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Executive summary
The increasing emissions from the transport sector have become a global concern as these emissions contribute to climate change. One way to reduce carbon dioxide (CO2) emissions from the
transport sector is to replace fossil fuels with biofuels. The diesel engine is important for transports
in society, especially since it is more efficient and more powerful compared with the gasoline
engine. Therefore, replacing fossil diesel with biodiesel is one feasible option for achieving short
and long-term emission targets. Fatty acid methyl esters (FAME) and hydrotreated vegetable oils
(HVO) are the two kinds of biodiesel being used in Sweden. The raw materials are vegetable and
animal oils and fats and the production method is esterification for FAME and hydrotreatment for
HVO. HVO is more similar to fossil diesel and higher blends can be used in existing diesel engines if the vehicle manufacturer has approved it whereas FAME requires vehicle modifications
when used in higher blends. Both HVO and FAME can be used as drop-in fuel with fossil diesel,
but only up to 7% for FAME according to regulations. The Swedish consumption of HVO has
increased rapidly in recent years. In 2017 it was more than 20% of the total globally produced
HVO that year. Furthermore, the dependence on imported raw materials is heavy. Only 3% of the
raw materials for FAME and only 5% of the raw materials for HVO sold in Sweden were of Swedish origin in 2017.
Since the feedstocks used for biodiesel production are of limited availability and have competing
uses, it is important to increase the knowledge of local resources. The County of Gävleborg has
many large forest-related industries. The actors at different levels of the supply chain have important roles in the challenges to reduce fossil fuel dependence. The overall aim of this report is to
investigate the current status and future prospects of biodiesel feedstocks and production technologies for FAME and HVO from a regional perspective. This is achieved by two separate approaches. First, a literature review is done through which potential feedstocks and production processes
are described. The feedstocks are categorized into different generations. Second, ongoing and
upcoming activities related to biodiesel production in Gävleborg County are explored through
interviews with regional actors. The interviewees are representatives from companies with activities in Gävleborg County: Setra, BillerudKorsnäs, Iggesund, Rottneros and Colabitoil.
Raw materials belonging to the first generation compete with food production. For biodiesel these
raw materials are different types of vegetable oils. The main ones worldwide are palm oil, soybean
oil, rapeseed oil and sunflower oil. These raw materials can be used as feedstock for both FAME
and HVO. In Sweden the agricultural activity is relatively low and even lower in Gävleborg County. The extensive use of land and competition with food production makes these type of raw materials for biodiesel production questionable. But arguments can be made that the vegetable oils have
good traceability and this can lead to better control to ensure a sustainable biodiesel value chain.
Second-generation raw materials are non-food based. There are a variety of different types. Some
are already being used and some are potential biodiesel feedstocks for the future. The ones presented in this report are animal fats, fish oils, waste cooking oils (WCO), pyrolysis oil, lignin and
crude tall oil (CTO). Animal fats and fish oils can also be considered first-generation raw materials
since they might be edible. There are strict health regulations for human food and the fats and oils
that do not live up to the regulations can be used for other purposes. Animal fats and fish oils can
also be used as animal feed and production of different chemicals. It is not obvious which use is
best, but generally it seems that biodiesel and other energy uses are regarded as the least valuable
in comparison. An important issue to consider is that the availability of animal fats and fish oils
depends on the demand for meat.
WCO is a feedstock for biodiesel which is currently used by Colabitoil in their pilot plant for
HVO. It seems that the profitability of using WCO is dependent on the production capacity of the
WCO producers and the distance between them since these two factors affect the fuel consumption
during collection. It is optimal to have one big WCO producer in order to minimize the collection
costs. In theory, there could be a situation in which there are so many small producers that more
fuel is required for collection than is gained in biodiesel production.
Pyrolysis oil from biomass is an interesting future source for biodiesel. It is a heterogeneous mixture of compounds and contains a lot of oxygen. Pyrolysis oil is definitely a raw material that

needs catalytic hydrotreatment for upgrading. It is therefore considered an HVO feedstock and not
feasible for FAME. This study did not clarify how much pyrolysis oil will end up as diesel fuel
and how much will end up as gasoline or other products. A pyrolysis plant for production of pyrolysis oil from sawdust might be built at Setra’s sawmill Kastet in Gävle. The pyrolysis oil will
then be used as a feedstock for diesel and gasoline fuels in Preem’s refinery.
Lignin is one of the main components of wood. In the production of pulp by the sulfate process
lignin is separated from the pulp as a component in the black liquor. The lignin is then primarily
burned for energy purposes in the recovery boiler. The three pulp mills within Gävleborg County
all use the sulfate process. At the pulp mill owned by Rottneros in Vallvik a plant for extraction of
lignin and a plant for conversion into a lignin oil might be built. This pulp mill has a surplus of
energy and therefore a potential to extract some of the lignin. The lignin will be processed together
with a bio-based carrier oil to the lignin oil. This lignin oil will then be used as a feedstock for
gasoline and diesel fuel in Preem’s refinery. It was not clarified in this study what the source of the
bio-based carrier oil will be. Additionally, the composition of the lignin oil was not revealed and
therefore it could not be determined what share of it can be used for biodiesel production. Lignin
oil is very interesting as a feedstock due to the large amount of lignin that is available in the forests. However, the interviews with the two other pulp mills (i.e., Iggesund and BillerudKorsnäs)
showed that the availability is limited by other factors. These two pulp mills are integrated with
production of paper products and therefore they have no surplus of energy. If lignin is extracted
the energy has to be replaced by other sources. An eventual extraction of lignin is associated with
reconstruction of different parts of the plant and thereby large investment costs.
CTO is a by-product from pulp mills that use the sulfate process. It is of limited availability and
consists mainly of fatty acids and rosin acids. The fatty acids can be converted to biodiesel. One
way to utilize the components of CTO is to fractionate it into different product streams through
distillation. These product streams include one stream with fatty acids, one stream with rosin acids
and one stream called pitch. The pitch can be seen as a residue. There are two main refineries to
which the three pulp mills in Gävleborg County deliver their CTO: Sunpine in Piteå and Kraton in
Sandarne. Sunpine produces tall oil diesel and other products from the CTO, and the tall oil diesel
is used for HVO production by Preem. Kraton produces different chemicals from the CTO. For all
three pulp mills an important factor is to get tall oil pitch back from Sunpine and Kraton to be used
for energy purposes.
A potential source of lipids for biodiesel production was mentioned in the interview with
Colabitoil. This was the conversion of lignocellulosic material into lipids by microbes. A particularly suitable feedstock for the microbes would be waste fibers from pulp and paper industries.
This still appears to be at the research stage, but it will be interesting to follow the development
since it has promising opportunities if it can be achieved at a commercial scale.
Third-generation feedstocks for biodiesel are oils obtained from microalgae. Microalgae are potentially superior to the other raw materials. Biodiesel from microalgae is not commercially available
so it is up to the future to determine its destiny. Due to the cold climate of Gävleborg County it is
questionable if it is a good place for large-scale cultivation of microalgae.
The optimal feedstock for FAME are triglycerides. Therefore, first-generation raw materials are
wanted. Catalytic hydrotreatment can handle more complex raw materials and the feedstock range
can thereby be increased to second-generation feedstocks. There is no producer of FAME in Gävleborg County, but there is a company (Colabitoil) that distributes HVO produced by Neste.
Colabitoil also has a pilot plant for HVO production and might build a large-scale production plant
in the future. The activities in Norrsundet, which Colabitoil is part of, has a potential to provide
synergy effects if different companies settle there. There can then be knowledge-sharing and utilization of different by-products between the companies.
There are two aspects about the limitations of the report that should be mentioned. First, the environmental performance of the different raw materials and production technologies is not considered. This is an important issue since the main purpose of biofuels is to reduce the environmental
impact of fossil fuels. Second, it cannot be ruled out that there could have been intentional or unintentional bias in the interviews, even though there is no reason to suspect this. Additionally, it is
very tricky to assess the certainty behind different statements from different persons since they

have different backgrounds and different expectations about the future. Apart from this, the aim of
the report was met to a large extent by shedding light on the future prospects of biodiesel through
the challenges, uncertainties and success factors related to projects that the different actors described in the interviews. The challenges are technical and financial. The uncertainties are related
to political stability but also to the environmental permit and future availability of raw materials.
The success factors are the high demand for transport fuels and cooperation with other companies.

Sammanfattning
De ökande utsläppen från transportsektorn har blivit en global angelägenhet, eftersom dessa utsläpp bidrar till klimatförändringen. Ett sätt att minska koldioxidutsläppen från transportsektorn är
att ersätta fossila bränslen med biobränslen. Dieselmotorn är viktig för transporter i samhället,
speciellt eftersom den är effektivare och mer kraftfull jämfört med bensinmotorn. Att ersätta fossil
diesel med biodiesel är därför ett möjligt alternativ för att uppnå korta och långsiktiga utsläppsmål.
Fettsyrametylestrar (FAME) och vätebehandlade vegetabiliska oljor (HVO) är de två typerna av
biodiesel som används i Sverige. Råvarorna är vegetabiliska och animaliska oljor och fetter och
produktionsmetoden är förestring för FAME och vätgasbehandling för HVO. Sammansättningen
hos HVO är mer lik fossil diesel och högre inblandningsnivåer kan därmed användas i befintliga
dieselmotorer om fordonstillverkaren har godkänt det. FAME däremot kräver modifiering hos
dieselmotorsystemet vid användning i högre blandningar. Både HVO och FAME kan användas
som drop-in bränsle med fossil diesel, men bara upp till 7 procent för FAME enligt föreskrifter.
Den svenska konsumtionen av HVO har ökat snabbt de senaste åren. År 2017 var den över 20
procent av den totala globala produktionen det året. Det finns ett starkt beroende av importerade
råvaror. Endast 3 procent av råvarorna för FAME och endast 5 procent av råvarorna för HVO som
säljs i Sverige var av svenskt ursprung 2017.
Eftersom råvarorna som används för biodieselproduktion har begränsad tillgänglighet och konkurrerande användningsområden är det viktigt att öka kunskapen om lokala resurser. Gävleborgs län
har många stora skogsrelaterade industrier. Aktörerna på olika nivåer i försörjningskedjan har
viktiga roller i utmaningen att minska beroendet av fossila bränslen. Det övergripande syftet med
denna rapport är att undersöka nuvarande status och framtidsutsikterna för biodieselråvaror och
produktionsteknologier för FAME och HVO ur ett regionalt perspektiv. Detta uppnås genom två
separata tillvägagångssätt. För det första görs en litteraturöversikt där potentiella råvaror och produktionsprocesser beskrivs. Råvarorna kategoriseras i olika generationer. För det andra undersöks
pågående och kommande aktiviteter relaterade till biodieselproduktionen i Gävleborgs län genom
intervjuer med regionala aktörer. Intervjuerna är gjorda med representanter för företag med aktiviteter i Gävleborgs län: Setra, Billerud, Korsnäs, Iggesund, Rottneros och Colabitoil.
Första generationens råvaror konkurrerar med livsmedelsproduktionen. För biodiesel är dessa
råvaror olika typer av vegetabiliska oljor. De vanligast förekommande i världen är palmolja, sojabönsolja, rapsfröolja och solrosolja. Dessa råvaror kan användas till produktion av både FAME
och HVO. I Sverige är jordbruksverksamheten relativt låg och i Gävleborgs län är den lägre än det
Svenska genomsnittet. Den omfattande användningen av mark och konkurrensen med livsmedelsproduktionen gör att denna typ av råvaror för biodieselproduktion kan ifrågasättas. Men det kan
argumenteras att vegetabiliska oljor har bra spårbarhet vilket kan leda till bättre kontroll för att
säkerställa en hållbar biodieselvärdekedja.
Andra generationens råvaror är icke-livsmedelsbaserade. Det finns en mängd olika typer. Vissa
används redan och vissa är potentiella biodieselråvaror. De som presenteras i denna rapport är
animaliska fetter, fiskoljor, spilloljor (WCO), pyrolysolja, lignin och råtallolja (CTO). Animaliska
fetter och fiskoljor kan också betraktas som första generationens råmaterial eftersom de kan vara
ätbara. Det finns höga hälsokrav för livsmedel och de fetter och oljor som inte uppfyller kraven
kan användas för andra ändamål. Animaliska fetter och fiskoljor kan också användas som foder
och produktion av olika kemikalier. Det är inte uppenbart vilken användning som är bäst, men i
allmänhet verkar det som biodiesel och annan energianvändning anses vara den minst värdefulla.
En viktig fråga att beakta är att tillgången på animaliska fetter och fiskoljor är beroende av efterfrågan på kött.
WCO är ett råmaterial för biodiesel som för närvarande används av Colabitoil i deras pilotanläggning för HVO. Det verkar som om lönsamheten för att använda WCO är beroende av produktionskapaciteten hos WCO-producenterna och avståndet mellan dem, eftersom dessa två faktorer påverkar bränsleförbrukningen vid insamling. Det är optimalt att ha en stor WCO-producent för att
minimera insamlingskostnaderna. Teoretiskt sett kan det uppstå en situation där producenterna är
så små och så många att mer bränsle krävs för insamling än som uppnås i biodieselproduktionen.

Pyrolysolja från biomassa är en intressant framtidskälla för biodiesel. Det är en heterogen blandning av föreningar och den innehåller mycket syre. Pyrolysolja är definitivt en råvara som behöver
katalytisk vätgasbehandling för uppgradering. Den anses därför vara en råvara för HVO och inte
för FAME. Denna studie klargör inte hur stor del av pyrolysoljan som kan omvandlas till dieselbränsle och hur mycket som kan omvandlas till bensin eller andra produkter. En pyrolysanläggning för produktion av pyrolysolja från sågspån kan komma att byggas vid Setras sågverk Kastet i
Gävle. Pyrolysoljan kommer då att användas som råvara för diesel- och bensinbränsle i Preems
raffinaderi.
Lignin är en av huvudkomponenterna i trä. Vid framställning av massa genom sulfatprocessen
separeras lignin från massan som en komponent i svartluten. Lignin bränns sedan i första hand för
energianvändning i samband med återvinningen av kokningskemikalierna. De tre massafabrikerna
i Gävleborgs län använder alla sulfatprocessen. Vid massabruket som ägs av Rottneros i Vallvik
kan en anläggning för utvinning av lignin och en anläggning för omvandling till ligninolja komma
att byggas. Denna massafabrik har ett överskott av energi och därmed en potential att extrahera en
del av ligninet. Ligninet kommer att processas tillsammans med en biobaserad bärar-olja till ligninoljan. Denna ligninolja kommer då att användas vid produktion av bensin och dieselbränsle i
Preems raffinaderi. Det framgår inte i denna studie vad källan till den biobaserade bäroljan kommer att vara. Dessutom avslöjas inte ligninoljans sammansättning och därför kan det inte fastställas hur stor del som kan användas för biodieselproduktion. Ligninolja är mycket intressant som
råmaterial på grund av den stora mängd lignin som finns i skogen. Intervjuerna med de två andra
massafabrikerna (dvs Iggesund och BillerudKorsnäs) visade emellertid att tillgängligheten är begränsad av andra faktorer. Dessa två massafabriker är integrerade med produktion av pappersprodukter och har därför inget överskott av energi. Om lignin extraheras måste energin ersättas med
andra energikällor. En eventuell extraktion av lignin är förknippad med ombyggnad av olika delar
av fabriken och därmed med stora investeringskostnader.
CTO är en biprodukt från massafabriker som använder sulfatprocessen. Den är av begränsad tillgänglighet och består huvudsakligen av fettsyror och hartssyror. Fettsyrorna kan omvandlas till
biodiesel. Ett sätt att utnyttja komponenterna i CTO är att fraktionera den till olika produktflöden
genom destillation. Dessa produktflöden innefattar en ström med fettsyror, en ström med hartssyror och en ström som kallas beckolja, som kan ses som en restprodukt. Det finns två raffinaderier
till vilka de tre massafabrikerna i Gävleborgs län levererar sin CTO: Sunpine i Piteå och Kraton i
Sandarne. Sunpine producerar talloljediesel och andra produkter från CTO. Talloljediesel används
för HVO-produktion av Preem. Kraton producerar olika kemikalier från CTO. För alla tre massabruken är det viktigt att få tillbaka beckolja från Sunpine och Kraton.
En potentiell källa till lipider för biodieselproduktion nämns i intervjun med Colabitoil. Detta är
omvandling av biomassa till lipider av mikrober. Ett särskilt lämpligt råmaterial för mikroberna
skulle vara en typ av restprodukt från massa- och pappersindustrin som kallas fiberslam eller nollfiber. Intrycket är att detta fortfarande är i en forskningsfas, men det kommer att vara intressant att
följa utvecklingen eftersom det finns lovande möjligheter om detta kan nå kommersiell skala.
Tredje generationens råvaror för biodiesel är oljor erhållna från mikroalger. Mikroalger är potentiellt överlägsna de övriga råvarorna. Biodiesel från mikroalger är inte kommersiellt tillgänglig så
framtiden avgör dess öde. På grund av det kalla klimatet i Gävleborgs län är det tveksamt om detta
är ett bra ställe för storskalig odling av mikroalger.
Den optimala råvaran för FAME är triglycerider. Därför är första generationens råvaror önskade.
Katalytisk vätgasbehandling kan hantera mer komplexa råvaror och råvarubasen kan därmed ökas
till andra generationens råvaror. Det finns ingen producent av FAME i Gävleborgs län, men det
finns ett företag (Colabitoil) som distribuerar HVO producerat av Neste. Colabitoil har även en
pilotanläggning för HVO-produktion och kan i framtiden komma att bygga en storskalig produktionsanläggning. Verksamheten i Norrsundet, som Colabitoil ingår i, har potential att ge synergieffekter om olika företag etablerar sig där. Det kan då ge förutsättning för kunskapsdelning och
utnyttjande av olika biprodukter mellan företagen.
Det finns två aspekter kring rapportens begränsningar som bör nämnas. För det första beaktas inte
miljöpåverkan från de olika råmaterialen och produktionsteknologierna. Detta är en viktig fråga
eftersom biobränslenas huvudsakliga syfte är att minska miljöpåverkan jämfört med fossila bräns-

len. För det andra kan det inte uteslutas att intervjuerna kan vara avsiktligt eller oavsiktligt partiska, även om det inte finns anledning att misstänka detta. Dessutom är det väldigt svårt att bedöma säkerheten i uttalanden från olika personer eftersom de har olika bakgrund och olika förväntningar på framtiden. Bortsett från detta, uppnåddes i stor utsträckning målsättningen med
rapporten att bedöma framtidsutsikterna för biodiesel genom belysning av utmaningar, osäkerhetsfaktorer och framgångsfaktorer relaterade till de projekt som de olika aktörerna beskrev i intervjuerna. Utmaningarna är tekniska och finansiella. Osäkerheten är relaterad till politisk stabilitet, men
också till miljötillstånd och framtida råvarutillgång. Framgångsfaktorerna är den höga efterfrågan
på drivmedel och samarbete mellan olika företag.
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1. Introduction
In recent years, the increasing concentrations of carbon dioxide (CO2) in the atmosphere due to the
combustion of fossil fuels have been a hot topic. In Sweden around 30% of the total greenhouse
gas (GHG) emissions are from the domestic transport sector (SEPA, 2018a) and more than 90% of
these emissions are from road transports (SEPA, 2018b). The Swedish Government has set the
ambitious goal to reduce the GHG emissions from domestic transports (excluding aviation) by at
least 70% by 2030 compared to 2010 (Swedish Government, 2017). One measure is to replace
fossil fuels with fuels produced from renewable sources. Since 2018 transport fuel suppliers in
Sweden are required by law to reduce GHG emissions from fossil diesel and gasoline through
addition of biofuels (Swedish Government, 2018). Biofuels are produced from biomass and can
thereby lower the CO2 emissions compared to fossil resources. This is achieved since the CO2
emissions to the atmosphere from combustion of biofuels are mitigated by absorption of CO2 from
the growth of new biomass. The share of biofuels for transports in Sweden is increasing every year
and biodiesel is the most widely used renewable transport fuel (see Appendix I-II). Biodiesel in
Sweden includes both fatty acid methyl ester (FAME) and hydrotreated vegetable oil (HVO).
These two transport fuels can be used in vehicles powered by diesel engines.
Modern society is highly dependent on the diesel engine and it has been argued that it was the
most important driver for the globalization of the world during the 20th century (Smil, 2010).
Compared to its predecessor, the Otto-cycle engine fueled with gasoline (or ethanol), the diesel
engine is both more efficient and more powerful. These two advantages are the consequences of
the ignition mechanism of the diesel engine which enables a higher compression ratio in the combustion chamber of the engine (Leffler, 2010; Smil, 2010). Thus, the diesel engine is particularly
important for heavy and long distance transportation (see Appendix III). The two different biodiesel types differ in quality due to their different production technologies. FAME is produced
through esterification and HVO is produced through hydrotreatment (Börjesson et al., 2016).
FAME is only allowed to be used as a drop-in fuel up to 7% (SPBI, 2014) and to use pure FAME
requires alterations to the diesel engine system (SEA, 2016). HVO is almost identical to conventional diesel (Sonthalia and Kumar, 2017) and can be used in existing diesel engines directly or as
a drop-in fuel (SEA, 2016). Using pure HVO requires approval from the vehicle manufacturer
since HVO does not live up to all the specifications of conventional diesel fuel (SPBI, 2018b).
The raw materials for biodiesel are different fats and oils from renewable sources (Börjesson et al.,
2016). The recent increase of biodiesel usage in the Swedish market is promising, but so far it is
almost entirely dependent on import of raw materials and fuels (see Appendix IV). Furthermore,
biomass is a limited resource and this is especially true for the renewable fats and oils from which
biodiesel is produced. These fats and oils also have other applications such as human food, animal
feed and chemicals such as soap and lubricants. Therefore, to meet the increasing demand of biodiesel in the transport sector, the dependency on imported feedstock has to be lowered and greater
use of local resources needs to be explored.
Gävleborg County, located in central Sweden, has a lot of forest and heavy forest industries. The
region sees the need to reduce the dependence on fossil fuels in the transport sector (Region
Gävleborg, no date). However, there are many uncertainties in relation to the environmental impact and economics of the development that could hinder a transition towards a low-carbon
transport system. These challenges can be overcome by the various actors at different levels of the
supply chain. Therefore, a regional study is required to map different actors and investigate their
roles in providing opportunities for reducing fossil-fuel dependence. The purpose of this report is
to investigate the current status and future prospects of biodiesel feedstocks and production technologies that are available or close to the market today, i.e., FAME and HVO, from a regional
perspective. This is achieved through the following two parts. First, by doing a literature search
and describing the potential feedstocks and production processes for FAME and HVO. Second, by
exploring through interviews the ongoing and upcoming activities related to biodiesel production
among the key actors in Gävleborg Region. These happen to be related to HVO only, and not to
FAME. The primary target audience of this study are the regional actors and decision-makers
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involved in developing the biodiesel supply chain. Additionally, the results from the study may be
used by academics, researchers and industry.
The outline of the report is as follows: Chapter 1 describes the background and introduces the
objectives of the report. Chapter 2 describes the methods that were used to complete the study. In
chapter 3 many of the current and potential raw materials for biodiesel production are presented
and described. The raw materials are categorized as first, second and third generation. In chapter 4
the production technologies for FAME and HVO are described. Chapter 5 provides the information that was obtained through interviews with regional actors. In chapter 6 the main findings
from the literature review (chapters 3 and 4) and from the interviews (chapter 5) have been selected and combined (when possible). Additionally, these findings are analyzed to answer the purpose
of the report. Finally, in chapter 7 the methods and results are discussed, in chapter 8 the conclusions are presented and in chapter 9 future studies are proposed.
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2. Methods
The methodology includes literature search and interviews with regional actors. The purpose of the
literature search was to develop an understanding of and gather knowledge on available and potential future raw materials, followed by the description of technologies for producing FAME and
HVO. The purpose of the interviews was to obtain a deeper understanding of biodiesel-related
activities from a regional perspective.

2.1 Literature search
The literature sources that were used in chapter 3, chapter 4 and the appendix can be classified in
four categories: scientific articles, book chapters, scientific and government reports, and webpages
and other reports. In Table 1 an overview of the literature types is shown, including their sources
and use in the report.
Table 1. Overview of the literature sources that were used in this report.

Literature type
Scientific articles

Search engine/Organization
sciencedirect.com,
link.springer.com, researchgate.net

Book chapters

Not applicable

Scientific and government
reports

FAO, F3, REN21, SEA,
Transport analysis, USDA
ACEA, AOCS Lipid Library,
EFPRA, Greenea, SPBI

Webpages & other reports

Contribution
3. Feedstocks
4. Technologies
3. Feedstocks
4. Technologies
3. Feedstocks
Appendix I & III-V
3.Feedstocks
Appendix II, III & V

2.2 Interviews
Since the report has a regional focus, all the key actors interviewed were identified within Gävleborg County. In total, five actors were interviewed and they were chosen based on their roles in
the development:
-

Are currently providing feedstock to biodiesel production
Can be a potential provider of feedstock for biodiesel production
Are currently a biodiesel producer
Can be a potential biodiesel producer

A list of actors was prepared based on the above selection criteria. However, not all the actors
were interviewed due to the limitations of the work. The list of identified actors is given in Table
2. The actors are categorized as to whether they are related to feedstock supply or involved in
production. The feedstock actors are further categorized into two sub-categories based on their
organization, i.e., forest or agriculture. There was only one production-related actor identified and
it was categorized as HVO. There were also a couple of potential feedstock providers that were
identified but not interviewed during the project.
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Table 2. Actors within Gävleborg County related to the biodiesel value chain.

Company

Type of Actor

Category

Interviewee

BillerudKorsnäs

Feedstock

Forest

Leif Karlsson

Iggesund

Feedstock

Forest

Rottneros

Feedstock

Forest

Sten Valeur
Ragnar
Lundberg

Setra

Feedstock

Forest

Pontus Friberg

Sörbo Gård
Mårdängs Rapsolja
Delsbo Slakteri
Biokol
Colabitoil

Feedstock

Agriculture

Not interviewed

Feedstock

Agriculture

Not interviewed

Feedstock
Feedstock
Production

Agriculture
Other
HVO

Not interviewed
Not interviewed
Daniel Trabold

Role of Interviewee
Investment
Management
Energy Engineer
Vice President
Technology
Chairman Pyrocell AB

Vice President

The interviews were of an exploratory nature aiming to describe the current situation and to understand the possibilities, challenges and complexity related to biodiesel. There was also an ambition
to quantify potential biodiesel feedstock availabilities and production capacities, but this was only
achieved to a limited extent due to uncertainties, business secrets and the different backgrounds of
the interviewees. The interviews can be described as semi-structured in which the interviewer had
a prepared set of question themes to explore in the interview. Sometimes follow-up questions were
added during the interview depending on the answers from the interviewee. The question themes
are presented in Table 3 based on the type of actor.
Table 3. The question themes that were used in the interviews based on type of actor.

Type of actor
Feedstock

Producer

Question themes
- Potential by-products or residues that can be used for biodiesel
- Current uses of these by-products or residues
- Quantities of these by-products or residues
- Advantages and challenges in utilizing these by-products or
residues as feedstock for biodiesel
- Current and future production capacity
- Production technology
- Current and future raw materials
- Advantages and challenges in increasing production capacity
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3. Feedstocks
Biofuels are classified in four generations depending on what type of feedstock they are produced
from (Dutta, Daverey and Lin, 2014). This chapter describes all four generations.

3.1 First generation
The first-generation biofuels are produced from food sources. Bioethanol and biodiesel are the
main biofuels in the world. First-generation bioethanol is produced from sugarcane and corn. Firstgeneration biodiesel is produced from vegetable oil from different types of oil crops. The advantage with first-generation biofuels is that their raw materials are easily converted to biofuels.
The disadvantage of first-generation biofuels is their low yields in terms of energy per area and
that there is a risk that they will impact food prices due to increased demand on food crops (Dutta,
Daverey and Lin, 2014).
The majority of vegetable oil is used for human consumption. Other uses are as animal feed and as
raw material for the oleochemical industry and for biodiesel production. Between the years 1927
and 2000 the world population tripled (Gunstone, 2018). During the same period the production of
oils and fats increased by a factor of 6.5. There are three factors that explain this production increase. First of all, more land is used to produce oils and fats. Second, the average yield of oil
crops has increased. Finally, a larger proportion of the cultivated oil crops consist of oil palm,
which has the highest oil yield of all oil crops. Increased oil production from individual oil crops is
only affected by increased cultivated area and increased yield (the yield is affected by region).
Data between the years 1975 and 1999 shows that the main increase of palm oil production was
due to increased cultivated area (Gunstone, 2018).
The four main vegetable oils are palm oil, soybean oil, rapeseed oil and sunflower oil. Together
they accounted for 87% of the world production in the market year 2017-2018. Palm oil is the
biggest (35%), followed by soybean oil (28%), rapeseed oil (14%) and sunflower oil (9%). As
much as 84% of all palm oil is produced in Indonesia and Malaysia. Soybeans are primarily produced in USA, Brazil and Argentina. Rapeseed is mainly produced in the EU, Canada, China and
India. Sunflower seeds are mainly produced in Ukraine, Russia, the EU, Argentina and Turkey
(USDA, 2018c).
One difference between palm and the other three crops is that palm is a tree while soybeans, rapeseeds and sunflowers are annual crops. It takes a couple of years before the palm tree starts producing harvestable fruits. After that it provides oil-bearing fruits year round for 20 to 30 years. A
complication with trees is the more difficult harvesting due to the height of the trees. Farmers with
annual crops can adjust annually (or sometimes more than once a year) to new market conditions
(Gunstone, 2018).
Rapeseed oil and sunflower oil are the main products from rapeseed and sunflowers. This means
that the production is directly affected by the demand (Gunstone, 2018). The by-products from
crushing rapeseeds and sunflower seeds are called meals and are used as animal fodder (USDA,
2018b). Palm oil is a co-product together with palm kernel oil. The fruitlets of a palm tree are
pressed to obtain the palm oil. Each fruitlet also contains a kernel from which palm kernel oil is
produced. Soybean oil is obtained together with soybean meal during crushing of the soybeans
(Gunstone, 2018). The soybean oil and soybean meal are considered co-products since the soybean
meal has a high protein content and therefore is used for animal feed (Gunstone, 2018; USDA,
2018b).
Vegetable oils mainly consist of triglyceride molecules. A triglyceride is an ester built from three
fatty acids and one glycerol molecule. There are many different types of triglycerides since they
can consist of different fatty acids. The different vegetable oils, e.g. rapeseed oil and soybean oil,
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have different compositions of fatty acids and thus have different characteristics (Issariyakul and
Dalai, 2014).

3.2 Second generation
Second-generation biofuels use non-food crops and waste products as raw materials. These include
agricultural and forestry waste. The idea with second-generation feedstocks is to not directly compete with agricultural land for food production. However, they are still dependent on land which
might have competing uses. Second-generation materials are commonly lignocellulose and thus
the conversion technologies to biofuels are more advanced and more costly than for firstgeneration biofuels (Dutta, Daverey and Lin, 2014).
3.2.1 Animal fats
Meat is a product produced from animals such as cattle, hogs and chickens. Animal fats are considered by-products obtained from the production of meat. Hence, there is a significant difference
regarding how animal fats are viewed compared with vegetable oils. That is, the production of
animal fats is only affected by increased meat production (i.e., not by demand for animal fats). The
production of vegetable oils, on the other hand, is directly affected by increased demand for vegetable oils (Alm, 2018). Another difference between animal fats and vegetable oils is that animal
fats generally have a higher amount of saturated fatty acids than vegetable oils. An effect of this is
that animal fats commonly are in solid form at room temperature whereas vegetable oils usually
are in liquid form (Banković-Ilić et al., 2014). The processing of animal fats thus requires heat to
melt the fat (Alm, 2018).
There are two main categories of animal fats: edible and inedible. A fat is only considered edible if
it originated from a butchering by-product destined for human consumption. Raw materials for
inedible fats thus include all non-edible butchering by-products but also edible by-products that
are not used for human consumption due to cultural eating habits (Alm, 2018). Processing of inedible animal by-products belongs to the rendering industry (Woodgate and van der Veen, 2004).
The rendering industry also processes animals that have died before reaching the slaughterhouse
and dead animals that were never meant for human consumption. Therefore, in addition to producing useful products (which will be described in the following paragraph) the rendering industry
also plays an important role in animal disease prevention (Alm, 2018).
A simplified illustration of the dry rendering process of raw materials containing high amounts of
fat is shown in Figure 1 (Woodgate and van der Veen, 2004). The raw material can be crushed and
minced to achieve appropriate size. Heat is added to melt the fat and remove water. A press separates liquids (i.e., the fats) and solids (e.g. proteins) (Woodgate and van der Veen, 2004).
Raw materials
Size reduction

Heat
Press

Protein meal

Crude animal fat

Figure 1. Simplified illustration of the dry rendering process of raw materials containing high amounts of fat
(Woodgate and van der Veen, 2004).

In the European Union inedible fats are categorized in three risk categories depending on the raw
material they originate from. Usage of animal fats for feed purposes and for production of chemicals is thereby limited to the lower risk categories. The only use for fats belonging to the highest
risk category is either for biodiesel production or other energy purposes (EFPRA, no date; Alm,
2018).
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3.2.2 Fish oils
Since the late 1980s the increased production of fish in the world has been from aquaculture. In
2016 aquaculture contributed to 47% of the total production. The large majority of fish production
(88%) was consumed as food by humans. Since the 1960s the amount of fish products used directly for human consumption has increased at least fivefold while the amount for non-food purposes
have been relatively stable (FAO, 2018).
In 2016, almost 20 million tons of fish (or 12% of total production) were used globally for nonfood purposes. Of these, 15 million tons were processed into fishmeal and fish oil (FAO, 2018).
The general processing steps in the production of fishmeal and fish oil includes cooking (to release
the oil and coagulate proteins) and pressing (to obtain a separate press cake and press liquor). The
press cake, consisting of wet solid materials such as meat and bones, is dried and milled to obtain
the fishmeal. Crude fish oil is obtained from the press liquor by water removal. The crude fish oil
can then be refined in different ways depending on the final usage of the fish oil (Bimbo, 2018).
Peru is the largest producer of fishmeal and fish oil in the world. Fishmeal and fish oil can be produced from whole fish or parts of fish. Small pelagic species, such as anchovetas, are most commonly used as whole fish raw materials. Anchoveta was the second most captured species (by
weight) in 2016. Its availability generally has a significant impact on the total fishmeal and fish oil
production. It does not seem feasible, from a sustainability point of view, to increase fishmeal and
fish oil production from whole fish. So a production increase has to come from increased utilization of by-products. The share of fishmeal and fish oil produced from by-products has increased
and currently it is estimated that 25–35% of the produced fishmeal and fish oil is from by-products
(FAO, 2018).
Fishmeal and fish oil are important sources of nutrients for livestock, especially the fish production in aquaculture. However, fish oil contains relatively high amounts of long-chain polyunsaturated fatty acids which are considered important human nutrients. Despite this, 75% of the fish oil
is used for aquaculture feed, according to an estimate (FAO, 2018).
3.2.3 Waste cooking oils (WCO)
It is much better for the environment to use WCO as a raw material for biodiesel compared to just
pouring it out in the sewer system. Industries with large volumes of waste cooking oil and biodiesel producers can cooperate and benefit from each other. The biodiesel producer gets raw material and the industry gets rid of its waste product. A way to utilize the potential of WCO from
restaurants and other businesses that only produce smaller volumes of WCO could be with a collection company. Unfortunately, it can be difficult for a collection company to achieve economic
feasibility. The value of the collected WCO has to exceed the costs of the collection company.
Such costs include fuel costs and personnel costs.
A value chain analysis was performed on a collection company in Brazil (Guabiroba et al., 2017).
Some information from that study is presented here to give an idea of what collection of WCO for
biodiesel production might look like. The company had two collection vehicles and WCO was
collected from industries, restaurants, bakeries, hotels, houses and cooperatives located in parts of
Rio de Janeiro. There was a total of approximately 280 waste producers. Most of the WCO was
donated. Instead of money the waste producers received a certificate proving that they handle their
WCO in a correct manner.
The collected WCO was processed according to Figure 2. First it went through a screening step
where impurities are removed by letting the WCO pass through a sieve. After that, in the decantation step, the WCO was left to settle for 24 hours. During this time fat is separated from the WCO
and ends up at the bottom of the container. The fatless WCO is heated to remove water. The separated fat is also heated so it can be mixed with the WCO. In the mixing step the fat is mixed again
with the waterless WCO, but only to a certain degree. In this case study the biodiesel producer
only accepted maximum 20% fat in the WCO. In the last step the processed waterless WCO with
maximum 20% fat is delivered to a biodiesel producer.
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Collected waste
cooking oil

Screening

Decantation

WCO

Water removal
by heat

Fat
Heating

Mixing

Delivery
Figure 2. Illustration of the processing of collected waste cooking oil before delivery to a biodiesel producer
(Guabiroba et al., 2017).

3.2.4 Pyrolysis oil
Pyrolysis oil (or bio-oil) is produced by heating biomass with no or limited oxygen supply. The
other two products are a hydrocarbon-rich gas mixture and a carbon-rich solid residue. A simplified illustration of the pyrolysis process is presented in Figure 3. Certain process conditions are
required to maximize the liquid yield. This includes fast heating of the biomass and then rapid
cooling of the produced vapors (Demirbas, 2008).
Properties of pyrolysis oil are affected by type of feedstock and the conditions of the pyrolysis
process. Pyrolysis oils from biomass have a high water content and a much higher viscosity than
regular diesel fuels. They also have high concentrations of oxygenated compounds and significant
amounts of ring-structured and alkylated compounds (Demirbas, 2008).
Biomass

Heat

Gas

Pyrolysis oil

Solid

Figure 3. Simplified illustration of pyrolysis (Demirbas, 2008).

3.2.5 Lignin
Pulp is created from wood and is used to produce paper products (Figure 4). The pulping technology is the method to liberate the fibers in wood so they can be used in the production of paper.
Wood contains mainly cellulose, hemicellulose and lignin (Brännvall, 2009a).
Wood

Pulp

Paper

Figure 4. Paper is produced from pulp which is produced from wood (Brännvall, 2009a).

The pulp can be created in two ways, mechanically or chemically. Mechanical pulping requires a
lot of energy, but has high yields. In chemical pulping the yield is only around 50%, but there is no
need for external energy. A main difference between mechanical and chemical pulping is that the
lignin in the wood is separated with chemicals. The lignin acts as a glue in the wood. By removing
it the fibers are more easily accessible. Hence, it is chemical pulping that is relevant when discussing alternative uses of lignin (Brännvall, 2009a).
The most used chemical pulping technology is called kraft process (sulfate process). In this process the lignin is separated from the pulp fibers with alkaline chemicals, known as cooking. The
alkaline chemicals are called white liquor. The lignin (and other organic compounds) is separated
from the pulp fibers together with the alkaline chemicals. This mixture is called black liquor
(Brännvall, 2009a).
The dry weight composition of black liquor consists of 2/3 organic material and 1/3 inorganic
material. The main components of the organic material is lignin (29-45% total dry weight) and
extractives (25-35% total dry weight). However, 4/5 of the black liquor is water. Evaporation
removes 90% of the water. Most of the organic part of the black liquor is burnt in the recovery
furnace (known as the recovery boiler) to obtain energy that can be used in other parts of the pro-
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cess. The inorganic part and the remaining organic part of the black liquor is recovered as green
liquor. The green liquor is then treated in different ways to obtain the original white liquor
(Theliander, 2009). This recovery cycle is illustrated in Figure 5 (Brännvall, 2009b).
Wood chips

White liquor

Cooking

Black liquor

Pulp

Causticizing

Green liquor

Evaporation
and burning

Figure 5. Simplified illustration of the recovery cycle in the Kraft process (Brännvall, 2009b).

3.2.6 Crude tall oil (CTO)
CTO is a by-product from pulp mills using the kraft technology. The yield is in the range of 30-50
kg/ton of pulp. CTO consists mainly of fatty acids and rosin acids. It is the fatty acids that can be
used for biodiesel production. The schematics of the extraction process of CTO from black liquor
is presented in Figure 6 (Aro and Fatehi, 2017).
The first step in obtaining the CTO is to separate the tall oil soap from the black liquor. When the
black liquor is concentrated from 15% to 25% the tall oil soap becomes insoluble. And since it has
a lower density than the remaining black liquor it ends up at the top and can be skimmed off. The
remaining black liquor is sent back to the recovery cycle of the cooking chemicals (Aro and
Fatehi, 2017). The final step is to convert the tall oil soap to CTO. The tall oil soap is reacted with
sulfuric acid in a reactor and CTO is obtained. The sulfuric acid also converts impurities to gas or
solids that thereby are separated from the CTO. One way to further purify the CTO is to separate
its components by distillation. Five streams with different end-uses are obtained in this process.
These streams are fatty acids, rosin acids, distilled tall oil, heads and pitch. The distilled tall oil
consists of a mixture of fatty acids and rosin acids that were not possible to separate, the heads
stream holds the most volatile components and the pitch can be seen as a residue since it is the
fraction that remains after the other components have been evaporated (Aro and Fatehi, 2017).
25% Solids
black liquor

Decantation

Tall oil soap

Tall oil soap
storage

Aqueous
phase
Black liquor
to recovery

Centrifugation

Solid lignin
and CaSO4

Lignin emulsion
layer

Reactor

H2SO4,
Steam

Crude tall oil

Figure 6. Simplified illustration of the extraction of crude tall oil from black liquor in kraft process (Aro and Fatehi,
2017).
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3.3 Third generation
The aim of third-generation biofuels is to more or less completely remove the competition of land
use. That aim could be possible with algae, which can be produced on marginal land provided that
all the needs for the cultivated algae are available. One can also talk about a fourth generation,
which is an extension of third generation since it includes genetic modification of algae to optimize their usefulness as raw materials for biofuels. There are high hopes for the fourth generation
(Dutta, Daverey and Lin, 2014). The fourth generation is not considered in this report, however.
Like land plants (e.g. trees and crops), algae convert carbon dioxide to biomolecules and oxygen
through photosynthesis. But unlike land plants, they do not have roots, stems or leaves and their
reproductive cells differ. Algae live in many different environments including marine waters,
brackish waters and freshwater. They have very important ecological functions as oxygen producers and as primary producers in the food chain (Lee, 2008). Algae can be macroscopic (i.e.
macroalgae, such as seaweed) and microscopic (i.e. microalgae). Most of the algal species are
microalgae. Due to the large biodiversity of microalgae they can have many different applications
for human society (Metting Jr., 1996).
Microalgae can be produced for the purpose of using the whole organism because of its chemical
composition. They can also be produced for the extraction of valuable biochemical molecules.
Generally, the commercial production of microalgae is for the former purpose. The main applications are for human nutrition and animal feed. Feeding aquaculture with microalgae is of particular
importance since microalgae are a natural food for aquatic animals. There is also commercial production of microalgae for the purpose of extracting valuable biochemical molecules. These valuable molecules are polyunsaturated fatty acids (for human nutritional purposes), pigments (several
applications e.g. in cosmetics) and stable isotope biochemicals (research purposes) (Spolaore et al.,
2006).
According to Chisti (2007), oil from microalgae is the most promising raw material for biodiesel
in terms of potential annual oil yield per cultivated area. A suitable microalgae species should have
a high oil content and a fast growth rate to give a high oil productivity. Microalgae can grow much
faster than oil crops and the oil content can be higher than 80% (dry weight), although 20-50% are
more common numbers. Another advantage is that microalgae can be produced on non-arable land
(Chisti, 2007). However, it is difficult to find algae species that have both high oil content and fast
growth rate (Dutta, Daverey and Lin, 2014).
Large-scale production of microalgae takes place in raceway ponds or tubular photobioreactors.
The two production technologies have different advantages and disadvantages, but the most fundamental requirements for microalgae production are the same. Those are sunlight, carbon dioxide, water and inorganic salts. A certain temperature range is also required. Obviously, the building blocks have to be added in sufficient quantities to match the demand of the growing microalgae. After harvest and oil extraction a biomass residue would remain. Potentially it could be anaerobically digested into biogas (Chisti, 2007).
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4. Technologies
This section describes the technologies for production of FAME and HVO. These two biodiesel
products are commercially available and used in Sweden.

4.1 FAME
In the production of FAME, the triglycerides of vegetable oils or animal fats are reacted with
methanol according to the chemical reaction in Equation 1. This reaction is called transesterification. The products are FAME (i.e., biodiesel) and glycerol. A chemist can easily understand the
name “fatty acid methyl ester” when looking at the chemical formula of the product. That is, the
R-group on the right is the long hydrocarbon chain corresponding to the fatty acid, the methylgroup is the lonely carbon to the left, and the ester explains the carbon with two oxygen atoms in
between (Van Gerpen, 2005).
CH3-O-CO-R1
|
CH-O-CO-R2
|
CH3-O-CO-R3
Triglyceride

CH3-O-CO-R1
+

3 CH3OH


(Catalyst)

3 Methanol

CH3-O-CO-R2
CH3-O-CO-R3
3 FAME

+

CH2OH
|
CHOH
|
CH2OH

(1)

Glycerol

A catalyst is required in the reaction. A catalyst is a substance that participates in a reaction but is
not consumed in the reaction. Its role is to lower the activation energy of the reaction and thereby
increase the reaction rate. The catalyst for almost all of the commercial FAME production is a
strong base (alkali-catalyst), for example sodium or potassium hydroxide. Other possible catalysts
are acids or enzymes. Acid-catalysts give a very slow reaction rate and enzymes are generally too
expensive. However, with technology development enzymes can have a future potential (Van
Gerpen, 2005).
Much research development occurred during the 1940s, but back then it was glycerol and not biodiesel that was the main target. Glycerol was used for production of explosives. It is not soluble in
the FAME and has a higher density. Thereby glycerol could be separated from the FAME by settling or centrifuge. The remaining FAME was then used to produce soap (Van Gerpen, 2005).
For the reaction in Equation 1 to proceed to completion (i.e., maximize conversion of triglycerides
to FAME) excess methanol is required. Excess methanol is particularly important for the conversion of diglycerides and monoglycerides (which for the saturated monoglycerides and diglycerides
risk causing engine problems). The process can be optimized by dividing the reaction into several
steps in which methanol and catalyst are added in each step and glycerol is removed. Other alcohols can be used, such as ethanol and propanol, instead of methanol. The reaction is inhibited by
water and free fatty acids and the higher alcohols are more sensitive to this inhibition compared
with methanol (Van Gerpen, 2005).
By using an acid catalyst instead of an alkali catalyst free fatty acids are converted to alkyl esters.
This is also true for the triglycerides, but for them the alkali-catalyzed reaction is much faster. A
good way to take advantage of this is to first convert the free fatty acids by acid catalyst and then
in a second step convert the triglycerides by alkali catalyst. Refined vegetable oils have a higher
conversion yield compared to crude vegetable oils (probably due to less free fatty acids and maybe
also due to less phospholipids). Phosphorous compounds can also create difficulties in the separation of FAME and glycerol (Van Gerpen, 2005).
In Figure 7 the basic steps in production of FAME are illustrated. It involves the alkali-catalyzed
reaction of the vegetable oil and methanol, separation of glycerol, removal of excess methanol and
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purification of the final biodiesel product through neutralization and washing. The glycerol is
purified and usually sold to a glycerol refinery. The excess methanol is also purified but instead
reused in the process. A more complex process is required for raw materials containing higher
amounts of free fatty acids (Van Gerpen, 2005).

Figure 7. Illustration of the basic steps in FAME production (Van Gerpen, 2005).

4.2 HVO
HVO is produced by catalytic hydrotreatment where the lipids in the feedstock are treated with
hydrogen gas at high temperature and pressure in the presence of a catalyst. It is a production
method that has expanded the feedstock availability for biofuel production. It can be viewed as a
second-generation technology since it can convert second-generation feedstocks. This is an advantage compared to the technology for production of FAME, which is considered a firstgeneration technology (Bezergianni, 2013).
Catalytic hydrotreatment is not a new technology. It has been used by the petrochemical industry
for more than a century. A typical crude oil refinery has several catalytic hydrotreatment units.
They are used on the different distillate streams to enable conversion into products (e.g. gasoline
and diesel fuel) of the right quality. The type of reactions that can take place is the same regardless
of whether it is liquid biomass or a fraction from crude oil that is treated. These type of reactions
are cracking, saturation, heteroatom removal and isomerization (Bezergianni, 2013).
Cracking is the reaction that breaks chemical bonds and thereby splits a large molecule into smaller molecules. This is important when you want to reduce the boiling point of liquid biomass to the
same range as conventional fuels. The most typical cracking reaction for vegetable oil is presented
in Equation 2. The triglyceride is cracked by catalytic hydrotreatment into three free fatty acids
and one propane molecule (Bezergianni, 2013).
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CH2-O-CO-R1
|
CH-O-CO-R2
|
CH2-O-CO-R3

R1-COOH
+

3 H2

R2-COOH



CH3
|
CH2
|
CH3

+

R3-COOH

Triglyceride

3 Hydrogen

3 Fatty acids

(2)

Propane

Saturation is the reaction in which a double bond is converted into a single bond. An example is
presented in Equation 3 where an unsaturated free fatty acid is converted into a saturated fatty acid
by catalytic hydrotreatment. Saturation is important to reduce the reactivity of the molecules in the
fuel. Compounds with double bonds can react with other compounds and create larger molecules
that form sediments in the fuel. They can also cause corrosion on surfaces (Bezergianni, 2013).
RCH = CHCOOH

+

H2

Unsaturated fatty acid

RCH2 – CH2COOH



Hydrogen

(3)

Saturated fatty acid

Heteroatoms are for example sulfur, nitrogen, and oxygen. It is beneficial to remove these types of
atoms from the feedstock. This can be achieved with catalytic hydrotreatment. Oxygen removal is
of particular interest for biomass feedstocks since biomass contains a lot of oxygen compared with
fossil fuels. Oxygen increases reactivity, attracts water and reduces the heating value of the fuel.
Removal of oxygen by catalytic hydrotreatment can mainly occur through three reaction pathways.
These are called deoxygenation, decarbonylation and decarboxylation. Examples of these three
reactions are presented in Equation 4 (deoxygenation), Equation 5 (decarbonylation) and Equation
6 (decarboxylation). The oxygen atoms are removed from the free fatty acid and a hydrocarbon
chain is obtained (Bezergianni, 2013).
R-CH2COOH

+

3 H2

Fatty acid

R-CH2COOH

3 Hydrogen

+

H2



Fatty acid

Hydrogen

R-CH2COOH

+

Fatty acid

H2

R-CH2CH3



R-CH3

Hydrogen

2 H2O

Hydrocarbon

2 Water

+

+

Hydrocarbon

CO
Carbon monoxide

R-CH3



+

Hydrocarbon

+

H2O

(4)

(5)

Water

CO2

(6)

Carbon dioxide

Catalytic hydrotreatment can also be used to promote a reaction called isomerization. Isomerization is usually not performed at the same time as cracking, saturation and heteroatom removal.
Instead it takes place in a separate reactor. An isomer is a molecule that has the same chemical
formula as another molecule but has a different structure. An example of isomerization is presented in Equation 7. The purpose of isomerization is to improve the cold flow properties of the fuel
(Bezergianni, 2013).
R-CH2-CH2-CH3



Straight chain hydrocarbon

R-CH-CH3
|
CH3
Branched hydrocarbon
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(7)

The outline of a typical catalytic hydrotreatment unit is shown in Figure 8. The four basic steps are
feed preparation, reaction, product separation and fractionation (Bezergianni, 2013).
First the liquid biomass is pretreated under high pressure with hydrogen gas. Part of the hydrogen
gas is recycled from downstream process stages and the remainder is newly produced. Before
entering the reaction step the feedstock-hydrogen mixture is heated. The reactions that were presented earlier in this chapter (Equations 2-7) take place in hydrotreating reactors. Generally, two
reactors are used. The reactors contain the catalytic beds which enable the reactions (Bezergianni,
2013).
The product stream exiting the reaction step is cooled. Then it enters the high-pressure separator
where gas is separated from liquid. The gas contains unreacted H2 as well as reaction products
including H2O, CO, CO2, H2S and NH3. The liquid is further purified in a second low-pressure
separator where additional gas is removed. After purification the hydrogen gas is pressurized and
recycled to the feed preparation step (Bezergianni, 2013).
The composition of the remaining liquid product depends on the components of the original feedstock and on the conditions in the reaction section. In the fractionation step these different components can be separated by distillation, depending on boiling point, in a similar way as what is done
with crude oil in a traditional refinery. These products can include diesel, kerosene, naphtha (gasoline) and gas (e.g. propane). The liquid recycle stream contains the heaviest molecules and is sent
back to be cracked in the catalytic hydrotreatment reactors into smaller useful hydrocarbons
(Bezergianni, 2013).

Figure 8. Illustration of the process for catalytic hydrotreatment of liquid biomass (Bezergianni, 2013).
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5. Companies with biodiesel-related activities
The three pulp and paper mills within Gävleborg County, one sawmill in Gävle and one company
that distributes and produces HVO on a pilot scale were interviewed. There are two quite big projects going on within Gävleborg County. These two projects are related to forest industries and
biodiesel (and biogasoline). One of the projects is a pyrolysis plant at the sawmill owned by the
company Setra (see 5.1). The other project is a plant for extraction of lignin from Rottneros pulp
mill in Vallvik (see 5.4). This lignin can be used to produce an intermediate product called lignol.
Preem, which is the biggest transport fuel company in Sweden, is involved in both of these projects. Preem has two crude oil refineries on the west coast of Sweden, one in Lysekil and one in
Gothenburg. Preem also produces HVO from tall oil diesel at the refinery in Gothenburg. The tall
oil diesel is produced from CTO at the Sunpine plant in Piteå. In Sandarne (in Gävleborg County)
there is also a large refinery for CTO owned by Kraton Chemicals. They produce different chemicals from the CTO. Preem is currently building a hydrogen gas production plant at the refinery in
Gothenburg to be able to increase the HVO production (Preem, 2019). The detailed information
from all five interviews is given in the following paragraphs.

5.1 Setra
Setra is one of the biggest wood industries in Sweden, producing around 10% of the sawn wood
products in Sweden and it is one of the big players in the Gävleborg region. Pyrocell, a company
that is co-owned by Setra and Preem, is currently investigating the possibilities to build a plant for
production of pyrolysis oil at Setra’s sawmill Kastet in Gävle. Pontus Friberg works as Director of
Enterprise Risk Management at Setra Group and as Chairman at Pyrocell AB 1. The heading for the
interview is “Pyrolysis oil” since this was the topic of the interview.
Pyrolysis oil
The raw material for the pyrolysis oil is sawdust. Other uses of sawdust are as feedstock for heat
and power production and for production of wood pellets. It is advantageous to have the pyrolysis
plant close to where the sawdust is produced and also that the sawdust and the pyrolysis plant have
the same owner. On average, there is a surplus of sawdust. The pyrolysis plant can secure the utilization of the sawdust and increase its value. According to Setra’s website there are potentially
80,000–90,000 tons of sawdust that can be used for pyrolysis oil production at Kastet annually.
The plan is to build the pyrolysis plant in close connection to the sawmill in Gävle. According to
Setra’s website the plan is to produce 25,000–30,000 tons of pyrolysis oil annually. This amount
can be lower or higher depending on priorities and what type of technology will be used. The pyrolysis oil is the main product but there are also by-products in the pyrolysis process. These byproducts are e.g. ashes and wood fibers. The ashes can possibly be returned to nature and other byproducts might be burned for heat production. No specific information about the energy requirements of the pyrolysis process can be revealed at the moment.
The sawmill in Gävle is a good place for the pyrolysis plant due to available industrial ground in
proximity to a sawmill and also because of the good logistics at the location. At the location there
are distribution possibilities by harbor, railroad and highway (E4). For the transport of the pyrolysis oil to Preem refinery on the west coast of Sweden boat is probably the preferred choice, especially since boat is the usual way for Preem to take in crude oil. But rail and road transport might
be good options, especially in the short term. Transport is an important issue and it is under investigation to make sure that the logistics are secured.
At Preem refinery the pyrolysis oil will be processed and converted to transport biofuels such as
biogasoline and biodiesel. How much biodiesel can be produced from a certain quantity of pyrolysis oil is not given. This is a question for Preem. However, Pontus Friberg is confident that the
1
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market for transport biofuels is so big that there is no risk regarding demand. It is a strength to
cooperate with a company like Preem that understands the final products and their markets.
It is stressed that the pyrolysis plant is not built yet and that a decision to invest has not been taken.
The hope is to be able to make the investment decision next year (i.e., 2019). One of the biggest
issues currently and generally is the environmental permit. The environmental permit usually
comes at a late stage in a project like this one. It is important for the success of the project that the
terms in the environmental permit be on a good level and allow flexibility in the choice of technology. Other important success factors are political stability and getting risk capital from the
government.

5.2 BillerudKorsnäs
The pulp and paper mill owned by BillerudKorsnäs in Gävle produces roughly 700,000 tons per
year and the main products are liquid packaging board and white top liners. The pulp is obtained
chemically through the sulfate process in which black liquor, containing the lignin, is separated
from the fibers. Leif Karlsson works in Investment Management at BillerudKorsnäs 2. The interview information is categorized according to whether it is related to crude tall oil, lignin or other.
Crude tall oil (CTO)
The CTO is separated from the black liquor and sold to Kraton chemicals among others. The tall
oil pitch, which is a residue in Kraton’s production process, is returned to the pulp and paper mill
and used as fuel in the lime kilns (the lime kilns participate in the chemical recovery cycle). This
tall oil pitch potentially could be used for production of transport biofuels or bioplastics. But if so,
it has to be replaced by another energy source such as wood pellets or wood powder and these
types of energy sources are less suitable compared to oil and therefore the capacity of the lime
kilns would be approximately 10% lower. Additionally, even if it is assumed that this capacity loss
was acceptable, there would be very big investment costs related to such a change in the process.
Lignin
The investment cost for a plant to extract lignin could be motivated by increased production capacity. Extraction of lignin would yield increased production capacity if the recovery boiler is the
bottleneck of the pulp and paper mill. In the process of BillerudKorsnäs the recovery boiler is
indeed utilized to its maximum capacity, but it is too simplified to say that it is a bottleneck. A
more appropriate way to describe the process is as balanced. There are several other bottlenecks in
the process. Thus, extraction of lignin to increase capacity would require not only investment in a
lignin extraction plant but also many additional investments in different parts of the existing process. BillerudKorsnäs has investigated the possibilities to extract lignin, especially in the pulp and
paper mill in Skärblacka, but the investment costs were too high. Additionally, there were large
uncertainties about the market value of the lignin product. From the perspective of
BillerudKorsnäs it would probably be more suitable to produce some kind of bioplastic from the
lignin that could be used in their products instead of transport biofuels.
Other
The big picture from an earlier investigation by BillerudKorsnäs was presented. Something around
800 GWh tall oil pitch is used in the five Swedish production units owned by BillerudKorsnäs
each year. It was assessed that something around 1,000 GWh of lignin could potentially be extracted from the five Swedish production units each year. Approximately 120 GWh of liquid petroleum gas (LPG) is used each year by the five production units. This adds up to almost 2 TWh
each year. To utilize the tall oil pitch and the potential lignin it has to be replaced by other bioenergy. Furthermore, since BillerudKorsnäs has the ambition to be fossil-free by 2030 they have to
replace the LPG with biogas. An investigation made by Pöyry was referred to in which the potential increased energy extraction from the Swedish forest was estimated to be 20 TWh per year.
Based on this, to utilize the tall oil pitch, the potential lignin and replace the LPG BillerudKorsnäs
needs 10% of the available bioenergy in the Swedish forest. This example was presented to show
the big challenges and limitations with the bioenergy from the Swedish forests.

2
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5.3 Iggesund
The pulp and paper mill in Iggesund is owned by Holmen Group. It produces around 375,000 tons
of solid bleached board (SBB) each year. The pulp is produced chemically by the sulfate process.
Sten Valeur works as Energy Engineer at Iggesund 3. The interview information is categorized
according to whether it is related to crude tall oil, lignin or other.
Crude tall oil (CTO)
The CTO is extracted from the black liquor. The production of CTO at Iggesund is somewhere
around 14,000-15,000 tons per year. The CTO is sold to Sunpine. Iggesund has a deal with Sunpine which includes that tall oil pitch is sent back to the pulp and paper mill in Iggesund. The tall
oil pitch is what remains when Sunpine has utilized the compounds in the CTO that they need. The
pulp mill in Iggesund has a high demand for tall oil pitch and more tall oil pitch is bought than the
produced tall oil. Earlier the CTO was sold to Kraton. The choice regarding who to sell the CTO to
is mainly determined by commercial factors. The most important ones are selling price and getting
tall oil pitch back.
Lignin
Since the production in Iggesund includes both pulp and cardboard there is no surplus of energy.
The cardboard production is actually more energy-consuming than many other paper products. If
lignin is extracted it has to be replaced with both solid fuel and tall oil pitch so the assessment is
that there are no promising conditions to extract lignin. There are better opportunities for lignin
extraction at non-integrated pulp mills.
Other
The pulp and paper mill produces smaller quantities of methanol (around 4,000 tons per year) and
turpentine (around 900 tons per year). Both are currently burned in a steam boiler for energy production. Iggesund has investigated the possibility to utilize these for more valuable purposes but so
far has not found it to be profitable. Both the methanol and the turpentine have to be purified before they can be sold. Furthermore, their energy content would have to be replaced by other
sources.

5.4 Rottneros
Vallviks bruk is a pulp mill that produces pulp with the sulfate process. It is owned by the company Rottneros. Some of the pulp has a special quality and is used in electrical applications, such as
cables and transformers, and in filters. The raw material for the pulp is pine and spruce. Ragnar
Lundberg works as Vice President of Technology at Rottneros AB 4. The interview information is
categorized according to whether it is related to crude tall oil, lignin or other.
Crude tall oil (CTO)
The tall oil soap is extracted from the black liquor and then converted to CTO in a separate process. It is important to remove the tall oil soap before an eventual lignin extraction step because
the tall oil soap is a disturbance. The CTO from Vallvik is of higher quality since Vallvik doesn’t
use any deciduous trees, which gives a lower “tall oil” quality compared with conifers. Vallvik
sells the CTO to Kraton and in return gets the tall oil pitch that is used for energy purposes.
Lignin
Renfuel is a Swedish innovation company with a technology for converting lignin to a lignin oil.
The outline of Renfuel’s concept is as follows: Lignin extracted from black liquor will together
with a bio-based carrier oil be converted to the lignin oil. This conversion process is catalytic under atmospheric pressure, which significantly reduces costs due to the low pressure. The lignin oil
will then be refined together with crude oil in a full-scale refinery. The plan is to build both the
lignin extraction plant and the plant for lignin oil production at the pulp mill site in Vallvik. The
decision to build will be made when the process is fully developed and profitability is secured.
Ragnar Lundberg has worked with Renfuel for approximately five years. They have been working
with the lignin oil in a scientific way for around ten years, and their scientific staff consists of a
3
4
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professor in chemistry and five chemists. It is only a smaller part of the lignin that will be extracted, the majority will remain in the black liquor. The lignin is needed in the process for two reasons. One reason is for energy production. The second reason is because carbon that is obtained by
burning the black liquor is needed in the chemical recovery process. Both the burning of black
liquor and the chemical recovery process take place in the recovery boiler. The plan is to extract
25,000 tons of lignin per year.
Communications have been held with different contractors regarding the construction of the lignin
extraction plant. One of the technologies to extract lignin is called Lignoboost. Regardless of contractor and technology, the basic method is to precipitate lignin from black liquor by lowering the
pH. Additionally, by lowering the pH in a second step some chemicals can be removed from the
lignin. There are two important challenges that have to be met before the construction. The first
one is that the lignin extraction has to be achieved without disturbing the pulp production. The
second challenge is that Renfuel’s process has certain purity requirements on the extracted lignin,
for example molecular weight distribution.
The extracted lignin will probably contain around 30-40% water, which will be removed in Renfuel’s process before the conversion to lignin oil. A detailed description of Renfuel’s lignin oil
production process cannot be revealed, but it is patented in 47 countries. The exact composition of
the lignin oil cannot be given, but it is claimed that it constitutes fatty acids to some extent. The
lignin oil has been tested by Preem and others and it works well to refine together with fossil crude
oil.
Other
Getting the lignin extraction and conversion in place takes time and there are many challenges to
overcome. The ambition is, provided technical feasibility and financial profitability, to have fullscale lignin oil production by 2021. The CO2-reduction quota which was implemented in Sweden
in the summer of 2018 is an important political signal that creates stable long-term market conditions. This is very important because for a big investment like this one there has to be fairly certain
market conditions for at least 15 years. Lignin has an advantage over crude tall oil due to the much
larger quantities. If the lignin oil production plant is successful there are many new opportunities
in other pulp mills that might appear.

5.5 Colabitoil
Colabitoil was founded in November 2013 and now has a pilot plant for production of HVO and is
distributing HVO produced by Neste. Daniel Trabold works as vice president at Colabitoil 5. He is
involved in most of the operational activities in the company and is one of four persons that have
been present since the beginning. The interview information is categorized according to whether it
is related to history, plans, production of HVO, raw materials of today or future raw materials.
History
The original idea back in 2013 was to produce HVO, but since then many other things have happened. In 2014 Colabitoil decided that Norrsundet (40 kilometers north of Gävle) was a good place
to operate from. They rented office space and production facilities. The idea was to first build a
pilot plant and then a full-scale production plant.
Currently, Colabitoil has a pilot plant with a smaller capacity of approximately 1,500 m3 per year.
The pilot plant is not a commercial-scale production facility. Instead it is used to optimize the
process. Important parameters that are optimized are product yield and efficiency. The idea is to
find the best settings that can be used in a full-scale production plant. This research and development work is very time consuming, but it is at a final phase. The knowledge and experience that is
gained from the pilot plant will be used as base when designing and constructing the full-scale
plant.
The pilot plant will remain when the full-scale production plant is in place. It will then serve as a
research and development plant. This means that they can continue to optimize the process by for
example trying new raw materials, other catalysts and different pressures and temperatures. The
5
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pilot plant is relatively advanced in the sense that it is a very controlled process. There are possibilities to measure different parameters at each stage in the process. The reason is to be able to
follow what happens directly at all times. This level of control will probably not be necessary in
the full-scale production plant.
There was a large increase in the demand for HVO during the development of the pilot plant.
Colabitoil initiated an agreement with Neste, which was (and still is) the biggest HVO producer in
the world (see Appendix V). At the end of 2015 they started selling HVO from Neste. In the beginning it was only bulk transports and Colabitoil did not have any vehicles of their own so they
bought the logistic services from other companies. They expanded rapidly and started to buy more
and more of their own vehicles to distribute the HVO.
Colabitoil also realized that there was a demand for filling stations along the roads for bus companies and trucking contractors. So due to this demand Colabitoil also started establishing filling
stations. Today, this is a big part of the business. A summary of the current activities is that
Colabitoil buys and sells HVO and also provides the required infrastructure. In parallel they are
developing their own production.
Plans
The original plan to build a large-scale production plant for HVO in Norrsundet remains. Before
this can be achieved there are two important issues to fix. The first is the environmental permit and
the second is the funding of the construction. The environmental application has been submitted
and is currently being processed. The process is very extensive and time-consuming, but the preliminary assessment is that it will be approved during autumn 2019. The second issue regarding
capital is important since a lot of money is required to build a large-scale plant like this one.
Colabitoil is investigating several possibilities. One factor that makes it extra challenging is the
lack of long-term thinking in the politics. A potential investor wants to know the conditions for
maybe 10–20 years.
It was revealed that other biofuel opportunities have emerged for Colabitoil. Recently they had a
press release about a cooperation with a company called OrganoFuel situated in Sundsvall. OrganoFuel is a research company that has a patent on a certain technology for production of biogasoline and bio-jet fuel from ethanol. Colabitoil and OrganoFuel have plans to build production plants
for biogasoline and bio-jet fuel, but they can also sell licenses for other companies to use the technology.
They have applied for three large-scale production plants in the environmental application. One for
biogasoline, one for bio-jet fuel and one for HVO. The production capacity for each plant is one
million cubic meters (3 million m3 biofuels in total). The focus regarding HVO is to sell it as
HVO100 to customers, but it is also possible to use it for drop-in if that is what the market demands.
Production of HVO
Several raw materials such as used cooking oil and waste products from slaughterhouses, can be
used to produce HVO. The most common and simplest raw material is vegetable oil. The technology can differ a bit depending on which type of raw material is used but to present the basic method vegetable oil can be used.
The process starts with a big tank containing the vegetable oil. The vegetable oil is pumped in to
the process. Hydrogen gas is pushed into the oil and an elevated pressure is obtained. Before it
reaches the catalysts the mixture of vegetable oil and hydrogen gas is pre-heated. The reactions
enabled by the catalysts are affected by pressure, temperature and residence time. The process is
continuous and thus the residence time is the time it takes for the oil to flow through the catalyst
beds.
The first step in the catalysts is that the vegetable oil is cracked into free fatty acids. The hydrocarbon chains are also rearranged in different ways. At the last step isomerization takes place. The
isomerization determines the cold flow properties, cetane number and some other properties of the
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fuel. Vegetable oil contains oxygen. The hydrogen gas reacts with the oxygen and water is obtained. There are also different gases that are formed during the reactions.
The pressure and temperature is still high after the catalysts and the isomerization. The mixture
now consists of gas, water and oil. The gas is separated by lowering the temperature. Two streams
are obtained. The liquid goes down and the gas goes up. The liquid containing both water and fuel
goes to a separation tank in which the water can be separated from the fuel. It is advantageous to
recycle the hydrogen gas in the gas stream. In the pilot plant most of the hydrogen gas is burned,
but for the large-scale plant it will be profitable to invest in a purification unit for hydrogen recirculation. Hydrogen gas is expensive and energy-demanding to produce.
Another important by-product in the gas stream is propane gas. There is a high demand for propane gas on the gas market. In the large-scale production plant the propane gas will be purified and
sold. In the pilot plant it is not feasible to invest in purification of the propane gas so it is currently
burned.
Raw materials of today
The smaller volumes of raw materials that Colabitoil currently use in the pilot plant are different
kinds of used vegetable oils from Europe. They only buy certified raw materials that meet all the
sustainability criteria. It is critical to be able to show that the whole production process is sustainable to get tax benefits.
Generally the sustainability criteria to a large extent determine which raw materials are used for
HVO production. Which raw materials that are regarded as sustainable has varied. Raw materials
from food crops have been discussed a lot for many years, as have the quite large share of PFAD
that has been used for HVO production lately. There are also issues about rules for traceability,
control means and how to classify different raw materials (e.g. as by-products or as residues).
Opinions can differ between different countries. Some countries are more positive to used vegetable oils over fresh vegetable oils. The argument is that it is good to utilize a waste product from the
industry for a good purpose. For other countries, traceability is the most important factor. Those
countries are less positive to used vegetable oils if the traceability is uncertain. They will then
prefer fresh vegetable oils where the traceability is guaranteed. This gives more control and power
to make sure that the raw material is produced in a sustainable way.
There is a political decision that will have a big impact on both the biodiesel production and on the
raw material issue. On July 1, 2018 the so-called reduction quota was introduced in Sweden. This
means that all the diesel fuels that are sold on the Swedish market must have reduced CO2 emissions by 19.3% compared to standard fossil diesel fuel. This number will increase successively.
The reduction will be achieved by adding biodiesel to the fossil diesel. This will create a big demand from the large oil companies. It will also make biodiesel products with a higher reduction
value much more valuable since it will reduce the volumes needed. For example, an oil company
needs almost twice as much volume of a biodiesel with 50% CO2 reduction compared with a biodiesel with 90% CO2 reduction. This will have a big effect on the value of different raw materials
since the CO2 reduction of a biodiesel product is largely affected by the raw material it was produced from. On the other hand it should not be forgotten that the end-users want to buy a 100%
renewable product.
There is competition for the raw materials for biodiesel and this will probably increase in the future. The Swedish market currently consumes a large part of the available transport biofuels. Already by 2020 the total volume of the European transport fuel production is supposed to have a
CO2 reduction of 10%. Sweden has a quite small transport fuel consumption compared to large
European countries like Germany, France and Great Britain. There is a risk that these bigger countries will be prioritized when policy measures promote renewable transport fuels in many countries. This will put the large biodiesel producers like Neste in a very favorable position if different
countries are competing for a limited amount of biodiesel. There are several planned production
plants and also plants currently under construction to be able to meet this increased demand during
the coming years from the European market.
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Future raw materials
Colabitoil is involved in a research project called GrönaPro. The research is about producing raw
material for biodiesel from biomass with microbes. The research results so far have shown great
promise.
The basic concept is that the microbes eat the lignocellulosic material and convert it to lipids as
they grow. This would lead to the breakdown of biomass and the growth of cells containing high
amounts of fat. The microbes of course need water to grow and thus the fat-containing cells will
end up on the surface of the water where they can be harvested. The fat-containing cells can then
be used for transport fuel production by catalytic hydrotreatment. Currently they are looking at
energy balances to check that the technology doesn’t consume more energy than it provides. The
next step would then be to see if it works on a commercial scale.
Potentially any type of biomass can be used as feedstock for the microbes. But there is one feedstock that is particularly suitable, which is waste fibers from pulp and paper industries. These
fibers are too low in quality to be used for pulp and paper products. This residue has a high water
content so it doesn’t have many other uses and it is challenging for the pulp and paper industries to
get rid of it. The water content is not really an issue for the microbes, in fact it can even be advantageous. If this waste material can be used for biodiesel production it would solve several problems at once. Since there are several pulp and paper industries in this area of Sweden the raw material is abundant. And if it is not quite enough for the production quantities that are needed there
is a possibility to use other kind of biomass, such as wood chips.
There is also a company called biokol that is planning to build a plant in Norrsundet for production
of coal from a bio source. The technology is microwave pyrolysis and a by-product from the process is a bio-oil. Around 30% of the biomass will be converted to bio-oil. This bio-oil is of better
quality than regular pyrolysis oil thanks to the lower temperature in microwave pyrolysis.
Colabitoil is very interested in using this by-product if the pyrolysis plant is built. However, the
bio-oil is a bit trickier to process since it is less homogeneous than an ordinary vegetable oil and
also contains for example aromatic compounds.
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6. Aggregated results and analysis
First-generation raw materials compete with food production. For biodiesel these raw materials are
different types of vegetable oils. The main ones worldwide are palm oil, soybean oil, rapeseed oil
and sunflower oil. These raw materials can be used as feedstock for both FAME and HVO. In
Sweden the agricultural activity is relatively low and even lower in Gävleborg County. The extensive use of land and competition with food production makes these type of raw materials for biodiesel production questionable. But arguments can be made that the vegetable oils have good
traceability and this can lead to better control to ensure a sustainable biodiesel value chain.
Second-generation raw materials are non-food based. There are a variety of different types. Some
are already being used and some are potential biodiesel feedstocks for the future. The ones presented in this report were animal fats, fish oils, waste cooking oils (WCO), pyrolysis oil, lignin and
crude tall oil (CTO). Animal fats and fish oils could also be considered first-generation raw materials since they might be edible. There are strict health regulations for human food and the fats and
oils that don’t live up to the regulations have to find other uses. Animal fats and fish oils can also
be used as animal feed and production of different chemicals. It is not obvious which use is best,
but generally it seems that biodiesel and other energy uses are regarded as least valuable in the
hierarchy. An important issue to consider is that the availability of animal fats and fish oils depend
on the demand for meat.
WCO is a feedstock for biodiesel which is currently used by Colabitoil in their pilot plant for
HVO. It seems that the profitability of using WCO is dependent on the production capacity of the
WCO producers and the distance between them since these two factors affect the fuel consumption
during collection. It is optimal to have one big WCO producer in order to minimize the collection
costs. In theory, there can be a point where there are so many small producers that more fuel is
required for collection than is gained in biodiesel production.
Pyrolysis oil from biomass is an interesting future source for biodiesel. It is a heterogeneous mixture of compounds and contains a lot of oxygen. Pyrolysis oil is definitely a raw material that
needs catalytic hydrotreatment for upgrading. It is therefore considered an HVO feedstock and not
feasible for FAME. This study did not clarify how much pyrolysis oil will end up as diesel fuel
and how much will end up as gasoline or other products. A pyrolysis plant for production of pyrolysis oil from sawdust might be built at Setra’s sawmill Kastet in Gävle. The pyrolysis oil will
then be used as feedstock for diesel fuel and gasoline in Preem’s refinery.
Lignin is one of the main components of wood. In the production of pulp by the sulfate process
lignin is separated from the pulp as a component in the black liquor. The lignin is then primarily
burned for energy purposes in the recovery boiler. The three pulp mills within Gävleborg County
all use the sulfate process. At the pulp mill owned by Rottneros in Vallvik a plant for extraction of
lignin and a plant for conversion into a lignin oil might be built. This pulp mill has a surplus of
energy and therefore potential to extract some of the lignin. The lignin will be processed together
with a bio-based carrier oil to the lignin oil. This lignin oil will then be used as feedstock for gasoline and diesel fuel in Preem’s refinery. It was not clarified in this study what the source of the biobased carrier oil will be. Additionally, the composition of the lignin oil was not revealed and therefore it could not be determined what share of it can be used for biodiesel production. Lignin oil as
a feedstock is very interesting due to the large amount of lignin that is available in the forests.
However, the interviews with the two other pulp mills (i.e., Iggesund and BillerudKorsnäs)
showed that the availability is limited by other factors. These two pulp mills are integrated with
production of paper products and therefore they have no surplus of energy. If lignin is extracted
the energy has to be replaced by other sources. An eventual extraction of lignin is associated with
reconstruction of different parts of the plant and thereby large investment costs.
CTO is a by-product from pulp mills that use the sulfate process. It is of limited availability and
consists mainly of fatty acids and rosin acids. The fatty acids can be converted to biodiesel. One
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way to utilize the components of CTO is to fractionate it into different product streams through
distillation. These product streams include one stream with fatty acids, one stream with rosin acids
and one stream called pitch. The pitch can be seen as a residue. There are two main refineries to
which the three pulp mills in Gävleborg County deliver their CTO: Sunpine in Piteå and Kraton in
Sandarne. Sunpine produces tall oil diesel and other products from the CTO, and the tall oil diesel
is used for HVO production by Preem. Kraton produces different chemicals from the CTO. For all
three pulp mills an important factor is to get tall oil pitch back from Sunpine and Kraton to be used
for energy purposes.
A potential source of lipids for biodiesel production was mentioned in the interview with
Colabitoil. This was the conversion of lignocellulosic material into lipids by microbes. A particularly suitable feedstock for the microbes would be waste fibers from pulp and paper industries.
This appears to still be at the research stage, but it will be interesting to follow the development
since it has promising opportunities if it can be achieved on a commercial scale.
Third-generation feedstocks for biodiesel are oils obtained from microalgae. Microalgae are potentially superior to the other raw materials. Biodiesel from microalgae is not commercially available
so it is up to the future to determine its destiny. Due to the cold climate of Gävleborg county it is
questionable if it is a good place for large-scale cultivation of microalgae.
The optimal feedstock for FAME are triglycerides. Therefore, first-generation raw materials are
preferred. Catalytic hydrotreatment can handle more complex raw materials and the feedstock
range can thereby be increased to second-generation feedstocks. There is no producer of FAME in
Gävleborg County. But there is a company (Colabitoil) that distributes HVO produced by Neste.
Colabitoil also has a pilot plant for HVO production and might build a large-scale production plant
in the future. The activities in Norrsundet, which Colabitoil is part of, have the potential to provide
synergy effects if different companies settle there. There can then be knowledge-sharing and utilization of different by-products between the companies.
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7. Discussion
The first aim was to describe feedstocks and production technologies for FAME and HVO. This
was achieved by a literature review. The second aim was to explore ongoing and upcoming activities related to biodiesel production in Gävleborg County. This aim was achieved through interviews with regional actors. This chapter discusses the methods used to answer the aims and the
usefulness of the results.
The word “describe” was chosen for the purpose of the literature review. This gave the author
some freedom to choose which aspects to include and exclude; and therefore the literature review
is not exhaustive. Not all raw materials are described. For example, PFAD was not included, mainly due to time limitation but also because of the regional focus. Further, not all aspects were included. For the feedstocks it is worth mentioning that the environmental impacts of the raw materials were not considered. This is an important issue since the most important purpose with biofuels is to reduce the environmental impact from fossil fuels. The environmental performance of
biofuels is affected by many factors and is different for each particular case. To what extent a
certain biofuel is better than fossil fuels has to be assessed thoroughly. For some cases the biofuel
might even be worse than fossil fuels. An example of an environmental assessment of HVO from
different raw materials is the study by Arvidsson et al. (2011). Another highly relevant environmental consideration was also omitted. That is the source of methanol and hydrogen gas, which
are raw materials for production of FAME and HVO respectively. This is a limitation since they
often are produced with fossil resources. The literature review does however include many important aspects regarding feedstocks and production technologies for FAME and HVO and is useful to get an overview and increased understanding.
Interviewing experts enables a deeper understanding of the challenges and complexity related to
expansion of biodiesel production and provision of feedstock, especially for investigations that
focus on a specific geographic area like this one. There is however no way of avoiding the subjectivity associated with this method. The impression is that the interviewees were honest and therefore there is no reason to suspect any misleading information from the interviews. However, it
cannot be excluded that there could be intentional or unintentional bias or exaggerations. Additionally, it is very tricky to assess the certainty behind different statements from different persons.
For example it is not possible to determine if it is more likely that the pyrolysis plant will be built
compared with the lignin oil plant or the HVO plant since different persons have different backgrounds and different expectations of the future. To minimize misunderstandings, a text about how
the author interpreted the information in the interviews was sent to the interviewees for approval
prior to publication. The word “explore” is key to describing how the information from the interviews can be used. Hence, the interview results cannot be used to draw ultimate conclusions or
assess likelihoods.
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8. Conclusions
The current status of biodiesel-related activities in Gävleborg County was described through interviews with key actors. Crude tall oil is a raw material from the region that is currently used for
HVO production. There is also a company that distributes HVO, has a pilot plant for HVO production and plans to start producing on a larger scale. A project for pyrolysis oil production from
sawdust and a project for lignin oil production from black liquor is ongoing. The plan is to convert
these bio-oils, through catalytic hydrotreatment, into transport fuels at a large crude oil refinery.
Additionally, research about using microbes to convert biomass to biodiesel raw material is a current activity.
Some light was also shed on the future prospects for biodiesel, including challenges and opportunities. The actors described challenges, uncertainties and success factors related to their projects.
The challenges were of a technical or financial nature, i.e., what technology to use and how to
finance investments. Uncertainties were related to not knowing the future. Here long-term conditions decided by politicians were considered important. Two other uncertainties were the environmental permit and the future availability of raw materials. One success factor was the advantage of
converting low-value residues into higher value products. Another was the high demand for
transport fuels in general and the high demand for bio-transport fuels in particular, to a large extent
created by political decisions. Finally, inter-company cooperation was regarded as important in the
bioeconomy.
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9. Future work
This study presented several actors involved in biodiesel-related activities in Gävleborg County. It
also presented their views on challenges and opportunities related to these activities. The focus
was on provision of feedstock for production of biodiesel within Gävleborg County. It is important
that the resources within the region are used for the applications that create the most value. This
maximizes economic growth and thus prosperity for people both within and outside of the region.
It is also important that the resources are utilized as efficiently as possible and in a way that causes
the least environmental harm. However, the application of a resource that creates most economic
value may not always be the application that has the least environmental impact, so there can be a
trade-off between economy and environment. Identifying and removing unnecessary or inefficient
use of resources should lead to both economic and environmental benefits.
The following aspects are suggested to investigate in future studies based on the above reasoning:
-

Quantify the amount of biodiesel that can be produced from regional resources.

-

Investigate if biodiesel is the best utilization of these resources considering both economic growth and environmental impact

-

Quantify the diesel fuel needs in the region

-

Optimize the use of biodiesel along with other alternative fuels in various transportation
fleets

-

Investigate if there are measures to reduce the transport needs in the region
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Appendix I – Fuel use in the Swedish transport sector
The total use of transport fuels in Sweden during the year 2017 was approximately 90 TWh (see
Figure 9) (SEA, 2018). Diesel and gasoline are the two major fuels with 45 TWh and 26 TWh
energy use respectively. Renewable transport fuels with 19 TWh have a significant share in the
energy mix, where biodiesel is the main candidate. Biodiesel in the Swedish market is divided into
HVO with use of 14 TWh and FAME with 3 TWh use in 2017.

Fossil gasoline; 26

Renewable; 19

FAME; 3

Ethanol; 1
HVO; 14
Biogas; 1

Fossil diesel; 45

Figure 9. Consumption of fuels (TWh) in the road transports of Sweden during 2017 (SEA, 2018).
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Appendix II – Biodiesel consumption in Sweden
Biodiesel consumption has increased dramatically in recent years, see Figure 10. HVO is sold as
pure renewable fuel (HVO 100) or blended with fossil diesel (HVO - drop in) (SPBI, 2018b).
FAME is mainly sold as drop-in fuel with fossil diesel (FAME - drop in), but is also sold to some
extent as pure renewable fuel (FAME 100) (SPBI, 2014).
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Figure 10. The development of biodiesel consumption in Sweden (SPBI, 2018a).
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Appendix III – Distribution of vehicles based on fuel type
The share of diesel engines increases with vehicle size. This can be seen in Figure 11 in which the
number of vehicles in traffic in Sweden by the end of 2017 based on fuel type is presented. For
buses, light trucks and heavy trucks the share of diesel vehicles is higher compared to the share for
passenger cars. The average age of vehicles in EU-28 is a bit over ten years and slightly lower than
ten years in Sweden (ACEA, 2018). This means that diesel vehicles and thus diesel fuel will continue to be highly relevant at least in the near-term future.
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Figure 11. Distribution of vehicles based on fuel type in Sweden by the end of 2017. Total number of vehicles
were 4,845,609 passenger cars, 14,421 buses, 555,363 light trucks and 83,025 heavy trucks (Transport
Analysis, 2018).
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Appendix IV – Raw materials for biodiesel
The raw materials from which the HVO consumed in Sweden during 2017 was produced are presented in Figure 12 (SEA, 2018). HVO was produced from several different feedstocks such as
palm fatty acid distillate (PFAD), animal residues, tall oil, palm oil, corn oil and others while all
the FAME was produced from rapeseed oil. FAME produced from rapeseed oil is called rapeseed
methyl esters (RME). Only 5% of the raw materials for HVO and only 3% of the raw materials for
FAME originated from Sweden (SEA, 2018).
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Figure 12. Raw materials (%) used for HVO in Swedish market during 2017 (SEA, 2018).
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Appendix V – Production of biodiesel
Preem is the only HVO producer in Sweden and had a production capacity of 220 million liters in
2016 (F3, 2016). Production capacity of HVO in EU-28 2017 was 3.4 billion liters (USDA,
2018a). Global production of HVO was 6.5 billion liters in 2017 (REN21, 2018). Neste is the
largest producer and had a production capacity of 3.2 billion liters 2017 in their four production
sites (two in Finland, one in the Netherlands and one in Singapore) (Greenea, 2017). It can be seen
from Figure 10 that the Swedish consumption of HVO in 2017 was 1.4 billion liters. This was
more than 20% of the total globally produced HVO that year.
The two biggest producers of FAME in Sweden are Perstorp in Stenungsund with production capacity of 150 million liters in 2017 and Ecobränsle in Karlshamn with annual production capacity
of almost 40 million liters 2017 (F3, 2017). Production capacity of FAME in EU-28 2017 was 21
billion liters (USDA, 2018a). Global production of FAME in 2017 was 36.6 billion liters (REN21,
2018). Again, in Figure 10, it can be seen that the Swedish consumption of FAME in 2017 was 0.3
billion liters, which was less than 1% of the global production in 2017.

v

Research Report Series
1. Work Values among Swedish Male and Female Students. Katarina Wijk. Department of Occupational and Public Health Sciences 2011.
2. The Doll, the Globe and the Boomerang - Chemical Risks in the Future, Introduced by a Chinese Doll Coming to Sweden. Ernst Hollander. Department of Business and Economic Studies
2011.
3. Divergences in descriptions of the internal work environment management, between employees
and the management, a case study. Katarina Wijk and Per Lindberg. Department of Occupational
and Public Health Sciences 2013.
4. Energy and nutrients from horse manure - Life-cycle data inventory of horse manure management systems in Gävleborg, Sweden. Jay Hennessy and Ola Eriksson. Department of Engineering
and Sustainable Development 2015.
5. Prospects for biodiesel in Gävleborg County : Feedstocks and Production. Pontus Norell. Department of Building Engineering, Energy Systems and Sustainability Science 2019.

Published by:

Gävle University Press

Postal address: SE-801 76 Gävle, Sweden
Visiting address: Kungsbäcksvägen 47
Telephone: +46 26 64 85 00
www.hig.se

