators for potential were assessed 

as such: Around 753 tonnes of MSW were estimated to be landfilled each year, 5 528 tonnes of 

dry matter SOW could be sorted and treated each year and 4 084 tonnes of organic dry matter from 

WWT sludge would be accessible each year. Using the site-specific values for landfill gas, the 

biomethane yield per waste stream was 3.7 kg/tonne landfilled MSW, 228.4 kg/tonne dry matter 

SOW and 202.9 kg/tonne organic dry matter WWT sludge. Each year, this would total 2 243 738 

tonnes of biomethane. Since there was no site-specific data regarding bio-fertilizer potential or if 

WWT sludge digestate could be used as fertilizer the generic values were used. This resulted in a 

dry matter weight of 0.18 kg per kg of SOW and a total amount of dry weight bio-fertilizer of 

1 005 tonnes per annum. 

5.3.2 Assessing feasibility 
As for the feasibility assessment, the authors made use of the brief information about the 

hypothetical city in Table 12 and the definitions of “Poor” and “Good” that are listed for each 

indicator in chapter 4.3, Feasibility. A summary of the authors’ feasibility assessment of the 

hypothetical case can be seen in Table 13. 

Considering customer demand for biomethane, the fact that the local bus operator, which can be 

considered as a “larger customer”, is interested in using biomethane due to knowledge of success 

in other places, the authors made the judgement that the customer demand for biomethane is 

“Good”. Customer demand for bio-fertilizer is however only regarded as “Fair” as there is some 

agricultural activity in the area but the farmers are hesitant, even though not completely unwilling, 

to use the digestate due to regulations on levels of contaminants. 

When it comes to the attractiveness of organic waste for biogas production, the grade is set to 

“Fair”, assuming that the organic waste is currently going to incineration, as there is a landfill ban, 

and that the waste balance in the area is relatively neutral. Attractiveness of biogas for biomethane 
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production is on the other hand considered to be good as the fuel prices in Sweden are fairly high, 

compared to the prices of electricity and heat. 

As for politics, legislation and economic aspects, the authors’ assessment is as follows. The 

national ambitions to have a fossil free transportation fleet by 2030 and to increase the collection 

of separated household food waste brings the assessment towards to middle of the scale as they 

indirectly create a positive climate for biomethane solutions. However, it is the regional plan of 

action for biomethane that gets the final grade to a “Good” for the alignment of biomethane with 

strategies for renewable fuels as this shows concrete actions are being taken. On the legislative 

side, the landfill ban on organic waste could be considered as supportive of biomethane solutions, 

while the regulations on levels of contaminants is not regarded as directly discouraging the use of 

bio-fertilizer, even if it could cause a problem depending on the levels in the digestate. This results 

in a grade of “Good” for legislative support of biomethane solutions. As for the economic support 

for biomethane solutions, the tax relief on biogas is considered positive but the fact that imported 

biogas gets double subsidies, could cause some trouble for the Swedish production, resulting in a 

grade of “Fair” rather than “Good”. 

Finally, the suitability of current infrastructure is deemed as “Fair” as there is no existing gas grid, 

which could complicate the distribution, but the general waste management is considered 

developed and could lay the ground for an increased share of sorted household food waste in the 

future. 

Table 13. The authors' feasibility assessment of the hypothetical case study. 

Indicator Authors’ assessment 

Customer Demand for Biomethane Good 

Customer Demand for Bio-fertilizer Fair 

Attractiveness of Organic Waste for Biogas Production Fair 

Attractiveness of Biogas for Biomethane Production Good 

Alignment of Biomethane with Strategies for Renewable Fuels Good 

Legislative Support for Biomethane Solutions Good 

Economic Support for Biomethane Solutions Fair 

Suitability of Current Infrastructure Fair 
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5.3.3 Assessing performance 
Since no site-specific data could be retrieved for the hypothetical city, the performance of the 

biomethane solution was based on generic values and the potential estimates described in chapter 

5.3.1, Assessing potential. Economic performance was assessed first and because landfill gas is 

already being collected, the investment costs for this was not included in the biomethane 

assessment. Moreover, since site-specific details of operational costs of the landfill gas could not 

be found, the economic performance focused on gas generation from the bioreactor. The total cost 

per unit of biogas from the bioreactor would be 0.42 USD and the investment costs around 480 000 

USD. To upgrade the biogas, both the landfill gas and the gas from the bioreactor, amine scrubbing 

was chosen and per normal cubic metre of biogas the upgrading cost was 0.15 USD and an 

investment cost of around 2 102 000 USD would be required. To distribute the biogas, it was 

assumed that the project would need 10 steel vessels to distribute the biomethane as CBG and with 

this in mind, the total costs for distribution would be 0.27 USD per kilo biomethane and investment 

costs of 1 409 000 USD. The investment costs for distribution does not include the investment cost 

of the fuelling station on the vessels and the compressor.  

This resulted in a total investment cost for the entire biomethane solution of around  

3 992 000 USD. Using the biomethane potential and the cost per unit mentioned above, the prime 

cost of one kilo of biomethane was calculated. The prime cost equalled 1.27 USD per kilo 

biomethane. Note that these calculations lack the economic costs for landfill gas generation. 

Therefore, the actual prime cost for the biomethane would be a bit higher. 

Environmental performance utilized the generic data from chapter 3.2.4, Recycling nutrients, and 

chapter 3.5, Environmental impact of biomethane. This means that the reduction of GHG 

emissions is 80 percent compared to diesel. With the estimated potential and an assumed fossil 

reference of 15 grams CO2-eq/MJ final fuel (from a span of 14-1737 grams CO2-eq/MJ final fuel), 

the absolute reduction in GHG emissions was calculated, using above mentioned GHG emission 

reduction of 80 percent, and equalled 1 350 234 tonnes CO2-eq. The particle emission reduction 

would be 74 percent and the nitrogen oxide reduction would be 65 percent, both compared to 

diesel. This would reduce the amount of particle emissions by 1 016 tonnes and nitrogen oxides 

by 55 585 tonnes. Lastly, the assumed amount of phosphorous that could be recycled per tonne of 

SOW was 0.6 kilograms and the assumed amount of nitrogen equalled 2.9 kilograms per tonne 

SOW. With the potential to treat 5 528 tonnes of SOW and produce bio-fertilizer from this, this 

would equal a total fertilizer amount of 3.3 tonnes of phosphorous and 16.0 tonnes of nitrogen. 

 

  

                                                 
37 (Börjesson, et al., 2016) 
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6 DISCUSSION 
In this chapter, the authors discuss several important parts of the thesis. First the key areas and 

the indicators of the Early Assessment Method are discussed, followed by the Early Assessment 

Tool and its design as well as applications. After that, the limitations and scope of the thesis are 

discussed and further information is provided into why certain parts were not included. Finally, a 

short discussion about the positive and negative aspects of each of the three feedstocks is held. 

6.1 Key areas and indicators 
The first research question of the thesis focuses on which key areas are important to consider when 

assessing the potential, feasibility and performance of biomethane solutions for heavy-duty 

vehicles and what indicators can be used to characterise these key areas. The result of the work is 

in the form of 15 key areas and 24 indicators, where the authors have attempted to pin-point the 

essential knowledge that is critical for each part of a biomethane solution. 

Regarding potential, the final key areas of biomass potential, biomethane potential and bio-

fertilizer potential focus on the practical foundation of a biomethane solution, i.e. how much raw 

material there is in a certain area and how much useful product can be generated from this. The 

information is crucial as a biomethane solution is unlikely to be realised without the basic resources 

needed for the production of the fuel. The indicators for biomethane potential and bio-fertilizer 

potential are divided into a unit based indicator and an indicator for the gross potential in order to 

assess both the potential of the different feedstocks and the potential of the area as a whole. 

According to the authors, the overall information needed for this part is captured within the three 

key areas and even if generic data might not always be suitable, the indicators and the more detailed 

questionnaire guide the user and help in showing what type of information needs to be acquired to 

make a relatively good early assessment. 

As for the feasibility, the final selection of key areas included customer demand, competing 

applications, strategies for renewable fuels, legislation, economic instruments and infrastructure 

suitability. These incorporate a wide range of aspects and the authors consider their coverage to 

be fairly satisfying as they include both technology and economics as well as local aspects and 

legislation. Since the authors have desired to keep the key areas factual and concrete, softer areas 

such as knowledge, social norms and acceptance have not been given a key area of their own. 

However, the authors believe that these softer values will show themselves in the feasibility areas 

mentioned in the report. For example, if a geographical region has a high knowledge about, and a 

high acceptance of biomethane, it is likely that a customer demand exists and that policies and 

goals to increase biofuel use as well as economic incentives that support biomethane are in place, 

which are all included in the thesis’ key areas for feasibility. 

The key areas selected for economic performance included biogas generation cost, biogas 

upgrading cost and biomethane distribution cost. The authors are well aware that the costs 

associated with waste management have not been included and this is mainly due to uncertainties 

of which waste management systems would need to be replaced or modified in order to 

accommodate a biomethane production. In some cases, waste management costs might increase, 

because of the need for separation of waste streams and further transport distances, and in others 
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they might decrease because of lowered use of valuable land for landfilling and shorter transport 

distances. In accordance with the original idea, the indicators show both the investment costs and 

the total cost per produce for each key area. This is because they are equally important to know 

when assessing a biomethane solution. A large biomethane solution might be very profitable per 

produce but if the investment costs cannot be covered it will not be realised. At the same time the 

investment costs might be very low for a small biomethane solution but the cost per produce might 

mean that the price per kilogram of biomethane is too high to be competitive.  

As for the environmental performance, the authors are of the opinion that the key areas of climate 

impact, air quality and nutrient recycling manage to focus on the crucial environmental areas that 

biomethane can contribute to, especially regarding the challenges presented in chapter 1.1, 

Background. Other aspects could of course have been more explicitly listed such as acidification, 

eutrophication, fossil fuel dependence and ground level ozone etc., but the authors are of the 

opinion that the selected key areas highlight the major environmental benefits of using biomethane. 

A common denominator that the authors have frequently come across during this work is the one 

of governance and political climate. All the business actors that have been contacted claim that 

even if infrastructure and technology is important, the number one aspect that must be supportive 

is the politics, mainly in a way that it makes biomethane solutions economically viable and 

competitive with fossil fuels. Despite the importance of politics, the authors have avoided a 

weighting step where the area could have been ascribed a larger importance compared to other 

areas. Instead, politics has been divided into three categories, i.e. strategies for renewable fuels, 

legislation and economic instruments, to highlight its importance and make sure that a thorough 

research is being performed for each of the more narrow areas.  

The topic that has received the least attention is social aspects, which is only considered by the 

indicators in the form of air pollution and the related health issues. Other aspects are briefly 

touched upon in the more detailed questionnaire but are not explicitly listed in the indicators. This 

is mainly due to the limitation on the scope of the thesis as not everything can be included. 

6.2 The Early Assessment Tool and its applications 
The second and third research question of thesis focus more on the Early Assessment Tool itself, 

i.e. how a generic tool for the early assessment of potential, feasibility and performance of 

biomethane solutions can be structured to ensure both usability and simplicity of use and how it 

can help companies within the field of heavy-duty vehicles to ease their customers’ transition from 

fossil fuels to biomethane. 

Regarding the second research question, the tool was split in two parts, a questionnaire and a 

spreadsheet, to keep it simple to use while maintaining relevance. The two parts are meant to help 

the user to differentiate what part of the tool is used to gather and collect information and what 

part of the tool is used to structure and present the information. The questionnaire includes small 

descriptive texts under each question that explain why certain questions are important to ask and 

that give examples of what to look for in the answers. The spreadsheet was designed so that it 

would be easy to put in site-specific information without making big changes to the calculations 

and the authors’ have attempted to include as many helping features as possible, like colour-coding 
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and explaining comments, in order to make the interface as easily accessible as possible. 

Furthermore, the result is presented both graphically and numerically.  

The tool’s usability and simplicity was tested by the authors and both supervisors. An initial plan 

was also to test the tool on a real case to evaluate its performance. Unfortunately, that did not work 

out in the end because a real case could not be devised within the allotted timeframe. However, 

the authors created a hypothetical case, see chapter 5.3, Hypothetical case, in order to test the 

assessment tool. Testing the tool in this way, there were of course certain aspects that were not 

thoroughly evaluated, such as how user-friendly the tool is for a market analyst or strategist at a 

heavy-duty vehicle company and whether enough information is provided to a new user by the 

tool in order to make a qualified assessment of a case. However, the hypothetical case helped in 

refining explanations and definitions, which the authors realised were not always consistent and 

informative enough. 

Even if the assessment tool was not tried out by an external party, the authors are happy with the 

initial testing and the simplicity and usability of the tool. Discussions have also been held with the 

university supervisor and some Scania employees on the definitions of key areas and indicators, 

where the feedback has been used to improve the definitions and questions and so the authors are 

of the opinion that the rough and critical adjustments have been made. It is also recommended in 

chapter 8, FURTHER WORK that the tool should be applied to more case studies as the focus in 

this work has been on developing an assessment tool through an iterative process. 

A problem related to applying a generic tool is the fact that the data gathered might not always be 

applicable to a specific case. There are also quite large uncertainties, as highlighted earlier in 

chapter 4.5, Summarising uncertainties. The best way to combat these uncertainties is to acquire 

case specific data and to do on-site testing. Of course, this might not always be easy and the authors 

would therefore recommend focusing on the indicators with high uncertainty such as, feedstock 

generation of MSW (landfill) and SOW, methane generation from landfills, investment costs of 

biogas plants and the costs for distribution.  

Considering uncertainty, it should also be noted that the generic economic values will be more 

correct if applied on a city with at least 200 000 inhabitants. This was something that the authors 

realised while assessing the hypothetic case and is related to the fact that the values assumed are 

more correctly applicable for a certain volume of biogas or biomethane, and so a certain amount 

of organic waste needs to be managed, which requires a certain size of the population.  

As for the third and final research question on how the tool could help a heavy-duty vehicle 

manufacturer in assisting their customers’ transition to fossil free transportation, the Early 

Assessment Tool helps in showing what information is critical to have and what questions should 

be asked. It is not an instruction on how to implement a biomethane solution but rather a guide 

through the first steps and early discussions. The result of the tool can also assist the manufacturer 

to identify which local actors are important to involve in the biomethane solution and which areas 

might need consulting work in order to further assess a possible biomethane solution. From 

discussions with employees at Scania, it appears that this type of structure and knowledge 
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regarding biomethane is requested within the company, at least from some departments, and the 

authors hope that this thesis can assist in the development of marketing strategies. 

Because of the design of the method and tool, they can be used in many different situations. The 

method can be a part of an extensive, longer study where a lot of information is collected and 

synthesised using the method. It could also be used in a concentrated workshop where you involve 

a few knowledgeable people during a shorter time period, perhaps a day. This will give a brief 

overview of potential biomethane solutions in a certain area. These two ways of working with the 

method can furthermore be used in sequence. Using the method in a concentrated workshop might 

give an indication about how a biomethane solution in the area would operate. If the results of this 

first workshop is satisfying, the method can be reused as a more detailed study of the area is done 

and more information is found. This will improve the relevance and accuracy of the result. The 

method can also function as a basis for consultancy work or academic research to either make in-

depth assessments of one or several of the key areas or a study of a certain biomethane solution in 

a certain geographical region. 

While the tool, the generic options and certain parts of the method focus on cities the method can 

be used, with some modifications, on a wider or narrower geographical boundary. This could be 

larger regions such as counties, states or countries, or smaller regions such as suburbs or districts. 

However, this will mean much more site specific data would be required to use the tool since many 

of the generic options rely on a certain scale and distances between different parts of the lifecycle. 

The same goes for other types of feedstock. While the scope of this thesis includes landfilled MSW, 

source separated organic waste and sewage sludge, the important aspects, i.e. amount of feedstock 

and biomethane yield per tonne of feedstock, are included in the tool. This means that if other 

feedstock are considered as well as the ones mentioned in the report, the general structure of the 

method and tool can still be used. However, this will require site specific information about these 

feedstocks since no generic option is given in the report and some of the five-grade-scales are 

aimed at the three above mentioned feedstocks. 

6.3 Limitations and scope 
The authors have attempted to create a model of the biomethane life-cycle through the use of 

system analysis and then investigate this system with the core investigative methods, i.e. 

interviews and literature studies. A biomethane solution should is in actuality not a static state but 

a dynamic system where new technologies and practices are introduced. This means that to ensure 

the accuracy and relevance of the Early Assessment Method and Tool these should be revised and 

updated as technologies and practices for biomethane solutions change. However, in order to keep 

the system manageable and practically useful in today’s context the system was designed as a static 

system. With this said the discussion in this chapter will focus on the system boundaries and 

assumptions made to create the system studied in the thesis. 

Since the focus of the thesis has been the early assessment stage, the aim was to acquire data on a 

generic and easy-to-grasp level, which turned out to be quite difficult for certain areas. Therefore, 

there are some parts of the early assessment where there are no generic data provided. The two 

main areas where this occurs are landfill gas extraction and distribution.  
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After talking to Zetterfeldt (2017, pers. comm., 23 March), the authors understood that, because 

of the high dependency on local aspects, a generic assessment of biomethane potential for a landfill 

would be near-to impossible. As for distribution, generic costs for liquefaction of the biomethane 

after upgrading are not included and neither are investment costs for fuelling stations, only the 

total costs. The thesis does not include any generic data on liquefaction as the authors have not 

been able to find any reports of this being successful in commercial production, despite the 

potential benefits of LBG (liquefied biogas) as described in chapter 4.4.1, Economic performance. 

Regarding fuelling stations, the authors have not been able to find sufficient data to provide a 

generic option and this is mainly because fuelling stations can look very different and often provide 

many types of fuels, not just biomethane. However, even without generic data regarding landfill 

gas and some parts of the distribution, the authors believe that the method will provide a sufficient 

early assessment through other key areas. Furthermore, as the user should be aware of these 

deficiencies when having been introduced to the method, they can be kept in mind when applying 

the Early Assessment Method and if site-specific data is available, this can be used instead. 

Another part that is not included within the system boundaries is the transportation potential and 

the final cost of biomethane for the vehicle operator. This is mainly because while the kinetic 

energy of the fuel can be estimated, assuming an efficiency of the engine, the actual transport work 

and its related cost is more difficult to estimate. The difficulty comes from the fact that variations 

in how a vehicle is used contributes to the actual transportation potential and so a comparison 

between two or more options is hard to make in an early assessment. Because of these reasons, the 

potential and economic performance of the biomethane solution only went as far as the production 

and distribution of the fuel. The authors do not believe this limitation will impact the result 

however due to the fact that the user of the Early Assessment Method and the included tool is 

meant to be heavy-duty vehicle manufacturers. This means that they will be able to make detailed 

transport simulations based on the amount of fuel available and will therefore not require the tool 

or method to assist with usage calculations.  

6.4 Feedstock comparison 
During the course of this thesis, three potential feedstocks for biogas production have been 

explored. While it is not the focus of the thesis to say which feedstock is the best one, it is 

interesting to highlight some advantages and disadvantages about each feedstock and discuss the 

differences between them. 

Using organic waste that has been sent to landfill as a feedstock for biogas production is 

problematic. While it is a geographically concentrated feedstock that is readily available and 

already generates biogas, the biogas has a low methane content and the yearly biogas yield per 

tonne of feedstock is poor. Therefore, landfill gas might not be suited for upgrading into 

biomethane and should perhaps be used to produce electricity and heat. This is because a lower 

methane content will result in a costlier upgrading process, for example Avfall Sverige (2010) 

estimates an investment cost that is twice as large to upgrade landfill gas compared to biogas from 

a bioreactor. However, in well insulated landfills with a large organic content, the methane content 

can be higher and producing biomethane from the gas could be an attractive option.  
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Since wastewater treatment is done in most urban areas through the use of one or several large 

plants, the sludge is already collected and concentrated to a few geographical locations. Together 

with the relatively good yield of biogas with a high methane content, sewage sludge could be a 

good starting point for biomethane production. However, in order to use the digestate as bio-

fertilizer, extensive cleaning must been done to either the feedstock or digestate which could prove 

costly and is quite uncommon. Instead, the digestate is usually disposed of in some other way, for 

example through incineration or as ground coverage for road construction. Additionally, to 

produce biogas from the sludge the WWT plant might need modifications that could be costly. 

Finally, to separate the organic waste from other waste streams would require a different waste 

management and increased logistical needs, such as garbage trucks with separate vessels for 

different waste types. Another crucial part of separating organic waste is commitment from 

households and from private actors, such as restaurants and food industries. This is because it is 

the producers of the waste streams that usually must separate it, a so-called source separation is 

necessary. However, if these barriers could be overcome, SOW is a good feedstock with a high 

biogas yield and methane content. In addition, the digestate can, in most cases, also be used as bio-

fertilizer. 
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7 CONCLUSION 
The multi-criteria approach used in the report resulted in an Early Assessment Method for 

biomethane solutions where 15 key areas were identified. The key areas encompassed the entire 

biomethane life-cycle and were divided into three categories: potential, feasibility and 

performance.  

The key areas for assessing potential are biomass potential, biomethane potential and bio-fertilizer 

potential. These focus on assessing the inputs and outputs of the biomethane process. Key areas 

for feasibility are customer demand, competing applications, strategies for renewable fuels, 

legislation, economic instruments and infrastructure suitability. The key areas within feasibility 

focus on the market functions, political view and technological state regarding biomethane, 

capturing the qualitative aspects of a solution. The last category is performance, which includes 

two sub-categories: economic and environmental performance. Key areas for assessing economic 

performance are biogas generation cost, biogas upgrading cost and biomethane distribution cost, 

which assess both the cost per unit and the investment costs for the different steps of biomethane 

generation. Environmental performance is assessed through the following three key areas: climate 

impact, air quality and nutrient recycling. These represent some major, but not all, environmental 

benefits with using biomethane.  

For each key area, a key question was specified and following that, one or two indicators were 

defined to answer the question. In order to assist with answering the key questions with quantitative 

indicators, generic options are given, which consist of average values, equations or general 

estimations and sometimes a combination of these options. This means that the Early Assessment 

Method can be used even if the information available is limited. However, the generic values come 

with an inherent uncertainty because local aspects and conditions impact the potential, feasibility 

and performance of a biomethane solution. To highlight this uncertainty, an evaluation of each 

generic option was performed. 

To aid with collecting, structuring and presenting information, an Early Assessment Tool was 

developed. The Early Assessment Tool, which is part of the method, consists of two parts, a 

questionnaire that aids the user with gathering and collecting information to assess each of the key 

areas, and a spreadsheet to assist with calculations as well as structuring and presenting the result. 

The Early Assessment Tool has been designed so that it can be used on its own if the user has a 

basic understanding about the biomethane life-cycle. The design favours simplicity and usability 

while attempting to keep the most relevant information. 

The Early Assessment Tool is meant to function as an investigative and educational tool. The 

educational part of the tool is based on showing what information and what aspects should be taken 

into account when assessing a biomethane solution while the investigative part, once performed, 

is giving an indication of what a biomethane solution could look like in a certain region. The result 

from the tool can be of help when making decisions and can also help with identifying which local 

actors to involve in a biomethane solution and what consultancy work might be needed to realise 

a biomethane solution. 
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8 FURTHER WORK 
During the course of the thesis, the authors have had to limit the work and therefore exclude certain 

areas of investigation. Within the topics and fields that have been included, areas have also been 

identified where the existing knowledge is not satisfactory. To remedy this, the following topics 

of research are recommended by the authors:  

- Applying the Early Assessment Method and tool on case studies. 

The work has focused on developing an Early Assessment Method and tool by doing a 

literature study on biomethane and performing interviews with business professionals. 

What the authors have not managed to achieve, as it was not an explicit part of the scope, 

is to apply the Early Assessment Method and tool on several case studies in order to 

evaluate their performance. This is something that should be done, both to evaluate the 

assessment method and tool and to attempt to gather more information about biomethane 

solutions in a structured way as this could improve the further development of biomethane 

solutions. 

 

- How to inform and educate politicians in a way that helps them understand and support 

the renewable fuels that are suitable for the local conditions.  

The authors believe this area is of importance because governance has been a recurring 

theme when talking to industry professionals. This could be in the form of politicians that 

are either oblivious of the benefits of renewable fuels or politicians that have decided to 

support a certain technology without having enough knowledge and reasonable support 

for the technology. Research could focus on what type of information is important for 

political decisions and how this information should be communicated. 

 

- When is biogas suitable for transport applications? 

The scope was initially set to assume that biogas is upgraded to biomethane for transport 

applications and so the question of what is the most suitable use of biogas was avoided. 

However, since biogas has several application options, it could be interesting to 

investigate further when it is suitable to use it for transportation purposes. Some research 

already exists within the field, but the authors believe it could be worth to further pursue. 

 

- Which administrative and economic instruments have been successful in promoting 

biomethane and how can you replicate them? 

When working with the thesis, the authors have noticed several examples of economic 

and administrative initiatives that were aimed at promoting biomethane production but 

either did not achieve the desired effect or proved problematic in use. It would therefore 

be interesting to review different ways of promoting biomethane, both from an 

administrative as well as an economic point of view, to see if there are any instruments 

that have been successful on several occasions and in several countries and if these could 

be replicated.  
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APPENDICES 

Appendix 1 – BiogasGUIDE – Questionnaire 
 

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. 

Answer:  

 

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. 

Answer:  

 

3. 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. 

Answer: 

 

4. 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 on landfill issues and it will give you an idea of 

a potential partner. 

Answer: 

 

5. 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. 

Answer: 

 

6. 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. 

Answer: 
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7. 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. 

Answer: 

 

8. Does the landfill still accept organic waste? 

If many years has passed since the landfilled stopped accepting organic waste, the content 

might not be high enough for the project to be economically viable. 

Answer: 

 

9. 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. 

Answer: 

 

10. 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. 

Answer: 

 

11. 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. 

Answer: 

 

12. 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. 

Answer: 
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13. 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 of 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. 

Answer: 

 

14. 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 separate collection of organic waste 

an economically and logistically reasonable option. 

Answer: 

 

15. 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 current feasibility of separate collection from households and how 

reasonable it is for this to happen in the future. 

Answer: 

 

16. 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. 

Answer: 

 

17. 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? 

Answer: 

 

18. 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. 

Answer: 

 

19. 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. 

Answer: 
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20. 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 form wastewater treatment plants, which is rich in nutrients and organic 

matter. 

Answer: 

 

21. 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. 

Answer: 

 

22. 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. 

Answer: 

 

23. 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. 

Answer: 

 

24. 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. 

Answer: 

 

25. 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. 

Answer: 

 

26. 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. 

Answer: 
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27. 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. 

Answer: 

 

28. 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.  

Answer: 

 

29. 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. 

Answer: 

 

30. 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 long-term 

perspective will probably be more suitable than venture capitalists. 

Answer: 

 

31. Under what conditions is 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. 

Answer: 

 

32. 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. 

Answer: 

 

33. What could a potential pilot project look like? 

In order not to have to go full scale immediately, it might be good to have an initial project 

in mind that could be built on if it proves to be successful. This could be one bus service in 

the city centre or a few garbage trucks from the interested customer, or anything else that 

might prove to be scalable and suitable. 

Answer: 
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34. 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. 

Answer: 

 

35. 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. 

Answer: 

 

36. 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. 

Answer: 

 

37. 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 36. This is important in order to understand how large the before-

mentioned impact on economic and environmental performance is.  

Answer: 

 

38. 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 about the local market for biogas and if there are any potential local 

investors for a biomethane solution.  

Answer: 

 

39. Are there any significant agricultural activities taking place adjacent to the city? 

The bio-fertilizer 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 bio-fertilizer, 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. 

Answer: 
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40. Are farmers willing to use biogas digestate as bio-fertilizer? 

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. 

Answer: 

 

41. If existent, how large is the agricultural demand for nutrients within a radius of 50 km? 

The last question about using the bio-fertilizer is if there is any demand in the region. This 

is a culmination of above-mentioned questions about bio-fertilizer. It is also important to 

keep in mind the distance to each of the potential buyers since the bio-fertilizer has a fairly 

low value density and thus cannot be transported too far without economic loss. 

Answer: 

 

42. 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. 

Answer: 

 

43. What does the local/regional/national goals, policies and strategies related to renewable 

fuels look like? 

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. 

Answer: 

 

44. How does biomethane production align with these goals, policies and strategies? 

To answer this, the list from question 43 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 electrical 

vehicles. This is important to understand because if other renewables are being pushed 

more, the entrance of biomethane into the market might be difficult. 

Answer: 

 

45. 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 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, all of the 

production chain must be taken into account. Another important thing to investigate is 

legislation about competing applications of both the feedstock and the biogas. 

Answer: 
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46. 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. 

Answer: 

 

47. What type of economic instruments are there that concern biomethane solutions? 

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, 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. 

Answer: 

 

48. 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. 

Answer: 

 

49. 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. 

Answer: 

 

50. If existent, what is the state of it the gas network? 

Similar to question 49 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. 

Answer: 

 

51. 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. 

Answer: 
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52. 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. 

Answer: 

 

53. If existent, what is the state of the biogas production and related infrastructure? 

Try to create an understanding about 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 about the local biogas production. 

Answer: 

 

54. 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. 

Answer: 

 

55. How far is it between the potential biogas plant and the potential upgrading plant? 

As with question 54, 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. 

Answer: 

 

56. 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 performance. A shorter 

transport distance will result in lower costs for the biomethane. 

Answer: 

 

57. 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 performance 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. 

Answer: 
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58. Is there a problem with air pollution in the area? 

Reduction in air pollution can be one of the strongest arguments to 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. 

Answer: 

 

59. 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. 

Answer: 
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Appendix 2 – BiogasGUIDE – Spreadsheet 
Included is a brief walk-through of the most important functions and features in the Spreadsheet, 

for the full spreadsheet see the attached excel file. 

The first thing that the user should do after opening the spreadsheet is write the general information 

about the project in the first input tab. This includes name of the city, the geographical region, the 

project name and the population of the city, see Appendix figure 1. 

 

Appendix figure 1. A view of the first input tab where the general information is highlighted in red. The general 

information includes the name of the city, the geographical region, the project name and the population size of the 

city. 

After this, any site-specific data should be put into the “Answer” column, see Appendix figure 2. 

If the project only details a certain waste stream this can be chosen in row 14, “Waste streams for 

biogas production”. 
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Appendix figure 2. A view of the “Generic” and “Answer” column in the first input tab. Highlighted in red is the user 

inputting a site-specific data of 200 000 tonnes per year of landfilled municipal solid waste which is then used (over 

the generic value of 181 902) to calculate the generic biogas yield from this waste stream below, which becomes 

2 000 000 Nm3 per year. 

If the user has any site-specific data regarding numeric data this can also be inputted into the 

spreadsheet, under the tab called “Numeric Data”, see Appendix figure 3. This type of data could, 

for example, be biogas yield from a certain feedstock, economic costs of upgrading a normal cubic 

metre of biogas or the greenhouse gas emissions of the reference fuel. 

 

Appendix figure 3. A view of parts of the “Numeric Data” tab. Here some of the generic numeric values can be 

changed if site-specific data is known for these. For some of the values, a slider has been included to easily move 

inside the interval given in the report. 
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After the known site-specific information has be put into the spreadsheet, the user can move to the 

third tab, i.e. the input tab for feasibility, see Appendix figure 4. Here, the user will make qualified 

judgements about each of the feasibility indicators. This assessment requires the user to have some 

knowledge about local aspects and conditions before they can use the five-grade scale to assess 

the area. The feasibility input tab includes a reference to what answers from the questionnaire 

affects what indicators. Included in the tab is also the definitions of Poor and Good defined and 

explained in chapter 4.3, Feasibility. 

 ’

 

Finally, after all information acquired has been put into the spreadsheet, the user goes to the fourth 

tab, the output tab. A detailed review of the output and how to use this can be found in chapter 

5.2, Presenting and using the output. 

 

Appendix figure 4. A screenshot of the feasibility tab where the user assesses each of the feasibility indicators using the 

five-grade scale: very poor, poor, fair, good and very good. The definitions for poor and good are included and if the 

user believes the areas is better than good the user chooses very good, if it is worse than poor, very poor, or if it is 

between poor and good the result would be an assessment of fair. 


