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Advanced Review

Prospects for domestic biofuels for
transport in Sweden 2030 based on
current production and future
plans
Maria Grahn1∗ and Julia Hansson2

Currently, Sweden has the largest share of renewable fuels for transport in the EU.
The ambition of the Swedish Government for 2030 is for a vehicle fleet independent
of fossil fuels. This paper assesses the potential future contribution of domestically
produced biofuels for transport in Sweden to 2030, based on a mapping of the
prospects from the actual and potential Swedish biofuel producers. There are
plans for cellulose-based ethanol, methanol, DME (dimethyl ether), methane,
and the biodiesel option HVO (hydrotreated vegetable oil). Continued domestic
production of biofuels at current levels and the realization of all the ongoing
mapped plans for additional biofuels production result in potential domestic
biofuels production of 18 TWhfuel in 2023. When assuming a continued expansion
of biofuels production capacity, the potential domestic biofuels production reaches
about 26 TWhfuel in 2030. If the realization of the mapped biofuels plans is delayed
by 5 years and the pace of continued implementation of additional biofuel capacity
is also reduced, the potential domestic biofuels production is reduced to about 8
TWhfuel and 20 TWhfuel biofuels in 2020 and 2030, respectively. These two scenarios
correspond to a share of biofuels of the total future energy demand for road
transport in Sweden at about 10–30% in 2020 and 26–79% in 2030, depending on
which official energy demand scenario is used. The actual contribution of biofuels
for road transport will depend on, e.g., policies, the global development for fossil
fuels and biofuels, the competition for biomass and biofuels, and future energy
demand in the road transport sector. © 2014 John Wiley & Sons, Ltd.

How to cite this article:
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RENEWABLE ENERGY IN THE
SWEDISH TRANSPORT SECTOR

In 2012, the use of renewable energy in the Swedish
transport sector amounted to 12.6% when calcu-

lated according to the so-called Renewable Energy
Directive (RED) calculation rules (i.e., as share of
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the use of gasoline, diesel, biofuels used in road and
rail transport, and electricity in land transport, and
with the contribution from biofuels produced from
wastes, residues, nonfood cellulosic material, and lig-
nocellulosic material considered double the actual
amount).1,2 This was the largest share of renewable
fuels for transport among the EU countries,3 and
unless the use of renewable fuels decreases and/or
the energy demand in the transport sector increases
substantially or the calculation rules in the RED
change, Sweden will meet the target of 10% renew-
able energy in the transport sector for 2020 stipulated
in the RED.

Ethanol, biodiesel options (FAME, fatty acid
methyl ester; HVO, hydrotreated vegetable oil)

© 2014 John Wiley & Sons, Ltd.
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TABLE 1 The Use of Biofuels for Transport in Sweden in 20124

Biofuels for Transport

TWh (Share of Total

in Parenthesis)

Ethanol 2.4 (34%)

of which low blending 1.13 (16%)

of which E85/ED95 1.27 (18%)

Biodiesel 3.73 (54%)

of which low blending 3.35 (48%) of which FAME:
2.35 and HVO: 1.0

other 0.38 (6%)

Biogas (million Nm3) 0.8 (12%)

and biogas are the main biofuels used for trans-
port in Sweden; DME (dimethyl ether) and ETBE
(an octane-increasing additive for gasoline that
can be based on ethanol) are used in much lower
volumes.

In 2012 the total use of biofuels for transport
in Sweden (6.95 TWh, see Table 1) corresponded to
about 8% of the total use of gasoline, diesel, natural
gas, and biofuels for road transport.4 About 47%
of the ethanol was used for low blending, with the
remaining share as E85 and ED95.4 About 90% of
the biodiesel in the transport sector was used for low
blending, and 70% of this consisted of FAME.4 Gas
for vehicles is pure biogas, pure natural gas, or a
mixture that varies depending on location and time
of year. The share of biogas of the total gas use for
vehicles amounted to about 60%.4 More generally, the
share of petrol has decreased and diesel increased in
recent years.4 In total, the use of energy for domestic
transport in Sweden had decreased in 2012 by 3%
compared with 2010.4

In addition to EU policies such as RED, Sweden
has and has had several different national policies
stimulating the production and use of renewable
fuels for transport, as well as policies for associated
vehicles, e.g., energy and carbon tax exemption for
renewable fuels, vehicle tax exemption for green cars
(replacing a green car premium), benefits value for
certain green cars, obligation for fuel retail outlets
to offer renewable fuels, investment aid for biogas
and other renewable gases, carbon dioxide (CO2)
differentiated annual vehicle tax, super green car
premium.5,6 A quota system for biofuels for transport
is expected to become operative in 2014, and the
energy and carbon tax exemption rules have changed
(mainly because tax exemption is more costly for the
government, see Ref 7).

The ambition of the Swedish Government is
for Sweden in 2030 to have a vehicle fleet that is

independent of fossil fuels, e.g., by a transition to sus-
tainable renewable fuels, major developments in elec-
trification, and measures that reduce the demand for
transport.8 The overall national vision for 2050 is a
Sweden with no net emissions of greenhouse gases
(GHG) to the atmosphere. A national roadmap for
2050 is being developed.9 An official survey of differ-
ent options for ‘fossil fuel independence’ has identified
measures to reduce emissions and dependence on fos-
sil fuels in the transport sector in line with the vision
for 2050.10

In Sweden, in 2012, slightly more than 50% of
the ethanol used was produced domestically, mainly
based on domestic resources.11 The remaining share
originates primarily in other EU countries, and about
80% of the total ethanol use was based on cereals (pri-
marily wheat and corn).12 Of the biodiesel (FAME and
HVO) used, 68% was produced domestically.11 The
FAME was primarily based on feedstocks (rapeseed)
from other EU countries, and about 40% of the total
use of HVO originates from Swedish raw tall oil.12

The demand for biofuels and feedstock is expected to
increase further in response to EU and global targets.

A review of different kinds of existing scenar-
ios and visions, for the contribution of biofuels in
the Swedish transport sector in 2030 (e.g., Refs 9
and 13–16), shows that the contribution of biofuels
in the Swedish fuel mix differs considerably among
the included studies.6 In 2030, the amount of biofu-
els for transport in Sweden varies between 4 and 53
TWh, corresponding to 6–56% of the current energy
demand for road transport in Sweden (the endpoints
of the interval are represented by Refs 17 and 18).
More information about the included studies can be
found in Ref 6 Although the existing studies have dif-
ferent aims, delimitations, approach and assumptions
(e.g., regarding import of biofuels) and are thus not
completely comparable, the review indicates that it, as
expected, is difficult to predict the possible contribu-
tion of biofuels in the future Swedish transport sector.

This study differs from existing scenarios and
visions as it takes its starting point from current pro-
duction and actual expansion plans made by existing
and potential Swedish biofuel producers, mapped pri-
marily through personal communication. The poten-
tial future contribution of domestically produced
biofuels for transport in Sweden to 2030 is estimated
from a combination of the mapped information of the
prospects from the biofuel actors and scenario analy-
sis, which takes into account uncertainties regarding
the realization of the plans. Results should be of
interest to policy makers and other actors evaluating
the prospects for renewable fuels. In this paper the
term biofuels is used to denote biofuels for transport.

© 2014 John Wiley & Sons, Ltd.
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FIGURE 1 | Biofuels production options illustrating the suitable conversion processes for various kinds of biomass. To avoid making the figure too
difficult to read we have chosen to exclude arrows pointing out that all types of biomass can be combusted.

BIOFUEL OPTIONS

Biomass can be categorized by chemical composition.
Different elements are better suited for different pro-
cesses that convert biomass into biofuels of use in the
transportation sector. The main biofuels production
options currently discussed in Sweden are illustrated
in Figure 1.

MAPPING THE PROSPECTS FOR
DOMESTIC PRODUCTION OF
BIOFUELS FOR TRANSPORT

The prospects for domestic production of biofuels for
transport are mapped based on contact with actual
and potential Swedish biofuel producers and the rel-
evant literature review, see also Ref 6. The mapping
was performed during 2012–2013, with some updates
until February 2014. We have not assessed the prob-
ability of realizing the various biofuel plans (or the
credibility of the information). Historically, Swedish
biofuel producers’ plans have changed (e.g., regard-
ing size and start year); an alternative scenario is con-
structed to meet these uncertainties.

We have chosen to describe all types of facil-
ities, including canceled projects as well as research
and pilot plants (even if producing none or insignif-
icant amounts of biofuels) as these indicate interest

in developing biofuel conversion technologies. How-
ever, these kinds of facilities are not included in the
scenarios. Note that the large number of small-scale
commercial plants, producing anaerobic digestion bio-
gas (AD biogas), are not mapped individually.

Summary of Existing and Planned
Production Capacity for Biofuels
for Transport in Sweden
A summary of the mapping of existing and planned
production capacity for biofuels is presented in
Tables 2–4. The individual facilities (among which
canceled projects as well as research and pilot plants
are included) are described in the following sections.
In general, we have used the terms regarding status
(e.g., demonstration, pilot, etc.) used by the actors.

Cereal-Based Ethanol
The domestic production capacity for cereal-based
ethanol amounted to 1230 GWhfuel (210,000 m3) per
year in 2010, and the actual production was about
1130 GWhfuel/year (194,000 m3) of ethanol in 2010
and about 1100 GWhfuel/year (188,000 m3) ethanol in
2011 (Frida Källström, Lantmännen Energi 2012, per-
sonal communication). Currently the two Agroetanol
facilities in Norrköping produce grain-based ethanol.

© 2014 John Wiley & Sons, Ltd.
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TABLE 2 Current and Planned Ethanol Production Capacity in Sweden

Production Facilities Feedstock

Estimated

Capacity (GWhfuel/year)1 Actual or Planned Start

SEKAB, Örnsköldsvik Cellulose 65 1940

Agroetanol 1, Norrköping Grain 390 2001

Agroetanol 2, Norrköping Grain 1130 2008

ST1, Gothenburg Food waste 342 End of 2014

Nordisk Etanol och Biogas AB,
Karlshamn

Grain/cellulose 770/15403 No sooner than 2015/2020

NBE Sweden, Sveg Cellulose 445 No sooner than 2015

Current capacity, rounded to
nearest 5 GWhfuel/year

1585 (65)4

Further planned capacity, rounded
to nearest 5 GWhfuel/year

1250–2020 (480–2020)4

Total current and planned capacity 2835–3605 (545–2085)4

Two test facilities: SP demo in Örnsköldsvik and NBE Sweden in Sveg are described in the text.
1Calculated assuming 21 MJ/L ethanol in lower heating value.52

2Calculated assuming 27 MJ/kg ethanol in lower heating value.52

3The expansion plan for 2020 has grain-based ethanol being replaced by cellulose-based ethanol.
4Figures in brackets point out the cellulosic part of the summaries.

TABLE 3 Current and Planned Production Capacity of Synthetic Fuels via, e.g., Gasification

Production Facilities Feedstock/Product

Estimated Capacity

(GWhfuel/year) Actual or Planned Start

LTU Green fuels Piteå (3 MW) Black liquor/DME 6 2010

Göteborg Energi, GoBiGas1, Gothenburg
(20 MW)

Solid biomass/methane 180 2013

Göteborg Energi, GoBiGas2, Gothenburg
(100 MW)

Solid biomass/methane 1000 No sooner than 2016

Värmlandsmetanol, Hagfors (110 MW) Forest
residues/methanol

600 2016

E.ON, Bio2Gas (200 MW) Solid biomass/methane 1600 2018

Vallvik biofuel, Rottneros AB (About 200
MW)

Black liquor/methanol 750 No sooner than 2017

Rottneros biorefinery, Rottneros AB
(About 200 MW)

Forest
residues/methanol

750 No sooner than 2017

Biorefinery Norrtorp, SAKAB et al., Kumla
(250 MW)

Forest
residues/methanol,
methane

1300 methanol+ 480
methane

No sooner than 2023

Current capacity 186

Further planned capacity 6480

Total current and planned capacity 6666

One test facility, Chalmers gasifier (4 MW), and three canceled projects Värnamo demo (18 MW), Domsjö fabriker (200 MW), and BillerudKorsnäs (200 MW)
are described in the text.

Since 2010, the technical production capacity has
increased to 390 GWhfuel/year (67,000 m3) and 1,130
GWhfuel/year (193,000 m3), respectively, due to a
range of improvements for a total of about 1,520
GWhfuel/year (260,000 m3).

The facility of Nordisk Etanol och Biogas AB in
Karlshamn, with a planned initial production of 770
GWhfuel (130,000 m3) ethanol per year, plans to grad-
ually increase to 1540 GWhfuel (260,000 m3) ethanol
per year (Mikael Runesson, Nordisk Etanol och

© 2014 John Wiley & Sons, Ltd.
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TABLE 4 Current and Planned Production Capacity of Biodiesel (FAME and HVO)

Production Facilities Feedstock

Capacity

(GWhfuel/year)

Actual or

Planned Start

Energigårdarna facility, Karlshamn (RME1) Rapeseed 500 2006

Perstorp, Stenungssund (RME1) Rapeseed 1700 2007

Preem, Gothenburg (HVO2) Tall oil 1000 2010

Preem, Gothenburg (HVO2) Unspecified renewable
sources

Up to 1000 2016

Total current capacity 3200

Further planned capacity Up to 1000

Total current and planned capacity Up to 4200

1RME stands for rapeseed methyl ester, which is one type of FAME fuel.
2HVO stands for hydrotreated vegetable oil.

Biogas AB, 2013, personal communication). Within
about 5 years from the production start date, the plan
is to partly produce ethanol based on straw or other
cellulose-based feedstock. The by-products and waste
will be used for biogas production (supplemented with
straw, it will yield about 600 and 1000 GWhfuel/year,
respectively) (Mikael Runesson, Nordisk Etanol och
Biogas AB, 2013, personal communication). The envi-
ronmental permit has been granted, agreements for,
e.g., feedstock, energy, and digested residues have been
reached, and production could start as early as 2015
(Mikael Runesson, Nordisk Etanol och Biogas AB,
2013, personal communication). The ongoing task is
to find financing.

Ethanol Based on Cellulose or
Waste/Residues
Domsjö Fabriker in Örnsköldsvik has produced
ethanoI from cellulose in the form of sugar from the
production of sulfite pulp since the 1940s. Production
capacity is about 65 GWhfuel/year (11,000 m3). The
ethanol is bought by SEKAB, but not all of it is
used for transport (Lina Wännström, SEKAB, 2011,
personal communication)

SEKAB E-technology AB has run a demonstra-
tion plant for cellulose-based ethanol (called Etanolpi-
loten as it initially was a pilot plant) since 2004, with a
capacity of 1 GWhfuel/year (100–150 m3) ethanol per
year (in part financed by the Swedish Energy Agency).
The actual production has been a few dozen m3 per
year. Since 2011, SEKAB E-Technology AB has phased
out operation engagement due to reduced need in the
context of research activities. Technical development
has been successful; the next step is to commercialize
and bring the developed technology to full-scale pro-
duction (Sune Wännström, SEKAB, 2012, personal
communication) Minor activity took place at the plant

during 2012, and in spring 2013 it was announced
that the plant will operate for at least another year led
by SP Technical Research Institute of Sweden and sup-
ported by the Swedish Energy Agency and the Swedish
Governmental Agency for Innovation Systems (Vin-
nova). The plan was to convert the demonstration
plant into a biorefinery, Biorefinery Demo Plant. 19

The experimental facility by NBE Sweden in
Sveg that ran between 2008 and 2010 produced small
quantities of ethanol for research purposes but is
no longer in use (Lars Fritz, NBE Sweden, 2012,
personal communication) NBE Sweden plans to build
a full-scale ethanol plant based on forest resources
integrated with a combined heat and power plant in
Sveg, with a production capacity of 445 GWhfuel/year
(75,000 m3) ethanol, but since they have a permit
for production of 595 GWhfuel/year (80,000 tons), the
annual production may increase over the years (Lars
Fritz, NBE Sweden, 2012, personal communication).
NBE Sweden estimates that their plant can operate in
2015 at the earliest, given that they receive enough
funding rather promptly. It is possible that the plant
will be built in steps, i.e., that the plant will not be full
scale in 2015 (Lars Fritz, NBE Sweden, 2012, personal
communication)

As already mentioned, the planned facility of
Nordisk Etanol och Biogas AB in Karlshamn is
expected to convert from cereal- to cellulose-based
ethanol in 2020, if realized.

The energy company ST1 has announced
plans for an ethanol plant in Gothenburg, based on
by-products and waste from the food industry, to be
ready by the end of 2014 and estimated to deliver 34
GWhfuel (4500 tons) ethanol per year as well as ani-
mal feed in the form of pellets. ST1 has also indicated
a potential for more ethanol production facilities in
the future, but so far no figures are available (Stefan
Samuelsson, ST1, 2013, personal communication).

© 2014 John Wiley & Sons, Ltd.
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Anaerobic Digestion Biogas
In 2011, a total of 1473 GWhfuel of anaerobic
digestion biogas (AD biogas) was produced by 233
facilities (50% of this was produced in Skåne, Stock-
holm, and Västra Götaland).20 About half of the
total production was upgraded (mainly biogas from
wastewater treatment plants and co-digestion facili-
ties), and the majority of this was used as transport
fuel. There is still an unused potential. Kågeson and
Jonsson21 estimate the amount of biogas from diges-
tion of by-products and waste that can be upgraded
to transport fuel to be up to 2–3 TWhfuel. The total
potential for AD biogas is estimated at about 11
TWhfuel in Ref 22 and 15 TWhfuel in Ref 23, which can
be used for heat and electricity generation or upgraded
and used as transport fuel.

Since AD biogas is mainly produced in numer-
ous small facilities widely distributed in Sweden, it will
generally be analyzed at the aggregate level, instead
of analyzed at the level of individual facilities as the
other larger biofuels production facilities. However,
as already mentioned, the planned facility of Nordisk
Etanol och Biogas AB in Karlshamn is expected to pro-
duce a large amount of AD biogas (600 GWhfuel/year
in 2015 and 1000 GWhfuel/year in 2020, if realized),
and the contribution from this facility will be taken
into account separately.

Synthetic Biofuels
Several synthetic fuels can be produced from syn-
gas from gasification of biomass, e.g., methanol,
DME, biomethane, and Fischer-Tropsch fuels (syn-
thetic gasoline, diesel, aviation fuels, etc.).

Gothenburg Biomass Gasification Project, GoB-
iGas is a project to produce biomethane by (indi-
rect) gasification of biofuels and forestry waste, led by
Göteborg Energi (and run in partnership with E.ON).
An initial 20-MW facility (which is expected to deliver
about 180 GWhfuel biomethane per year when tuned
and the availability has reached the expected level)
has been constructed in Gothenburg and started oper-
ating in October 2013 (Lars Holmquist, Göteborg
Energi, 2013, personal communication). Wood pel-
lets are gasified currently, but other biofuels and forest
residues will be used. Given that this first stage is suc-
cessful, the plan is to build another 100 MW which
would give nearly 1 TWhfuel biomethane per year. The
second stage is expected to start operation in 2016 at
the earliest (Lars Holmquist, Göteborg Energi, 2013,
personal communication). GoBiGas has had financial
support from the Swedish Energy Agency (maximum
granted aid SEK 222 million). The second stage of
GoBiGas has been selected for financial support by

the EU within the NER 300 program (which could
provide assistance corresponding to 50% of the incre-
mental cost for 5 years).

E.ON also has plans to build a biomass gasifica-
tion plant (Bio2G) in Sweden at about 200 MW, which
given full production corresponds to about 1600
GWhfuel/year (Björn Fredriksson Möller, E.ON, 2012,
personal communication). The schedule depends on
how the financial and political conditions develop.
The applications for permits have been prepared and
options for sites assessed; therefore, the plant could
be completed and start operations about 4 years after
the decision is taken, i.e., in 2018 at the earliest (Björn
Fredriksson Möller, E.ON, 2012, personal communi-
cation).

Chemrec has had a demonstration plant (about
3 MW) for the development of DME based on gasi-
fied black liquor in Piteå, operating since 2010. Since
2011, the plant has been producing on a more reg-
ular basis, currently at 150 days per year at a pro-
duction capacity of 6 GWhfuel/year [4 tons DME per
day (Ingvar Landälv, Chemrec, 2012, personal com-
munication)]. The plant has been supported by the
Swedish Energy Agency (Ingvar Landälv, Chemrec,
2012, personal communication). The DME is sold to
10 DME-driven trucks that AB Volvo has developed
and is testing. Since 2013, activities at the demonstra-
tion plant are led by Luleå Technical University under
the name LTU Green fuels.24

For several years, until summer 2012, there was
also a biofuels production project via gasification from
black liquor at a full-scale (200 MW) facility in Örn-
sköldsvik in connection to Domsjö Fabriker, about 70
times the capacity in Piteå (based on the technology
from Chemrec AB). The planned production capac-
ity corresponded to approximately 1 TWhfuel/year
(100,000 metric tons per year of DME or 140,000
tons methanol per year) (Ingvar Landälv, Chemrec,
2012, personal communication). The project had a
grant from the Swedish Energy Agency with a limit of
SEK 500 million (about Euro 50 million) and expected
cost of more than SEK 3 billion (Ingvar Landälv,
Chemrec, 2012, personal communication). In 2011,
the new owners of Domsjö Fabriker, Aditya Birla
Group, decided not to invest in the project owing to
the lack of long-term political decisions on policy.

Vallvik Biofuel is another 200 MW biofuels
production project planning to produce methanol
via gasification of lignocellulose in the form of
black liquor. The planned production capacity is
750 GWhfuel (140,000 tons) of methanol per year.
Rottneros AB, supported by Chemrec AB, leads this
project (indicating that it builds on the technology
developed by Chemrec). With conducive long-term

© 2014 John Wiley & Sons, Ltd.
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political decisions and the funding needed, Vallvik
Biofuel is expected to be operating in a few years, at
the earliest by 2017 (Ragnar Lundberg, Rottneros
AB, 2012, personal communication). In addition,
Rottenros AB has another 200 MW project with
Tyréns and 2GenAB, Rottneros Biorefinery, where
lignocellulose from forest biomass will be used to pro-
duce methanol by gasification. The plant is expected
to be the same size as Vallvik Biofuel or somewhat
larger (Ragnar Lundberg, Rottneros AB, 2012, per-
sonal communication) Provided the political climate
is supportive and creates the prerequisites for fund-
ing, this plant could also be operating in a few years
(Ragnar Lundberg, Rottneros AB, 2012, personal
communication).

VärmlandsMetanol AB plans to build a
methanol plant based on gasification of forest
resources in the municipality of Hagfors (at about
110 MW). The plant is expected to produce 600
GWhfuel of methanol per year (375,000 L of methanol
per day corresponding to about 137,000 m3 per
year at full production); the plant will also provide
district heating.25 The expected start of operations
is 2016; VärmlandsMetanol is searching for funding
systematically.25

BillerudKorsnäs has analyzed the possibilities
for large-scale production of pyrolysis oil from for-
est residues at the Skärblacka pulp and paper mill,
resulting in a production of 750 GWhfuel (160,000
tons) of pyrolysis liquid per year.26 The pyrolysis pro-
cess produces different types of hydrocarbons that can
be upgraded to biofuels for transport. The project
has been selected for financial support from the EU
in the NER 300 program. However, in December
2013, BillerudKorsnäs announced the discontinua-
tion of the project in its current form. Their analysis
had shown that the technology is available but the
present commercial conditions and in the near future
are not sufficiently attractive.27 The project has been
canceled.

During 2012/2013 Sakab AB (which handles
hazardous waste) and VärmlandsMetanol AB, E.ON
Gasification Development AB, E.ON Värme Sverige
AB, Peab, Structor AB, and the municipality of Kumla
performed a pilot study of a 250-MW biorefinery
coproducing methanol, biomethane, and district heat-
ing by gasification of forest resources as wood chips as
well as by-products and waste (Biorefinery Norrtorp).
There are three different output options proposed,
either (1) 1700 GWhfuel (300,000 tons) of methanol
per year; (2) 1300 GWhfuel methanol per year and 480
GWhfuel of biomethane per year, or (3) 1800 GWhfuel
of biomethane per year (Raimo Huhtala, Sakab AB,
2012, personal communication). The plant is planned

in connection to the industrial area of Sakab AB in
Kumla, but the next step is an economic analysis.
Given a decision to proceed with the project and the
necessary funding, the plant could operate commer-
cially in about 10 years, no sooner than 2023 [Raimo
Huhtala, Sakab AB, 2012, personal communication;
Erik Rensfelt, Växjö Värnamo Biomass Gasification
Centre (VVBGC) 2012, personal communication].

Växjö Värnamo Biomass Gasification Centre,
VVBGC, and its 18-MW biomass gasification plant
in Värnamo are state-owned through a holding com-
pany of Linnaues University. After upgrading and
restart during the EU-project CHRISGAS 2004–2010,
the plan was to transform the plant into a flexible
research, demonstration, and training unit (Margareta
Thyselius, VärmlandsMetanol, 2012, personal com-
munication). The Swedish Energy Agency had planned
to finance part of the reconstruction and the first
project (gasification of biomass to syngas), provided
industry also invested. When this failed, the Swedish
Energy Agency decided to stop financial support in
2011, and the facility is currently not in use.

At Chalmers University of Technology, an indi-
rect fluidized bed gasifier, with a capacity of 2–4 MW,
was connected to an already existing 12 MW circulat-
ing fluidized bed boiler in 2008, with the boiler acting
as a heat source for the integrated gasifier. The purpose
of the facility is to prove the reliability of the integra-
tion concept and test different types of solid fuels. 28

Produced biofuels are for research purposes only and
not used as transportation fuels.

Plants not included in this overview are, e.g., the
following two small-scale facilities: (1) the pilot plant
for pressurized entrained flow biomass gasification
(PEBG) of biomass particles from forest residues that
has been assessed at ETC, Piteå29 and (2) the indirect
gasification technology Woodroll in Köping (at 150
kW developed by Cortus). The plan for a 5-MW
Woodroll gasifier, with upscaling to 25 MW in a
second step26, is neither part of the overview owing
to lack of information.

Biodiesel: FAME
There are several producers of FAME in Sweden
(e.g., Perstorps BioProducts AB, Energigårdarna
Eslöv/Ecobränsle, Karaby bioenergi HB, Norups
gård AB, and SoilOil i Häckeberga AB); however,
only two are relatively large. The facility of Perstorp
in Stenungssund has a yearly production capac-
ity of about 1700 GWhfuel/year (180,000 m3) and
the facility of Energigårdarnas/Ecobränsle in Karl-
shamn has a yearly production capacity of about
500 GWhfuel/year (50,000 m3), but neither one has
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produced at full capacity in recent years5 (Christian
Bundy, Ecobränsle, 2012, personal communication;
Susanne Eckersten, Perstorp BioProducts, 2012,
personal communication). In 2011, the production
from Perstorp in Stenungsund amounted to about
1200 GWhfuel/year (126,000 m3) and the produc-
tion from Energigårdarnas/Ecobränsle amounted
to 65 GWhfuel/year (7,000 m3) (Christian Bundy,
Ecobränsle, 2012, personal communication; Susanne
Eckersten, Perstorp BioProducts, 2012, personal
communication). Perstorp reports that one reason
for not producing at full capacity is that the FAME
fuel quality that is suitable for the Nordic climate
(low content of monoglycerides) requires facilities to
be run at a slower pace. The facility in Karlshamn
reports that after a total stop in 2008, the annual
production has increased each year, since the facility
started to operate again in 2009, and production
has been adjusted to the demand. The majority of
the feedstock for the domestic FAME production is
imported rapeseed.12

There seems to be no new plans for future
biodiesel facilities in Sweden. Instead, some of the
small producers stopped producing in 2012 and 2013
(Carl-Johan Andersson, Soiloil, 2012, personal com-
munication). The future for FAME in Sweden will
depend on the outcome of discussions on how to
include indirect land use change in the EU sustain-
ability criteria for biofuels; FAME might not meet the
future requirements for reduced climate impact.

Biodiesel: HVO
HVO (hydrotreated vegetable oil) is a form of
biodiesel that can be produced in a separate facility
and by an integrated process in petroleum refineries
resulting in a biomass-based share of the conven-
tional fossil-based fuel. Biological oils, such as raw
tall oil and slaughter waste, are used for HVO pro-
duction, but given proper pretreatment many other
feedstocks, e.g., straw, manure, algae, by-products,
and waste from forest and pulp, and all kinds
of biological oils can be used (Thomas Ögren
and Helene Samuelsson, Preem, 2012, personal
communication).

The Swedish HVO based on raw tall oil is
produced in two steps. First the intermediate product
raw tall diesel is separated from the raw tall oil, in
a Sunpine facility (Johan Lundbäck, Sunpine, 2012,
personal communication). Then the raw tall diesel is
processed further to HVO diesel fuel by Preem.

The Swedish production of HVO from raw
tall oil amounted to about 670 GWhfuel (67,000
m3), in 2011 (Thomas Ögren and Helene Samuels-
son, Preem, 2012, personal communication). The

production capacity, for HVO based on raw tall oil,
at Preem is 1000 GWhfuel (100,000 m3) of HVO
diesel per year (Thomas Ögren and Helene Samuels-
son, Preem, 2012, personal communication). The total
Swedish production of raw tall oil corresponds to
about 2–2.5 TWh (Swedish Forest Industries Feder-
ation (Lina Palm, Skogsindustrierna, 2012, personal
communication). This corresponds to about 1.3–1.75
TWh raw tall diesel (with negligible energy losses in
the last conversion step this representing the theo-
retical maximum level of HVO from domestic tall
oil). With a larger share of sustainable and acceptable
feedstock for HVO, the Swedish production of HVO
could increase; Preem recently announced that they
will almost double their HVO production by 2016
using different types of renewable sources.30

Other Biofuels for Transport under
Development
Biofuels based on algae and synthetic fuels produced
from biomass-based CO2 and water using electricity
as the main energy source, so-called electrofuels, are
examples of biofuels that have a great supply poten-
tial but currently need further research and devel-
opment before being available at large scale. CO2
released in the production of biofuels comes in a
pure and concentrated form, which makes it advan-
tageous to use in the production of electrofuels. The
most discussed types of electrofuels are methane (a
concept denoted ‘power-to gas’) or methanol (which
can be converted into DME) and the most dis-
cussed algae-based biofuels are methane or FAME
fuels.

The vehicle industry is interested in electrofu-
els (not only biomass-based). For example, Audi has
invested in a power-to-gas facility in Werlte, Ger-
many, that opened in 2013 with a production capac-
ity of 10 GWhfuel (1000 tons) of synthetic methane
per year31 and Volkswagen recently highlighted elec-
trofuels in the form of methane as an important
future complement to conventional natural gas and
other biomass-based methane.32 See Refs 33 and 34
for more on electrofuels. The interest in converting
fast-growing algae into biofuels has increased, in, e.g.,
in the United States, where a large number of compa-
nies (e.g., Exxon Mobile, Shell, and BP) have declared
themselves to be in the algae business.35 See Ref 36 for
more on algae-based biofuels.

The petrochemical sector is also studying other
options for large-scale production of biofuels in the
form of fossil fuels with substantial renewable con-
tent. One concept studied by, e.g., Preem involves
lignin-derived bio-oils and pyrolysis oils.37,38 Conver-
sion of lignin precipitate to a bio-oil that in turn can
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be fed into the refinery is between the laboratory and
pilot scales, implying that it will not be realized for
more than a decade.37

As there are still large uncertainties about these
biofuel pathways, they are not included in the analysis
of this study.

SCENARIOS FOR BIOFUELS
PRODUCTION IN SWEDEN UNTIL 2030

The mapping of existing and planned production
capacity for biofuels for transport in Sweden shows
that many different types of biofuels are produced
currently or are planned to enter the market during
the coming decade. There are plans for the production
of cellulose-based ethanol, methanol, DME, methane,
HVO as well as AD biogas. We use this overview as
a basis for developing scenarios for potential biofuels
production in Sweden until 2030.

The large numbers of small-scale commercial
plants that make up the expansion of AD biogas are
generally analyzed at the aggregate level, whereas the
large-scale plants that make up the expansion of other
biofuel systems are analyzed individually. We con-
struct two scenarios to represent two different plau-
sible outcomes, where we in Scenario 1 assume that
all ongoing mapped plans for additional biofuels pro-
duction are realized and that the expansion continues,
whereas we in Scenario 2 illustrate a less ambitious
alternative where producers’ plans are delayed com-
bined with a slower expansion pace. Detailed infor-
mation for the scenarios is given below.

In both scenarios, already existing facilities
(apart from noncommercial research facilities and ter-
minated projects) are assumed to continue to deliver
the current amounts of biofuels during the entire time
period. However, we are aware that proposed changes
in biofuel policies may cause difficulties for a few
existing fuel options to meet future restrictions and
may lead to some existing facilities being phased out.
Currently, the EU is considering developing policies
related to the GHG performance of a biofuel’s entire
life cycle (this would include factors for indirect land
use change, iLUC, and a stricter level for GHG reduc-
tions as well as limiting the use of crop-based bio-
fuels). Such policies may affect the eligibility of, first
and foremost, FAME fuels, see for example the pro-
posal for an amendment of the RED and the Fuel
Quality Directive39 from the EU Commission.40 The
causes behind land use change are multiple, complex,
interlinked, and change over time (cf. Refs 41 and
42), leading to uncertain quantifications and making
related policy development a complex task. The sec-
ond scenario, though represent a precautious future

where different factors, including policies, may change
the prerequisites and delay investments.

In both scenarios, all biofuels produced are
assumed to be used in the road-based transport sector.
All planned facilities are assumed to produce the
amount of biofuels per year reported by the actors.
In reality, the annual biofuels production could be
somewhat reduced if the production capacity is not
used to the expected extent. Further, it is assumed that
biomass supply potential is not a limiting factor for the
levels of biomass used in these scenarios until 2030,
but this will be discussed. It is important to understand
that neither of the scenarios are predictions of what
will happen; they illustrate how biofuels production
could develop under different assumptions.

Scenario 1: Full Realization and Continued
Expansion
In Scenario 1, all planned facilities are assumed to be
realized and start to produce the stated amount of bio-
fuels in the year reported by the actors, and existing
biofuel facilities are assumed to remain in production
at current levels until 2030 (production from non-
commercial research facilities and terminated projects
are not included in the scenarios). Current produc-
tion along with the realization of the production
plans results in a potential contribution of almost 18
TWhfuel in 2023. However, in Scenario 1, besides the
implementation of the planned investments, slightly
different continued expansion paths for the different
types of biofuels are assumed. In the mapping of pro-
duction plans, no indications for investment plans for
grain-based ethanol or crop-based FAME fuels were
identified. Therefore, the growth rates for these two
biofuel options are set to zero, and they will thus
remain at current size during the entire time period,
in both scenarios. As described above, AD biogas is
treated differently than the other biofuels: the numer-
ous small-scale commercial plants are not analyzed
individually but at the aggregate level. For AD bio-
gas upgraded to fuel quality for transport, an increase
by 10% per year until 2030 is assumed. In addition to
this growth assumption, the specific contribution from
the facility of Nordisk Etanol och biogas is added.
This will lead to an AD biogas use of approximately
5 TWhfuel in the Swedish transport sector, in 2030,
which is in line with the assumptions in Refs 22 and
23 that roughly half of the produced AD biogas will
continue to be upgraded to transport fuel quality. For
remaining biofuels production options, we assume 5%
growth per year. An S-curve describes the technologi-
cal maturity of a product, i.e., how fast new technolo-
gies enter the market, from the first laboratory phase,
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through different growth phases such as introduction,
expansion, break through until fully commercialized.
The choice of growth rates, 5 and 10%, comes from a
rough estimation of where on the S-curve the different
fuel options are.

As start year, for the continued expansion of
each type of biofuels production, the year after the
last planned facility is ready to operate is chosen,
indicating that no new facilities will be built earlier
than that, if not currently planned. The assumed
start year and growth factor for each biofuel type is
presented in Table 5, where the amount of biofuels in
the start year as well as the result for 2030 can also be
found. Figure 2 shows the results for the development
of domestic biofuels production for the entire time
period.

The decrease of grain-based ethanol, in 2020,
is because the facility ‘Nordisk Etanol och Biogas’
is assumed to change from grain-based ethanol to
cellulose-based ethanol in 2020 (applies also to Sce-
nario 2).

In Scenario 1, the potential contribution from
domestically produced biofuels amounts to approx-
imately 16 TWhfuel and 26 TWhfuel in Sweden in
2020 and 2030, respectively (the contribution from
crop-based fuels remains below 4 TWhfuel during the
entire time period). Assuming a conversion efficiency
from biomass to biofuels of roughly 50% implies that
approximately 30 and 50 TWh of biomass feedstocks
are needed for the domestic production of biofuels for
transport in Sweden in 2020 and 2030, respectively.
For comparison, the total use of biofuels for transport
in the EU in 2012 corresponds to about 170 TWh.3

Scenario 2: Delayed Full Realization
and Slower Continued Expansion
From experience, we know that Swedish biofuel
projects sometimes are delayed by several years.6 In
Scenario 2, we assumed that the start year for all
ongoing planned facilities is delayed by 5 years and
that investments in, and implementations of, subse-
quent additional biofuels production after the planned
facilities follow a slower pace until 2030. Delayed full
realization and slower continued expansion could be
the result of general instabilities in the economic sys-
tem as well as uncertainties in how biofuel policies will
be designed.

The assumptions for the continued expansion of
biofuels production after the realization of the mapped
production capacities in Scenario 2 are presented in
Table 6. The results for 2030 are presented in Table 6,
while results for the entire time period are shown in
Figure 3.

In Scenario 2, the potential contribution of
domestically produced biofuels amounts to approxi-
mately 8 TWhfuel and 20 TWhfuel biofuels in Sweden
in 2020 and 2030, respectively (the contribution from
crop-based fuels again remains below 4 TWhfuel dur-
ing the entire time period). Assuming a conversion effi-
ciency from biomass to biofuels of 50% implies that
approximately 15 and 40 TWh of biomass feedstocks
are needed for the domestic production of biofuels for
transport in Sweden in 2020 and 2030, respectively.

The assumption that the start year for all
planned facilities is delayed by 5 years is rather
arbitrary, and if the start year for all planned facilities
instead were 10 years delayed, and the development
thereafter follows the same pattern as in Scenario 2,
the potential contribution of domestically produced
biofuels would be 6 TWhfuel and 15 TWhfuel in 2020
and 2030, respectively.

Potential Biofuel Share of Total Energy
Demand for Swedish Road Transport
In order to compare the estimated potential contribu-
tion of domestic biofuels with the total future energy
demand for road transport in Sweden, an estimation
of the latter is needed. The actual energy demand for
road transport will depend on, e.g., the development
of energy efficiency related to transport and behav-
ioral change related to energy use. Recent official
estimations of the energy demand for road transport
in Sweden in 2020 and 2030, generated by Swedish
authorities, but with different approaches and aims,
can be found in Refs 14 and 43. Both these estimations
will be used for the comparison.

Demand Scenario A, based on Ref 43, repre-
sents a long-term prognosis based on current vehicle
trends as well as policies. Demand scenario B, based
on Ref 14, represents a situation in which Sweden
focuses on meeting the vision of no net emissions of
GHG to the atmosphere by 2050. Energy demand sce-
nario B represents a relatively low energy demand,
which is motivated by the implementation of mea-
sures promoting energy efficiency, as well as reducing
the demand for transport, and includes a substantial
contribution from electric vehicles. Demand scenario
A represents a higher energy demand and includes a
limited amount of electric vehicles. The actual energy
demand for road-based transport estimated in the two
different demand scenarios for 2020 and 2030 are pre-
sented in Table 7. Table 7 also presents the shares
of the energy demand for Swedish road transport to
which the potential domestically produced biofuels
estimated in Scenarios 1 and 2 correspond. Depend-
ing on the biofuel scenario and demand scenario, the
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TABLE 5 Scenario 1 Assumptions for the Continued Expansion of Domestic Biofuels Production after Planned Investments, as well as the Results
for 2030

Start Year1

Growth

Factor

Amount of

Biofuels in Start

Year (TWhfuel/year)

Amount of

biofuels 2030

(TWhfuel/year)

Ethanol grain 2013 0 1.5 1.5

Ethanol cellulose+waste 2021 1.05 2.1 3.4

FAME 2013 0 2.2 2.2

HVO 2017 1.05 2.0 4.0

Biogas (anaerobic digestion) 2014 1.10 0.8 5.12

Biomethane 2024 1.05 3.3 4.6

DME/methanol 2024 1.05 3.4 4.8

1The year after the last planned facility, indicating that no facilities will be built earlier if not currently planned.
2Apart from the growth at the aggregate level, individual contributions from cogenerated AD biogas in the facility of Nordisk Etanol och biogas are added in
2015 and 2020.
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FIGURE 2 | Domestically produced biofuels for transport in Sweden 2010–2030, in Scenario 1, based on current production, the realization of
future plans, and with assumptions for the implementation of subsequent additional biofuels production.

potential biofuel share of the total energy demand for
road transport is 10–30% in 2020 and 26–79% in
2030. The high ends of the intervals represent the
estimated energy demand for road transport if Swe-
den is to meet the national vision of no net emis-
sions of GHG to the atmosphere in 2050. The wide
range within the intervals indicates that the possible
future biofuel share, to a high degree, depends on the
estimated total future energy demand, which is very
uncertain.

DISCUSSION

Owing to its policy measures,6 Sweden had the largest
share (12.6%) of renewable fuels for transport among
EU countries in 2012 (calculated according to the
RED). In this paper, we have assessed the potential
future contribution of domestically produced biofuels
for transport in Sweden by 2030, based on our
mapping of existing and planned domestic production

capacity for biofuels and developing two potential
biofuels production scenarios.

Mapping exercises always deliver a snapshot of
reality, in this case how actual and potential Swedish
biofuel producers, during 2012–2013, viewed the
prerequisites for their future biofuels production (and
how this information was shared and available to the
authors). In reality, plans often tend to change with
time, which is illustrated to a limited extent in our
Scenario 2. We have not assessed the probability that
a given biofuel plan will be realized (or the credibility
of the information), and we have not analyzed the
probabilities for the different scenarios to be real-
ized, as it is difficult to predict which plans will be
realized (and when) and what plans might be added.
However, the information has been compared and
checked with other references when available. The
authors have for example been involved in the gov-
ernmental investigation on fossil fuel independence
in the Swedish transport sector in which Swedish
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TABLE 6 Scenario 2 Assumptions for the Continued Expansion of Domestic Biofuels Production after Planned Investments, as well as the Results
for 2030

Start (year)1

Growth

Factor

Amount of

Biofuels Start

Year (TWhfuel/year)

Amount of

Biofuels 2030

(TWhfuel/year)

Ethanol grain 2013 0 1.5 1.5

Ethanol cellulose+waste 2026 1.025 2.1 2.7

FAME 2013 0 2.2 2.2

HVO 2022 1.025 2.0 3.1

Biogas (anaerobic digestion) 2019 1.050 0.8 3.62

Biomethane 2029 1.025 3.3 3.6

DME/methanol 2029 1.025 3.4 3.8

1In this scenario it is assumed that the realization of the planned biofuels production capacity will be delayed by 5 years compared to reported plans (setting
years 2014–2019 identical to 2013).
2Apart from the growth at the aggregate level, individual contributions from cogenerated AD biogas in the facility of Nordisk Etanol och biogas are added in
2020 and 2025.
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FIGURE 3 | Domestically produced biofuels for transport in Sweden 2010–2030 based on current production, the realization of future plans and a
slower pace for the implementation of subsequent additional biofuels production. All plans are assumed to be delayed by 5 years compared to what
is currently reported.

biofuel actors have provided and checked the same
information.10 Changes in a biofuel producer’s plans
(e.g., regarding size, start year, and status) will influ-
ence the estimation of potential future contribution of
domestically produced biofuels. Some of the included
potential biofuels production may not be realized or
be replaced by other projects. However, our study is of
interest to policy makers and other actors evaluating
the prospects for renewable fuels.

Compared to a similar assessment of the
prospects for Swedish production of biofuels for
transport made during 2009–2010,44 there are some
new projects, but most of the projects known in 2010,
are still active, although the time tables for building
the facilities generally have been somewhat delayed,
for example, the facilities by NBE Sweden, Nordisk
Etanol och Biogas AB, ST1, and VärmlandsMetanol
AB. The actors mainly refer to global economic
instabilities limiting investments as the reason for the
delay. In general, according to the biofuel industry

actors, in particular the lack of long-term political
decisions has prevented a more progressive develop-
ment of biofuels production in Sweden (long-term
economic support is demanded), not the pace of
technology development. Political signals (includ-
ing international signals) influence the possibility to
obtain funding. The lead time for developing biofu-
els production facilities (including building permits,
environmental permits, etc.) is also of importance.6

Some existing biofuel technologies are not
seen in the scenarios in this study, for example,
Fischer-Tropsch (FT) fuels. No Swedish plans for
FT were identified in the mapping exercise. How-
ever, for the time period beyond currently planned
facilities, FT fuels (or other types of biofuels) could
replace the types of biofuels currently shown in the
scenarios. The scenarios also do not show a con-
tribution from algae-based biofuels, biomass-based
electrofuels, or other biomass-based fuel technologies
that currently are in an early phase of development.
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TABLE 7 Estimated Potential Biofuels Production Capacity in the Two Biofuel Scenarios (1 and 2) Compared to Two Different Estimations of the
Future Energy Demand (A and B) for Swedish Road Transport in 2020 and 2030

Biofuel Scenario 1 Biofuel Scenario 2

2020 2030 2020 2030

Biofuels production capacity (TWh/year) 16 26 8 20

Demand scenario A (TWh/year)1 80 78 80 78

Demand scenario B (TWh/year)2 54 33 54 33

Comparison A. Biofuel share of energy
demand for Swedish road transport,
assuming demand A

0.20 0.33 0.10 0.26

Comparison B. Biofuel share of energy
demand for Swedish road transport,
assuming demand B

0.30 0.79 0.15 0.61

For Comparison, the energy demand for Swedish road transport was approximately 84 TWh in 2012.4
1Reference scenario for the long-term prognosis in Ref 43.
2Scenario 1 in Ref 14.

If these technologies develop at a more rapid pace
before 2030 than currently expected, the potential
contribution for domestically produced biofuels in
Sweden for 2030 may exceed the estimations we have
presented.

Not all the domestically produced biofuels will
necessarily be used in the Swedish road transport
sector. The demand for biofuels from other transport
sectors, such as sea-based transport and aviation, as
well as demand from the chemical industry, could
increase, see e.g., Refs 45–47. For road transport,
it is possible to use vehicles driven by hydrogen or
electricity as a complement to biofuels, when goals for
reduced CO2 emissions are to be achieved. But from
a technical perspective, it is considered more chal-
lenging to use electricity and hydrogen for sea-based
transport and aviation. Therefore, the domesti-
cally produced amounts of biofuels may be used in
other end-use sectors in Sweden as well as in other
countries.

Sweden currently imports considerable amounts
of biofuels for transport per year (approximately 3
TWh/year in 2011).48 However, the future contribu-
tion from import of biofuels for transport is uncer-
tain, and Sweden is sometimes considered a potential
export country for biofuels for transport.14 For sim-
plicity, we compared the total estimated biofuels pro-
duction potential to the estimated future Swedish road
transport demand. This exercise should not be inter-
preted as suggesting there will be no export of Swedish
biofuels in the future. Market prices will likely deter-
mine where the biofuels end up. There could also be
an increased demand for biomass from the heat and
power sector, aiming to reduce the use of fossil fuels,
limiting the amount of biomass that is available for the
transport sector.

Are the domestic biomass resources approxi-
mately sufficient to meet the estimated potential bio-
fuels production? The latest estimate of the Swedish
additional biomass supply potential (available for
energy) reports 50–60 TWh of additional biomass
per year in the short term and at least 75–90 TWh
in 30–50 years.10,26 The estimated potential biofuels
production corresponds to approximately 15–50 TWh
per year of biomass, in the period 2020–2030. That
scenario also represents a substantial increase com-
pared with the present biomass use for transport in
Sweden. In 2010, the Swedish use of biofuels for
transport corresponded to approximately 10 TWh of
biomass of which slightly more than 2 TWh was
domestically produced.5 However, it seems that the
estimated domestic biomass supply could meet the
estimated demand from domestic biofuels production,
at least in theory.

Of the estimated 50-60 TWh of additional
biomass per year (potentially available for energy) in
Sweden, the majority could be in the form of lignocel-
lulosic and waste feedstock (however, some amount
of the underlying agricultural area could also be used
to produce grain and other more traditional agricul-
tural crops).10,26 The underlying estimation assumes
a mix of energy crops. The estimated potential bio-
fuels production corresponds roughly to a biomass
demand of approximately 32–43 TWh lignocellulosic
and waste feedstock in 2030, while the production
of grain-based ethanol and FAME does not increase
in 2030 compared with that in 2010. For compari-
son, the overall environmentally compatible biomass
supply potential in Sweden in 2030 is estimated to be
about 157 TWh in Ref 49.

In reality, all land-using activities will impact the
bioenergy supply potential. Apart from food, feed,
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and grazing, the competition for biomass and biofuels
from other sectors, as well as the demand for biofuels
in other countries, will influence how large share of the
domestic biomass supply potential is used for domestic
biofuels production in the future. The location of
the biofuel facilities in relation to the location of the
biomass supply is also of importance.

The actual contribution of biofuels for road
transport in Sweden in the future will depend on many
factors, such as the development of policies (national
as well as at the EU level), global developments for
fossil fuels and biofuels, the future energy demand, the
production and distribution costs for biofuel facilities,
the possibility for the Swedish vehicle fleet to use
the produced biofuels, and the global competition
for biomass and biofuels. The future for Swedish
biofuels production will for example depend on if
there is support for new domestic biofuels production
as proposed in Ref 10.

The fuel infrastructure and the vehicle fleet may
limit the amount of new types of fuels used. Some
of the fuel types may be used as blends in conven-
tional fuels, but it is challenging to blend in more than
10–20%, to meet biofuel shares higher than that, mod-
ified vehicles need to enter the market. The average
lifespan for cars in Sweden is 17 years50, meaning that
the majority of cars sold today will still be around in
2030, unless incentives are introduced to phase out
vehicles at a more rapid pace. In January 2012, there
were in total 2885 fuel stations in Sweden. 51 Fuel
infrastructure is well developed (1694 locations) 51 for
the fuel blend E85 (85% ethanol and 15% gasoline)
mainly as a result of a Swedish law requiring fuel sta-
tions of a certain size to supply at least one renewable
fuel. The developed E85 infrastructure, in combina-
tion with a well-established low-blend market, indi-
cates that the ethanol production seen in our scenarios
will not be limited by infrastructure. In 2012, most
HVO–diesel blends were a mix of 23% HVO and 7%
FAME in conventional diesel, available at more than
700 locations.6 There are no technological limitations
for the share of HVO that a diesel engine can run on,
which indicates that the HVO production seen in our
scenarios will not be limited by existing infrastructure.
For methane, DME, and pure FAME fuels, there is
some current infrastructure (132, 4, and 22 locations
respectively) 51. An expansion of methane and DME
requires new infrastructure to be built. A drawback
for methane is the relatively costly distribution system.
In Sweden, no methanol is currently used in the road
transport sector. However, it is possible to blend 3%
methanol in gasoline, and adjusted vehicles can run on

M85 or M100. To be able to use the methanol shown
in the scenarios, new infrastructure needs to be built.

The contribution of the estimated potential bio-
fuels production to the total Swedish energy demand
for transport depends to a large extent on how energy
demand develops, which differs considerably among
studies. Achieving the estimated energy demand in Ref
14 requires a relatively large adjustment of the trans-
port sector.

Finally, we have not assessed the investment
costs associated with each of the mapped biofuel
plans or the need for investors and other funding
possibilities, but this is an interesting task for future
analyses.

CONCLUSION

In addition to current biofuels production (mainly
wheat-based ethanol, rapeseed-based FAME, AD bio-
gas, and HVO based on tall oil), there are plans
for cellulose-based ethanol, food waste-based ethanol,
methane, methanol, and further expansion of HVO
production in Sweden. Some of the projects have been
delayed relative to the original plans. In particular,
the lack of long-term political decisions, not limits
in technology development, is what has prevented a
more progressive development of biofuels production
in Sweden, according to the Swedish biofuel industry
actors.

The potential domestic Swedish biofuels for
transport production is approximately 18 TWhfuel
in 2023, assuming continued domestic production
of biofuels at current levels and the realization of
all the ongoing mapped plans for additional biofu-
els production. The potential domestic biofuels pro-
duction reaches about 26 TWhfuel in 2030 with an
assumed continued expansion of biofuels production.
For comparison, the current Swedish energy demand
for road-based transport is approximately 84 TWh.4

The estimated potential domestic Swedish biofu-
els production corresponds to about 20–30% in 2020
and 33–79% in 2030 of the future Swedish energy
demand for road transport, when comparing with
two official scenarios representing distinctly differ-
ent developments of the transport and related energy
demand.

However, if the realization of the mapped bio-
fuels plans is delayed, canceled and/or the con-
tinued implementation of additional biofuel capac-
ity is slower than assumed above, the potential
domestic biofuels production in Sweden is reduced
substantially.

© 2014 John Wiley & Sons, Ltd.
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