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Abstract 

This report aims to identify the current status and future opportunities for biogas as an alternative 

fuel for road transport in the Gävleborg region. The regional actors along the value chain are 

mapped by their role in feedstock supply, production and use of the biogas. Mapping and analysis 

of biogas development generally in Sweden and particularly in the Gävleborg region has been 

conducted primarily through literature, national and regional statistics and through interviews with 

the regional actors. About 15 companies were reached through emails and phone calls during the 

interview process.  

In 2017, about 3.5-4.0 million Nm3 of raw biogas (50-65% CH4) was produced in the region of 

which 3.6 GWh was upgraded. The region has two plants with upgrading facilities, one in 

Forsbacka, which produces gas mainly from food waste and Duvbacken, the wastewater treatment 

plant in Gävle. The gas produced at these two big facilities is upgraded and mostly used as 

transport fuel in the region, and for the industry. Gas produced from other sources is either used 

for heat and electricity production or flared to avoid methane emissions to the environment. The 

region has 14 buses and more than 500 other vehicles running on biogas. The gas infrastructure is 

not well developed in the region except for two filling stations situated in Gävle and Forsbacka. 

However, some developments on building biogas infrastructure for transport are in process. 

Analysis of interviews with actors and literature studies revealed that the region has much more 

feedstock for biogas production than used in the currently installed capacity of biogas technolo-

gies. Many actors showed great interest in its use as transport fuel but had very serious concerns 

about its future scope. Lack of supporting infrastructure such as filling stations, very low market 

demand and regional long-term strategies on biogas as transport fuel are considered barriers in the 

sector´s further development in the region. The value chain actors need to work more closely to 

get the most out of this valuable resource. Additionally, future planning on biogas should also 

consider its other uses such as an energy source for manufacturing industry, shipping and as raw 

material for chemicals or intermediate products. 

 

 
Keywords: Biogas, Gävleborg, Transport, Feedstocks, Technologies, Actors, Potential, Opportu-

nities, Challenges 
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Executive summary 

The current, conventional world energy systems are unsustainable and the situation is worst in the 

transport sector, which mostly depends on fossil fuels. Today world energy demand is 467 EJ/year 

and the International Energy Agency (IEA) expects that it will increase by 50% from 2015 until 

2030. The share of renewable energy sources, mainly biomass, will account for up to 14% of total 

energy in 2030 and the transport sector may take 4-7% of that share. The transport sector is active-

ly searching for alternative energy solutions and has shown great interest in biofuels. The IEA 

predicted that biofuels might replace fossil energy in the sector by 10–30% by 2020 and 26–79% 

by 2030 in some parts of the world.  

In Sweden, road transport is the single largest contributor to national GHG emissions. The ac-

counted emissions of the sector in 2017 were 16.6 Mt CO2-eq. This is approximately 79% of the 

total GHG emissions from mobile combustion and 32% of the total national GHG emissions ex-

cluding land use, land-use change and forestry (LULUCF). The increase in the net GHG emissions 

from road transport is 0.4% since 2014 and 4.1% since 1990. The country is promoting renewable 

transport fuels to mitigate climate change but still the share of renewable energy in the domestic 

transport sector is limited (19%). The share of biogas and biodiesel to total biofuels used in the 

domestic transport sector were 7% and 87% respectively by the end of 2017. However, when it 

comes to raw materials for the production of biofuels used in Sweden, 82% are locally supplied for 

biogas while 95% are imported for HVO and 83% for bioethanol. 

Biogas, or bio-methane, is a renewable fuel produced from biomass and organic materials such 

as food waste, forest and agricultural residues via anaerobic digestion or thermochemical gasifica-

tion processes. The most widely used biogas production technology is anaerobic digestion (AD). 

Substrates such as sewage sludge and industrial effluents, animal manure, energy crops, agricul-

tural residues and food waste are common feedstocks for AD technology. The produced raw bio-

gas consists of a mixture of gases, mainly methane (CH4, 50–80%) and carbon dioxide (CO2, 20–

50%) but with small amounts of water and other compounds like hydrogen sulphide. This raw 

biogas can be used directly as an energy source for heat and electricity production or as transport 

fuel after upgrading. The upgraded gas can also be injected to the fossil (natural) gas network 

(different standards apply). The upgrading process increases CH4 content up to 97% by removing 

impurities such as CO2, H2O and H2S. 

In Gävleborg, upgraded biogas is primarily used as a vehicle fuel which is sourced from the 

Forsbacka biogas and Duvbacken wastewater treatment plants. The region has 14 city buses and 

more than 500 other vehicles of different kinds using biogas as a fuel. The region has a potential to 

produce 4-5 million Nm3 of vehicle gas per year from food and garden waste only. An increase in 

biogas production and the number of filling stations can contribute to reducing the regional de-

pendence of fossil fuels.  

The aim of this report is generally to increase the knowledge of the regional actors on biogas as 

an alternative transport fuel through a comprehensive analysis of the regional biogas value chain, 

i.e., feedstock producers, suppliers, biogas technology, distribution, regional authorities and end 

users. The focus is on the prevailing status among actors, vehicles, infrastructure and opportunities 

for biogas as a transport fuel. The following questions are used as a basis for this research report:  

 

1. What is the status of biogas and its value chain actors in Gävleborg? 

2. What are the kinds of feedstocks available and possibilities of their use in biogas pro-

duction?  

3. What are the challenges value chain actors face related to feedstock, biogas production 

and use as transport fuel? 

 

The biogas value chain in Gävleborg is studied primarily through literature, national and regional 

statistics and interviews with actors, with subsequent qualitative analysis and presentation of re-

sults and conclusions. The interviews with the regional biogas value chain actors is an important 

part of the study and reflect the current situation and opportunities for the future. The main target 

group of this study is small and medium-sized enterprises (SMEs), but the method and results can 

be of interest for other types of actors including decision makers in the county.  
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There are three types of commercially available biogas production technologies: biological or 

anaerobic digestion, thermochemical or gasification, and Power to Gas (P2G). Anaerobic digestion 

is the primary focus, as this is the most common technology used for biogas production from bio-

logical waste of different types, with different reactor designs and operating parameters. In 2017, 

the total biogas production in Sweden was 2068 GWh, where 36% (753 GWh) was from sewage 

treatment plants, 48% (987 GWh) from commercial anaerobic digestion facilities, 7% (145 GWh) 

from landfills, 6% (125 GWh) from industrial facilities and the rest from small-scale biogas facili-

ties. Approximately 65% of the total biogas generated in 2017 was upgraded and mostly used as 

transport fuel. In Gävleborg, biogas is mainly produced from food waste and sewage sludge. At 

present, around 70% of the household food waste from five municipalities in the region is used for 

biogas production while the other five municipalities either export waste to other regions or are not 

sorting it properly for biogas production. In 2017, about 3.5-4.0 million Nm3 of biogas was pro-

duced in Gävleborg of which 3.6 GWh was upgraded. The same year the regional transport sector 

energy consumption was 3900 GWh. In the region, fossil petrol and diesel are used as the main 

transport fuels, but the use of biofuels is increasing. Since 2019, the upgraded biogas not sold as 

transport fuel due to very low market in the region is used in Sandvik industry.  

The value chain actors believe that the region has a large potential of feedstock for biogas pro-

duction and that this potential should be utilized. Besides household food waste, regional food 

packaging, slaughterhouse, forestry and agricultural sectors are valuable sources of biological 

waste. These sectors should be brought into the regional biogas system. Many regional companies 

want to be more sustainable and are interested in biogas as an alternative transport fuel, but due to 

the absence of filling stations and regional policies on biofuels, this ambition has not yet prevailed. 

However, according to the County Administrative Board (Länsstyrelsen), some companies outside 

of Gävleborg are very interested in building biogas infrastructure like filling stations in the region. 

Gasum AB and Nordic Gas Solutions (NGS)  are two companies that are in negotiation with the 

regional authorities and companies to build a few filling stations for cars, industry and heavy 

transport in the region (e.g., in Gävle, Sandviken, Bollnäs and Hudiksvall). In total seven filling 

stations are in the planning stage for this region in two years. It is likely that after this develop-

ment, the market for biogas as an alternative transport fuel will improve. There are indications that 

bus and waste management companies, and municipalities will order biogas vehicles in 2019 and 

2020. Some procurement has been done already, such as in Gävle there will be 40-50 city buses on 

biogas by 2021.The procurement of some garbage trucks and small municipal vehicles for this 

region is in process. Gävle Drift & Service AB has also ordered 22 new biogas cars and it is hoped 

that these cars will be on the road within 2020 to 2021. It is assumed that five to seven years after 

2020, more heavy trucks and private cars will also run on biogas.  

In the view of some actors, biogas has limitations as an alternative transport fuel due to differ-

ent storage and combustion engine technology compared to biodiesel and RME. Some companies 

have expressed concern regarding biogas as a long-term solution. They want to be 100% sure that 

biogas is a viable solution for them from economic, technical, political and legislative perspec-

tives. In addition, value chain actors have experienced different problems and are facing challeng-

es related to biogas production, distribution and use as transport fuel. Some are company specific 

while others can be recognized as general. The issues mentioned below are considered very im-

portant challenges to the regional biogas sector: 

 

 Getting permits is a slow process and requires a lot of effort, for example when it 

comes to upgrading existing facilities or building a new plant or filling station. 

 Regional politics can play a big role in the transition of transport sector to fossil free. 

Unfortunately, in some municipalities of the region, politicians are not supporting bio-

gas as transport fuel. There is a great need for presenting the holistic view of biogas as 

a sustainable transport fuel for a region or country (see below).  

 Insufficient supportive regulations at national and regional levels such as financial 

support, market creation and incentives to increase resource productivity are key fac-

tors in the development of the sector. The financial incentives should be for longer 

time periods.  

 The import of biogas from other countries like Denmark is also a problem for the local 

producers. Danish biogas producers have subsidies and can sell the gas at a lower price 

compared to Swedish producers. The country either should adopt the same model or 

increase the taxes on imported biogas to facilitate the local biogas sector.   
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 Technical expertise is one of the big needs of the sector. The actors lack such expertise 

in their network, particularly farmers who want to build small biogas plants on their 

farm. If they get such support, the sector can contribute substantially to local energy 

security and nutrient recycling plans.  

 The open market for biological waste is also an obstacle in the building of a local cir-

cular economy. For example, other regions like Uppsala offer low treatment price for 

biological waste and some municipalities accept this low price and send the waste out 

of the region. 

To estimate the regional biogas potential based on AD technology, biological feedstock from dif-

ferent sources is divided into ten different categories. The theoretical bio-methane production 

potential of the region is 27.5 million Nm3. More than 70% belongs to the agricultural sector and 

about 20% comes from food waste. The method followed for this estimation has been used in 

many other research studies as described in detail in the report. 

Biogas is considered a unique product which can play an increasingly important role in the 

transition to a more sustainable society. Each society produces waste, which has to be managed in 

the most efficient way. The biological degradation with energy recovery (anaerobic digestion) 

approach has appeared as one of the most eco-friendly and promising solutions for biological 

waste management. The recovered energy and nutrients (bio-fertilizer) through this waste handling 

approach can contribute to the increasing energy and fertilizer demands of society. Gävleborg, 

with its strategic location in central Sweden by the Baltic coast, is known as a regional hub for 

national and global business markets. This geographic importance puts requirements on the region 

to meet the development needs happening in its surroundings. For example, the use of biofuels for 

transport is one of the important needs of the region to increase business opportunities. 

It is concluded that the region has a large potential for biogas production. Improvements in the 

existing biogas technology, in addition to new biogas plants, are required so that in addition to 

food waste other types of biological wastes (e.g. from industry and agricultural sectors) can be 

used for biogas production. The regional SMEs and other value chain actors asked for good sup-

portive infrastructure and policies. Additionally, in the long-term development of the sector, other 

possible usages of biogas such as an energy source for industry, shipping or as raw material for 

chemicals or intermediate products should be considered. The value chain actors need to work 

more closely to get the most out of this valuable resource. 

Finally, some issues need further investigation. More research is required on limitations of re-

gional resources for renewable fuel production and their environmental consequences for alternate 

adaptation pathways. An inventory of used, unused, and marginal land should be set up to quantify 

the potential of energy and ley crop production and their share for biogas or other renewable fuels. 

The actors of the regional biogas network are not well connected and up-to-date about the regional 

biogas market and technology developments. There is a need to find suitable ways through which 

the value chain actors can work together to optimize biogas production and its usage. Thorough 

research should be done on the drivers and barriers in the adaptation of biogas as a transport fuel in 

the region so that suitable policy measures can be taken to improve the biogas market. 
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Sammanfattning 

Dagens konventionella energisystem är ohållbara och situationen är värst inom transportsektorn, 

mest beroende på användningen av fossila bränslen. Dagens energibehov i världen är 467 EJ/år 

och det internationella energiorganet IEA förutspår att det kommer att öka med 50% från 2015 till 

2030. Andelen förnybara energikällor, främst biomassa, kan stå för upp till 14% av den totala 

energin 2030 och transportsektorn kan ta 4-7% av den andelen. Transportsektorn söker aktivt efter 

alternativa energilösningar och har visat stort intresse för biobränslen. IEA har förutspått att 

biobränslen skulle kunna ersätta den fossila energin i sektorn med 10-30% 2020 och 26-79% år 

2030 i vissa regioner i världen. 

I Sverige står vägtransporter för den enskilt största andelen av utsläppen av växthusgaser. År 

2017 var de redovisade utsläppen från sektorn 16,6 miljoner ton CO2-ekvivalenter. Det blir unge-

fär 79% av de totala växthusgasutsläppen från mobil förbränning och 32% av landets totala växt-

husgasutsläpp, exklusive markanvändning, förändrad markanvändning och skogsbruk (LULUCF). 

Ökningen av utsläppen av växthusgaser från vägtransporter är 0,4% sedan 2014 och 4,1% sedan 

1990. Landet främjar förnybara drivmedel för att mildra klimatförändringarna, men andelen förny-

bar energi inom den inhemska transportsektorn är begränsad (19%). Andelen biogas och biodiesel 

av de biodrivmedel som användes i den inhemska transportsektorn var 7% respektive 87% vid 

slutet av 2017. Av de råmaterial som används för produktion av biobränslen som används i Sve-

rige, levereras 82% lokalt för biogas, medan 95% importeras för HVO och 83% för bioetanol. 

Biogas, eller biometan, är ett förnybart bränsle som produceras av biomassa och organiska 

material såsom matavfall och skogs- och jordbruksrester genom anaerob (syrefri) rötning, eller 

genom termokemisk förgasning. Den mest använda tekniken för biogasproduktion är anaerob 

nedbrytning (AD). Substrat som avloppsslam och industriavlopp, djurgödsel, energigrödor, 

jordbruksrester och matavfall är vanliga råvaror för AD-teknik. Den producerade råa biogasen 

består av en blandning av gaser, huvudsakligen metan (CH4, 50-80%) och koldioxid (CO2, 20-

50%) men med små mängder vatten och andra föreningar som vätesulfid. Denna råa biogas kan 

användas direkt som energikälla för värme- och elproduktion eller som transportbränsle efter 

uppgradering. Den uppgraderade gasen kan också injiceras i det fossila (natur-)gasnätet (olika 

standarder gäller). Uppgraderingsprocessen ökar CH4-halten upp till 97% genom avlägsnande av 

föroreningar, såsom CO2, H2O och H2S. 

I Gävleborg används uppgraderad biogas främst som fordonsbränsle som kommer från 

Forsbacka biogasanläggning och Duvbackens avloppsreningsverk. Regionen har 14 stadsbussar 

och mer än 500 fordon av olika slag med biogas som bränsle. Regionen har potential att producera 

4-5 miljoner Nm3 biogas per år enbart från livsmedelsavfall och trädgårdsavfall. En ökning av 

biogasproduktionen och antalet tankstationer kan bidra till att minska regionens beroende av 

fossila bränslen. 

Det generella syftet med denna rapport är att öka kunskapen hos de regionala aktörerna om 

biogas som alternativt transportbränsle genom analys av den regionala biogasvärdekedjan, dvs. 

råvaruproducenter, leverantörer, biogasteknik, distribution, regionala myndigheter och 

slutanvändare. Fokus ligger på den rådande situationen bland aktörer, fordon och infrastruktur, 

samt möjligheterna till användning av biogas som transportbränsle. Följande frågor ligger till 

grund för denna forskningsrapport: 

 

1. Vad är statusen för biogas och dess värdekedja hos aktörer i Gävleborg? 

2. Vilka råvaror är tillgängliga och vilka möjligheter finns att använda dem för biogas-

produktion? 

3. Vilka utmaningar står aktörerna i värdekedjan inför beträffande råvaror, biogaspro-

duktion och användning som transportbränsle? 

Biogasens värdekedja i Gävleborg studeras med hjälp av litteratur, nationell och regional statistik 

och intervjuer med efterföljande kvalitativ analys och presentation av resultat och 

slutsatser. Intervjuerna med de regionala aktörerna i biogasvärdekedjan är en viktig del av studien. 

Huvudmålgruppen är små och medelstora företag, men metoden och resultaten kan vara av 
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intresse även för andra aktörer, inklusive beslutsfattare i länet. Det finns tre typer av kommersiellt 

tillgängliga biogasproduktionstekniker: biologisk eller anaerob rötning, termokemisk eller 

förgasning, och Power to Gas (P2G). Huvudfokus ligger på anaerob rötning eftersom det är den 

vanligaste tekniken för biogasproduktion från biologiskt avfall av olika slag, med olika 

reaktortekniker och driftsparametrar. 

År 2017 var den totala biogasproduktionen i Sverige 2068 GWh, varav 36% (753 GWh) kom 

från avloppsreningsverk, 48% (987 GWh) från kommersiella rötningsanläggningar, 7% 

(145 GWh) från deponier, 6% (125 GWh) från industrianläggningar och resten från småskaliga 

biogasanläggningar. Cirka 65% av den totala biogasen som producerades 2017 uppgraderades och 

användes som transportbränsle. I Gävleborg produceras biogas främst från matavfall, avloppsslam 

och deponier. För närvarande används ca 70% av hushållsavfallet från fem kommuner i regionen 

för biogasproduktion medan övriga fem kommuner antingen exporterar till andra regioner eller 

inte sorterar ut hushållsavfallet. Totalt var biogasproduktionen i Gävleborg 3,5-4,0 miljoner Nm3 

år 2017 och cirka 3,6 GWh av detta uppgraderas. Energiförbrukningen för transportsektorn i 

regionen var samma år 3900 GWh.  I regionen används huvudsakligen fossil bensin och diesel 

som transportbränsle, men användningen av biobränslen ökar. 

Aktörerna i värdekedjan anser att regionen har en stor potential för råvara för biogasproduktion 

och att denna potential bör utnyttjas. Förutom hushållsavfall är regionala livsmedelsindustrier, 

slakterier och jordbrukssektorn värdefulla källor till biologiskt avfall. Dessa sektorer bör komma 

in i det regionala biogassystemet. Många regionala företag vill vara mer hållbara och är 

intresserade av biogas som alternativt transportbränsle, men på grund av frånvaron av tankställen 

och en regional politik för biobränslen har denna ambition ännu inte förverkligats. Enligt 

länsstyrelsen är vissa företag utanför Gävleborg mycket intresserade av att bygga 

biogasinfrastruktur såsom tankställen i regionen. Gasum AB och Nordic Gas Solutions (NGS) är 

två av de som förhandlar med de regionala myndigheterna och företagen om att bygga tankställen 

för bilar, industri och tunga transporter i regionen (t.ex. i Gävle, Sandviken, Bollnäs och 

Hudiksvall). Totalt planeras sju tankstationer för denna region inom två år. Det finns hopp om att 

marknaden för biogas som transportbränsle kommer att förbättras efter denna åtgärd. Det finns 

indikationer på att bussbolag, avfallshanteringsbolag och kommunerna kommer att beställa 

biogasfordon 2019 och 2020. Vissa upphandlingar har redan gjorts, så antalet biogasdrivna 

stadsbussar i Gävle ska nå upp till 40-50 fram till 2021. Vidare är upphandling av vissa sopbilar 

och mindre kommunala fordon i regionen på gång. Gavle Drift och Service AB har också beställt 

22 nya biogasbilar och man hoppas att dessa bilar kommer att vara i användning 2020-2021. Det 

antas att inom fem till sju år från 2020 kommer fler tunga lastbilar och personbilar också drivas 

med biogas. 

Enligt vissa aktörer har biogasen begränsningar som alternativt drivmedel på grund av olika 

lagrings- och förbränningsmotorteknik jämfört med biodiesel och RME. Vissa företag har uttryckt 

oro beträffande  biogas som långsiktig lösning. De vill vara hundraprocentigt säkra på att biogas är 

en livskraftig lösning för dem utifrån ekonomiska, tekniska, politiska och 

lagstiftningsperspektiv. Utöver detta har aktörer i värdekedjan upplevt olika problem och står inför 

utmaningar i samband med produktion, distribution och användning av biogas som 

transportbränsle. Vissa problem är företagsspecifika medan andra kan anses 

generella. Nedanstående frågor betraktas som mycket viktiga utmaningar för den regionala 

biogasektorn: 

 

 Tillståndsprocessen är långsam och arbetskrävande, exempelvis för uppgradering av 

befintliga anläggningar eller för nybyggnation av anläggningar för förnybara drivme-

dels- eller gasstationer. 

 Regional politik kan spela en stor roll i transportsektorns övergång till fossilfri-

het. Tyvärr stöder inte alltid politiken i vissa kommuner biogas som transport-

bränsle. Det finns ett stort behov av att presentera det holistiska perspektivet för biogas 

som transportbränsle för en stad eller region (se nedan). 

 Viktiga faktorer för utveckling av denna sektor är stödjande ekonomiska och mark-

nadsskapande bestämmelser på nationell och regional nivå och incitament för att öka 

resursproduktiviteten. Det ekonomiska stödet bör dessutom vara mer långsiktigt. 

 Importen av biogas från andra länder som Danmark är också ett problem för de lokala 

producenterna. Danska biogasproducenter är subventionerade och kan sälja gasen till 
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lägre pris än svenska producenter. Sverige bör antingen anta samma modell eller öka 

skatten på importerad biogas för att underlätta för den lokala biogassektorn. 

 Teknisk expertis är ett stort behov i branschen. Aktörerna saknar nu sådan kompetens 

inom sitt nätverk, särskilt de jordbrukare som vill bygga mindre biogasanläggningar på 

gården. Om de får sådant stöd kan sektorn bidra väsentligt till lokal energisäkerhet och 

näringsåtervinning. 

 Den öppna marknaden för biologiskt avfall är också ett hinder för uppbyggnaden av en 

lokal cirkulär ekonomi. Till exempel erbjuder andra regioner som Uppsala låga hante-

ringspriser för biologiskt avfall och vissa kommuner accepterar detta låga pris och 

skickar avfallet ut ur regionen. 

För att uppskatta den regionala biogaspotentialen baserad på rötningsteknik (AD), har biologiskt 

råmaterial från olika källor delats in i tio olika kategorier. Den maximala teoretiska 

produktionspotentialen för biometan i regionen är 27,5 miljoner Nm3. Mer än 70% kommer från 

jordbrukssektorn och cirka 20% är matavfall. Metoden för denna uppskattning har använts i många 

andra forskningsstudier. 

Biogas anses vara en unik produkt som kan spela en allt viktigare roll i övergången till ett mer 

hållbart samhälle. Varje samhälle producerar avfall, vilket måste hanteras på det mest effektiva 

sättet. Biologisk nedbrytning med energiåtervinning (anaerob rötning) har visat sig vara en av de 

mest miljövänliga och lovande lösningarna för biologisk avfallshantering. Återvinningen av energi 

och näringsämnen (biogödsel) från detta avfallshanteringssystem kan bidra till att täcka samhällets 

ökade energi- och gödselbehov. Gävleborg, med sitt strategiska läge i centrala Sverige vid 

Östersjökusten, är en regional knutpunkt för nationella och globala affärsmarknader. Detta 

geografiska läge ställer krav på regionen att möta det ökande utvecklingsbehovet. Till exempel är 

användningen av biobränsle för transporter viktig för att stärka regionens affärsmöjligheter. 

Slutsatsen är att regionen har en stor potential för biogasproduktion. Förbättringar av befintlig 

biogasteknik och nya biogasanläggningar krävs så att andra typer av biologiskt avfall förutom 

livsmedelsavfall (t.ex. från industrin och jordbrukssektorn) kan användas för gasproduktion. De 

regionala små och medelstora företagen och andra aktörer i värdekedjan önskar stödjande 

infrastruktur och politik. Dessutom bör man i den långsiktiga planeringen av sektorn överväga 

annan möjlig användning av biogas, t.ex. som energikälla för industrin och sjöfarten eller som 

råmaterial för kemikalier eller insatsvaror. Just nu framstår det dock som helt klart att regionen bör 

använda biogas som drivmedel för den förestående omvandlingen av transporttekniken till 

fossilfri. Aktörerna i värdekedjan måste arbeta närmare varandra för att göra det bästa av denna 

värdefulla resurs. 

Slutligen behöver vissa frågor undersökas ytterligare. Mer forskning krävs för inventering av 

regionala resurser för produktion av förnybart bränsle och dess miljöpåverkan och alternativa 

möjligheter för införande. En inventering av använd, oanvänd och marginell mark bör genomföras 

för att kvantifiera potentialen för energi och produktion av nya grödor och deras potential för 

biogas eller andra förnybara bränslen. Aktörerna i det regionala biogasnätverket är inte väl 

kopplade till och uppdaterade om den regionala biogasmarknaden och teknikutvecklingen. Det 

finns ett behov av att finna lämpliga metoder för aktörer i värdekedjan att samarbeta för att 

optimera biogasproduktion och -användning. Grundlig forskning behövs om drivkrafter och hinder 

för införande av biogas som transportbränsle i regionen, så att lämpliga politiska åtgärder kan 

vidtas för att förbättra marknaden för biogas. 
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Introduction 

Biogas is produced from biomass and organic material, such as food waste, forest and agricultural 

residues, by microorganisms in the absence of oxygen, called anaerobic (oxygen-free) degradation 

and/or through thermal gasification. The anaerobic process is similar to composting but in that 

process degradation of biomass happens in the presence of oxygen, where aerobic conditions (i.e., 

oxygen) are required for the organisms to grow and work. 

In recent years, interest in commercial-scale biogas production under controlled conditions has 

increased both in Sweden and in other countries. Many new biogas plants have been built world-

wide. In the commercial plants, the reactor designs vary, but the basic principle is to allow the 

microorganisms to degrade the organic material in an airtight container. The produced raw biogas 

consists of a mixture of gases, mainly methane (CH4, 50–80%) and carbon dioxide (CO2, 20–50%) 

as well as small amounts of water and other compounds like hydrogen sulfide. Methane is the 

energy-rich component and the main product of interest from the process. In order to increase 

energy content and to be used as vehicle gas or fed into the natural gas network, the biogas is puri-

fied from carbon dioxide and other impurities. Different countries have different standards for 

biogas to be used as vehicle fuel (Persson, Jonsson, & Wellinger, 2007). In Sweden, standard SS 

15 54 38 is followed1. According to this standard, methane concentration should be 97% in fuel 

gas (Persson et al., 2007; SGC, 2012).  

In Sweden today, vehicle gas2 is one of the fuels that has the lowest climate and environmental 

impact, replacing petrol and diesel. The carbon dioxide emissions are up to 90% lower with biogas 

compared to fossil petrol and diesel, and about 25% lower with natural gas, depending on type of 

energy supply in biogas production and upgradation (Persson et al., 2007). In addition, gas-

powered vehicles provide very low emissions of nitrogen oxide and particles (Nordin & Thiede, 

2016). 

In Sweden, landfills, wastewater treatment plants, industrial and large-scale commercial biogas 

plants are the main biogas production sources. However, some small-scale agricultural farm-based 

biogas reactors do exist but their production is low. The content of methane varies depending on 

the substrate that is digested in the biogas reactor and reactor configuration. The most widely used 

biogas production process is anaerobic digestion (AD). Substrates such as sewage and industrial 

effluents, animal manure, energy crops, agricultural residues and food waste are common feed-

stocks for AD technology for the production of biogas (Nordin & Thiede, 2016). 

Background 

In general, the world conventional energy solutions are unsustainable and the situation is worst in 

the transport sector, which mostly depends on fossil fuels. Today´s world energy demand is 467 

EJ/year. The International Energy Agency (IEA) expects that world energy demand will increase 

by 50% from 2015 until 2030. The share of renewable energy sources, mainly biomass, will ac-

count for up to 14% of total energy use in 2030. The transport sector may take 4–7% of that re-

newable share (IEA, 2018). 

With the world population growth, the sector energy demand will also increase. Due to finite 

fossil resources, the gap between supply and demand of transport fuels can be foreseen. The 

transport sector has started to look for alternative energy solutions from a medium- and long-term 

perspective. This will bring major changes to the transportation sector concerning energy sources, 

energy carriers and end-use applications. Due to great interest in biofuels for transport, it is also 

predicted that biofuels may cover up to 10–30% by 2020 and 26–79% of transport fuels in some 

regions by 2030. The high end of the ranges represents Sweden’s ambitious scenario of zero fossil 

GHG emissions from the transport sector in 2030 (Grahn & Hansson, 2015)   

In 2014, Sweden introduced a large share of renewables in its final energy use (53%), however, 

the share of renewable energy in the domestic transport sector is much lower (19%) (SEA, 2018). 

                                                        
1 Swedish standard, SS 15 54 38. Biogas type A requirements are for engines without lambda regulation, that 
is, “lean-burn” engines used in heavy vehicles such as trucks and buses. Type B concerns biogas for engines 
with lambda regulation used in stoichiometric combustion, for example private cars. Nowadays, the majority 
of heavy vehicles also have lambda regulation (SGC, 2012). 
2 This is a blend of biogas and CNG. However, it could be pure biogas or pure CNG. 
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Biofuels had a 21% market share in the Swedish fuels market in 2017 (SEA, 2018a) but on renew-

able directive scale3, it is 30%, which gives the lead to Sweden in Europe. Austria is in second 

place with 10% on renewable directive scale. The SEA statistics show a great increase of biofuels 

as energy carrier in the transport sector from 2012 to 2017 (Figure 1). According to Figure 1 the 

share of biogas and biodiesel to total biofuels used in the domestic transport sector was 7% and 

87% respectively by the end of 2017. However, when it comes to the raw materials for the produc-

tion of biofuels used in Sweden, 82% are locally supplied for biogas while 95% are imported for 

HVO and 83% for bioethanol (SEA, 2018a). 

 

 
Figure 1: Biofuels in the transport sector (domestic), by fuel, from 1995, TWh (SEA 2018) 

The transport sector as a whole consumed up to 24% of the total final energy in 2016 (SEA, 2018) 

and is responsible for one-third of total annual greenhouse gas (GHG) emissions. Road transport4  

is the single largest source contributing to the Swedish national GHG emissions. The accounted 

emissions of the sector in 2017 were 16.6 Mt CO2-eq. It becomes approximately 79% of the total 

emissions of GHG from mobile combustion in Sweden and 32% of the total country GHG emis-

sions, excluding land use, land-use change and forestry (LULUCF) (SCB 2019). The increase in 

the net GHG emissions from road transport is 0.4% since 2014 and 4.1% since 1990 (National 

Inventory Report Sweden, 2017). The country is promoting renewable transport fuels to mitigate 

climate change and the use of biogas as an alternative transport fuel is being strongly considered 

(SEA, 2017b). 

Together with other measures, the 2030 fossil-free transport goal of Sweden can be achieved by 

increasing the share of renewable fuels in the sector. Biogas, or bio-methane, is one of the renewa-

ble energy carriers that can provide substantial energy to the road transport sector as an alternative 

fuel. It can be produced from different types of biomass via anaerobic digestion or thermochemical 

gasification (BRC, 2017). The total amount of biogas produced in Sweden in 2017 was 1.3 TWh. 

The contribution of sewage treatment works was 35%, anaerobic digestion plants 47%, landfills 

9%, industrial facilities 6%, and 3% from small-scale farms (SEA 2018). To increase the produc-

tion of biogas from different types of organic waste, such as sewage sludge, manure and other 

digestible residuals, there is a great need for in-depth value chain analysis of the sources. 

In Gävleborg, upgraded biogas is primarily used as a vehicle fuel. The region has 14 city buses 

and over 546 vehicles of different kinds with biogas as a fuel (Trafik Analys, 2018). The region 

has its first solid-state anaerobic digestion plant at Forsbacka which currently digests household 

food waste, garden waste, fat sludge and slaughterhouse waste as main feedstock. The region has a 

potential to produce 4–5 million Nm3 of vehicle gas per year from food waste only (including 

garden waste) (Ekogas, 2017). The increase in biogas production and filling stations in the region 

can create new market conditions and reduce the region’s dependency on fossil fuels.  

The new coming automotive technologies have strict requirements  for  fuel  quality, e.g. hy-

drotreated vegetable oil (HVO), fatty acid methyl ester (FAME), liquefied hydrogen (LH2),  lique-

fied biogas (LBG), and some energy carriers like electricity for electric cars require a dedicated 

infrastructure. The limitations on energy sources (feedstock), underdeveloped alternate energy 

                                                        
3 Renewable Energy Directive (2009/28/EC);  
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32009L0028  
4 Road transport includes five vehicle categories: passenger cars, buses, heavy duty vehicles (HDV), light 
duty vehicles (LDV) and mopeds & motorcycles. 

http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32009L0028
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technologies and demography of the region or country put additional requirements on the automo-

tive industry and transport authorities when it comes to future transport planning and fuel policies. 

The nature of these parameters vary from country to country and even from region to region. Thus 

policy actions both at national and regional level can have strong impacts on future sustainable 

transport (SEA, 2017b). 

Aim  

The use of biogas as transport fuel has been studied by many researchers (Lönnqvist, Grönkvist 

and Sandberg, 2017; Margareta et al., 2016; Börjesson et al., 2016), but a system approach includ-

ing feedstock, potential technologies, infrastructure, best use market, and scope of improvements 

has not been studied from a regional perspective.  

To maintain, develop and expand the biogas sector, regional small and medium-sized enterpris-

es (SMEs) in renewable fuel production and related activities can play a vital role, which – partial-

ly or fully – depends on their knowledge of the sector. The aim of this study is to generally in-

crease their knowledge of biogas as a transport fuel through comprehensive analysis of the status 

of value chain actors (feedstock producers, suppliers, biogas technology, distribution, regional 

authorities and end users) in the Gävleborg region. The focus is on the prevailing status with ac-

tors, vehicles, infrastructure and opportunities for biogas as transport fuel. This includes relevant 

information linked to regional feedstock, biogas production capacity, use and actors’ interests, to 

thereby provide an overview and facilitate informed decision-making. The following questions are 

used as a basis for this report:  

 

1. What is the status of biogas and its value chain actors in Gävleborg? 

2. What kind of feedstocks are available and what are the possibilities of their use for bi-

ogas production?  

3. What are the challenges that value chain actors face related to feedstock, biogas pro-

duction and use as transport fuel? 

Method 

In this report, the biogas value chain in Gävleborg is analysed from the perspectives of feedstock, 

gas production and its use as an alternative transport fuel. The mapping and analysis of biogas 

development generally, in Sweden and particularly in Gävleborg has been conducted primarily 

through literature, national and regional statistics, and interviews with value chain actors with 

subsequent qualitative analysis and presentation of results and conclusions. 

In the literature review, existing status of biogas production from different sources and use in 

the transport sector along with other sectors has been examined. The trend in number of vehicles, 

fuels and infrastructure from 2012 to 2017, generally in Sweden and particularly in Gävleborg, has 

also been reported to provide understanding of the market dynamics. This method has also been 

used to provide information on biogas technologies and feedstock options with potential yield of 

bio-methane from different substrates.  

The interviews with value chain actors are an important part of the study which provides in-

formation on the current status of feedstock, technologies, opportunities and limitations for biogas 

as a regional transport fuel. The interviews were conducted with representatives of the organiza-

tions. About 15 companies out of the listed current and potential future value chain actors were 

approached through emails, phone calls and personal contact. Not all those contacted could partic-

ipate in the interview process. A list of the interviewees and their role in the organization is given 

in appendix 1. All interviews were recorded and stored. 

The interview questions were prepared in advance using the following keywords: feedstock 

availability, current technologies, availability of infrastructure, policies and regulations both at the 

regional and national level, opportunities, challenges and future prospects of biogas development 

in the region.   

The main target group of this report are SMEs, but the method and results can be of interest for 

other types of actors as well, and for decision makers in the country. 
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Biogas Value Chain 

The biogas value chain consists of production, use and support services. Production and use in-

cludes feedstock producers, collection and transportation companies, biogas producers, distribu-

tion network providers and consumers (Figure 2). This study is limited to the use of biogas as 

transport fuel. Support services such as research and development (R&D), finance, etc. are not 

included in the value chain.  

 

 
Figure 2: Structural model of the biogas value chain 

Feedstocks 

 Municipalities: The most common and widely supplied substrates by the municipalities are 

food waste and sewage sludge. There are very few case-specific studies on municipal food 

waste composition. A generic composition reported by Carlsson et al. (2013) consists of 4% 

lignin, 22% sugar/starch, 18% fat, 12% protein and 23% cellulose/hemicellulose (Jonas, Irena, 

& Roozbeh, 2017). Both substrates can be digested together in a co-digestion facility or sepa-

rately in an anaerobic digestion plant to produce biogas. Characteristics of some types of feed-

stock used in AD plants for biogas production are given in Table 1. 

 Industry: Different industries can supply different types of substrate for biogas production. 

The food, pulp and paper and chemical industries are considered potential suppliers of differ-

ent types of substrates. The food industry includes restaurants, food retailers, and food pro-

cessing and packaging sectors. 

 Agricultural sector: This sector can supply many different types of organic substrate, e.g. 

vegetable, straw, ley crops, and manure and energy crops. The potential of this sector is not 

utilized fully due to techno-economic reasons (Gottardo et al., 2015; Jonas et al., 2017; 

Magnusson, 2012; Pobeheim, Munk, Lindorfer, & Guebitz, 2011; Yadvika, Sreekrishnan, 

Kohli, & Rana, 2004). 

 Forest residues: The forest resources are utilized by large industry segments like pulp and 

paper, sawmills and heat and electricity. Some of the forest industry residue and parts of trees 

like branches and roots, not currently used, are attractive feedstock for biogas production. 

Residues from pulp mills include black liquor, tall oil, bark, biochar and methanol (Staffas et 

al., 2013), while sawmills generate wood chips, bark and sawdust, while harvesting residues 

are twigs, tops and stumps. The Swedish estimated forest residue bioenergy potential is be-

tween 16–17 TWh by 2030 and between 18 and 52 TWh by 20505 (Staffas et al., 2013). 

                                                        
5 The estimates include primary forest residues, stumps, fuelwood and stem wood  
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 Landfills: In Sweden landfill of biological waste was banned in 2005 after the implementa-

tion of the EU landfills directive (99/31/EG) in 2001 (SEPA, 2019). However, there are ap-

proximately 70 old landfills in Sweden, two of which are in the Gävleborg region. Landfills 

are classified as regulated and unregulated. The unregulated landfills are where municipal 

waste is simply dumped and covered with mud and there is no system for leachate and gas 

collection. Regulated landfills are provided with a system for leachate collection and treat-

ment and a system of gas wells and pipes. As the biomass degradation starts biogas is pro-

duced. The collected gas is used mostly for heat and power production (CHP). The concentra-

tion of different gases in this raw gas depends on the landfill’s waste characteristics (Themelis 

& Ulloa, 2007).  

 Other biological substrates: Blue mussels, a common macroorganism in the Baltic Sea, are 

considered potential feedstock for biogas. The organic content of this waste is 18.8% VS of 

TS (Jonas et al., 2017) 

Feedstock logistics 

The collection and logistics of municipal food waste is normally managed by the municipal waste 

management companies. For example, in Gävleborg, Gästrike Återvinnare is one of the municipal 

waste management companies that collects and transports food and garden waste from five of the 

regional municipalities to the biogas plant at Forsbacka. However, for agricultural and industrial 

waste, different types of logistic services, depending on the characteristics of feedstock and 

transport distances, are used.  

Gas production 

The gas yield per unit of substrate depends on its characteristics.  

Table 1 provides information on this. A pre-treatment step prior to pumping the substrate into the 

anaerobic digestion tank is usually required to increase the degradability of the substrate by in-

creasing the surface area and reducing the degree of polymerisation and crystallinity. This step 

could be performed with mechanical, thermal, chemical, and biological pre-treatment technolo-

gies. After this, microorganisms in an anaerobic environment use the feedstock to generate gas. 

The generated gas is either stored or used directly for CHP or upgraded for use as transport fuel or 

to inject into the natural gas network (CNG) (different standards apply) (Achinas, Achinas, & 

Euverink, 2017; Paritosh et al., 2017; Yadvika et al., 2004).  

https://www.naturvardsverket.se/Stod-i-miljoarbetet/Vagledningar/Avfall/Deponering-av-avfall-/
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Table 1: Methane yield for a few different substrates. TS= Total solid content, VS=Volatile Solids, WW= Wet 
weight 

Substrate TS (% of total) VS (% of TS) 

Methane yield, 
(m3 CH4/tonne 

VS) 

Methane yield, 
(m3 CH4/tonne 

TS) 

Methane yield, 
(m3 CH4/tonne 

WW) 

Fats1 (-)3 (-)3 1075 (-)3 (-)3 

Fish waste2  42 98 930 907 383 

Slaughterhouse waste2  30 95 699 664 199 

Deep fry fat/oil2  90 100 757 757 681 

Fat sludge2   4 95 682 648 26 

Household food waste2  13 92 600 552 72-77 

Restaurant food waste2  27 87 506 440 119 

Swine manure2  8 80 268 214 17 

Horse manure2  30 80 170 136 41 

Whole see silage2 40 90 300 2270 108 

Corn2 30 90 351 316 95 

Straw2 78 91 207 188 147-202 

1 Jonas et al. 2017  
2 Carlsson & Uldal, 2009 
3 (-) = Values are missing in the reference literature. 

Gas distribution 

Depending on the final use the gas is distributed through pipelines or by trucks. To use the gas as 

transport fuel or to inject it into the CNG pipeline network, upgradation of the gas is required. This 

removes impurities (e.g. water, H2S, CO2, etc.) from the raw biogas, which increases its energy 

content.  

End use 

Three sectors (manufacturing industry, power production and transport) are the main consumers of 

gas in Sweden. Without upgradation, the gas is used in power plants for heat and electricity pro-

duction, while in industry it is used both for chemical and heat production. After 2005, the 

transport sector has become an attractive consumer (Figure 1) of biogas. In this report, only the 

transport sector is considered as the end user of the studied value chain. 
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Production Technologies 

There are three types of commercially available biogas production technologies, covered in this 

chapter: biological or anaerobic digestion, thermochemical or gasification, and Power to Gas 

(P2G). Anaerobic digestion is the primary focus, as this is the most common technology used for 

biogas production from biological waste of different types, with different reactor designs and op-

erating parameters. 

Biological or anaerobic digestion 

The biological or anaerobic digestion technology is mature and commercially available for biogas 

production from different bio-substrates, including agricultural waste, industrial waste, and munic-

ipal bio-waste. The technology is considered the main commercially available option for both 

treatment of organic waste and nutrient recycling. Figure 3 gives a brief overview of the anaerobic 

process chain. The process can be broadly divided into three phases: enzymatic hydrolysis, acid 

formation (acidogenesis and acetogenesis), and gas production (methanogenesis). 

 

 Hydrolysis: In this first phase, large polymer molecules are broken down by the microorgan-

isms into oligomer or monomeric units. For example, carbohydrates are converted to sugar, 

proteins are broken down into peptides and amino acids and lipids are converted into glycerol 

and fatty acid. The efficiency of this process depends on the properties of the substrate, bacte-

rial concentration, pH, the temperature in the bioreactor, etc. (Achinas et al., 2017; Paritosh et 

al., 2017). 

 Acidogenesis: In this phase hydrolytic products are fermented to volatile fatty acids such as 

acetate, propionate, butyrate, valerate, and isobutyrate, while carbon dioxide, hydrogen, and 

ammonia are cogenerated. The products become substrates for the microbes in phase two 

where they are converted into organic acids by a group of bacteria (Achinas et al., 2017; 

Paritosh et al., 2017). 

 Acetogenesis: The microorganisms or bacteria convert the previous phase acids into acetates 

and hydrogen. A few acetates are also formed in this phase where organisms use the CO2 and 

hydrogen produced by the same process. This phase depicts the efficiency of methane produc-

tion because 70% methane arises when acetate reduces with approximately 11% hydrogen 

(Paritosh et al., 2017). 

 Methanogenesis: Methanogens belonging to archaea organisms produce CH4 by fermentation 

of acetic acid or by reducing carbon dioxide. Only 30% CH4 comes from CO2 reduction 

(Paritosh et al., 2017).   

 

 
Figure 3: Anaerobic digestion phases, adopted from Paritosh et al. (2017) 

 

The commercially available biogas technologies based on anaerobic digestion process vary, de-

pending on the type of substrate, its concentration (total solid content) in the slurry and operating 
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parameters. These technologies can simply be classified according to the operating parameters and 

elements of reactor design. This report does not cover all design options but rather focuses on 

those that are considered appropriate in the Gävleborg region context. The following section de-

scribes the main distinguishing features of AD systems.  

Total solid (TS) content (wet/dry systems) 

Depending on the TS content of the substrate in slurry after pretreatment, digester designs are 

categorized as wet or dry systems. According to the literature (Paritosh et al., 2017; Vögeli, Riu, 

Gallardo, Diener, & Zurbrügg, 2014), wet bioreactors have ≤ 16% TS, while TS content in semi-

dry or dry bioreactors ranges between 22–44%. Dry systems are considered better than wet ones 

because of smaller volume, lower energy requirements (if heating is required), and less material 

handling efforts. However, it also depends on the type of feedstock. The practical disadvantages 

with dry systems are batch-wise processing that requires adding substrates in the beginning and 

that products are removed after the process termination followed by storage in a sealed gas-tight 

manner (Vögeli et al., 2014).  

Feeding mode (continuous/batch) 

The digesters can be fed batch-wise or continuously. In continuous mode, feed in the form of slur-

ry is added at regular intervals and an equivalent amount of slurry is discharged from the reactor 

tank. Most biogas plants are operated in continuous mode. For small-scale plants like farm-based 

biogas reactors, batch-fed digesters are preferred. In this case, the reactors are filled with a feed-

stock, closed and left for a certain time (i.e., retention time). The batch system is cheaper and con-

sidered the simplest technology of its kind. The batch systems have many operational limitations, 

for example, with each new batch, methanogenic process starts from the beginning which results 

in high fluctuation in gas production and variations in gas quality. The gas leakage risk is also high 

as the doors are regularly opened and closed (Vögeli et al., 2014).   

Operating temperature (mesophilic/thermophilic) 

The operating temperature is an important parameter that influences system productivity. Based on 

this, AD systems can be classified into two categories, mesophilic (30–40°C) and thermophilic 

(45–60 °C). Below 20°C, the stage is called psychrophilic which is not suitable for anaerobic di-

gestion due to very slow productivity. In mesophilic range the system is more stable and requires 

less energy than thermophilic, whereas thermophilic facilitates faster reaction rate and gas produc-

tion (Vögeli et al., 2014; Yadvika et al., 2004). 

Number of stages (single-/double-/multi-stage) 

A biogas production system can be divided into multiple stages based on biochemical reactions 

that do not share the same environmental conditions. Single-stage reactor design systems are rec-

ommended for small scale production while multi-stage systems are recommended for centralized 

municipal waste management with a capacity of 50,000 tons/year. Single-stage systems are cheap-

er and easier to design, build and operate compared to multi-stage reactor systems (Vögeli et al., 

2014).  

Digester type (vertical tank/horizontal plug flow) 

Plug-flow digesters could be in horizontal or vertical positions. Feedstock enters at one end as plug 

and travels through the digester. On the way to outlet, the microorganisms digest substrate and gas 

is produced. The suitable feedstocks are with 11–13% TS content. Feedstock with less than 11% 

TS content is not suitable for plug flow due to lack of fiber while higher than 13% could have 

sedimentation problems due to insufficient mixing. The horizontal plug flow technology is cheaper 

than others, simple to operate and can take energy crops. Disadvantages are longer retention time 

due to poor mixing, higher risk of weather influence and low biogas yield. It is also hard to open 

and remove settled solids (Prabhudessai, 2013).  

Thermo-chemical or gasification 

A variety of biomass can be converted into energy and chemical products through thermochemical 

or gasification processes. In this process, biomass is heated at high temperature (≥800°C) with low 

oxygen (O2) levels to produce syngas that mainly consists of H2 and CO but also CH4, CO2 and 

H2O in small amounts. The gas can directly be used as fuel or as intermediate product to produce 

other biofuels (such as T-fuels, dimethyl ether, ethanol, isobutene, etc.) or chemicals (alcohols, 
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organic acids, ammonia, methanol and so on) (Cherubini, 2010). For higher concentration of me-

thane, syngas goes through the Fischer–Tropsch process where CO and H2 are under high pressure 

and temperature converted to CH4. The next step is upgradation to achieve up to 97%  concentra-

tion of CH4 and to remove impurities like water and CO2 (Thunman et al., 2018).  

The energy density of forest biomass is relatively low; large volumes and large facilities are 

needed to obtain economy of scale (Lönnqvist, Grönkvist, & Sandberg, 2017). The technology is 

fully developed and has been demonstrated in Sweden and Germany. The GoBiGas project in 

Gothenburg is the first and largest (20 MW bio-methane) facility of its kind in the world. This 

project has proved that large-scale production of advanced biofuels via gasification is economical-

ly feasible (Cherubini, 2010; Thunman et al., 2018). The plant uses forest wood mass as feedstock 

and produces high-quality CH4. Figure 4 is a simple flow diagram of gasification technology based 

on Thunman et al. (2018). 

 

 
Figure 4:  Simplified structure of biomass gasification process based on Thunman et al. (2018) 

Several small-scale (1–6 MW) gasification plants are under development in Sweden. Two exam-

ples of 6 MW are Meva Energy in Piteå and Cortus Energy in Höganäs, which corresponds to 

approximately 50 GWh during one year (SGA, 2018). 

The main advantage of this technology is that almost all types of biomass like municipal, agri-

cultural and forest residues can be used to produce high-quality biofuels and chemicals. However, 

the technology is very complex and requires large investment. To make the biogas production 

economically viable, a gasification plant of capacity 80–100 MW bio-methane is needed 

(Cherubini, 2010; Devi, Ptasinski, & Janssen, 2002).  

Power to Gas (P2G) 

This is a completely different technology that is used to produce hydrogen from surplus energy, 

for example from wind or solar electricity. Figure 5 is a simplified model of this technology. Dur-

ing periods of high wind or solar energy, extra produced electricity can be used to electrolyse 

water to produce hydrogen. This hydrogen can then be used to produce electricity in a fuel cell, 

either in a vehicle or in a stationary facility, but it can also be converted to methane gas, by adding 

CO2 from a biogas upgrading unit (Byman, Kristina, & Sara, 2013). The biogas produced through 

anaerobic digestion can contain up to 50% carbon dioxide and addition of hydrogen directly to the 

biogas reactor can increase the CH4 yield of the plant. Additionally, transforming the biogas plant 

CO2 into methane in catalytic or biological processes may double the biogas production 

(Benjaminsson, Benjaminsson, & Rudberg, 2013; Byman et al., 2013; Grond, Schulze, & Holstein, 

2013). This use of P2G technology can be regarded as a unit, or a part of the biogas upgrading 

facility (Figure 5).  
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Figure 5:  Simplified model of Power to Gas (P2G) technology based on Byman, Kristina and Sara (2013)  



25 

Biogas in Sweden and Gävleborg 

In Europe, about 40 demonstration units based on P2G are working or being built. The storage of 

hydrogen is an issue due to its small molecule size and high risk of leakage. That is why it cannot 

be stored for longer times. The advantage with methane, however, is that it can be stored for long-

er periods (Grond et al., 2013; Hoyer, Hulteberg, Svensson, Jenberg, & Nørregård, 2016). 

There are national, regional and local targets to increase the production of renewable fuels such as 

biogas for use as transport fuel. The biogas production system not only provides fossil-free energy 

but also treats society's biological, forest, agricultural and sewage wastes. It creates a local circular 

economy system where nutrients, materials and energy return in a cycle. Biogas is one of the ener-

gy forms that has the most positive social sustainability aspects compared to other biofuels (de-

pending on system conditions) (Gabisa & Gheewala, 2019). The use of waste resources for clean 

energy production is also a part of the national energy security solution (Cherubini, 2010).  

Domestic production and use 

In 2016, 32 million tons of waste were generated in Sweden. This includes 2.4 million tons of 

hazardous waste excluding mining waste (which was 110 million tons). About 27.0 million tons, 

of which 1.3 million tons was hazardous waste, were treated. In total, at national level 1.7 million 

tons of waste were treated anaerobically for biogas and bio-fertilizer production 6. This anaerobi-

cally treated waste was dominated by animal and mixed food wastes (891000 tons), and manure 

and urine from animals (645000 tons) (SEPA, 2018).The estimated food waste in Sweden in 2016 

was 1.3 million tons (sorted and unsorted), including waste from agriculture and fishery. It corre-

sponds to 129 kg/person (Table 2). The statistics are based on wet weight of the waste and in-

cludes food and beverage poured out via drains. The household sector accounted for 938000 tons 

in 2016, or 97 kg per person (SEPA, 2018). 

Table 2: Generated food waste in Sweden by sector and per person (SEPA, 2018) 

Sectors 

Generated Food waste 2016 Generated Food waste 2014 

tons kg/person tons kg/person 

Household  938 000 97 941 000 100 

Primary production* 98 000 10 98 000 10 

Food industry 45 000 5 75 000 8 

Large kitchens* 73 000 7 70 000 7 

Restaurants* 71 000 7 66 000 7 

Grocery stores* 30 000 3 30 000 3 

Total 1 255 000 129 1 278 000 134 

* not updated in 2016 

Food waste from the food industry has drastically decreased in the past two years. However, this is 

not certain because a large portion of the residues from this industry are used as animal feed, 

which is not classified as waste. The food waste from the restaurant industry has slightly in-

creased. It is argued that it could be because of increased number of restaurants.  

                                                        
6 This includes imported biological waste as well.  
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At the farm level, during harvesting, food is wasted7 and in 2014 it accounted for 98000 tons 

(Primary production, Table 2). Most of this waste consists of vegetables, wheat and milk. The 

estimated fishery waste was 2000 tons. 

In 2016, about 40% of the collected food waste was treated biologically (anaerobic digestion 

and composting) that met the set targets of the year. There are 290 municipalities in Sweden and 
80 of them have not yet started with sorting of food waste, so there is an opportunity to increase 

the amount of source-sorted food waste (SCB, 2017; SEPA, 2018).  

In 2017 total biogas production in Sweden was 2068 GWh (Figure 6), where 36% (753 GWh) 

was from sewage treatment plants and 48% (987 GWh) from commercial anaerobic digestion 

facilities, 7% (145 GWh) from landfill, 6% (125 GWh) from industrial facilities and the rest from 

small-scale biogas facilities. The Swedish Energy Agency (SEA) statistics indicate a fast increase 

in the biogas production from anaerobic digestion facilities after 2013 (Figure 6). It can be linked 

to the increased interest of private investments in building up large-scale commercial biogas facili-

ties within the last five years (SEA, 2018b).  

 
Figure 6: Production of biogas in Sweden, by category of facility (GWh) (SEA, 2018c) 

Usually in Sweden, 88% of the produced biogas at commercial anaerobic digestion or co-

digestion8 plants is upgraded while the share is 62% for sewage works. About 25% of the gas 

produced from farm-based biogas plants is upgraded while the rest is used for heat and electricity. 

The SEA statistics (Figure 7) indicate that 65% of the total biogas generated in 2017 was upgraded 

and used as transport fuel (SEA, 2018c). The use of biogas instead of natural gas as transport fuel 

has rapidly increased from 2012 (Figure 8). 

                                                        
7 The food that is left over, damaged during harvesting, fell while loading and transportation from farm to 
farm store, etc.  
8 Co-digestion is the simultaneous digestion of a homogenous mixture of two or more substrates (feedstocks) 
in an anaerobic digestion system. 
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Figure 7: Utilization of produced biogas in Sweden 2017 (SEA, 2018c) 

 

  
Figure 8: Use of biogas and natural gas as transport fuel in Sweden (SEG, 2018) 

The regional context 

Gävleborg County (Gävleborgs län) is located in central Sweden on the Baltic Sea coast. The re-

gion consists of 10 municipalities (Figure 9). The population of the region is 2 86399 inhabitants. 

Around 67% of the population lives in Gävle (99788), Sandviken (38949), Bollnäs (26929) and 

Söderhamn (25992) municipalities (SCB, 2018).  
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Figure 9: Gävleborg County with municipalities (to the right) and localisation in Sweden (to the left) 
(Lantmäteriet, 2019; Wikipedia, 2019) 

The total energy consumption of Gävleborg in 2016 was 26711 GWh. In 2017, the regional 

transport sector energy consumption was 3900 GWh (SCB, 2018). In the region, fossil oil has been 

used as a main transport fuel, but the use of biofuels is increasing (Figure 10). In 2010, biogas was 

introduced as transport fuel only in the city of Gävle and the situation is still the same. Two biogas 

filling stations in the city are open for municipal and private vehicles. The total biogas energy 

input to the transport sector of Gävleborg region in 2017 was about 3.6 GWh (SEA, 2018b). 

  

  
Figure 10: Fuels used as energy carrier for the transport sector in Gävleborg (SCB, 2019).*Fossil oil refers to 
petrol and diesel. **Liquid oils produced from renewable resources like ethanol, methanol, and biodiesel. 
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The total number of vehicles9 (cars, buses and goods vehicles) registered in Gävleborg county in 

2017 was 187581 (Trafikanalys, 2018). Data analysis on increase and decrease in number of vehi-

cles from 2013–2017 (Figure 11), shows that in 2017 there was an increase of 4% in light duty 

vehicles while buses declined by 4%. The increase in passenger cars remained almost the same as 

in previous years at 1%.  

 
Figure 11: Number of vehicles of different types in the region and trend (Trafikanalys, 2018) 

In Sweden by 2017, petrol-fueled passenger cars have a share of approximately 58% of the cars in 

traffic. However, the share of diesel cars has risen gradually, from 10% of the stock in 2008 to 

34% in 2017. The remaining 8% can be operated with some kind of alternative fuel, primarily 

ethanol E85. This is despite the fact that few ethanol cars have been sold in recent years, but sales 

in 2007 to 2011 were so extensive that the vehicles accounted for nearly 5% of the stock in 2017.  

In the same year, 1% of the stock consisted of gas cars while 2% were electric or hybrid electric 

(electric hybrids, plug-in hybrids and electric cars). However, by 2017 in Gävleborg petrol cars 

have been reduced by 3%, while diesel, electric, electric hybrid, plug-in hybrid and gas-fueled 

passenger cars increased by 9%, 22%, 27%, 39% and 4% respectively, compared to 2016 

(Trafikanalys, 2018).  

 

  
Figure 12: Passenger cars and fuel types in Gävleborg 2017 (Trafikanalys, 2018) 

                                                        
9 Excluding tractors, motorcycles, mopeds, snowmobiles, off-road snow scooter or off-road quad  
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The region’s ambition for the share of renewable energy in the transport sector is at least 20% by 

2020 (Region Gävleborg, 2013, 2019).  

In Gävleborg, there are two landfills, four wastewater treatment plants and one commercial 

large-scale food waste digestion facility where biogas is produced (SEA, 2017a). However, the gas 

produced at Duvbacken wastewater treatment plant and at Forsbacka biogas plant is upgraded. The 

Duvbacken wastewater treatment plant started to produce and upgrade biogas in 2010 while 

Forsbacka plant started in 2017. The upgraded biogas is mainly used as vehicle fuel for city buses, 

municipal waste trucks and cars. However, some private vehicles in the region also fill gas from 

these stations. Also, surplus gas from Forsbacka is currently (2019) sold to Sandvik for industrial 

use. The gas produced at other places (Figure 13) in the region is either used for heat and electrici-

ty production, or flared to avoid methane emissions (varying in municipalities). 

 

 
Figure 13: Current biogas production and infrastructure facilities in the region. The raw biogas produced at all 
the facilities in the region, except Forsbacka biogas and Duvbacken wastewater treatment plants, is used either 
for heating or for CHP production (varying in municipalities and plants). The gas from Forsbacka biogas and 
Duvbacken wastewater treatment plants is upgraded and mainly used as vehicle fuel. 

Municipal wastewater treatment plants 

Gävle municipality has three smaller municipal wastewater treatment plants apart from the 

Duvbacken plant. Two of them are in Axmarby and Norrsundet, while the third one is in Hede-

sunda. These four plants together have intake capacity of 106540 personal equivalent (pe). 

Duvbacken's capacity is by far the largest at 100000 personal equivalents (pe). This plant receives 

sewage from central Gävle and outer areas, which include Valbo, Forsbacka and Björke. In total, 

approximately 79000 people live in these areas. The plant additionally receives some industrial 

wastewater that amounts to about 10000 pe (Gästrike Vatten, 2018). The biogas production of the 

facility is around 600000 Nm3 per year (Nordin & Thiede, 2016). There is a plan to build a new 

plant by 2025 with modern technology beside the existing Duvbacken facility. The new plant will 

have the capacity of treating wastewater of 150000 pe (Gästrike Vatten, 2018). Based on the calcu-

lations done by Nordin & Thiede (2016), it can be predicted that with this new plant the biogas 

production could be double the amount of today’s production.  

Sandviken is the second largest municipality in the region with approximately 40000 inhabit-

ants. The municipality's largest sewage treatment plant is Hedåsen where wastewater is treated 

through mechanical and chemical treatment processes. The sludge is sent to Forsbacka where it is 

used for landfill cover. No biogas is produced. In the near future, the treatment plant is planned to 

be supplemented with a biological treatment step and possibly nitrogen treatment with biogas 

production (Sandviken Energi, 2018). 

In Bollnäs municipality around ten small and medium-sized wastewater treatment plants are 

running. These are in Bollnäs, Arbrå, Fleste, Växbo, Rengsjö, Glössbo, Segersta, Kilafors, Hällbo 

and Simeå. In the treatment plants, domestic and industrial wastewater is treated. Häggestaverket, 

which is the largest, is designed to receive and clean wastewater from 30000 people, whereas 

http://gastrikevatten.se/
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15815 peoples are connected. The wastewater is treated through mechanical, chemical and biolog-

ical processes. Some gas is produced, and burned for district heating (Helsinge Vatten, 2018).  

Hudiksvall municipality has eight wastewater treatment plants, which together treated 

wastewater from around 75% of the municipality's inhabitants. Reffelmansverket is the largest 

treatment plant in the municipality. It takes sewage from Hudiksvall town center, Sörforsa and 

Iggesund. About 9000 cubic meters of wastewater passes through Reffelmansverket every day. 

The mechanical, chemical and biological treatment processes are used. The sludge is pumped via 

heat exchanger into a rotary chamber, where it breaks down under anaerobic conditions. In this 

decomposition, methane gas is generated and used for heating and CHP (varying in treatment 

plants). The remaining sludge is dewatered and used as cover pads or as soil improver (Hudiksvall, 

2018).  

Industrial scale biogas facilities 

The Forsbacka biogas plant is the only commercial facility in the region that produces biogas from 

municipal food waste. The plant technology is dry anaerobic digestion and it operates at thermo-

philic conditions. The feedstock used in this plant normally consists of food and garden waste.  

The operating temperature is about 55°C and feedstock residence time in the digester is approxi-

mately 36 days. The plant was tested in spring 2017 and has been in full operation since Septem-

ber 2017. The current build-in waste digestion capacity of the plant is 30000 tons wet weight per 

year. Depending on the methane yield of substrate, the plant can produce 2.7–3.0 million Nm3 raw 

biogas per year, but the full capacity is not being utilized yet. It is planned that by 2020 the plant 

will be capable of producing biogas for 90 city buses (based on 33000 Nm3 consumption per 

bus/year) (Ekogas, 2018). 
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Biogas Value Chain in Gävleborg 

In this chapter, important actors of the regional biogas value chain are identified and categorized 

according to their role (Figure 14). Then, the opportunities and problems related to feedstock, 

biogas production, distribution and use as transport fuel are summarized based on the interviews 

with actors.  

Regional actors 

The identification of a knowledge gap among the value chain actors on biogas production and its 

use as transport fuel is one of the main objectives of this study. To do this, both current and future 

potential actors in the regional biogas value chain were mapped. In Figure 14, identified actors are 

listed in relation to their role in the value chain. Some of these (e.g., Gevalia, VS Trafik, etc.) are 

not part of the current regional biogas value chain but it was assumed that they can be a part of it 

in the future. All the listed actors were contacted for interviews, but not all were able to participate 

in the interview process. A list of the companies and the names of the representatives that were 

interviewed are given in Appendix 1. The interviews are summarized in the following sections.  

 
Figure 14: Biogas value chain actors in Gävleborg10 

Ekogas AB is the only company in the region that has industrial-scale biogas production from food 

waste, green waste and wastewater sludge. The company facility at Forsbacka is based on AD 

technology and produces around 6–7 thousands Nm3 raw biogas per day with 55–60% methane 

content. On average, this is 2.3 million Nm3 per year. The gas is upgraded to 97–99% CH4 content. 

The upgraded biogas is not fully utilized for vehicles and some of it is sold to Sandvik AB for 

industrial use. Until 2019, it was partly flared to avoid CH4 emissions. The main reason is low 

market demand. A few regional X-trafik buses, some municipal waste collection trucks and vehi-

cles use biogas. Additionally, Söderhamn, Bollnäs and X-trafik are considered future potential 

buyers. The company hope that they will start to use the full capacity of the plant in 2019 which 

                                                        
10 We tried to list all important relevant actors in Figure 14 but there could be even more. 
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can result in profitability (Hellström, personal communication)11. The plant digested around 10000 

tons mixed biological waste in a year (2017–18), which is one-third of its capacity. Gästrike 

Återvinnare12 has started to collect biological waste from Bollnäs, Söderhamn and Ovanåker and 

transport it to the plant. This increase in supply of feedstock will also increase the gas production 

(Nylund, personal communication)13. 

Two biogas projects were started in the region between 2006 and 2012, called Bollnäs Biogas 

and SETA. In a pre-study report, it was concluded that the Bollnäs project was not economically 

feasible while the other one was. For the Bollnäs project, transport cost was the main factor while 

the other one came into some conflicts with other local interests. Both were stopped and are still 

under consideration. However, there could be a possibility of building small farm-based biogas 

plants in Ljusdal, without upgrading unit, due to big dairy farms in the area. Investments and tech-

nical expertise are required for this (Johansson, personal communication)14. Additionally, discus-

sions are ongoing for a biogas plant outside Bollnäs based on agricultural waste, mainly manure 

and vegetable residues15.  

Feedstock and technology challenges 

The gas producers believe that there is a large potential of feedstock for biogas production in the 

region. A few actors also said that besides food waste, regional food packaging, slaughterhouse, 

forestry and agricultural sectors are equally valuable sources of biological waste. These sectors 

should be brought into the biogas value chain (Westlin, Nylund, Hellström, personal communica-

tion)11, 12, 18.  

According to the LRF representative, there is a huge potential of feedstock from agricultural 

and forest industry for biogas production but it is not yet economical. The market does not support 

due to high production price and lower number of biogas vehicle users. Hudiksvall and Dalarna 

regions have some medium-sized dairy and meat production farms. The area can potentially be 

considered a good location for farm-based biogas plants (Johansson, personal communication)14. 

The region needs to work more both with biogas technology innovation and knowledge transfer 

among the value chain actors (Hellström, Olsson, Ålander, personal communication). 

Almost all municipalities in the region have setup for biological waste management but still 

around 30–50% of the collected food waste is not used for biogas production. The reason could be 

either poor sorting or economics of separation and transportation. For example, Söderhamn has a 

potential of 2000 tons of household food waste but currently around 900–1000 tons are collected, 

of which half (500 tons) is used for biogas production while the other half is incinerated with mu-

nicipal solid waste due to low quality.16 The situation is almost the same in other municipalities. 

However, in the long run it could be a limiting resource for the local biogas producers due to buy-

ers from outside the region like Uppsala and Stockholm (Nylund, Ålander, Hellström, personal 

communication)13, 11,Error! Bookmark not defined.. 

Food waste from restaurants and schools are collected in Gävle, Hofors, Ockelbo and 

Sandviken but not from food stores like Willys, ICA, etc. Approximately, 30% of the food at food 

stores and kitchens is turned to waste and not used for energy and nutrient recovery in this region. 

Based on national statistics (SEPA, 2018), 3 kg/person food is wasted at grocery stores (Table 2). 

Based on this, it amounts to 857 tons/year (285637 persons x 3kg/person) in this region. If packag-

ing material is separated then food stores could be potential feedstock suppliers for biogas. The 

waste management company SUEZ has developed a technology to separate the food from packag-

ing materials at stores but the technology has not yet been implemented in this region. The region-

al industrial biological waste is not fully used for biogas production in the region. One of the prob-

lems with the industry waste is the wetness and higher content of metals (in some cases) that can 

increase the risk of low quality digestate (bio-fertilizer). The biogas production can be increased to 

two times the present output of the region if household waste is sorted properly, food stores and 

                                                        
11 Jonas Hellström, CEO Ekogas AB, interview was conducted on Oct. 2, 2018 
12 Gästrike Återvinnare is a regional municipal waste management company, which collects and delivers 
biological waste to the biogas plant. It is also the owner of 51% of Ekogas. For more information visit 
https://gastrikeatervinnare.se/om-oss/  
13 Thomas Nylund managing director (MD) of Gästrike Återvinnare, the interview was conducted on Sept. 
18, 2018. 
14 Based on an interview with the regional LRF manager (Håkan Johansson) conducted on Sept. 18, 2018.   
15 Jonas Hellström, CEO of Ekogas, interview was conducted on Oct. 2, 2018 
16 Low quality means food waste is mixed with plastics, metals and other non-biological waste. The 
Forsbacka plant does not take such food waste due to lack of pre-treatment technology and high quality 
standard for digestate (bio-fertilizer).  

https://gastrikeatervinnare.se/om-oss/
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industrial waste is being collected and used for biogas production, including horse manure 

(Nylund, personal communication)13.  

According to Gästrike Vatten, there is a lot of sewage sludge that can potentially be used for 

biogas production. But investors are not interested in it due to the limited biogas market of the 

region (Alenius, personal communication)17. 

Additionally, there is some marginal land in the region that can be used for energy crops like 

cereals and vegetables. However, there is no market for such crops in this region. The farmers can 

do this if they have a long-term contract with renewable fuel producers. Rapeseed and other food 

like potatoes are produced locally but usually exported and processed in other regions. The waste 

from these resources can definitely be used for renewable fuels production (Westlin, personal 

communication)18. 

Opportunities as a transport fuel 

Regional companies want to be more sustainable and are interested in biogas as an alternative 

transport fuel. Due to the absence of filling stations in the region, this ambition has not yet been 

realized. For example, Söderhamn Nära is in negotiation with Ekogas to have a filing station and 

hopes that the city will have one by the end of 2019. The plan is to have at least 60% of the vehi-

cles owned by the city (e.g. waste collection trucks, municipal service cars, etc.) on biogas 

(Ålander, personal communication).  

According to Ekogas and the County Administrative Board (Länsstyrelsen), the future of bio-

gas in this region is bright. Ekogas is in the process of building five new filling stations in this 

region. Further, according to Länsstyrelsen some companies outside of Gävleborg are also inter-

ested in building biogas infrastructure like filling stations in the region. Gasum AB and Nordic 

Gas Solutions (NGS) own some biogas production facilities in the south of Sweden. These com-

panies are in negotiation with the regional authorities and companies to build filling stations for 

industry and heavy transport in the region (e.g., in Gävle, Sandviken, Bollnäs and Hudiksvall). 

These companies want to bring their own gas. The companies have received funding to put up 

filling stations but the work has not started yet. Additionally, many big actors in this region have 

already started to use renewable fuels like biogas, biodiesel and ED95 (Westlin, personal commu-

nication)18. 

In total seven filling stations are in planning for this region in two years (2019–20). It is hoped 

that after this development, the market for biogas as a transport fuel will get a boost. There are 

indications that the city bus and waste management companies and municipalities will order bio-

gas vehicles in 2019 and 2020. Some procurement has been done, e.g. the number of Gävle city 

buses on biogas will reach 40-50 by 2021(Gefle Dagblad, 2019). The procurement for some gar-

bage trucks and small municipal vehicles for this region is in process. Gävle Drift & Service has 

also ordered 22 new biogas cars and it is hoped that these cars will be on the road within 2020 to 

2021. It is assumed that by 2025 to 2027, some heavy trucks and private cars will be on biogas 

(Westlin, personal communication). 

Some actors think that biogas has limitations as an alternative transport fuel due to different 

storage and combustion engine technology compared to biodiesel. A few of them, such as regional 

small and medium-sized freight companies have strong concerns about biogas as a long-term via-

ble solution as transport fuel. They want to be 100% sure that biogas is a viable solution for them 

from economic, technical and political or legislative perspectives. It is argued that the companies 

have very little economic margin and shifting part of the fleet to biogas is a big step for them 

(Thunborg, personal communication).19  

Key challenges experienced by the actors 

The value chain actors have experienced different problems and are facing different challenges 

related to biogas production, distribution and adaptation as transport fuel. While interviewing 

representatives of the organizations mentioned in Appendix 1, a number of challenges of different 

nature (e.g., regulative, financial, etc.) were brought up. Some were company specific while others 

could be recognized as general. Some important challenges for the regional biogas sector are: 

 

                                                        
17 Elisabet Aulenius, Process engineer, Gästrike Vatten AB. Interview was conducted on November 7, 2018. 
18 Aron Westlin, Agronomist, Climate and energy coordinator, unit for governance and coordination. 
Länsstyrelsen Gävleborg. Interview was conducted on Oct. 8, 2018  
19 Philip Thunborg, analyst at Företagarna. Interview was conducted on Oct. 19, 2018.  
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 Getting permits is a slow process and requires a lot of effort, particularly when it 

comes to upgrading existing facilities or building a new plant or filling stations. 

 Regional politics can play a big role in the transition to a fossil-free transport sector. In 

some municipalities of the region, politicians are not supporting biogas as a transport 

fuel. There is a great need to present the holistic view20 of the biogas system for the 

city or the region.  

 Insufficient supportive regulations at national and regional levels, like financial sup-

port, market creation and incentives to increase resource productivity are key factors in 

the development of the sector. The financial support should be for longer time periods. 

To achieve higher benefits from the produced biogas, best use market such as biogas 

for transport should be promoted.  

 The import of biogas from other countries like Denmark is a problem for the local pro-

ducers. The Danish biogas producers have subsidies and can sell the gas at a lower 

price compared to Swedish producers. The country either should adopt the same model 

or increase the taxes on imported biogas to facilitate the local biogas sector.   

 Technical expertise is one of the big needs of the sector. The actors lack such expertise 

in their network, particularly farmers who want to build small biogas plants at their 

farm.  If they get such support, the sector can contribute substantially to local energy 

security and nutrient recycling plans.  

 To produce more biogas with fewer resources will require more research and technical 

skills development. These are challenging tasks for the value chain actors21. 

 The open market for biological waste is also an obstacle in the building of a local cir-

cular economy. For example, other regions like Uppsala offer low treatment price for 

biological waste and some municipalities accept this low price and send the waste out 

of the region.  

 Regional transport companies want to see a clear long-term political strategy, policies 

and supporting schemes for renewable fuels before shifting a part of their fleet to bio-

gas.   

                                                        
20 A system analysis approach which encompasses all types of advantages and disadvantages of a technology 
or system. The holistic view of the biogas system means it is important from multi-functioning and multi-
objective point of view, like treating society´s waste or low value resources to generate higher value products 
like biogas for energy security and nutrient recycling.   
21 The information is based on an overall assessment by the author after interviewing the value chain actors.  
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Regional Theoretical Biogas Potential 

Based on biogas technologies defined in Chapter 0, anaerobic digestion (AD) is currently an avail-

able technology in the region. The most suitable feedstock for this technology is biological waste 

from different sources. However, the current biogas production plant at Forsbacka does not take in 

all different types of biological waste that AD technologies can treat, due to some technical and 

digestate quality limitations. Below we estimated theoretical biogas or bio-methane potential ( 

Figure 15). It is based on current available knowledge on biological feedstock from different 

sources in the region that AD technology can treat. The feedstock is divided into ten different 

categories (Table 3).   

 

Table 3: Feedstock categories for biogas potential assessment, data references, and assumptions for the quan-
tification of substrates. 

Series 
number Feedstock category Assumptions/limitations Data source 

1 Household food waste 
(incl. garden waste) 

The amount of food waste per person is based 
on Gästrike Återvinnare statistics.  

Direct contact with 
the company 
 

2 Food industry biological 
waste 

It includes the biological waste from food 
industry, supermarkets, large-scale catering, 
restaurants, agriculture and fisheries, coffee 
shell, fat, fried fat, fat separator sludge. The 
amount of substrate is estimated based on 
national average values (kg/person-year) 
(Table 2) 

(SEPA, 2018) 

3 Other industry biological 
waste 

It includes the biological waste from stillage 
(Mackmyra Svensk Whisky), Gevalia (coffee 
producer, Gävle) and pulp and paper industry 
waste in this region. Data is not complete.  

The available data 
primarily obtained 
from direct contact 
with the industry. 

4 Sewage sludge Primary data is based on Duvbacken environ-
mental report 2017 

Direct contact with 
the industry 

5 Landfill gas Data on amount of gas being collected is from 
SUEZ company and Hudiksvall municipality 

Direct contact with 
the companies 

6 Animal manure Biogas production is done based on the meth-
odology defined and used in Tufvesson, Lantz, 
& Björnsson (2013) 

Primary data on 
number of animals 
are based on SCB, 
(2017) 

7 Legumes  10% of  dedicated arable land of which 25% of 
legume production is assumed to be used as 
feedstock for biogas 

Primary data is from 
SCB, (2017) 

8 Oilseed crops  10% of dedicated arable land of which 25% of 
oilseed production is assumed to be used as 
feedstock for biogas 

Primary data is from 
SCB, (2017) 

9 Ley and green fodder 25% of  fallow land of which 100% ley and 
green fodder production is assumed to be 
used as feedstock for biogas 

Primary data is from 
SCB, (2017) 

10 Temporary grass & graz-
ing  

10% of dedicated arable land of which 25% 
produced grass is assumed to be used as 
feedstock for biogas 

Primary data is from 
SCB, (2017) 
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Note: Primary data on number of hectares for categories 7–10 are taken from Swedish agricultural statistics (SCB, 2017), 

and the amount of TS/hectare and biogas yield/ton TS is based on Eriksson & Hermansson (2009). Assumptions regarding 

percentage of arable land and feedstock out of that area are based on the methodology described in Lönnqvist, Silveira and 

Sanches-Pereira (2013). Dedicated arable land refers to the number of hectares suitable or in use in the region for that 
particular crop. 

 

Two equations are used to calculate the theoretical biogas potential of the region. The first one is a 

general equation and the second is a specific equation for energy crops. 

 

S × Y × E = P      (1) 

 

Where:  

S = amount of substrate [ton] 

Y = yield [Nm3 CH4/ton TS] 

E = energy content of gas [GWh/Nm3 CH4] and  

P = biogas potential [GWh] 

 

 

A × Y × M × E = P     (2) 

 

Where:  

A = area of available land for energy crops [hectares] 

Y = yield [ton TS/hectare] 

M = methane yield [Nm3 CH4/ton TS] 

E = energy content of gas [GWh/Nm3 CH4] and  

P = biogas potential [GWh] 

 

Based on methane yield per ton TS/VS through anaerobic digestion, it is calculated that the region 

has a potential of 27.5 million Nm3 bio-methane (CH4). The distribution is illustrated below ( 

Figure 15. For detailed information on the calculation procedure, see table 7 and 8 in appendix 3.  

 

 

Figure 15: Biomethane production potential in Gävleborg [Nm3 CH4/year]. 

In order to see the energy contribution of each selected feedstock category (Table 3) to the region-

al energy system, the methane potential is converted to energy [GWh/year] based on 9.67 

kWh/Nm3 of methane. It can be seen from Figure 16 that around 44% of the estimated energy is 

linked to ley and green fodder and 26% to animal manure. The maximum amount of energy that 

can be extracted from regional household food waste is 47 GWh which is 15% of the total estimat-

ed energy.  
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Figure 16: Potential amount of energy by feedstock category based on biogas production potential of the region 
[GWh/year] 
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Discussion 

In Gävleborg, biogas is mainly produced from food waste, sewage sludge and landfills. At present, 

around 70% of the household food waste from five22 municipalities of the region is used for biogas 

production in the region while the other five either export to other regions or are not sorting. In 

total 3.5–4.0 million Nm3 biogas with 50–65% CH4 content is currently produced in Gävleborg. 

Only the gas produced at Forsbacka biogas plant and at Duvbacken wastewater treatment plant is 

upgraded and mostly used as transport fuel.  

The total estimated regional biogas potential from sewage sludge (excluding industry) is 2.5 

million Nm3 (Figure 15) while 0.8 million Nm3 enters the system through the Duvbacken plant. 

Other wastewater treatment plants in the region are either not producing any gas or using the pro-

duced gas for heat and electricity production. There is a need to investigate how the sewage sludge 

from the rest of the municipalities can efficiently be used for gas production. 

The regional agricultural sector consisting of ley and green fodder, temporary grass and gas-

sings and animal manure is the biggest potential source of feedstock for biogas production. The 

estimated potential of the sector is 23.5 million Nm3 where 14.1 million Nm3 can be produced 

from ley crops only. Some biogas plants in Sweden are using ley crops as feedstock in a co-

digestion process but the negative technical and economic aspects limited its use as feedstock for 

biogas production. Higher cultivation energy input, storage and transportation costs are some 

negative economic externalities whereas, pretreatment requirements due to higher dry matter con-

tent 20 to 25% and the formation of higher amount of ammonia during digestion process are tech-

nical related issues (Ammenberg & Feiz, 2017). Further, no biogas facility exists where manure 

and ley crops can be used for gas production in the region. The biggest reason for this is the lack 

of a biogas market besides financial support and technical skills. Based on actors’ interviews, 

setting up a network and technical support system for biogas are the most important needs of the 

farmers. 

The regional food and forest industry residues are important sources of feedstock for biogas 

production. The forest industry residues and parts of trees which are not used today are attractive 

for biogas and other biofuel production. Residues from pulp mills include black liquor, tall oil, 

bark, and methanol condensate. Sawmill residues include wood chips, bark, and sawdust, and 

harvesting residues, such as twigs, tops and stumps. The theoretical potential is large but has not 

yet been utilized. The hindering factors are the lack of suitable biogas technology and information 

about actual efficiency of the system. . To increase the volume of biogas production substantially, 

different types of feedstocks need to be introduced into the biogas system. The forest and food 

industry residues with food waste should be used. The regional food industry, grocery stores, large 

kitchens and schools should also contribute to maximize the use of existing biogas technology.  

To use these resources, the regional biogas technology should be advanced in terms where such 

feedstocks can be used effectively. On the other side biogas demand needs to be increased as well. 

To increase demand, setting up filling stations in each municipality of the region with require-

ments for a certain number of municipal vehicles on biogas are recommended. 

Some actors expressed their concern about the export of local biological waste to other regions 

like Uppsala and Stockholm. They wish that there would be more food processing companies in 

this region so that the locally produced food like potatoes would not be processed elsewhere and 

the processing waste could be used locally to produce renewable fuels. According to our calcula-

tions (Table 7 and 8 in Appendix 3), the maximum estimated food waste from household and food 

industry is 43000 tons/year (wet weight) which can produce 6.14 million Nm3 CH4. Based on 

Trafikanalys (2018a) statistics from 2017, the total number of buses and cars in the region were 

370 and 152271, respectively. The estimated total gas needs to be around 240 million Nm3, assum-

ing a city bus consumes 33000 Nm3 a year and a car 1500 Nm3 a year (Eriksson & Hermansson, 

2009). This means biogas alone cannot meet the energy demand of the transport sector. The esti-

mated theoretical 32.6 million Nm3 CH4 can be used for 980 city buses or 21600 cars (which run 

20000 km/year and use 7.5 Nm3 per 100km).  

The method used for the estimation of biogas potential has also been used in many other re-

search studies  e.g. Lönnqvist, Sanches-Pereira, & Sandberg, 2015; Lönnqvist et al., 2013; 

                                                        
22 Gävle, Sandviken, Hofors, Ockelbo, Söderhamn 
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Mårtensson, 2017; Staffas et al., 2013; Tufvesson et al., 2013). There is a risk that we have double 

counted or completely missed some flows, for example, forest residues which are intentionally 

omitted due to biogas technology and data limitations at regional level. In the case of CH4 yield 

estimation per unit of feedstock type, the method can be associated with some issues because the 

values are based on lab-scale experiments and taken from literature. This can lead to overestima-

tion but also to underestimation because simultaneous digestion of different substrates can produce 

symbiosis effects. Also, the technical and chemical aspects are omitted in this study. 

Additionally, in the view of some actors, maybe after 2050, biogas will no longer be a transport 

fuel. Electrification, bio-petrol and biodiesel, and hydrogen will be the main energy carriers for 

transport. Such views are partly supported by the EU policies on electric vehicles and world car 

manufacturing industry. There is a possibility that in the future biogas may be converted to hydro-

gen due to policies in favor of electrification and hydrogen fuel cells. For example, Toyota has 

announced that after 2050 they will only produce hydrogen cars (Toyota Europe, 2018). This as-

pect makes some actors reluctant to take decisions on having biogas as a transport fuel for their 

fleet. 

Biogas is considered a unique asset of a society which can play an increasingly important role 

in the transition to being more sustainable (SGA, 2018). Every society produces waste, which has 

to be managed in an efficient way. Various kinds of approaches have been investigated for food 

waste processing and management. The biological degradation with energy recovery (anaerobic 

digestion) approach has appeared as one of the most eco-friendly and promising solutions for food 

waste management. The recovered energy and nutrients (bio-fertilizer) can contribute to the in-

creasing energy and fertilizer demands of society (Paritosh et al., 2017; SGA, 2018). On average, 

the Gävleborg region can produce 2.6–2.8 million Nm3 of bio-CH4 only from food waste through 

anaerobic digestion (Jonas et al., 2017). 

Gävleborg, with its strategic location in central Sweden by the Baltic coast, is known as a re-

gional hub for national and global business markets. The region's well-developed transport infra-

structure provides good access to neighboring regions in Sweden and the surrounding Baltic coun-

tries, and even Europe and beyond. This geographic importance puts requirements on the region to 

meet the ongoing developments in its surroundings, for example, the use of biofuels for transporta-

tion. In Sweden, there are around 180 gas filling stations for light and heavy vehicles (Figure 17) 

but almost all stations are located in the southern part of the country. Only two are in Gävleborg, 

with one in Gävle and one in Forsbacka. Furthermore, the neighboring regions, e.g. Stockholm and 

Uppsala, have good infrastructure for biofuels including biogas for vehicles. Gävleborg should 

also take measures to increase the production and use of biofuels including biogas for its transport 

sector to increase business opportunities. According to the value chain actors, there is an urgent 

need to develop this infrastructure. However, some developments in this direction were mentioned 

in the interviews (Section 0). 
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Figure 17: Vehicle gas filling stations in Sweden. Yellow and blue colours indicate the number of filling stations 
in an area while red indicate a single station location. These stations could have biogas, natural gas or a mix of 
both (Energigas, 2018). 
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Conclusions 

The conclusion based on this research is that the region has much more feedstock for biogas pro-

duction than its current installed capacity of biogas technologies. Further development of the exist-

ing biogas technology, in addition to new biogas plants, is needed so that in addition to food waste 

other types of feedstock (e.g. from forest industry and agricultural sectors) can be used for gas 

production. The regional SMEs and other value chain actors are very interested in the use of bio-

gas as a transport fuel, but insufficient biogas infrastructure and regional policies on biogas as a 

transport fuel are main issues in the development of this sector. The process of getting permits for 

building filling stations should be fast and stations should be built at appropriate locations to max-

imize access. Additionally, in the long-term development of the sector, other possible usages of 

biogas like energy source for industry, shipping or as a raw material for chemicals or intermediate 

products should be considered. The value chain actors need to work more closely to make the most 

of this valuable resource. 
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Further Work 

This study presented several actors involved in biogas-related activities in Gävleborg region. It 

also presented their views on challenges and opportunities for biogas as transport fuel. The focus 

was on provision of feedstock, biogas production and use within the region. However, it is im-

portant that the resources within the region are used for the applications that create the most value 

from system perspective and are utilized as efficiently as possible. The utilization should maxim-

ize the economic benefits with least environmental harm. Based on this and above discussion fol-

lowing aspects are suggested to investigate in future studies. 

 

 Identify the limitations of regional resources for biogas and other renewable fuels pro-

duction from environmental and economic perspectives 

 Optimize the use of biogas along with other alternative fuels in various transportation 

fleets 

 Suitable ways through which the value chain actors can work together to maximize up-

graded biogas production  

 How barriers in the adaptation of biogas as a transport fuel in the region can efficiently 

be minimized to improve biogas market   
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Appendices 

Appendix 1 List of actors and companies interviewed in Gävleborg county 

 

Com-

pany/Organization 

Person interviewed Role in the organizat-

ion 

Interview date 

Ekogas Jonas Hellström CEO  09/28/2018 

Borab, Bollnäs Dan Erik Nordin CEO  10/02/2018 

Gästrike Återvinnare Thomas Nylund CEO  09/18/2018 

Länsstyrelsen Westlin Aron Agronomist, Climate 

and energy coordinator 

10/03/2018 

Söderhamn Nära  Håkan Ålander Manager 10/03/2018 

Region Gävleborg Helena Olsson Environmental strategy 

manager 

11/15/2018 

LRF Håkan Johansson,  Regional Manager  

(Dalarna & Gävleborg) 

09/18/2018 

Företagarna Philip Thunborg Analyst 10/19/2018 

Gästrike Vatten AB Elisabet Aulenius Process Engineer 11/07/2018 

 

Appendix 2 Manure Inventory; quantities, properties and biogas potential 

Amount of manure and biogas potential 

In the present study, the biogas potential is based on the methodology and statistics described in 

Tufvesson et al. (2013). Table 4 presents the assumed manure production for cattle and pigs, de-

pending on how the manure is handled and how much is assumed to be in stable form. The table 

should be read as that the manure is handled as liquid manure, solid manure or bedding. Thus, the 

quantities should not be added together. Assumptions about how the manure is handled and me-

thane yield are shown in Table 5. Table 6 presents the assumed manure production for poultry, 

horses and sheep, as well as methane yield. Since the proportion of dry matter (TS) can vary con-

siderably between different farms (Linné et al., 2008), only the assumed production of TS is stat-

ed. Finally, in Table 6, the total number of animals on which the calculations are based is given. 

 

Table 4. Assumed annual manure production per species (Lantz and Björnsson, 2011). 

 
Liquid manure  Solid manure  Bedding  

Stall 

manure  

 Species 

Wet 

weight 

(ton/year) 

TS (%) 

Wet 

weight 

(ton/year) 

TS (%) 

Wet 

weight 

(ton/year) 

TS (%)  

Dairy cows  26.5 9 10.8 20 15 25 80 

Other cows  12.2 9 5.9 20 7 25 60 

Calves < 1 year  6 9 2.7 20 3.4 25 65 

Heifers, steers & bulls 

> 1 year  
10.3 9 4.4 20 6 25 60 

Sows  7.8 8 2.3 23 4.4 30 100 

Fattening pigs (per 

place)  
2.6 6 0.5 23 – 30 100 
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Table 5. Distribution between type of manure and assumed methane yield (Lantz and Björnsson, 2011) 

Species  Manure (t TS) 
Stall 

manure (%) 

Methane yield 

(m3/t TS) 

Laying hens – 1000 places  11 100 150 

Chicks – 1000 places  3.3 100 150 

Broiler chickens – 1000 places  5 100 150 

Turkeys – 1000 places  12 100 150 

Horses  1.5 50 120 

Ewes and rams  0.25 50 120 

Lambs  0.1 50 120 

 

Table 6. Number of animals based on biogas potential is accounted (SCB, 2018). 

Species  Number 

Dairy cows  8188 

Other cows  6785 

Calves < 1 year  12899 

Heifers, steers & bulls > 1 year  13965 

Sows  92 

Fattening pigs  6720 

Laying hens  76821 

Chickens  - 

Broiler chickens  - 

Turkeys  - 

Horses  11700 

Ewes and rams  9727 

Lambs  8826 

 

 
 

 



51 

Appendix 3 Biogas Potential calculation tables 

Table 7.  

Jordbruk 

Substrat: Djurslag Nuvarande behandling 
Antal djur 

(SCB 2018) 

TS-halt 

(%) 

Fastgödsel-

Metanutbyte 

(m3/t TS) 

Fastgödsel-

Våtvikt 

(ton/år-djur) 

TS 

(ton/år-

djur) 

TS 

(ton/år) 

Metan 

(Nm3) 

Gaspro-

duktion 

(GWh) 

Kommentar Referens 

Mjölkkor  Kompostering Mullbacka? 8 188 20% 150 10,80 2,16 17 686 2 652 912 25,7 
Based on reference 
methodology 

5 

Övriga kor  Kompostering Mullbacka? 6 785 20% 150 5,90 1,18 8 006 1 200 945 11,6 
Based on reference 
methodology 

5 

Kalvar < 1 år  Kompostering Mullbacka? 12 899 20% 150 2,70 0,54 6 965 1 044 819 10,1 
Based on reference 
methodology 

5 

Kvigor, stutar & tjurar 
> 1 år  

Kompostering Mullbacka? 13 965 20% 150 4,40 0,88 12 289 1 843 380 17,8 
Based on reference 
methodology 

5 

Suggor  Förbränning Johannes KVV 92 23% 180 2,30 0,53 49 8 760 0,1 
Based on reference 
methodology 

5 

Slaktsvin  Förbränning Johannes KVV 6 720 23% 180 0,50 0,12 773 139 104 1,3 
Based on reference 
methodology 

5 

Värphöns  Förbränning Johannes KVV 76 821 100% 150 11,00 0,01 845 126 755 1,2 
Based on reference 
methodology 

5 

Unghöns  Förbränning Johannes KVV 0 100% 150 3,30 0,00 0 0 0,0 
Based on reference 
methodology 

5 

Slaktkycklingar  Förbränning Johannes KVV 0 100% 150 5,00 0,01 0 0 0,0 
Based on reference 
methodology 

5 

Kalkoner  Förbränning Johannes KVV 0 100% 150 12,00 0,01 0 0 0,0 
Based on reference 
methodology 

5 

Häst  Förbränning Johannes KVV 11 700 50% 120 1,50 0,75 8 775 1 053 000 10,2 
Based on reference 
methodology 

5 

Tackor och baggar  Förbränning Johannes KVV 9 727 50% 120 0,25 0,13 1 216 145 905 1,4 
Based on reference 
methodology 

5 

Lamm  Förbränning Johannes KVV 8 826 50% 120 0,10 0,05 441 52 956 0,5 
Based on reference 
methodology 

5 

Totalt för djurslag:       57 046 8 268 536 80   

Substrat: Vallgrödor Nuvarande behandling 

Antal 
hektars 

(SCB 2018) 

TS-halt 
(kg 

TS/ha) 

Spec. biogas-
prod. (kWh 
biogas/ha) 

- - 
TS 

(ton/år) 
Metan 

(Nm3) 

Gaspro-

duktion 

(GWh) 

It is asumed that 10% of 
available arable land of which 
25% is used for biogas 
feedstock. 

1 

Legumes/baljväxter 10% of dadicated arable 
6,6 4500 12000 - - 7 8 190 0,1 

Gas production and TS/ha 
are based on reference 1. 

6 
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land of which 25% used  

Oilseed 
crops/Oljeväxter 

10% of dadicated arable 
land of which 25% used  

10,625 4500 12000 - - 12 13 185 0,1 
Gas production and TS/ha 
are based on reference 1. 2, 6 

Ley and Green fod-
der/Vall och grönfoder 

25% of available fallow land 
of which 100% used for 
biogas 

11376,5 4500 12000 - - 25 597 14 117 684 136,5 
Gas production and TS/ha 
are based on reference 1. 2, 6 

Temporaroy grass & 
grasings/Slåttervall 
och betesvall 

10% of dadicated arable 
land of which 25% used  901,75 4500 12000 - - 1 014 1 119 028 10,8 

Gas production and TS/ha 
are based on reference 1. 2, 6 

Totalt för vallgrödor: - - - - - - 26 631 15 288 087 148 
Gas production and TS/ha 
are based on reference 1. 2, 6 

Totalt för jordbruk: - - - - - - 83 677 23 526 623 227,5   

          
  

Avloppslamgas 

Substrat 
pe-anslutna (person equ-

vilant(pe)) 

Slam 
behandlat i 
2017 (ton) 

TS-halt 
(%) 

Slam(primär+b
iologiska) 
(ton/pe,år) 

Slam-Våtvikt 
(ton/år) 

Gas 
produk-

tion 
(KWh/å

r) 

TS 
(ton/år) 

Metan 
(Nm3/år 

Gas pro-
duction 
(GWh) 

Kommentar Referens 

Rötning på Duvback-
en (Möjligt externt 
organiskt material till 
rötning) 

96 668 6178 21% 0,063909463 6 178 
821000

0 
1285,02

4 
823 470 8,0 

Rötgassens energi har 
beräknats utifrån en methne 
halt på 62% och 
9.97kwh/Nm3. det mötsava-
rande 640.82 Nm3/ton, TS 
avlopslam 
 

4 

Gävle-Slam 101 665 - - - 6 497 - 1351,45 866 036 8,4 

The values are calculated 
based on the Duvbacken 
information. Slam per person 
is estimated and then base on 
this gas potential of each 
municipality is derived. 

 

Hofors-Slam 9 599 - - - 613 - 127,601
12 

81 769 0,8 
 

Sandviken-Slam 39 821 - - - 2 545 - 529,347
26 

339 216 3,3 
 

Ockelbo-Slam 5 851 - - - 374 - 77,7783
28 

49 842 0,5 
 

Bollnäss-Slam 27 308 - - - 1 745 - 363,009
84 

232 624 2,2 
 

Söderhamn-Slam 26 193 - - - 1 674 - 348,187
96 

223 126 2,2 
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Ovanåker-Slam 11 808 - - - 755 - 156,965
73 

100 587 1,0 
 

Hudiksvall-Slam 37 579 - - - 2 402 - 499,543
97 

320 118 3,1 
 

Nordanstig-Slam 9 531 - - - 609 - 126,697
19 

81 190 0,8 
 

Ljusdal-Slam 19 218 - - - 1 228 - 255,468
11 

163 709 1,6 
  

Teoretisk tillkom-
mande biogaspro-
duktion from avlop-
slam 

- - - - - - 3580,58 2 458 217 23,77 

  

          
  

Deponigas 

Substrat        
Metan 

(Nm3/år 

Gas pro-
duction 
(GWh) 

Kommentar Referens 

Landfill- Forsbacka 
nuvarande produktion och 
upgraderad 

- - - - - - 219 000 2,1 
beräknat utifrån 50% me-
tangas i deponigasen 

3 

Landfill- Hudiksvall - - - - - - - - -   

Total från Deponi - - - - - - - 219 000 2 
  

Not: Använda värmevärden: Undre värmevärde, biogas = 6,5 KWh/Nm3; Undre värmedvärde, metan = 9,67 KWh/Nm3. Värden enligt Nordin & Thiede (2016). 
1.  Eriksson & Hermansson (2009) 
2. SCB (2017) 
3. Data received from Larsson, J. through email jimi.larsson@suez.com [Date: ] 
4. Duvbackens reningsverk (2017) 
5. Tufvesson, Lantz & Björnsson (2013) 
6. Lönnqvist, Silveira, & Sanches-Pereira (2013) 

mailto:jimi.larsson@suez.com
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Table 8.  

 

Matavfall från hushåll (inkl. trädgårdsavfall) 

Substrat 
Avfall 

(kg/pers,år) 
TS-halt 

(%) 
VS av TS 

(%) 

Metanutbyte 
(m3 CH4/ton 

TS) 

Våtvikt 
(ton/år) 

Torrvikt 
(TS ton/år) 

VS 
(ton/år) 

Gasprod. 
(CH4 mn3) 

Gasprod. 
(GWh) 

Kommentar, Ref Ref 

 115 27% 87% 552 32848,255 8 869,03  
4 895 
703,93 

47,34 Direct contact Ekogas AB 

Livsmedelsindustrin biologiskt avfall (kg/person, år) 

Substrat 
Avfall 

(kg/pers,år) 
TS-halt 

(%) 
VS av TS 

(%) 

Metanutbyte 
(m3 CH4/ton 

TS) 

Våtvikt 
(ton/år) 

Torrvikt 
(TS ton/år) 

VS 
(ton/år) 

Gasprod. 
(CH4 mn3) 

Gasprod. 
(GWh) 

Kommentar, Ref Ref 

Livsmedelsindustrin 
5,00 0,33 0,85 552,00 1 428,19 471,30 1213,96 260 158,18 2,52 Waste characterization is 

based on reference 1. 
2 

Mataffärer 
3,00 0,33 0,85 552,00 856,91 282,78 728,37 156 094,91 1,51 Waste characterization is 

based on reference 1. 1 

Storskalig catering 
7,00 0,33 0,85 552,00 1 999,46 659,82 1699,54 364 221,45 3,52 Waste characterization is 

based on reference 1. 1 

Restauranger 
7,00 0,27 0,87 552,00 1 999,46 539,85 1739,53 297 999,37 2,88 Waste characterization is 

based on reference 1. 1 

Jordbruk och fiskeri 
10,00 0,42 0,98  2 856,37 1 199,68 2799,24 0,00 0,00 Waste characterization is 

based on reference 1. 1 

Kaffeskal 
1,84 0,28 0,92 985,00 525,57 147,16 483,53 144 952,78 1,40 Waste characterization is 

based on reference 1. 1 

Fett, stekt fett 
0,10 0,90 1,00 757,00 28,56 25,71 28,56 19 460,45 0,19 Waste characterization is 

based on reference 1. 1 

Fettseparator slam 
0,40 0,04 0,95 648,00 114,25 4,57 108,54 2 961,48 0,03 Waste characterization is 

based on reference 1. 1 

Total från hushållens och 
industrins biologiska avfall 

    9 809 3 331 8 801 1 245 849 12,05   

Övriga industrin biologiska avfall 

Substrat 
Avfall 

(ton/år) 

TS-halt 
(% of 
WW) 

VS av TS 
Metanutbyte 
(m3 CH4/ton 

TS) 

Våtvikt 
(ton/år) 

Torrvikt 
(TS ton/år) 

VS 
(ton/år) 

Gasprod. 
(CH4 mn3) 

Gasprod. 
(GWh) 

Kommentar, Ref Ref 
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Drav (Mackmyra Svensk 
Whisky) 

27 000 1% 70% 145  162 113 16 443 0,16  3, 4 

Givalia (Coffe producers, 
Gävle) 

3 500 6% 84% 185  196 165 30 458 0,29  
 

Pulp and paper industry waste 
(Chemical-Kraft) 

11 000 1% 70% 145  66 46 6 699 0,06 
 5 

Fiberslam med mesa och bark 2 800 1% 70% 145  17 12 1 705 0,02 
 6 

Fiberslam (blekerier) 3 500 1% 70% 145  21 15 2 132 0,02 
  

Bioslam 27 000 1% 70% 145  162 113 16 443 0,16 
  

Fiberrejekt 3 500 6% 84% 185  196 165 30 458 0,29 
  

Fiberrejekt från sedimentering 11 000 1% 70% 145  66 46 6 699 0,06 
  

Total potential från övrigt 
industriavfall        57 437 1 

  

Not: Använda värmevärden: Undre värmevärde, biogas = 6,5 KWh/Nm3; Undre värmedvärde, metan = 9,67 KWh/Nm3. Värden enligt Nordin & Thiede (2016).; Total population 207 in Gäv-
leborg region 285 647 people; Total population 2018 in Gästrikland 156 936 people. 
1.  Carlsson & Uldal (2009) 
2. SEPA (2018) 
3. Karlsson, Truong, Gustavsson, Svensson, Nilsson & Ejlertsson (2011) 
4. Biologisk behandling i Gästrikland, delrapport 2. 
5. Data received from Billerud Korsnäs through email: Leif.O.Karlsson@billerudkorsnas.com [Date: ] 
6. Data received from Iggesund Paperboard AB through email: sten.valeur@holmen.com [Date: ] 
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