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Sammanfattning 
 
Föreliggande rapport innehåller en sammanfattning av svenska forsknings-, utvecklings- 
och demonstrationsaktiviteter inom området termisk förgasning av biobränsle under 
perioden 2013-2015, samt en kortfattad beskrivning av energiläget och energipolitiken i 
Sverige och hur, som huvudsyfte för rapporten, detta påverkar användningen av 
biobränsle för förgasningstekniken. 
 
Nedanstående kartskiss ger en överblick av olika forsknings- och industriella aktiviteter 
som pågår 2015. Dessa beskrivs utförligare i rapporten. 
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Summary 
 
The report covers information on the use of energy sources, and in particular biomass 
energy, the Swedish policy framework within this context and, as the main item, a 
description of the current activities in Sweden in the field of thermal gasification of 
biomass. 
 
The map below gives an overview of the current industrial and R&D&D activities in 2015. 
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1 GENERAL OVERVIEW 
On-going industrial and academic activities on biomass gasification are summarized in 
Figure 1. 
 

 
 
Figure 1 The biomass gasification map of Sweden 

The projects and research activities highlighted on the map have all been active in the 
period 2013-2012, i.e. the current IEA Biomass Agreement triennium period. 
These, and also some other historical activities, will be further discussed in the report. 
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2 POLICY 
2.1 Organizations 
The energy and transport policies of Sweden are the responsibility of The Ministry of 
Enterprise, Energy and Communications (Näringsdepartementet) whereas climate and 
environmental policies are the responsibility of the Ministry of the Environment 
(Miljödepartementet). 
 
The Swedish Energy Agency (Energimyndigheten, www.energimyndigheten.se) is 
responsible for national energy issues and R&D, including climate change, etc. The 
agency is also responsible for the registration and book-keeping in the Swedish Emission 
Right system under the EU-ETS system and also for the Swedish part of the Renewable 
Electricity Certificates within the Swedish-Norwegian system. The Swedish Environmental 
Protection Agency (Naturvårdsverket) is responsible for environmental regulations, 
including the allocation of emission rights under the EU-ETS system. 
 
Permitting is normally not part of the activities of the agencies and this is instead managed 
by the local authorities in each county (Länsstyrelsen) or by special environmental law 
courts (Miljödomstolen, Miljööverdomstolen), depending on the installation capacity and 
the type of activity. 
 
Energimyndigheten also has an extensive network for international cooperation. 
Energimyndigheten is engaged in IEA activities on energy supervision and analysis, in 
International Renewable Energy Agency (IRENA) and in Clean Energy Ministerial (CEM), 
organizations with the ambition to increase the use of renewable energy. In a European 
context, the agency is engaged in the European research on energy and climate within 
Horizon 2020, in ERA-NET and is one of 20 energy agencies, or similar, that participates 
in the European Energy Network-EnR. The Swedish Energy Agency participates in 
different co-operation projects in the Nordic countries, Baltic Sea region and Barents 
region. The Government of Sweden has also signed bilateral agreements with several 
countries, e.g. USA, India, Indonesia, Brazil, Russia and China. 
 
The mission of the Energy Agency is to promote the development of Sweden’s energy 
system so that it becomes ecologically and economically sustainable, i.e. energy must be 
available at competitive prices and energy generation must have the least possible 
negative impact on humans and the environment. The mission also includes promoting 
Swedish competence and technology within the energy sector to other countries and to 
gather experiences from international networking. The Agency also supports business 
development and commercialization of new energy technologies both in Sweden and 
abroad. 

http://www.energimyndigheten.se/
http://www.energimyndigheten.se/en/About-us/Mission/Business-Development-and-Commercialisation/
http://www.energimyndigheten.se/en/About-us/Mission/Business-Development-and-Commercialisation/
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2.2 Energy policy background 
Many energy policies that still have an impact today were enacted in the 1960’s, when the 
decision on the program of rapid expansion of nuclear power was taken. It led to the 
construction and commissioning of twelve nuclear power plants up to the early 1980’s. 
This focus on nuclear energy still has an effect on the Swedish energy position. 
 
The oil crises in the 1970’s and 1980’s resulted in a rapid change from a high use of fuel 
oils to other fuels, initially also including an increased use of coal. 
 
During the 1970’s the nuclear program was increasingly debated. From 1976 to 1981, 
when various coalitions between liberal-conservative parties were in power, one of which 
was the leading anti-nuclear energy party, the nuclear issue resulted in significant 
disagreement and break-up of these coalitions. After the Harrisburg accident in 1979 in 
USA, the otherwise pro-nuclear labor party consented to a referendum on the future of 
nuclear energy. This referendum was held in 1980 at which time there were six reactors in 
operation, four in commissioning and two under construction. After a fierce debate and 
three alternatives put forward in the referendum, the compromise solution of phasing out 
all twelve reactors without replacement reactors “as soon as replacement energy could be 
provided” won over the 10-year phase-out program option. 
 
Later, the parliament’s interpretation of the referendum was to adopt 2010 as the end date 
for use of nuclear power in Sweden, based on an expected lifetime of 25 years for the last 
two reactors that came into operation. For the same reason, the first reactors were to be 
phased out in 1986. Public distrust that the referendum decision would not be 
implemented also led to the reactor development law (SFS1984:3) that prohibited 
development of nuclear reactors and the planning and engineering of new nuclear plants. 
 
From the late 1980’s, when the political awareness of the climate change issue began to 
rise, the goal of the energy policy became two-fold; to replace both fossil fuels and nuclear 
power. This led to a policy of promoting renewable power and heat, as manifested by the 
introduction in 1991 of environmental taxation, including also a significant CO2 tax, and an 
investment grant scheme of up to 25 % for renewable power and co-generation plants. 
 
In 1990, Sweden applied for membership of the EU and became a full member in 1995. 
 
In 1996, the electricity market was deregulated, followed by successive changes to 
metering requirements and other legal aids to also allow household customers to choose 
the type of contract and the supplier. 
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In 1997, a new energy policy was agreed for Sweden with the objective of ensuring both 
short- and long-term reliable supply of electricity and other forms of energy “on competitive 
terms”. As part of this program, the first nuclear reactors, Barsebäck 1 and 2 outside 
Malmö were phased out in 2002 and 2005, respectively, but a complete phase-out by 
2010 (as was the conclusion of the referendum in 1980, see above) was then no longer 
seen as possible or desirable by the parliamentary majority. 
 
Another energy policy agreement was implemented in 2002. The agreement had an even 
stronger longer-term element intended to restructure the energy system through 
encouragement of electricity production from renewable sources and of more efficient use 
of energy. A new guide measure, in the form of trading in Renewable Electricity 
Certificates, was introduced in 2003. This guide measure replaced the 25 % general 
capital grant scheme for renewable plants that was introduced in 1991. Originally, the 
certificate system was designated to be in place until 2012 however it has since been 
prolonged twice. It has also become a joint undertaking together with Norway and will now 
be running until at least 2035. 
 
In the same year, the climate change bill of 2002 stated that by 2012 Sweden would 
decrease the emissions of greenhouse gases by 4 %, relative to the level in 1992. 
 
An expansion of natural gas usage had strong advocates in the years around 2000, and 
Danish gas supplied a grid on the west coast from Malmö up to Stenugnsund, a 
petrochemical hub 140 km from the border to Norway. Two large combined cycle co-
generation plants went into operation in Gothenburg in 2006 and in Malmö in 2009. 
However, the grid investments linking also Stockholm and mid-Sweden to the grid on the 
west coast that were planned at the time have not implemented. One reason was that 
since the CO2 tax system had resulted in phasing out almost all coal and oil in the district 
heating networks, so access to natural gas would push biomass out of the market, this 
being contrary to the adopted climate and renewable policies. 
 
In 2003, and in line with the Biofuel Directive, the Swedish Government initiated a pilot 
scheme to introduce biofuels in the transport sector by allowing tax and duty exemptions 
for quota imports of such fuels, notably ethanol and RME; this scheme originally being 
valid up to 2008, but then prolonged, first to 2011 in 2006, and later to 2013 and extended 
annually to 2016. 
 
The climate issue was much in focus in 2006. A high level Commission for Oil Substitution, 
established and chaired by the labor prime minister and including industrial and other 
stakeholders, recommended that most use of fossil fuel should be stopped by 2020 
through strong promotion of renewable energy and by replacing up to 20 % of the 
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automotive fuels with biofuels. The R&D budget of Energimyndigheten was increased to 
approx. €90 million per year and it was explicitly stated that R&D activities, in particular in 
the biofuel area, should be pursued to the demonstration phase. 
 
Following the change in parliamentary majority in the 2006 election, the labor minority 
government was replaced by a four-party liberal conservative coalition that also took on 
climate change as one of their lead themes, as evidenced by tax changes and other 
measures. Furthermore, a “climate billion” was included in the 2008-2010 budget, i.e. one 
billion SEK for climate change mitigation purposes. Of this sum, 50 million SEK per year 
(€5.5 million) was allocated under the heading “biofuel production pilot and 
demonstrations”.  
 
2.3 Current EU and Swedish Energy and Climate Goals 
All EU member states face challenges relating to climate change and increasing import 
dependency. Hence the security of energy supplies and high energy costs have also 
recently come more into the focus. This is the background to the EU launching a 
comprehensive energy and climate package in December 2008 which set ambitious goals 
for 2020. The package of this package is to lead Europe towards a sustainable future in a 
low carbon and energy efficient economy. To achieve this end, the EU has committed itself 
to: 

• Reduce greenhouse gas emissions by 30 % within the framework of a global 
climate agreement, or by 20 % in the absence of an international agreement. 

• Increase the proportion of renewable energy to 20 %. 
• Increase the proportion of renewable fuels to 10 %. 
• Increase the efficiency of energy use by 20 %. 

 
In addition, in 2014, the EU member states agreed on targets for 2030: 

• Reduce greenhouse gas emissions by 40 % relative to 1990. 
• Increase the proportion of renewable energy to 27 % but with no target for 

renewable fuels. 
• Increase the efficiency of energy use by 27 %. 
• Reform the ETS system by introducing a stability reserve from 2021 increase the 

robustness of the emission trading system and by also increase the annual 
reduction factor from the 1.7 % to 2.2 % after 2020. 
 

The EU package of 2008 is still the platform for Swedish climate policy and Sweden will 
contribute to achieving the Union's ambitious climate targets. In fact, the commitment of 
Sweden in the national allocation plan for the member states was set higher than the EU 
average. Other targets were also given in the 2009 Climate and Energy Bill[1], namely: 
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• Increase the proportion of renewable energy to 50 % (from  alevel of 44 % in 2008) 

– Renewable Electricity Certificate system prolonged and target increased to an 
additional 25 TWh in 2020 relative to the RE electricity in the year 2002 

– Wind power planning expanded to 20 TWh for land-based units plus 10TWh for 
sea-based units. 

• Achieve 10 % renewable energy in the transport sector 
– The goal being that Sweden will be independent of fossil transport fuels in 2030 

• Achieve 20 % more efficient energy use through an Energy Savings Plan 
• Achieve 40 % reduction in greenhouse gas emissions relative to 1990 levels in the 

sector not covered by EU-ETS 
– 20 % of this has been achieved already in 2008 
– Up to 30 % will be reached by the so-called flexible mechanisms (CDM, JI) 
– Continued use of the environmental taxation that was introduced in 1992. 

• Follow the EU-ETS policies within the sectors covered 
 

To fulfill these plans, the Government presented a concerted package of measures in the 
area of climate and energy that included new funding of more than 3 billion SEK and a 
special initiative for climate and development worth 4 billion SEK, i.e. a total of 7 billion 
SEK for 2009-2011. 
 
In addition to the above measures and decisions, the policy on nuclear energy was also 
changed radically. As described in section 2.2 above, the result of the referendum held in 
Sweden in 1980 was that the operation of all 12 reactors was to be phased out by 2010 
with no building of new reactors. Later, and in spite of the phase-out of two reactors, it was 
widely recognized that this decision was not possible as a shortage of electricity would 
result. 
 
One of the compromises of the majority in 2009 was an agreement on nuclear energy [2]. 
This opened for building new nuclear plants by revoking the so-called reactor development 
law, however with some constraints. New nuclear reactors are now allowed but only as 
replacements of the existing ten reactors and only at those active reactor sites. 
Furthermore, new reactors are not to benefit from any government subsidies or support in 
their financing or operation. 
 
In 2011, a proposition regarding the consumers’ position, relative to the suppliers, was 
made that will make it easier for consumers to save electricity; to generate their own 
electricity with the possibility to sell the excess to the grid. Regulations regarding the 
charging of electrical vehicles[3] are also included. 
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In addition, a parliamentary inquiry on the increase of competition for district heating was 
published, including a proposal for a system to allow third party access to the district 
heating grids (i.e. oblige the grid owners to accept the distribution of heat generated by 
third parties supplied to consumers)[4]. 
 
In the area of biofuels, to comply with EU state aid rules, the energy tax was levied on low-
level blends in gasoline and diesel as of 2013, but no CO2 tax. The tax exemptions were 
retained for high-level blends or neat fuels (e.g. E85, B100, and CBG, but also for HVO in 
diesel). Fuels must meet the RED sustainability criteria to qualify for tax exemptions. 
 
In late 2013, a parliamentary committee, Fossil Free Vehicle Traffic[5], reported on the 
decarbonization of the vehicle traffic in Sweden. The conclusion was that to achieve a 
completely decarbonized vehicle traffic, many measures in different areas are required to 
decarbonizes the transport sector, in spite of an overall increase in the needs for 
transports, see Figure 2 where one more pro-active (A) scenario and one more 
conservative (B) scenario, respectively are forming road maps for the 2020 and the 2050 
situation. The business as usual scenario would mean an increase of the energy require 
for transports from 80 to 100 TWh, i.e. 25 %, from now to 2050. 
 
The measures required include urban and societal planning to reduce the need for and to 
improve the efficiency in transport, changes in traffic modalities and infrastructure (i.e. 
more railway transports, improved railways etc.), changes in the behavior and attitudes on 
the individual level (eco-driving, acceptance of car-pooling etc.) as well as the increased 
use of biofuels and the introduction and deployment of more efficient drive trains, in 
particular hybrid and electric drive trains. As can be seen from Figure 2, the most 
significant change expected is the gain in efficiency of the conventional drive trains and 
from infrastructural changes with a net reduction of half of the current consumption of 
energy. There is also a striking change from the current internal combustion engine based 
drive train to electric drive trains, where biofuels was seen as an intermediate expedient to 
the large scale adoption of electric drive trains. This very marked change in the expected 
fuel and drive train usage is highlighted in Figure 3. The expectations are that electric drive 
trains are very dominant for heavy and medium weight vehicles in 2050, while for light 
vehicles biofuels still has a significant role even if also hear electric drive trains are more 
and more in common use. 
 
The recommendations were to gradually increase the biofuel quota obligation to 2020, to 
institute a biofuel price guarantee and to expand the use of electrical energy by charging 
infrastructure etc, to use bonus-malus policies to improve vehicle efficiency. However, as 
of yet none of these have been implemented. 
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There was also a proposal following the recommendations of the Fossil free Vehicle Traffic 
Committee, see 2.2, to raise the quota obligation However, this proposal was withdrawn 
for governance reasons in early 2014, as a compulsory quota cannot be combined with the 
tax exemption, following the state-aid rules. Instead, the tax exemption system is 
prolonged to now also be in force in 2016. 
 

 
Figure 2 Decarbonization road maps[5] 

 

Figure 3 Expected vehicle fuel and drive train development road maps[5] 
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2.4 Present political situation and impact on policies 
The liberal-conservative coalition that gained the parliamentary majority in 2006 was in 
power as a minority government also after the elections in 2010 until September 2014. 
 
Following the elections in September 2014, a weak labor-green minority government also 
having parliamentary support from a leftist party took over governing power in October. 
The impact on energy policy is at present still unclear, and the labor and the green party 
have differing views on many issues of energy policy. As part of the compromises required 
when forming the government, the decision on any replacement of nuclear power plants 
was postponed beyond the mandate period of four years. 
 
However, the government has already in the capacity of owner of the Vattenfall power 
company given the company instructions to stop any planning for replacing its current 
nuclear power plants, and also to try to divest fossil power assets outside of Sweden. 
 
Considering the long and, from time to time, also ferocious debate on nuclear power and 
its future, the Vattenfall first quarter 2015 earnings press conference in late April 2015 
became a surprise. Vattenfall, the largest nuclear power plant operator, following reporting 
heavy losses also stated that the two nuclear power plants, Ringhals I and II, will be 
phased out earlier than the 2025 target, already 2018-2020 on the grounds of low 
profitability. The political fall-out of this change of position is not yet fully visible, at least on 
the pro-nuclear side. 
 
The new government has also announced the formation of a ”broad” parliamentary energy 
commission, i.e. also inviting the opposition to participate. The commission will mainly 
concentrate on the electric energy supply and the end-date for reporting is set to 2017. 
 
For 2016, new changes to the tax rates have been published. This is an increase of the 
energy tax for diesel and gasoline, which had been announced by the Green Party prior to 
the elections, but the same tax increase is also levied on biofuels in order to avoid over-
compensation of biofuels, as the EC considers that the biofuels should not be less costly 
than fossil fuels by subsidies or fiscal measures. Furthermore, there is an on-going debate 
with the EC on the carbon dioxide tax for biofuels, as the tax is not levied on biofuels. The 
criticism is based on that there is no consideration of, or differentiation for, the actual CO2 
emission of the biofuel in question, and thus it can be seen as state aid. 
 
These issues are now being examined by the EC and therefore a more complete revision 
of the biofuel support and tax system awaits the decision, while in the meantime 
adjustments of the tax rates are done to safeguard enterprises from retrospective claims 
of ineligible support. 
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There is also a situation where tax changes on renewable electricity are proposed. This 
relates to negotiations with Norway on the expansion of the joint Green certificate system 
to 30 TWh for 2020, see Section 2.8.1. 
 
The new EU 2030 framework agreement on energy and climate policies has this far not 
resulted in any policy measures. However, the new labor-green minority government had 
expressed a higher ambition than the proposed compromise presented by the 
commission, but was overruled by the majority in parliament EC committee to instead 
follow the compromise proposal. 
 
2.5 The Swedish Energy Situation[6],[7] 
The historical development of the energy supply of Sweden up to 2012 is shown in 
Figure 4.  

 
 
Figure 4 The Swedish energy supply 1970-2012 

The gross supply of energy (as thermal input and taking into account cooling losses from 
nuclear and thermal power plants) is of the order of 600 TWh. This figure is constant with 
some variations due to variations in the winter climate and industrial activity. Hydropower, 
oil, and coal, as well as biofuels mainly in the form of black liquor in pulp mills, were the 
main energy supplies to the mid 1970’s. Then nuclear energy was introduced in larger 
scale, as discussed above. This caused a decline in oil usage. Following the oil crisis and 
even more so after the introduction of the CO2 tax in 1992, the use of oil was even further 
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reduced, but increased refining of oil for exports masks this difference. The use of coal and 
coke has remained steady as the main users are in industry, in particular the steel 
industry. The CO2 tax has increased the use of biofuels and peat by a factor of two, and 
this figure is still rising. 
 
The situation for 2012 (the most recent year when statistics is available is shown in Figure 
5. 

 

Figure 5 The Swedish Energy balance 2012[8] 

The gross supply of energy (as thermal input and taking into account cooling losses from 
nuclear and thermal power plants) was of the order of 598 TWh. Although the oil 
consumption has been reduced by almost 50 % since the 70’s, it still constituted 28 % of 
the total primary energy supply, i.e. 165 TWh. The actual domestic oil consumption for 
energy purposes was reduced to a net 100 TWh after deductions for re-export and 
international air and ship transport together with internal energy use mainly in refineries. 
The majority of the oil consumption is used for transports; 76 TWh for domestic transport, 
while 12 TWh was used by industry and 13 TWh were still mainly for heating in small 



 WAC-15 / 1 16 
 IEA Biomass Agreement Task 33 Country Report Sweden 2015 

Lars Waldheim 2015-05-22 

boilers and as a peaking and back-up fuel in district heating, typically of the order of 2-3 
TWh, depending on the winter climate etc.  
 
Natural gas was introduced in the mid-80’s and has a very small share of the energy 
market, only 12 TWh is used, compared to the situation in most countries. The only gas 
grid that exists is fed with Danish gas and extends from the Malmö area, along the western 
coast and through Gothenburg to the petrochemical center at Stenugnsund. There are 
also a few LNG terminals, e.g. outside Stockholm, in Lysekil and in Sundsvall. 
 
Coal usage was 21 TWh, this quantity being up to 70 % used in industry, in particular in 
the metallurgical industry. The remaining 30 % is used for power generation in large co-
gen plants. 
 
Biomass, peat and waste supplies 140 TWh, of which biomass is 122 TWh and 15 TWh is 
waste (of which approximately half is of renewable origin), the remainder, less than 3 TWh 
being peat. 
 
Hydropower generated 79 TWh in 2012. The thermal input of nuclear fuel, 188 TWh, 
contributed to a net 61 TWh production of electric power. Total electrical generation was 
162 TWh, the highest figure recorded, in which other fuel-based thermal power generation 
contributed 15 TWh and wind power 7 TWh. Of the power generated, 142 TWh was 
consumed within Sweden, including transmission losses, and 20 TWh was exported. 
 
The use of bioenergy is thus the third largest primary energy source, only surpassed by oil 
and nuclear energy, and larger than hydropower. However, this does not mean that 
bioenergy has reached its limit. The overwhelming majority of the bioenergy today comes 
from forestry residues and liquors and it is expected that by 2020, this amount could 
increase by another 20-30 TWh, whilst non-forestry biomass could increase from around 
1 TWh to up to 10 TWh in the same period[9][10]. 
 
The report of the Fossil-free transports[5] committee indicated that there is a short term 
potential for an increase in the biomass recovery estimated to as high as 56-69 TWh. In 
the longer-term, further increases can be expected. However, the quantity is difficult to 
assess as other constraints such as sustainability, biodiversity and public acceptance of 
new species and management procedures will come into play. Some experts however 
believe that an increase of 50 % and even up to 100 % is realistic. The report of the Fossil-
free transports[5] committee gave the 2050 potential for an increase of biomass usage for 
energy to 80-98 TWh, but if also a balanced forest fertilization scheme is allowed, this 
potential could be as high as an increase of 177-195 TWh, i.e. more of a doubling of the 
present use. 
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This high capacity from hydropower and the increased use bioenergy means that Sweden 
has a very high fraction of renewable energy, 51 % in 2012 compared to 33 % in 1990, i.e. 
the Swedish target of 49 % in 2020 has already been reached and surpassed. From a 
climate perspective, taking into account nuclear energy, the per capita emission of CO2-
equivalents is low relative to other OECD countries. The change in the energy system also 
means that Sweden has 20 % lower emission of CO2 than in 1990 which is much higher 
than the national commitment in the Kyoto protocol. This has been achieved in spite of an 
increase in GNP of approximately 50 % in the same period. 
 
The use of the energy supplied is roughly distributed as 39 % within industry, and notably 
the pulp and paper and the steel and metallurgical industries. 
 

 
Figure 6 The share of energy use by industrial sector2012[8] 

The paper and pulp industry has over half of the energy consumption in the industrial 
sector, and to have the forestry industry as a total another 4-5 % for the wood products 
industry (consolidated in the “Others” figure) should be added. The forest industry and the 
iron and steel industry are almost using ¾ of the industrial consumption. However, the 
energy-intensity of industry has decreased in terms of power and in particular oil usage 
relative to the product manufacturing added value. In spite of this, the increase in 
production results in increase in industrial the overall energy use. 
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Also the residential and service sectors use 39 % of the energy, of which 60 % is used for 
heating purposes and tap water heating. The energy use, 145 TWh, is more or less 
constant. 
 
The remaining 22 % of energy is used for transport, and the energy usage in this sector is 
still increasing. The distribution between various types of fuels and transports is shown in 
Figure 7. As can be seen, the total use of energy for transport has increased continuously 
over the last decades, but with a small dip in the last year for unknown reasons. The use 
of diesel has surpassed the use of gasoline as more private diesel vehicles are sold and 
the increase in transport by truck. The electricity is almost exclusively used for trains, 
metro and trams in public transports. 
 

 
 
Figure 7 Use of fuels for transport.[8] 

Sweden used just below 8.4 TWh of renewable fuels for transport in 2013, or 15.6 % of the 
transport fuels calculated as defined in the Renewable Energy directive[11]. Thereby 
Sweden succeeded in meeting the EU requirements of 10 % renewable transport fuels in 
2020 already in 2012. The distribution between various renewable transport fuels is shown 
in Figure 8.  
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Ethanol is used either as low-blend in virtually all gasoline, or as E-85 or ED-95. The 
increase is related to the sales of flex-fuel vehicles and, in the short term, also the price 
difference between ethanol and gasoline. Biodiesel is both FAME (fatty acid methyl esters) 
and HVO (hydrogenated vegetable oils). Initially, biodiesel was almost exclusively FAME 
but the fraction of HVO has increased such that in 2012, FAME and HVO has equal 
shares of the biodiesel. Blending fossil diesel with 5 % biodiesel was approved in 2006 
and has now increased to the point where 80 % of the diesel sold contains biodiesel.  
 
Regarding CNG, two thirds of the gas is renewable biogas and one third is natural gas. 
 

 
 
Figure 8 Use of renewable fuels[8] 

2.6 Fuel and energy prices 
The average price paid for fuels and energy for different type of consumers are very much 
influenced by the taxes (energy tax, CO2 tax, VAT, etc.) but also by the type of industry 
(i.e. inside or outside the ETS, power and CHP, as well as sometimes location). This is 
described further in Section 2.7 below. 
 
The average price of different fuels in Sweden in 2013 for energy consuming industries 
outside the ETS sector and private persons is given in Figure 9. In the diagram, a middle 
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category industrial consumer was chosen. For other consumers, electrical heating for the 
electrical price, a middle consumption class of natural gas and bag handling for pellets 
was the basis for the cost. Deviations in the consumption from this basis obviously also 
changes the unit cost as larger consumers get better prices and fixed grid fees becomes 
higher in proportion in the unit cost. 
 
The price build-up for transport fuels is shown in Figure 10. The basic difference between 
enterprises and other consumers is basically that enterprises can deduct the VAT tax. 
Between the categories of enterprises, there is a further difference relating to the energy 
and CO2 tax levied. 

 
Figure 9 Fuel prices for various customers, 2013 (1 SEK = ~ € 0.11) [8] 
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Figure 10 Transport fuel prices for various customers, 2013 (1 SEK = ~ € 0.11)[8] 
The historic development of fuel and electricity prices for private customers, indexed to 
2013 cost level, is shown in Figure 11. It can be seen that the electricity price per MWh 
(incl. taxes, grid charges and VAT) has increased more rapidly than the price of fuel oil 
(natural gas for household consumers has more or less followed the price level of fuel oil), 
particularly when compared to district heating where price increases have been moderate.  
A similar diagram for the industrial energy is shown in Figure 12.  

 
Figure 11 Real cost of energy for households, 2013 SEK value (1 SEK = ~ € 0.11) [8] 
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Figure 12 Real cost of energy for industry, 2013 SEK value (1 SEK = ~ € 0.11) [8] 

 
 
Figure 13  The energy intensity of the industry vs. product added value[8] 
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Also for industrial clients, the electricity, oil and natural gas costs have been rising steadily. 
The cost of coal has until recently showed a similar trend. The cost of solid biofuels has 
undergone a more moderate price increase and has recently the cost has leveled of. 
 
It is worthwhile noting that the price of electricity for the industrial sector has been stable 
and low (200-300 SEK/MWh) for a long period up to 2002, see Figure 12 and Figure 14. 
This is the result of the production system with predominance for nuclear power and 
hydropower, deregulation and grid interconnections. Last but not least, the price remained 
low due to the policy of not enforcing the same taxes and levies on the power industry as 
levied on other sectors since 1992.  
 

 
 
Figure 14 The Nordpool annual average wholesale power prices[8] 

However, since the deregulation in 2003 this trend has been broken. In 2006, prices rose 
sharply partly because of drought in Scandinavia affecting the hydropower generation, and 
partly because the marginal cost system and energy transiting from Europe and Denmark 
made the Emission Rights cost spill directly into the dominantly hydro and nuclear 
generation countries of Finland, Norway and Sweden. Prices two or even three times 
above the long term averages were experienced during the spring and summer of 2006, 
gradually falling back to around €40/MWh. These prices produced very good margins for 
the power industry.  
 
The main raw material industries and consumer organizations, which saw their power bill 
rise, started a fierce debate on the deregulated electricity trading system and how it works. 
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This price trend, and the debate, has continued since 2006. In 2010, the forced outage of 
several nuclear plants led to new all-time high prices, refueling this debate. It was also 
claimed in the media that the large international power companies also had far higher 
profit margins on the electrical supply in Sweden than in other countries. However, in the 
recent year the generally reduced electricity cost due to lower economic activity and 
increased supply of renewable power has resulted in that prices have gone down and 
resulted in that power companies are experiencing economic difficulties.. 
 
The grid interconnections allow for large scale import and export exchange with a number 
of countries, as can be seen in Figure 15. Normally, there is a net large export of power 
from Sweden; it can amount to 10 % or more of annual consumption. In 2012, the net 
export was 20 TWh out of gross 162 TWh generated, which was the highest export ever 
noted. 
 

 

Figure 15 Power imports (+) to and exports (-) from Sweden[12] 
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For biomass CHP, the additional revenues obtained for RE Certificates have given very 
good economic margins, sometimes even to the point that operation with artificial heat 
loads would be economic. 
 
Up to 2000, the price of wood fuel, Figure 16, was stable in nominal terms, meaning that 
the prices in real terms were actually falling. Only in the last decade prices have risen, 
during this time an increase of 50 % or more has taken place. 
 

 
 

Figure 16 The cost of wood fuels for industry and for thermal CHP plants[8] 

The demand for wood fuels has increased as a result of the increase in other energy 
prices and also due to the relatively high profitability of co-generation plants resulting from 
the high electricity prices and the extra revenue from certificates. But the production of 
solid biomass fuels has increased in response to this, while also imports have stabilized 
the price. Before the leveling-off of the prices, the forest industry voiced concerns about 
the consequences of competition for raw materials between the forest industries and the 
energy sector, while also beneficiaries of the increased prices by being important parties in 
this market place. 
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2.7 Taxes and levies 
During the oil crises of the 1970’s, the aim of the taxation policy was to reduce the use of 
oil and increase the use of electricity, which due to the expansion of nuclear energy and 
before the grid interconnections to neighboring countries, was abundant. The 
environmental element of energy taxation was given greater importance in the beginning 
of the 1990’s and was introduced in 1991, mainly with the purpose of reducing greenhouse 
gas emissions. Since Sweden’s accession to the EU, there has been a need to bring 
taxation into line with EU requirements, and in recent years this has resulted in various 
modifications to the environmental taxes. 
 
Present energy taxation policy is aimed at improving the efficiency of energy use, 
encouraging the use of biofuels, creating incentives for companies to reduce their 
environmental impact and creating favorable conditions for indigenous production of 
electricity whilst still not reducing the competiveness of Swedish industry on export 
markets. 
 
Taxes on energy provided 69 billion SEK for the government in 2013, around 4 % of the 
total tax revenues, or slightly below 2 % of GNP. Energy taxes (including also electricity 
taxes) generated approximately 60 %, whilst CO2 tax and taxes on nuclear energy 
generated 34 % and 6 %, respectively. 
 
2.7.1 Taxes 
The present energy taxation system is relatively complex. There are different taxes on 
electricity and fuels, on CO2 and sulfur emissions, and a levy system on NOx emissions, 
see Section 2.7.2. The taxes vary depending on whether the fuel is being used for heating 
or as a motor fuel, whether it is being used by industry, domestic consumers or the energy 
sector, see Table 1. 
 
Value added tax on energy was introduced in 1990 and is presently levied at a rate of 25 
%, but is as a general rule deductible for enterprises. A sulfur tax was introduced in 1991 
and is levied at the rate of 30 SEK per kg of sulfur emission from coal and peat (dry basis) 
and at 27 SEK for each tenth of a per cent by weight of sulfur in oil. However, the 
reduction in the use of coal and oil, and also gradually decreasing sulfur content in some 
fuel oil qualities, has made this tax less important.  
 
For power production only the sulfur tax applies. There are also taxes on nuclear energy, 
based on MCR (maximum continuous rating) values, and for the future storage of spent 
fuels, wastes, etc. Power plants are also taxed as real estate. However, the use of 
electricity is taxed, see Table 1. The industry has one low level of taxes while all other 
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consumers have a higher tax, this level being dependant whether the electricity is being 
used in northern Sweden or in the rest of the country (Table 1). 
 
The general energy tax has existed for several decades and is payable on most fuels, 
independent of their energy content. The CO2 tax, which was introduced in 1991 at a rate 
of 250 SEK/ton of CO2, is levied on the emitted quantities of CO2 from all fuels apart from 
biomass fuels and peat when used outside the ETS regime. Since 1991 it has gradually 
been raised and in 2014 the tax is 1080 SEK/ton of CO2. 
 
However, the full CO2 tax is only paid by consumers and for district heating and other 
heating purposes. The industry included in the ETS system is taxed by 30 % of the energy 
tax and exempted from the CO2 tax. The majority of the CHP plants are part of the ETS 
system. 
 
Non-ETS manufacturing industry, including the portion of energy in CHP plants related to 
heat production1, also only pays 30% of the energy tax but also 30 % of the CO2 tax. 
However, from 2015, the 70 % exemption resulting in that 30 % energy tax and CO2 tax is 
payable will be reduced to only 40 %, implying a doubling of the tax levels to 60 % of the 
general levels for energy and CO2. 
 
In the case of transport fuels, different energy taxation applies depending on the type of 
fuel and its use. The lower energy tax for diesel compared to gasoline has been gradually 
reduced from 2011 and will be further reduced in 2015 with the aim to have a similar tax as 
for gasoline on an energy basis. For the transport industry, some compensation for this is 
made through vehicle taxation as diesel vehicles had higher taxes than comparable 
gasoline vehicles in the past. 
 
In 2014, the exemption for energy tax for ethanol and FAME (or any other biofuel) was 
ended for low level blends, and the tax was then such that the blending of a certified 
renewable fuel in proportions up to 5% is taxed at 11 % of the gasoline energy tax or 16 % 
for diesel energy tax, respectively but is still exempt from CO2 tax. Hydrogenated 
vegetable oil, HVO, is exempt from energy taxation and CO2 taxation at any blend rate, 
and this also applies to other “straight” renewable fuels like E85 and B100. Natural gas for 
vehicle purposes is not subject to energy tax and only 80 % of the CO2 tax and further 
rose to 100 % in 2015. Biogas is not subject to either energy tax or to CO2 tax; this now 
also applies to biogas fed into and then transited to a customer through the natural gas 
pipelines as a result of a new regulation coming into force in 2011[13]. 
 
                                                 
1 All the fuel(s) used will be assigned to the respective taxation regime in proportion to the total amounts of electricity 
and heat produced 
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Table 1 Energy spot taxes from 1 January 2013, excluding VAT (1 SEK ≈ €0.11) 

 Manufacturing industries and utilities, ETS 
2014 Energy tax CO2 tax  S tax Total taxes kr/MWh 
LFO Light Fuel Oil (Eo 1), SEK/m3 S<0,02%) 245  0 245 25 
HFO Heavy Fuel Oil, (Eo 5), SEK/m3 (0,4%S) 245  108 353 35 
Coal, SEK/ton (0,5%S) 186  150 326 43 
LPG, SEK/ton 315  0 315 25 
Natural gas SEK/1000 m3 271  0 271 24 
Peat, SEK/ton (0,2%S, 45% MC) 0  50 50 18 
Tall oil pitch SEK/m3 1 173   1 173 117 

 Manufacturing industries and utilities, non- ETS 
2014 Energy tax CO2 tax  S tax Total taxes SEK/MWh 
LFO (Eo 1), SEK/m3 S<0,02%) 245 928  0 1 173 118 
HFO (Eo 5), SEK/m3 (0,4%S) 245 928 108 1 281 121 
Coal, SEK/ton (o,5%S) 186 807 150 1 144 151 
LPG, SEK/ton 315 976 0 1 291 101 
Natural gas SEK/1000 m3 271 695 0 966 88 
Peat, SEK/ton (0,2%S, 45% MC) 0 0 50 50 18 
Tall oil pitch SEK/m3 1173   1 173 117 
 Other enterprises and consumers (VAT excluded for non-enterprises) 
2014 Energy tax CO2 tax  S tax Total taxes SEK/MWh 
LFO (Eo 1), SEK/m3 S<0,02%) 816 3 088 0 3 894 390 
HFO (Eo 5), SEK/m3 (0,4%S) 816 3 088 108 4 012 380 
Coal, SEK/ton (o,5%S) 620 2 687 150 3 457 457 
LPG, SEK/ton 1 048 3 250 0 4 298 336 
Natural gas SEK/1000 m3 920 2 316 0 3 236 292 
Peat, SEK/ton (0,2%S, 45% MC) 0 0 50 50 18 
Tall oil pitch SEK/m3 3 904    390 
 Transport fuel, all users (VAT excluded for non enterprises) 
2014 Energy tax CO2 tax  S tax Total taxes SEK/MWh 
Gasoline SEK/m3 3 130 2 500  5 630 626 
Diesel, SEK/m3 1 759 3 093  4 852 486 
Compressed natural gas, SEK/1000 m3 0 1850  1850 167 
2014 Electricity 
Industry, agroindustry SEK/MWh 50   50 50 
Non-industry, (communes in N. Sweden) SEK/MWh 293 (194)   293 (194) 293 (194) 
 

 Manufacturing industries and utilities, ETS 
2015 Energy tax CO2 tax  S tax Total taxes SEK/MWh 
LFO Eo 1, SEK/m3 S<0,02%) 245  0 490 50 
HFO Eo 5, SEK/m3 (0,4%S) 245  108 598 59 
Coal, SEK/ton (o,5%S) 186  150 523 69 
LPG, SEK/ton 315  0 630 50 
Natural gas SEK/1000 m3 271  0 542 48 
Peat, SEK/ton (0,2%S, 45% MC) 0  50 50 18 
Tall oil pitch SEK/m3 1 173   1173 234 
 Manufacturing industries and utilities, non- ETS 
2015 Energy tax CO2 tax  S tax Total taxes SEK/MWh 
LFO (Eo 1), SEK/m3 S<0,02%) 245 1856  0 2201 220 
HFO (Eo 5), SEK/m3 (0,4%S) 245 1856 108 2309 230 
Coal, SEK/ton (o,5%S) 186 1614 150 1 950 219 
LPG, SEK/ton 315 1952 0 2267 179 
Natural gas SEK/1000 m3 271 1390 0 1661 147 
Peat, SEK/ton (0,2%S, 45% MC) 0 0 50 50 18 
Tall oil pitch SEK/m3 1173   1173 234 
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Since 2011, the criteria for sustainability of the EU Renewable Energy Directive[14] have 
been incorporated into Swedish law[15], and only fuels that fulfill these criteria receive tax 
exemption. To avoid overcompensation for FAME, the tax rates were adjusted in 2015 to 
92 % of the energy tax for low-blends and to 56 % for neat or high-blends. 
 
For 2016, an increase of the energy tax for gasoline and diesel of 0.44 and 0.48 SEK/liter, 
respectively has been proposed, and which will also be levied on liquid biofuels, while the 
tax on ethanol is proposed to be raised to avoid “over-compensation”, these latter changes 
being motivated by the EC position. 
 
2.7.2 Levies 
The environmental levy on the emission of NOx was introduced in 1992 at a rate of 
40 SEK/kg of NOx emissions from boilers, gas turbines and stationary combustion plant 
supplying at least 25 GWh per year. However, it is intended to be fiscally neutral and is 
repaid to plant operators in proportion to their energy production and in inverse proportion 
to their NOx emissions so that only those with higher emissions are net payers. The system 
therefore provides a strong financial incentive for investments in equipment intended to 
reduce NOx emissions. In 2008, an increase in this levy to 50 SEK/kg was introduced for 
the stated purpose of reducing these emissions to meet the targets for Sweden under the 
EU Air Quality Directive. 
 
2.8 Non-fiscal instruments 
Recently, the use of taxes has been complemented by so-called “market-based 
mechanisms”. In comparison to subsidies on specific technologies, etc., that have been 
the main policy instruments in the past one of the drivers for this system is that market-
based mechanisms are technology neutral and hence more apt to result in an optimal 
resource allocation through competition. Another factor that should not be overlooked is 
that in the light of the EU Stability and Growth Pact, that caps public spending and budget 
deficits, such subsidies and costs no longer form part of the government budget as the 
trading is made externally on the market. Three such non-fiscal instruments have been 
introduced in Sweden or are discussed. 
 
2.8.1 Green electricity certificates[16] 
Since 2003, a scheme and an organization for electronic registration and trading with 
electricity certificates have been in force in Sweden. The purpose is to stimulate the 
production of renewable electricity by providing the producers with an additional income on 
top of the revenues for electricity sold on the market. The working of the system is 
explained in Figure 17. 
 



 WAC-15 / 1 30 
 IEA Biomass Agreement Task 33 Country Report Sweden 2015 

Lars Waldheim 2015-05-22 

 
 
Figure 17 Schematic of the RE electricity certificate system [12] 

Producers receive one certificate per one megawatt-hour of electricity produced, metered 
on a monthly basis in an approved plant, but can only benefit from the certificates for a 
period of 15 years. 
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Electricity from the following energy sources entitles its producers to certificates: 
• Wind power 
• Solar energy 
• Wave energy 
• Geothermal energy 
• Biofuels, as defined in Ordinance (2003:120) Concerning Electricity Certificates 
• Peat, when burnt in CHP plants 
• Hydro power: 

o small scale hydro power which, at the end of April 2003, had a maximum 
installed capacity of 1 500 kW per production unit, 

o new plants, 
o resumed operation from plants that had been closed, 
o increased production capacity from existing plants, plants that can no longer 

operate in an economically -viable manner due to decisions by the authorities, 
or to extensive rebuilding. 

 
The suppliers of electricity are obliged to provide certificates corresponding to a certain 
quota (14.2 % in 2014) of their total sales each year; otherwise, there is a penalty of 150 % 
of the average price of certificates that year. Certificates submitted are cancelled but a 
supplier having an excess of certificates can save these to the following years. To provide 
security for the producers, there is also a guaranteed floor price. 
 
There are some exceptions for e.g. industries with their own co-generation, where internal 
power used does not require a quota, and again for energy-intensive industries. The latter 
will get a reduction corresponding to the quota obligation in relation to their electricity 
usage in order not to penalize them by distorting the competitive basis in relation to other 
countries having less added costs to their generation costs. The total level of exemptions 
are about 45 % of the total electricity sales, i.e. the remaining consumers have to pay 
almost twice the cost compared to a system without exempted entities. 
 
The initial program had the target of providing an additional 10 TWh in 2010, relative to the 
2002 datum of 6.7 TWh. The target increase was changed in 2006 to 17 TWh in 2016, and 
again in 2009 to a target increase of 25 TWh in 2020. From 2012, Sweden and Norway 
has a joint certificate system[17] with the ambition to increase the installed capacity of 
renewable electricity in both countries by 26.4 TWh between 2012 and 2020. This number 
was based on that to fulfill the Swedish target of 25 TWh, an additional target of 13.2 TWh 
was required for Sweden at that time, and the same target was then set also for Norway 
under the bilateral agreement. The bilateral agreement makes the respective national 
certificates interchangeable and opens a common pool market for certificates. These 
systems will thus be operative to 2035 for any plant commissioned in 2020. The total 
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number of certificates thus becomes 198 million for each country (i.e. 13 200 000 MWh*15 
years). 
 
The new Swedish labor green government has since initiated negotiations to increase the 
cap of the targeted increase from 25 to 30 TWh in 2020, as the capacity build-up was 
foreseen to hit the lower cap earlier than 2020, such the new investments would not be 
viable beyond this point.  
 
In Figure 18, the quantitative results are shown. In the period 2003 to 2013, the quota level 
has increased in Sweden. The drop in the level in 2013 and the following year is because 
the 15 year limitation, and where some units are phased out of the system. However since 
these plants have been written off they can still continue to produce electricity 
economically so there is no corresponding drop in production. From 2014, the quota has to 
increase again to reach the Swedish target of 25 TWh, after which it declines as units are 
gradually phased out. For Norway, the quota is ramped faster than for Sweden up to reach 
the 13.2 TWh target in 2020 and then more or less follow the Swedish curve. However, the 
decreased electrical consumption, due to efficiency increases and energy savings in 
combination with the decrease in the industrial activity, makes an adjustment necessary, 
and this was proposed in 2014 by the Swedish Energy Agency, Figure 19. 
 

 
Figure 18 The current quota level in Sweden and Norway 

Up to the third quarter 2014[18], 12.1 TWh has been reached under the pre-2012 Swedish 
system and 7.4 TWh in the joint Swedish-Norwegian system, i.e. 19.5 TWh out of 25 TWh 



 WAC-15 / 1 33 
 IEA Biomass Agreement Task 33 Country Report Sweden 2015 

Lars Waldheim 2015-05-22 

has been reached. (Norway reached 1.5 TWh within the agreement and 0.7 TWh outside 
of the agreement up to third quarter 2014). 
 
For 2014, the curve in Figure 18 indicates an expected a generation of 13.1 TWh for 
Sweden and 5.4 TWh for Norway, respectively, e.g. in actual terms Sweden is slightly 
below the curve while Norway is far below the curve. 
 

 

Figure 19 The proposed adjustment of the quota to meet the 25 TWh target in 2020 

The difference between actual and forecasted production has several explanations. One is 
that the winter temperature, water availability and wind conditions produce variations 
between the years. Another, and more important factor, is that it is difficult to give accurate 
predictions on how long time it takes in each individual project to go from planning to full 
production; permitting, financial issues and commissioning all add to this time. 
 
Certificates are traded on the Nordpool exchange. In Figure 20, the value of certificates is 
shown. The value of this additional income was historically 50-100 % of the pool price for 
electricity, but the relative value has decreased as electricity prices have gone up while the 
certificate price has gone down. There is also an accumulated surplus of certificates (i.e. 
certificates from generation minus certificates cancelled to meet quota obligations) among 
the producers and suppliers of electricity corresponding to over 12 TWh that strongly 
influences the price. 
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Figure 20 RE Certificate prices SEK/MWh on Nordpool exchange[19] (1 SEK ≈ €0.11) 

Up to 2012, biomass and hydropower dominated in terms of production, Figure 21. 
 

 
 

Figure 21 Production of RE electricity from various sources. 
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In 2012, there were 3 326 units in the system; 1 875 wind power units, 1 210 hydropower 
units, 180 bioenergy units and 61 solar energy units. The total installed capacity was 
8 296 MW, of which 4 138 MW was bioenergy, 3 495 MW wind power, 662 MW 
hydropower and 1.6 MW solar energy.  
 
Production-wise, bioenergy accounted for 50 % of the 21.4 TWh produced in 2012, 
including the 4.2 TWh already produced in 2002. In January 2013, the units that had 
already been in operation when the system was introduced in 2002 were phased out, 
causing the decline for biomass and for hydropower seen in Figure 21. 
 
Over 1 400 units where phased out, in numbers mostly small hydropower units, but in 
terms of capacity, biomass units were 2.7 GW out of a total of 3.3 GW phased out, and 6.6 
TWh out of 8.2 TWh production in phased out units. 
 
2.8.2 Emission rights trading 
As a result of the EU directive on emission trading whereby a so-called “cap-and-trade” 
system was introduced, such a system became operative in Sweden in 2005. The first 
trading period, 2005-2008, included energy and industrial plants above 20 MW thermal. A 
new allocation plan was implemented for the second period, 2008-2112, and for Sweden 
an annual amount of 19.8 million emission rights (i.e. tons of CO2) have been allocated to 
existing units (out of 60 million in total emissions in Sweden as CO2 equivalents in 2012), 
while a further 13.8 million emission rights have been set aside for new entrants into the 
system. 
 
For the first period, an excess of rights were given for free in the EU as a whole and thus 
prices were low. In the second period, 2008-2012, the rights are still free but the quantity 
was reduced relative to the first period by the EC by 9.5 %. In addition, the so-called 
reduction rights2 emanating from CDM3 and JI4 projects within the Kyoto agreement could 
make up 10 % at most of the emission rights on a national basis.  
 
For the third period, a cap of 2084 million tons has been established for the EU in 2013, 
and this cap is reduced by 21 % to 2020. In this period, aviation was also included by a 
separate cap-and-trade system of emission rights. For power plants in most countries (and 
also for part of the aviation emission rights) an auctioning procedure will be used to 
distribute the emission rights, starting with 40 % of the total emission rights being 
auctioned, and gradually increasing this fraction annually to reach 50 % in 2020. Other 
energy plants and industries receive 80 % while some energy-intensive industries 
                                                 
2 Certified rights from projects where a reduction of emissions has resulted, CER. 
3 Clean Development Mechanisms, i.e. projects financed by Kyoto protocol partners but executed in the developing countries. 
4 Joint Implementation, i.e. projects carried out in the former Eastern Europe countries 
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competing on the global market that will still receive 100 % of the emission rights for free, 
based on EU-common criteria of bench-marking for energy performance that have been 
defined for each industry and product (e.g. CO2 emission benchmark per ton of pig iron, 
steel, pulp, heat etc.). 
 
In Sweden[20], 29.1 million emission rights were distributed for free in 2013 to the emitting 
plants fulfilling criteria for receiving a free allocation of emission rights, and this number of 
emission rights is gradually reduced annually such that only 19.95 million emission rights 
are distributed for free in 2020. This does number, however, not include changes due to 
increased production or for new installations, in which case free emission rights can be 
applied for from a common EC pool of 300 million emissions rights set aside to be 
available for this purpose. 
 
Expectations, as envisaged from the futures market, are that the distribution of rights will 
be more restrained and prices will be higher. Market prices have been mostly around 20-
30 €/ton initially, Figure 22 and Figure 23. 
 

 
Figure 22 The price of emission rights[21] 

In 2009-2011, it dropped to 15 €/ton and after 2011 it has dropped further to 5-7 €/ton, 
such that the system is not achieving the intentions. The decrease in the economic activity 
in recent years also has caused emissions from many industries to go down as a result of 
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reduced production levels, i.e. there is a surplus of emission rights on the market. Various 
methods to overcome this situation are under debate. 
The EU penalty for not achieving the balance of emission rights was €40/ton until 2008, 
when it rose to €100/ton. This is the same scale as the Swedish CO2 tax already in place 
today. However, at present this penalty has little impact on the market for obvious reasons. 
 

 
Figure 23 Emission rights market development for EUA and CER[22] 
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3 BIOMASS GASIFICATION R&D PROGRAM ACTIVITIES 
3.1 Energimyndigheten 
3.1.1 Energy Research program 
The energy R&D is managed by Energimyndigheten (the Swedish Energy Agency). In the 
past, Swedish activities in the energy R&D field were based on topical programs (e.g. 
Energy in the Forest Industry, Black liquor Gasification, Thermal Processing, Fluidized Bed 
Combustion and Gasification and the FALT research program on alternative motor fuels), 
each having an area of interest with delimitations and stated objectives. The programs 
were typically operated on a three-year cycle and under the control of a steering 
committee representing various stakeholders. 
 
The funding agency Energimyndigheten (The Swedish Energy Agency) has since 2012 
made a re-orientation of the R&D and it is now broadly defined by the parliament by its 
Energy Research proposition for a four year period. The current period proposition[23] for 
2013-2016 gives Energimyndigheten a budget increase to reach 1 300 MSEK per year in 
2015 from the 900 MSEK available in the past period, and a slightly higher budget, 1 400 
MSEK, is indicated for 2016. The changes in the organization of the energy R&D is that 
fundamental research with an energy orientation is singled out as a separate area with 59 
MSEK for the period 2014-2018. In addition, the program has structured the applied 
research in six broader program or thematic areas; 
 
• Energy system studies. 

System research is allocated 130 MSEK in the period 2014-2018 and is focused on: 
– Generate knowledge on interactions in the energy systems (technologies, 

policies, climate aspects etc.) from a national and international perspective 
– Generate scenarios for the future energy system alternatives 
– Provide knowledge and scientific background for the policy measures debate  

 
• The building as an energy system. 

Heating of buildings and building services consume 40 % of all energy and 50 % of 
all electricity in Sweden. This thematic area is allocated 20 MSEK for the period 
2013-2017and is focused on: 
– Developing efficient and sustainable technologies (materials, constructions, 

illumination etc.) for the building and service sectors 
– Reduction of the energy consumption in buildings and services 

 
• Energy-intense industry.  

The program has several legs covering paper and pulp, mining and minerals, 
metallurgical, iron and steel, foundries, etc. Up to 2014, 94 companies have 

http://www.energimyndigheten.se/en/Research/Energy-system-studies/
http://www.energimyndigheten.se/en/Research/Energy-system-studies/
http://www.energimyndigheten.se/en/Research/Energyintensive-industry/
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participated in the program, representing ¾ of the energy consumption in industry 
and over 1/3 of the national energy. 
– improving the efficiency of electricity use and when using fossil and renewable 

fuels 
– increasing the internal supply of energy to its processes, by better utilization of 

waste heat, by-products and refuse material, as well as through its own 
production of electricity 

– supplying energy in the form of heat, fuels and electricity to nearby areas 
– The use of CCS and CCU 

 
• Fuel systems targets research in the areas: 

– Increasing the availability of fuels 
– Improving the cost, cost and resource efficiency of the entire chain from raw 

material to finished solid, liquid or gaseous energy carrier product 
– Increasing electricity yield in thermal conversion plants 
– Demonstration and commercialization of technology 
– Production of biomass and biomass-derived energy carriers in an 

environmentally friendly manner, in response to market and policy measure 
requirements. 

 
• The power system addresses the needs for adequate future electric systems 

– Wind power 
– Novel techniques, e.g. wave and solar power 
– Transmission technologies and equipment 
– Grid system and issues 

 
• Transport. 

– Alternative motor fuels, entire chain from production to use, including 
demonstration plants 

– Energy-efficient vehicles, particularly for use in heavy traffic  
 
Each thematic area has several sub-areas with research programs covering different 
topics. For some areas Energymyndigheten is the responsible agency and for some 
programs other agencies are responsible and there is financial contributions being 
received from, or being transferred to, such agencies. In addition, such programs have 
contributions also from industrial trade organizations and other stakeholders and cover 
both research and demonstrations, such that it is difficult to give an overview of the 
distribution of funds in terms of the thematic areas. There is also a transition period in 
2013-2015 in which running programs are evaluated and decisions on their budget and 
content in new phases are taken. 

http://www.energimyndigheten.se/en/Research/Fuel-systems/
http://www.energimyndigheten.se/en/Research/The-power-system/
http://www.energimyndigheten.se/en/Research/Transport/
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The energy-intensive industry program is a co-operation with the industry where gains in 
energy efficiency provide certain tax benefits. The second phase was terminated in mid-
2014 but with projects running up to 2017 in some cases. At present, planning for a new 
period is on-going but not yet decided. 
 
The fuel system area looks at the provision of fuels, notably biomass, from forestry, energy 
crops etc., to the conversion of fuel to heat, power and biofuels and biogas, as well as to 
the sustainability of the routes. In the area of alternative fuels, it has some common areas 
with the transport program. For the four-year period 2011-2014, the budget allocation is 
240 million SEK, roughly shared equally between the areas. To this budget allocation, co-
funding from industrial sources is expected while some funding for notably transport 
biofuels is managed by other agencies. 
 
The power system area covers electricity generation in general (not including that from 
biomass), grid issues and components as well as electrical system issues. Her, some 
programs run to 2016 and 2017. 
 
The transport system thematic areas include a vehicle efficiency area where existing drive 
lines are developed to higher efficiencies and new drive lines such as hybrids, electrical 
and fuel cells are developed and demonstrated. Another area is alternative fuels which, as 
noted above, have an overlap with the fuel thematic area. Demonstration of second 
generation ethanol is included in this area. 
 
Biomass gasification research and development is included in the Fuels and Transport 
thematic areas. In the past, black liquor gasification R&D has to some extent also been 
included in the paper and pulp section of the Energy-intensive industry area. 
 
3.1.2 Strategic research 
Energimyndigheten is also the agency in charge of the energy-related funding provided in 
the 2008 government bill “A Boost to Research and Innovation”. This source of funding 
provides support to twenty identified “Strategic Areas of Research” of which one is energy-
related. The funding is provided to the universities as direct support to select strong 
“research environments”. Through a proposal and evaluation procedure, forty-three such 
high-class research groupings were selected. Each of these receives funding for a first 
phase of five years, to be followed by another five-year phase. Three of these were energy 
related: 
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Bio4Energy (bio4energy.se) 
(Umeå University / Luleå Technical University / SLU Swedish Agricultural University) 
Biorefining of woody biomass. Funding5 = 50 MSEK per year 
 
Chalmers Energy Initiative (http://www.chalmers.se) 
(Chalmers Technical University, SP Technical Research Institute of Sweden, Inventia6) 
Energy Combinates, electricity propulsion systems and hybrid vehicles, large-scale 
renewable electricity generation and grid integration, technology impact assessment. 
Funding = 58 MSEK/year 
 
STandUP (www.standupforenergy.se) 
(Uppsala University / Luleå Technical University / SLU Swedish Agricultural University, 
KTH, Royal Institute of Technology) 
Mainly electrical grid and vehicle technology, but also RE power generation. Funding = 58 
MSEK/year 
 
The funding can be used for research in the respective fields of activities for these centers, 
but importantly it can also be used as co-lateral in other research programs and structures 
e.g. from Energimyndigheten or the EC, or combined with industrial research funding, and 
hence can constitute a basis for generating considerable leverage. Examples of such 
combinations are given below. 
 
The strategic research support is subject to a major evaluation in 2014-2015 as a basis for 
any possible prolongation. 
 
3.1.3 Demonstration project funding 
In 2008, Energimyndigheten received 875 million SEK (~€100 million) for funding 
demonstration of second generation biofuels and energy technologies. In 2009 candidate 
projects submitted expressions of interests (EOI). Thirty-seven EOI’s were received, out of 
which five were gasification related. From these candidate projects, five were selected, two 
of which were gasification-related, the black liquor gasification demo at Domsjö (500 
MSEK) which however was stopped in 2013, and GoBiGas (222 MSEK) in Gothenburg, 
which is now in initial operation, see below. 
 
In FY 2012 budget, the budget for demonstrations in the areas identified in the EU SET 
Plan7 was reinforced by additional 83, 83 and 52 MSEK for the years 2012, 2013, and 

                                                 
5 The funding level reported is in all three cases the 2012-2015 level. The funding in 2010 and 2011 is approximately one third 
and two thirds of this funding, respectively 
6 Formerly known as STFI-Packforsk the Swedish wood and packaging institute 
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2014, respectively. Although there have been a few additional candidates to the ones 
mentioned above in the gasification area, none of these have been developed to receive 
any demonstration grants. 
 
3.1.4 Strategic innovation areas 
The strategic innovation areas were launched as a way of maintaining the competitive 
strength of the Swedish industry and exports while promoting sustainable solutions on a 
global scale. Energimyndigheten is one of three agencies engaged. The process has the 
ambition to generate strategic innovation agendas and programs from a bottom-up 
approach. A financial support is available for the organization that takes the lead in 
developing the agendas but the support for realizing the agendas is planned to come from 
the overall R&D budget of the agencies involved. 
 
3.2 Gasification research programs 
3.2.1 SFC, Swedish Gasification Centre (www.ltu.se/site/SFC?l=en) 
The Swedish Gasification Centre was formed in 2011 as an academic research 
organization (center of excellence). The formation of the center was a way of overcoming 
fragmentation of the research and to closely connect the research to industrial needs. The 
initial budget was 58.5 million SEK for a two year start-up period during 2011-2012, 
followed by an annual budget of 58.5 million SEK/year for the second phase 2013-2017 
and a foreseen activity at the same level in a third period in the following four years, 
subject to a favorable evaluation of the second phase.  
 
In total, 23 companies, 9 universities and 2 institutes are engaged. The funding is provided 
in equal shares by the Swedish Energy Agency as part of the Fuel Systems thematic area, 
industrial partners and the universities engaged. There are over 30 senior researchers 
engaged. In addition, the center organizes the research work and supervision of over 30 
PhD students. 
 
The organization of the center is depicted in Figure 24. It is composed of three parts, 
referred to as “nodes”, each of which specializes in one generic gasification technology, 
entrained flow (EF) at Luleå Technical University, indirect gasification at Chalmers (CIGB 
Centre of Indirect gasification of Biomass) and fluidized beds at KTH (CDGB Centre of 
Direct gasification of Biomass). For governance reasons, the structure was changed from 
a coordinated activity in the first phase nodes to a structure where the nodes, including 
their industrial partners, have autonomous responsibility within the framework agreement, 

                                                                                                                                                                  
7 THE EU Strategic Energy Technologies Plan (Investing in the Development of Low Carbon Technologies (SET-
Plan) COM(2009) 519) covers identified technologies to be developed for 2020 and 2050 to meet the energy and 
climate goals of the EU. In the bioenergy field it is the basis for the European Industrial Bioenergy Initiative 
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and where the steering group and advisory board is responsible for defined joint activities 
and general supervision that the framework procedures are followed. 
 
Even if the nodes are autonomous and follow the activity plan agreed with its industrial 
partners via node steering groups, there are a number of horizontal activities. These 
include the annual program conference, summer schools for the students engaged in the 
node activities, arranging workshops on topics common to all nodes and general 
coordination of reporting and management as well as other outreach activities. 
 
Other universities are associated to these nodes, e.g. MiUN, LNU, LU, MdH, UMU, GU. 
The institutes involved are SP ETC and SP, the Research Institute of Sweden. Industries 
include power and energy companies such as E.ON, Vattenfall, Fortum, Mälarenergi, 
Göteborg Energi, Eskilstuna Energi & Miljö; forest companies such as Holmen, SCA, 
Smurfit kappa  and Sveaskog, chemical companies such as Nynäs, steel industry SSAB, 
mineral industry Nordkalk and gasifier developers such as Carbona, Chemrec, Cortus, 
MEVA and Valmet, etc. 
 

 
Figure 24 Organization of SFC in Phase 2, 2013-2017 

The technical program is presented in Figure 25, and where the delimitations of the 
program activities are shown as the yellow area, i.e. the center focuses on the gasification 
and gas cleaning sections, and should not engage in the synthesis processes or use of the 
products, or on biomass pre-treatment upstream of the gasifier.  
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The technical activities and resources of the universities involved are further described for 
each university in Section 4. 
 

 

 
Figure 25 The technical structure of SFC 

 
3.2.2 LTU Biosyngas Centre(www.ltu.se/ltu/media/news/Forskning-om-biobranslen-sakrad-1.112187?l=en) 
 
The LTU Biosyngas Centre program uses the 3 MW black liquor gasifier, originally 
constructed by Chemrec, and the 4 ton per day Bio-DME/Bio-Methanol facility, constructed 
as part of the FP7 Bio-DME project. 
 
As a consequence of the decision by Domsjö to not go ahead with the black liquor 
gasification demonstration project and when the Bio-DME project ended in 2013, Chemrec 
could no longer finance the activities in the pilot plant co-located with ETC, which is 
described in more detail in Section 5.1.3. 
 
In order to secure a continued use of the pilot plant infrastructure and the various 
developments on gasification, gas cleaning and chemical syntheses in the pilot plant, and 
also to allow production of a fuel quality DME for vehicle fleet tests performed by Volvo, a 
research program was initiated under the name LTU Biosyngas Centre. LTU took the role 
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as a principal and coordinator for this research program and also bought the physical 
assets of the pilot plant and access to the embedded IPR. 
The LTU Biosyngas program was launched in December. The total budget for the program 
is 158 million SEK for the period December 2013 - May 2016. The Swedish Energy 
Agency is responsible for 112 million SEK, the Norrbotten County Board of SEK 2.5 million 
and the initial 14 research partners account for the remaining sum. The partners include 
Chemrec, Haldor Topsoe, Smurfit Kappa, Sveaskog, Holmen, Södra, Biogreen, Volvo, 
Preem, Flogas, Perstorp, ETC, Aga and LTU Green Fuels. 
 

 
Figure 26 The Chemrec/LTU Green Fuels plant (foreground) at the Smurfit Kappa plant, Piteå 

LTU Biosyngas Center is an open research center with an ambition to have academic and 
industrial partners to use the facility for research at pilot scale or in side-streams. The goal 
is to gradually build a project portfolio to be less dependent on Swedish national funding. 
 
The theme of the research up to 2016 is to broaden the raw material base, to improve the 
efficiency of sub-processes and to reduce production costs. The subprojects involves 
gasification of pyrolysis oil and wood powder, gas purification, catalytic conversion of 
synthesis gas, materials for hot alkaline environments and field trials with the products 
from the plant, Bio-DME as a diesel fuel and substitute for LPG as well as the use of Bio-
methanol for chemical and fuel purposes. 
 
Figure 27 describes the LTU Green Fuels plant and also highlights the sub-projects (work 
packages) that are active in 2013-2016. Pilot test in WP1 is operation on mainly black 
liquor to provide syngas for other activities e.g. in WP4 and WP5, and to produce liquid 
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bio-derived fuels for WP7. WP2 and WP3 has the aim of broadening the fuel basis, in WP2 
by using blends of black liquor and other liquid biofuels (e.g. pyrolysis oil) and where the 
synergistic effect of alkali in black liquor as a gasification catalyst is explored. WP3 is a 
pre-study for a solid feed entrained flow gasifier, as a modification of the existing gasifier 
or as a separate gasifier unit connected to the downstream gas cleaning. WP4 deals with 
gas cleaning issues such as CO2 removal by membranes etc. In WP5 a novel once- 
through methanol reactor configuration is tried. WP6 relates to improvement on refractory 
lining and other entrained flow gasifier design issues. 
 

 
Figure 27 Block diagram of the LTU GreenFuels plant and main activities of LTU Biosyngas program 

WP7 relates to the use of the DME and methanol produced in the plant. To date some 800 
tons of DME have been produced and Volvo have accumulated some 1 400 000 km in 
fleet tests. 
 
3.3 Other gasification-related Swedish funding organizations 
3.3.1 Energiforsk fka SGC (www.energiforsk.se) 
Svenskt Gastekniskt Centrum, SGC (Swedish Gas Centre,) was in the beginning of 2015 
merged with Värmeforsk (Thermal Engineering Research Foundation) and Elforsk (Power 
Utility Research Organization), see Section 3.3.3, merged to Energiforsk. The former SGC 
part of Energiforsk follows and coordinates R&D on energy gases, mainly on natural gas 
and biogas but also recently has extended some activities into thermal generation of gases 

http://www.energiforsk.se/
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from biomass. This is one of the programs under the Fuel Systems thematic area. In 
recent years they have become increasingly active also in the field of thermal gasification 
of biomass through the program area “Energetic gas technologies” has a budget of 80 
million SEK for the period 2013-2017 of which 60 % comes from Energimyndigheten and 
40 % from the industrial stakeholders in SGC. 
 
SGC organizes an annual “International Gasification Seminar”; since 2007 with seminars 
in Gothenburg in 2013 and Malmö in 2014. However, the ninth seminar in this series will 
take place in Stockholm in October 2016, and no activity is planned for 2015. 
 
Other on-going gasification related activities co-financed by SGC are; 

• Ash and bed material effects in dual FBs  SP 
• Activation and additives to olivine in gasification Chalmers 
• On-line alkali and tar measurements in gasification SP  
• Catalytic conversion of tar in the Wood Roll process Wood Roll 
• Co-location of gasification plants with existing forest industries SGC  
• Increased syngas energy density from catalytic gasification  

and the use of redox cycles   
• Development of measurement techniques for the GoBiGas project Chalmers  
• Char conversion in indirect fluidized bed gasifiers 

 
Some recent projects include; 

• Particulate contaminants from indirect gasifers  LU  
• Autothermal regenerative POX  tar reactor  LU  
• On-line detection of water vapor    
• CO2 removal in indirect gasification    
• Fuel tests in 500 kW Wood Roll prototype   Wood Roll 

 
 
3.3.2 Fossil Free Fuels- f3 (www.f3centre.se) 
The center f3 was established as a nationwide knowledge platform for cooperation and 
research related to systems aspects of the entire renewable fuels value chain. The mission 
of f3 is to contribute with scientifically-founded decision support for policy makers, 
government, industry and other organizations, on environmentally, economically, and 
socially sustainable renewable transportation fuels, i.e. f3 does not engage directly in 
research on biomass gasification but instead incorporates the results of R&D into system-
oriented studies. The center f3 engages in five different project areas relating to the entire 
value chain, see Figure 28: 

• Comprehensive technological, economical and/or environmental system studies 
• Stakeholder, policy and strategy studies 
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• Comparative system studies of alternative process chains 
• Studies on process integration and efficiency improvement potentials 
• Syntheses of current knowledge status for specific areas or surrounding conditions 

of the value chain 
 

 
Figure 28 The f3 definition of the value chain being studied 

For 2014-17, f3 has a total budget of 65 million SEK, of which a part is a joint program of 
44 MSEK, “Renewable transport fuels and systems”, of which 50 % is provided by 
Energimyndigheten under the thematic area Transports. The other partners are the region 
of Västra Götaland, in the academic area Chalmers Technical University, KTH, Linköping 
University, the Swedish Agricultural University (SLU), Lund university (LU) and Bio4Energy 
(see Section 3.1.2), the institutes of SP, IVL and Innventia and industries like EON, 
Göteborg Energi, Lantmännen Energi, Perstorp, Preem, Scania and Volvo. These partners 
finance half of the total program. The activities of f3 does not include gasification per se, 
but gasification is included as a system element as one conversion pathway from biomass 
to biofuel. 
 
3.3.3 Other funding organizations 
Other funding sources in Sweden, but at a smaller level, are Värmeforsk (Thermal 
Research Foundation, www.varmeforsk.se) and Elforsk AB (the joint research agent of the 
power utilities, www.elforsk.se) as well as research foundations linked to various utilities. 
These were merged in the beginning of 2015 with SGC, see Section 3.3.1 to Energiforsk. 
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3.4 EU funding programs 
3.4.1 Framework 6 and 7 programs 
3.4.1.1 Framework 6 (http://cordis.europa.eu/fp6/) 
Swedish universities and companies have been engaged in EU research programs in the 
gasification area. In FP6, black liquor gasification was one of the technologies investigated 
as part of the RENEW (2004-2008) project (www.renew.com) and Linnaeus University 
coordinated CHRISGAS (2004-2010), where among other R&D activities; the intention 
was to use the Värnamo IGCC plant for syngas research. 
 
3.4.1.2 Framework 7 (http://ec.europa.eu/research/fp7/index_en.cfm) 
In the FP7 program, there has also been significant Swedish participation. A three-year 
project called GreenSyngas, coordinated by Lund University, was completed in 2010.  
 
The Chemrec pilot plant was the centerpiece in the Bio-DME project, where a pilot DME 
production was installed to provide fuel for truck fleet tests.  
 
ETC and Nykomb Synergetics were engaged in gasification-related activities in the 
biorefinery projects SUPRABIO (www.suprabio.eu) and EUROBIOREF, respectively 
(www.eurobioref.org). 
 
A still ongoing project until September 2015 is BRISK-Biofuels Research Infrastructure for 
Sharing Knowledge. BRISK (www.briskeu.com) is a € 11M four-year initiative with € 9M 
funded under EC coordinated by KTH Stockholm, and also includes ETC at Piteå as well 
as partners from Austria, Denmark, Finland, Germany, Greece, Italy, Netherlands, 
Norway, Poland, Spain, Sweden, Switzerland, Turkey and the UK. 
 
The BRISK project aims to develop a European research infrastructure for thermochemical 
biomass conversion and to support R&D on innovative processes to convert sustainable 
feedstocks into liquid, gaseous or solid fuels. The specific aim of BRISK is to overcome 
fragmentation in R&D facilities for thermochemical technologies, by enabling researchers 
to have access to high-level experimental facilities and services across Europe. The 
BRISK network will encourage and facilitate cooperative research in the specialized 
laboratories of project partners. One feature of the BRISK project is that the experimental 
facilities are open to researchers outside the project via a Transnational Access modality. 
Joint Research Activities are designed to improve the services offered by BRISK 
participant’s infrastructure. Topics like fuel characterization, improved measurement 
methods, and enhanced catalytic conversion processes are intimately linked to these 
facilities. As a third item, networking activities are a part of the project in order to promote 
research infrastructures in thermochemical conversion. This is accomplished e.g. by so-called 
TOTeM’s – Topic Oriented Technical Meetings.  

http://www.renew.com/
http://www.suprabio.eu/
http://www.eurobioref.org/
http://www.briskeu.com/
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3.4.1.3 ERA-NET (http://www.eranetbioenergy.net/) 
As part of FP6, the EC launched a new form of cooperation for coordination activities. To 
decrease the fragmentation of research funding allocated by the member states 
themselves, the EC supported coordination activities carried out by national research 
funding agencies in the member states through joint programs and calls for proposals. 
This activity has continued in FP7, one such activity is ERA-NET Bioenergy 
(www.eranetbioenergy.net). In FP6, ten member states were involved, but in FP7 only 
eight remained, one of which is Sweden. 
 
In 2007, a joint ERA-NET Bioenergy call on gasification was launched. Six projects 
resulted, including two projects where KTH and Chalmers participated. These were active 
up to 2010 
 
In 2014, ERA-NET Bioenergy had a biorefinery call where projects are being evaluated 
and contracts awarded and the 9th call addressing bioenergy value chains has a deadline 
for outline proposals in January 2015. 
 
3.4.2 Horizon 2020 (https://ec.europa.eu/programmes/horizon2020/) 
Horizon 2020 is the replacement of the previous framework program and is operative for 
calls of proposal between 2014 and 2020. 
 
Although gasification-based applications have been made in the first year of the program, 
no contracts involving gasification activities in Sweden have yet been awarded at the end 
of 2014. 
 
3.4.3 European Institute of Innovation and Technology (EIT) (http://eit.europa.eu/) 
EIT provides support and funding via so-called KIC:s, Knowledge and Innovation 
Communities. One such KIC, KIC InnoEnergy SE (www.kic-innoenergy.com) addresses 
sustainable energy. InnoEnergy is formally a European company (Societas Europeæ, SE) 
registered in the Netherlands having 29 shareholders and 60 associated partners 
representing industry, research institutes and academia. It operates as a company but has 
a “not for profit dividend policy”, the aim being to re-invest any profits into the structure. 
Innoenergy’s ambition is to be a lead for innovation and entrepreneurship in the field of 
sustainable energy. The vehicle to do this is work on the so-called knowledge triangle 
consisting of the three corners, research, education and business. Through these 
activities, patents and start-up companies etc. are going to be created to provide 
revenues. Innoenergy has a seven-year business plan for which €700 million has been 
committed by the shareholders and partners for the period 2011-2015. 
 

http://www.kic-innoenergy.com/
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The operation is organized in six so-called co-locations, i.e. geographically distributed 
centers, each representing a key energy technology, see Figure 29. Although there is a 
CC-Sweden (which addresses smart grids), from the point of view of biomass gasification, 
CC-Germany is responsible for coordinating the “Energy from chemical fuels” theme, with 
Karlsruhe Institute of Technology as the focal point. This cluster contains 11 companies, 
10 research institutes, and 14 universities and claims to constitute 50 % of key research 
players in Europe. The cluster represents the knowledge triangle and claims to have 
strong ties with venture capitalists and local governments. 
 

 
 
Figure 29 The KTC Innoenergy network 
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Gasification-related activities within Innoenergy with Swedish involvement have been or 
are active in the period; 
 

• Demonstration of improved catalysts and reactor designs for the production of SNG 
from biomass via gasification (DEMOSNG). Ends 2015. 

• Development and market implementation of PID and FID tar analyzers (DeMiTar). 
Ended 2014. 

• Novel synthesis process concepts for efficient chemicals / fuel production from 
biomass (SYNCON). Ended 2014. 

 
KTH, which is a partner in Innoenergy, participates in some project activities of CC 
Germany based on funding from this source. 
 
3.4.4 NER 300 (http://ec.europa.eu/clima/funding/ner300/index_en.htm) 

NER 300 is an activity related to the SET-plan, see footnote above. The Commission will 
use the revenues from the sales of 300 million emission rights under the ETS directive 
from the New Entrant Register (NER) to finance climate-related demonstrations in Europe. 
These emission rights raised 2.1 billion €. Additional information on the NER 300 program 
can be found on the web page. 
 
The support will be available for eight CCS and thirty-four innovative renewable energy 
demonstration plants, further defined as eligible categories; 

• 9 bioenergy projects 
• 5 concentrated solar power 
• 3 photovoltaic power 
• 6 wind energy 
• 4 geothermal energy 
• 3 ocean energy hydropower 
• 4 Distributed Renewable Management (Smart grids) 

 
Each member state is guaranteed to receive at least one project with a maximum of three 
projects, unless projects are seen as transboundary, i.e. being sited in more than one 
member state, in which case more than three projects can be accepted. The level of 
support can be up to 50 % and does not exclude other forms of public funding. 
 
Applications for the first round were due in early 2011 to the member states focal points, 
Energimyndigheten in the case of Sweden. After an evaluation, the member states 
submitted their short lists in mid-2011. The evaluation, which is performed by the 
European Investment Bank, was made on various criteria, e.g. project readiness, impact 
and the funding requested in relation to the efficiency relative to the climate benefits. 

http://ec.europa.eu/clima/funding/ner300/index_en.htm
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Sweden submitted a shortlist of nine projects, of which five are in the field of bioenergy; 

• Pyrogrot Billerud -Category: 40 kton/a pyrolysis oil or slurry. 
• Vallvik Biofuel -Categories: 40 000 m³/a methanol via entrained flow gasification of 

i) black liquor, ii) pyrolysis oil or iii) torrefied wood. 
• Rottneros Biofuel -Category:150 000 m³/a methanol from lignocellullosic biomass. 
• E.ON Bio2G -Category: 40 million Nm³/a SNG. 
• GoBiGas 2 -Category: 40 million Nm³/a SNG. 

 
All the five projects above where retained after the first evaluation but in the final round, 
Pyrogrot Billerud and GoBiGas 2 were selected. E.ON Bio2G was retained on the reserve 
list but since Sweden also got a project in the wind category, the three project cap was 
reached limiting the possibilities as a reserve. 
 
However, in 2013 Billerud Pyrogrot declared that the project would not be realized due to 
market conditions and difficulties in concluding suitable off-take agreements.  
 
The Bio2G and Rottneros projects was resubmitted in the second round of application in 
2013 and in 2014 Bio2G received a grant of up to 204 million €, while yet another Swedish 
project BIOd Biorefinery project (Rottneros) was rejected as Sweden again has reached 
the cap of three projects in total. During October 2014, it was also decided that the 
implementation date for NER 300 projects is postponed by two years. This means that 
GoBoGas2 project, where the deadline was December 2014 has up to December 2016, 
while the Bio2G project has a new deadline in 2020. The gasification projects are 
presented in more detail below. 
 
Yet a third NER300 call is under discussion. The European Council in October 2014 
formulated the EU’s Framework for Climate and Energy 2020-2030, which also included a 
mandate to establish successor program, “NER 400″, based on the sales of 400 million 
carbon allowances” expected to raise over 9 billion € on the assumption of a carbon price 
of 23 €/ton. The European Council Conclusions[24] defines the NER 400 area of coverage 
to also include “low carbon innovation in industrial sectors” in addition to CCS and 
renewable, while it also vaguely refers to “small projects”. 
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4 R&D INSTITUTES AND CENTERS 
4.1 Chalmers Technical University (www.chalmers.se) 
Chalmers has a long history and tradition in CFB combustion systems. In 2006, there was 
a proposal to combine existing CFB co-generation boilers with an indirect gasification 
system, drawing hot sand from the combustor of the CFB boiler to the piggy-back gasifier 
and recirculating char and cold sand back from this unit. As a result, a 2-4 MW gasifier 
unit, connected to Chalmers 12 MW CFB heating boiler, was constructed and started-up in 
2008, Figure 30. The unit was funded by STEM and the Göteborg Energi Research 
Foundation and is an R&D support to the Göteborg Energi GoBiGas project, Section 5.1.2. 
From a relatively small start, the activities have expanded such that now over twenty 
researchers are directly engaged. 

 
 
Figure 30 The Chalmers 4 MW gasifier connected to the 12 MW CFB boiler 

Up to late 2014, the unit has operated for approximately 15 000 hours (defined as sand 
circulation) including 3 000 hours of operation when fuel was fed. From the original idea of 
retrofitting gasifiers on the existing CFB boilers, the goal is now the scale up of indirect 
gasifiers to unit sizes of 100 MW or more. 
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Gas cleaning is also being addressed. In particular, a chemical looping reactor is being 
developed as a means of reducing the tar content of the gas, Figure 31. Using a mixture of 
ilmenite (FeTiO3) and silica sand, tar reduction of over 50 % has been achieved. 
 

 
 
Figure 31 The Chemical Looping reformer system 

Chalmers Technical University in Gothenburg have also in the past had activities in the 
area of black liquor gasification in association with other organizations and is also engaged 
in modeling of gasification energy cycles and catalysis research on the Fischer-Tropsch 
process. It is also the coordinator for the F3-center for biofuel-related system studies, See 
Section 3.3.2. 
 
Since the commissioning start of the GoBiGas project, researchers at Chalmers have 
supported the commissioning and the operating staff with measurements and other 
activities to facilitate the plant start-up, and have also been acknowledged to have been 
successful in resolving some of the issues encountered. 
 
4.2 SP ETC (www.etcpitea.se) 
ETC, a foundation based in Piteå, was formed in 1989. The activities at ETC were boosted 
in 1993 when Assi Domän Kraftliner (presently, Smurfit Kappa) made their old laboratory 
available to ETC and a close collaboration with the universities in Umeå and Luleå was 
initiated. The research activities soon focused on combustion and gasification of biofuels. 
From December 23 2014, ETC have transformed their business into SP Energy 
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Technology Center AB (SP ETC AB); a non-profit corporation with the same stated 
business as ETC had before and fully owned by SP -Technical Research Institute of 
Sweden. 
 
During the last decade, the activities have expanded and new equipment has been 
installed, Figure 32, and today development is done mainly on entrained flow gasifiers. 
 

 
 
Figure 32 Overview of the gasification related facilities of ETC 

In the gasification area, ETC is the host organization of the 3 MW pressurized black liquor 
demonstration / pilot plant DP1 and coordinated the associated Black Liquor Gasification 
R&D program until it ended in 2010. The DP1 unit is described further in conjunction with 
the description of LTU Biosyngas activities, see Sections 3.2.2 and 5.1.3. 
 
In addition to the activities in black liquor gasification, solid biomass has also been 
addressed. The cyclone gasifier concept, on which work was initiated by LTU 1994, has 
been developed further since 2006 together with MEVA Energy AB under the name “VIPP” 
Vortex Intensive Power Process. The 0.5 MW thermal cyclone gasifier that was already 
available was complemented with gas cleaning by cyclones, oil scrubber and a WESP 
(VIPP-ECP Evidential Cleaning Process) to allow the use of the gas in a 100 kW gas 
engine, Figure 33. The pilot plant has operated for more than 800 hours and the results 
have been used for scale up to the 1 MW demonstration at Hortlax, see Section 5.1.5. 
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Figure 33 The VIPP 0.5 MW pilot plant 

ETC also studies entrained flow gasification of solid fuels. The VAFF unit of 0.5 MW was 
complemented by a unit with more of a process development purpose, PEBG (Pressurized 
entrained flow biomass gasifier) in 2011. This unit, Figure 34, can operate at a pressure of 
up to 10 bar. 
 

 
 
Figure 34 The 1 MW PEBG unit 
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The PEBG development is a cooperation between ETC and IVAB for the purpose of 
generating synthesis gas for the manufacture of e.g. methanol. This unit has since its 
commissioning been used for fuel tests compromising wood pellets, hydrothermally treated 
wood and peat as well as pyrolysis oil and biorefinery lignin, the latter two fuels being part 
of the FP7 Suprabio project. 
 
4.3 KTH (Royal Institute of Technology) (www.kth.se) 
Gasification activities are mainly carried out at the Division of Chemical Technology of the 
School of Chemical Science and Engineering at KTH and to some extent also at the 
Materials Science and Technology Division of the School of Industrial Engineering and 
Management, the department of Energy and Furnace Technology. 
  
The Division of Chemical Technology of the School of Chemical Science and Engineering 
at KTH has extensive experience in thermochemical conversion of solid fuels, starting with 
MSW pyrolysis in the early 1970’s. A gasification research program has been in 
continuous operation since 1974. Early studies of waste, biomass and peat gasification 
(1975-85) were process-oriented. The results were utilized to develop a pressurized 
oxygen-blown process known as MINO, a process subsequently evaluated in a pilot plant 
at TPS, and later also CFB gasification systems (TPS and Kværner, today part of Valmet). 
The research today mainly concerns gasification of biomass, predominately chemical 
issues in fluidized bed gasification and in downstream gas cleaning. Examples of the 
research are the course of events in pyrolysis, gasification kinetics, tar analysis, tar 
decomposition, alkali analysis and gas cleaning.  
 
One important part of the research at KTH has been the development of sampling 
methods and methods for analysis of tar. A method for quantification of phenolic and 
neutral compounds in the tar has been developed. Research activities have also included 
charting the possibilities for analyzing tars in the gaseous phase. Furthermore, methods 
for decreasing the analytical time for tar analyses have also been studied, one of these 
being the so-called solid phase absorption (SPA) technique. The method of SPA 
comprises the collection of a sample by adsorption and condensation at room temperature 
on an SPE (solid phase extraction) column containing an amino phase. This method is 
suitable for intermittent trapping of tar compounds ranging from benzene to asphaltenes 
which are common in product gases from thermal decomposition of biomass at 700-
900°C. The method can also be readily applied under industrial and field conditions as the 
sample column can be stored and also sent for analysis at a different site by normal mail 
service, whereas cold trapping is sometimes difficult under field conditions. This method 
resulted in very wide-spread use due to its simplicity relative to e.g. the Tar Protocol CEN 
Standard. There is also an on-going development to also extend the sampling to also 
include heavy tars. 

http://www.kth.se/
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Furthermore there is a development of on-line techniques based on photo-ionization, e.g. 
as part of an ERA-NET Bioenergy, BRISK and KIC InnoEnergy projects. In addition to the 
techniques for tar measurement, on-line alkali measurement techniques are also being 
developed. These activities are now being developed further via a spin-off company, 
Verdant Chemical Technologies AB. 
 
Experiments at KTH are primarily conducted in a combination of an atmospheric fluidized 
bed gasifier and a pressurized bubbling fluidized bed, both being connected to a 
downstream filter and an electrically heated reformer. This unit is depicted in Figure 35 
and enables both atmospheric and pressurized experiments can be performed in the filter 
and reformer. In 2006, the pressurized unit was also complemented by a small monolith 
slip-stream tar cracking reactor. 
 

 
Figure 35 KTH’s atmospheric pressure and pressurized fluidized beds with gas cleaning (New 

reformer not shown) 

There is also an isothermal fluidized bed equipped with a filter and reformer in series 
shown in Figure 36. 
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Figure 36 Isothermal fluidized bed reactor 

 

 
 

Figure 37 The new mobile reformer unit in its container casing 

In late 2014, a new mobile pressurized reformer (30 bar, 5 Nm3/hr) has been constructed, 
Figure 37. The new reformer differs from the older one by the use of a partial oxidation 
burner in addition to the possibility to use catalysts. This allows the study of both 
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homogenous and the combination of homogeneous and heterogeneous reactions in a 
more realistic way. Since it is mobile it can be used at different gasification sites. 
 
Recent activities is linked to the SFC program and is focused on bed materials and 
catalytic cleaning from tar and studies of the impact of contaminants such as alkali and 
sulfur on the catalyst activity and a cooperation with Haldor Topsöe and Carbona has been 
established. KTH is also supporting Cortus on various research issues mainly relating to 
filtering and catalytic stabilization of pyrolysis gas.  
 
Within the framework of SFC, the department of Energy and Furnace Technology is 
studying the chemistry of alkali in a gasification environment covering both gas phase and 
interactions with other solids. This work is in cooperation with Umeå University and is 
related to the pressurized gasification and gas cleaning systems as developed by 
Carbona.  
 
The same department has studied high temperature regenerative pre-heaters for furnaces 
for a number of years. Their use in conjunction with biomass gasification, HTAG (High 
Temperature Air Gasification) technology, was developed up to 2011 when the technology 
rights were purchased by Boson Energy AB, a Swedish-Luxembourgian company which 
has ambitions to develop the technology for use in a CHP setting. Instead, the R&D focus 
has gone to use the concept for catalytic fast pyrolysis application. 
 
4.4 Linnæus University (www.lnu.se) 
Linnæus University was formed as a result of a merger between the universities of Växjö 
and Kalmar. At the School of Industrial Engineering, the R&D program “Wood Design and 
Technology” is directed towards forestry, logistics, industrial production economy for 
forestry and marketing of wood and wooden products, including also the thematic area 
“Wood and Energy Technologies” where the use of the forest and its residues as a source 
of energy is studied. 
 
Växjö University was originally the host research organization for VVBGC and coordinator 
of the CHRISGAS project. It is a participant in one of the nodes of SFC, the Swedish 
Gasification Centre. Their gasification-related research covers mainly particulate 
characterization and aerosol sampling. 
 
4.5 Luleå Technical University (www.ltu.se) 
Luleå Technical University (LTU) has strong links to ETC (see Section 4.2) and 
collaborates with ETC on some black liquor gasification activities.  
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Previously, a small-scale BIG-GT CHP concept, consisting of a cyclone gasifier, was 
developed to be used as a combined gasifier and solid separator integrated with a 
combustor of a small, low inlet temperature gas turbine. Both atmospheric and pressurized 
tests were made on this concept at ETC. However, the technology was bought by MEVA 
Innovation AB, this is described further below. 
 
Formally, LTU is the coordinator of the Swedish Gasification Centre and also of the LTU 
Biosyngas program. The activities at LTU are focused on thermochemistry and associated 
modeling, gasifier process modeling and ash-related issues. 
 
4.6 Lund University (LTH) (www.lth.se) 
Gasification research started at the Department of Chemical Engineering II, LTH in 1975 
with work focused on oil shale gasification. This resulted in the development, construction 
and operation of a laboratory-scale fluidized bed gasifier at atmospheric pressure. 
Gradually, the work focused more and more on biomass and peat fuels. In 1991, 
pressurized biomass gasification research was started as R&D support for the Värnamo 
plant, which was then in the planning phase. A biomass PICFB (Pressurized Internal 
Circulating Fluidized Bed) gasifier test rig was built and the project group was involved in 
several EC-sponsored R&D projects. However, by the end of 2000, all the gasification 
activities at LTH were stopped. 
 
However, more recently, some activities have been restarted. Within the SFC framework, 
Researchers are engaged on work on particulate measurements and characterization and 
in the development of autothermal regenerative partial oxidation tar reactor.  
 
4.7 MittUniversitetet (www.miun.se) 
Within the Department of Natural Sciences, Engineering and Mathematics at 
MittUniversitetet (Mid-Swedish University), the research organization Fiber science and 
Communication Network FSCN has a Bioenergy Gasification Group. The group has for 
almost a decade engaged in biomass gasification activities and is a participant in one of 
the nodes of the Swedish Gasification Research Centre. The activities are supported by 
local and regional organizations, which include forest industries, communities and a 
regional environmental initiative, Biofuel Region North. Based on funding from EU regional 
support grants, grants from FALT and from other local sources, a 150 kW indirect type, 
sand circulation pilot gasifier (Figure 38) for oxygen-free generation of synthesis gas was 
constructed in 2005-2006 at the Härnösand campus. Current research focuses on 
synthesis gas production from biomass for automotive fuel production and the 
development of technology for biomass to synthetic fuels (BTS), including DME, FT fuels, 
ethanol, synthetic natural gas (SNG) and hydrogen. In the recent years the use of 
catalysts in the bed for decomposition of tars and other hydrocarbons has been studied. 



 WAC-15 / 1 63 
 IEA Biomass Agreement Task 33 Country Report Sweden 2015 

Lars Waldheim 2015-05-22 

Apart from the experimental work, modeling activities are also part of the research 
program. 
 

 
 
Figure 38 The MiUN 150 kW gasifier 

4.8 Mälardalens Högskola (www.mdh.se) 
Mälardalens Högskola in Västerås has within its School of Sustainable Development of 
Society and Technology the research program, Mälardalen Energy & Resource 
Optimization (MERO). In this program, the group, Process Development & Bioenergy, has 
some limited activity on black liquor gasification based on the fluidized bed process of ABB 
and are initiating other activities within the umbrella of the Swedish Gasification Centre. 
 
4.9 Umeå University (www.umu.se) 
Umeå University is engaged in research in gasification and combustion, specializing 
mainly in the inorganic chemistry of ash constituents and its impact on bed materials and 
agglomeration, slagging and fouling properties. Through the Bio4Energy research 
environment, it also works with MiUn and ETC on biomass production and conversion 
technologies. 
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5 INDUSTRIAL DEVELOPMENTS 2014-2016 
In a separate annex[25] to the previous country report, covering 2010-2012, details are 
given for plants which have not been in operation or otherwise active after 2009. 
 
The annex covers inter alia the Bioneer fixed bed gasifier plants that were operated in the 
past but which have been shut down. Three commercial plants based on atmospheric CFB 
gasification for providing fuel gas to a lime kiln were built in Swedish pulp mills. Only one 
of these gasifiers, at Värö, see below, was operated to 2014. In the 1990’s, the renowned 
Värnamo IGCC plant was constructed by Foster Wheeler and operated by Sydkraft, 
Vattenfall engaged in a development with Tampella Power, today known under the name 
of Andritz Carbona, and the developments at TPS were made. After the turn of the 
century, an attempt was made to rebuild the Värnamo plant to a syngas installation, 
however it did not come to completion. 
 
5.1 Plants in operation or under construction 
There are some few gasification plants in operation or commissioning in Sweden, and one 
have also been in operation until 2014. There are also plans for some additional projects in 
planning.  
 
Developments have continued and new ones have taken place. The current developments 
range from niche fuels like black liquor to biomass gasification for small-scale CHP and 
synthesis gas for methanol, synthetic natural gas. 
 
5.1.1 The Värö plant 
The Värö gasifier plant was delivered by Götaverken (today, consolidated into the Valmet 
group) and commissioned in 1987, and was only closed down in 2014, i.e. after almost 
three decades of operation. The Värö gasifier was a CFB of 30 MW fuel capacity. The 
plant included a rotary drum dryer, fuelled by  product gas, and fuel pre-treatment (Figure 
39). Crushing of the fuel, both bark and wood wastes, took place in a primary and a 
secondary hammer mill to prepare the right fuel size for the gasifier. The feed system 
consisted of two pressurized rotary feeders with cooled transport screws to the gasifier. 
 
The fuel feed was placed a few meters above the bottom of the bed to create an upper 
zone where the fuel reacted via flash pyrolysis in the hot bed / inert flue gas atmosphere to 
a gas rich in C2:s and also tar. In a lower reaction zone char combustion (recycled char 
from the cyclone) with air and, to some extent, char gasification took place. To limit the 
amount of heavy hydrocarbons in the gas and to allow for carryover of bed material to the 
lime kiln, dolomite was used as gasifier bed material. 
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Figure 39 The Värö gasifier system 

The gasifier construction was a refractory-lined free-standing vessel with solids recycling 
(Figure 40) and air / gas heat exchange. The product gas is controlled by valves and piped 
to the dryer furnace and the lime kiln. Further data on the operation is given in the 
annex[25] previously referenced.  
 
The gasifier was also used for development activities. In 2003, the Värö gasifier was 
operated with enriched air to increase the capacity of the plant. S.E.P. Scandinavian 
Energy Project AB, Gothenburg, assisted the owner of the gasifier with advice as to its 
optimal operation. 
 
When Valmet (formerly Götaverken, then Kvaerner and later Metso Power) reactivated its 
CFB gasification activities, the Värö gasifier was a source of information and was the test 
bed in 2009 for testing of high temperature filtration[26], Figure 41.  
 
The owner, Södra Cell Värö has carried out a major investment program for the 
modernization of the pulp mill and the co-located saw mill. Among other changes, the 
gasifier and associated lime kiln were decommissioned. The new lime kiln is now fired with 
wood powder, a waste product from wood pellet mill (supplying i.a. GoBiGas) in the co-
located saw mill. 
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Figure 40 The Värö gasifier 

 
Figure 41 The Värö filtration test rig 
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5.1.2 The GoBiGas project (http://gobigas.goteborgenergi.se) 
  

5.1.2.1 Background 
Göteborg Energi (Gothenburg Energy), which is owned by the city of Gothenburg, has the 
mission to actively contribute to the sustainable development of the city. Gothenburg 
Energy invests heavily in biogas and sees biogas as one of tomorrow's most important 
energy sources. A major benefit of renewable gas (biogas and SNG) is that the existing 
natural gas grid and infrastructure can be used for distribution. The company has a target 
of producing 1 TWh of renewable gas by 2020. This represents about 30 percent of 
current deliveries in Gothenburg or fuel to approximately 100 000 cars. Gothenburg 
Biomass Gasification Project, GoBiGas, is Göteborg Energi's large investment in biogas 
production (biomethane or Bio-SNG), the company also operates conventional biogas 
production plants.  
 
The aim is to supplement such biogas production through gasification of solid biofuels and 
forestry wastes. The project has been split into two phases, a first demonstration phase of 
20 MW product gas, to be followed by a second phase of 80-100 MW output of product 
gas, see Section 5.2.1. 
 

 
Figure 42 The GoBiGas technical concept 
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5.1.2.1 The GoBiGas 1 project 
The project was initiated in 2005. In 2006, Göteborg Energi conducted a feasibility study 
which in 2007 was followed by more in-depth studies of various gasification technologies. 
The choice for the first phase was for indirect gasification with technology from the 
Austrian company Repotec. For the methanation technology, the choice fell on the 
technology of Haldor Topsöe. In 2008 / 2009, a Basic Design was carried out for the 
proposed technique for phase 1, Figure 42. 
 
The solid biomass fuel is converted to a gaseous intermediate in the gasification plant at 
atmospheric pressure. The gas product gas is cooled, filtered to remove particulates and 
scrubbed for tar removal. Finally, light tar remnants and BTX is removed in beds of 
activated carbon, and then compressed to a synthesis pressure of around 2.5 MPa. This 
so-called synthesis gas is purified further by sulfur removal, the hydrogen ratio is adjusted 
by water gas shift after which CO2 is removed. The conversion to methane is then done in 
a series of catalytic reactors to SNG/biogas. After cooling and drying, the quality is 
adjusted by adding a small amount of LPG to have a quality fully comparable to natural 
gas so that the two types of gases can be mixed in the gas network. 
 
GoBiGas received a grant of 222 million SEK in 2009 from the Swedish Energy Agency. 
The investment decision was taken in December 2010 and plant commissioning was 
initiated in 2013. The estimated cost in 2008 was 800 million SEK, but at the time of the 
decision it had risen to 1 075 million SEK. In late 2011, it was announced that the costs 
had risen to 1 300 million SEK, however, following some debate, the city council still 
decided to continue the project. 
 
Through the choice of technology and plant design, the project aims to achieve as high 
efficiency as possible, while also co-generate district heating. The main project data is 
shown in Figure 43. 
 

5.1.2.1 The current plant status 
The phase 1 plant is being built in the western harbor area of Rya, adjacent to other 
energy installations of Gothenburg Energy including a biomass pellet-fired district heating 
boiler and the 220 MWe combined-cycle CHP plant, Figure 44. The planned location of 
phase 2 is a nearby plot with possibilities for both ship and rail supply of fuel. 
The first gasification was achieved in November 2013 and the first gas was supplied to the 
gas grid in December 2014. A more detailed flow sheet is shown in Figure 45. 
 
In a presentation[27] at the IEA Task 33 meeting in November 2014 the experiences form 
the commissioning period was discussed. The work had gone forward step by step. Initially 
the fuel feeding system was the main issues and tuning and some equipment changes. 
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Having come this far, the operational time in gasification increased and by the end of 2014 
it amounted to more than 1 000 hours.  

 
Figure 43 Main data for the GoBiGas phase 1 project. 

However, overcoming feeding problems meant that the next challenge was encountered, 
too much heavy tar in the gas causing fouling of the gas cooler and issues in the gas filter. 
After a cooperation with Chalmers, the solution applied was the addition of an alkali 
carbonate to the fuel and recycling of the coarser ash fraction. The rationale behind this 
procedure was that the pellets used were from saw dust, i.e. the interior parts of fully 
grown trees. Therefore the ash content was very low and contained less alkali than forest 
residues in general. For this reason the “aging and activation” of the bed material used in 
the circulation loop in the beds, that in other FICBG gasifier have been seen to reduce the 
tar in the gas, did not proceed at the same pace with this low ash fuel. By adding alkali and 
by additional ash recirculation, the process was accelerated and the tar content in the gas 
reduced. It is believed that alkalis form the fuel is volatilized in the combustor and 
adsorbed on the surface of the fresh bed material, and when returned to the gasifier, the 
alkali increases the catalytic activity of the bed material.  
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Figure 44 The GoBiGas plant site and building with flare 

In May 2015 the situation is that the gasification section of the plant has been operated 
close to 4 000 hours and the MCR load proven on pellets while also the gas quality 
(relative to design values) has been good. This part of the plant has been accepted by the 
client. 
 
For the gas upgrading and synthesis section downstream of the gasifier the 
commissioning has not yet reach so far. The SNG production was tried in a longer 
campaign in December 2014, but in 2015 grid supply of SNG has been accomplished for 
periods of the order of days have resulted on some occasions, at 60-70 % of design 
capacity. The SNG have has however surpassed the design quality  
 
The work at present is focused on finding and overcoming bottlenecks that limits the 
capacity or the duration operational periods, involving sequence optimization, adjustement 
of control settings etc. 
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Figure 45  A schematic flow diagram for the GoBiGas 1 plant 

The future goals and plans for 2015-2016 are to achieve a continuous operation period 
from June to December 2015. In parallel to this work in the plant, the installation of the 
chip feeding equipment is on-going. The switch from pellets to chips is expected in early 
2016. 
 

5.1.2.2 Evaluation study 
To follow and evaluate the project an Evaluation Study, lead by Gothenburg Energy but 
also including the main suppliers, is to be carried out for seven years until 2020. • 
 
The purpose of the Evaluation Study is to learn from the demonstration plant to enable 
scaling up to 100 MW in phase 2. The study will consider the following areas. 

• Product quality 
• Plant performance – efficiency etc.  
• Plant availability 
• Maintenance needs  
• Operating costs 
• Environmental footprint  
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5.1.3 LTU Green Fuels AB (fka Chemrec black liquor gasification and DME pilot)  

5.1.3.1 Background 
Chemrec (www.chemrec.se) was formed in the 1980’s to develop black liquor gasification. 
In comparison with conventional Kraft recovery boilers, the recovery of chemicals can be 
more flexible while the energy contained in the black liquor is more efficiently recovered, 
either as power or heat or as a synthesis gas. 
 
The core of Chemrec Kraft Recovery is the Chemrec gasifier - a refractory-lined entrained 
bed reactor in which concentrated black liquor is gasified under reducing conditions at 
around 1 000°C (Figure 46). The liquor is decomposed in the reaction zone into melt 
droplets consisting of sodium compounds, and a combustible gas containing H2 and CO. 
 

 
 
Figure 46 CHEMREC™ black liquor gasifier 

The smelt droplets and the combustible gas are separated in a quench dissolver where 
they are simultaneously brought into direct contact with a cooling liquid. The melt droplets 
dissolve in the liquid to form a green liquor solution. The gas leaving the quench dissolver 
is cooled producing LP and IP steam. The cooling is done in counter current mode which 
means that the gas is efficiently washed of particulate matter. The gas is then free of melt 
droplets and can be scrubbed for H2S removal and then used as a clean fuel or syngas. 
 
The history of Chemrec development units and one booster installation dating back to the 
period before 2010 is described further in the Swedish country report for the period 2010-
2012 and in particular Appendix 1 of this report. 

http://www.chemrec.se/
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The construction of a pressurized development plant, DP-1 of 20 tons dry substance per 
day capacity (Figure 47) was made in 2005 at ETC, a close neighbor the Smurfit Kappa 
Kraftliner mill in Piteå from where the black liquor is obtained.  
 

 
 
Figure 47 Pressurized development plant DP-1 at Kappa Kraftliner pulp mill, Piteå 

The plant was used for the Chemrec development program but also for research in two 
black liquor gasification (BLG) programs from 2004 to 2010[28]. 
 
In 2008, the FP7 Bio-DME project was launched which included the construction of a 4 
ton/day BioDME plant based on Haldor Topsøe technology to be connected to the DP-1 
gasification plant. The DME was used by Volvo Trucks to operate ten DME trucks for use 
by different transport companies in four locations in Sweden. DME was produced for the 
first time in 2011, and the plant was operated by Chemrec up to the end of 2012 within this 
project. Close to 400 tons of DME was produced and truck operation for over 80 000 km 
resulted from the project. 
 
The overall plant is shown in Figure 48. The flow sheet is shown in Figure 49. As can be 
seen from Figure 49, the pilot also contains a novel, once-through methanol reactor. 
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Figure 48 The Bio-DME plant and some plant data. 

 
Figure 49 Schematic of ¨DP1 and Bio-DME unit. 
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5.1.4 Cortus AB, Köping (www.cortus.com) 

5.1.4.1 Background 
The developer Cortus AB was founded in 2006 to develop the WoodRoll technology and 
has received support in business development, finance and network from business 
incubator STING as well as financing from the venture capital fund STING Capital. In 
2010, Cortus and Nordkalk AB, a supplier of lime products, signed a twelve year contract 
for supply of fuel gas to the Nordkalk factory in Köping, Sweden [29], in two stages, 5 MW 
in 2011 and 25 MW in 2013 to replace coal, thereby reducing energy costs and 
greenhouse emissions for the Nordkalk operations. As a development stage a 500 kW test 
unit was planned. However, due to falling energy prices and the low cost of emission rights 
the economic viability has developed negatively, and the agreement was been terminated 
in 2014 but the plans for the test unit were continued for CHP and other applications, see 
below. 
 

5.1.4.2 Process description 
The WoodRoll technology is a three stage gasification process, Figure 50.  
 

 
 
Figure 50 The WoodRoll Technology 

The biomass fuel is first dried using combustion of part of the pyrolysis gas from the next 
pyrolyser step. In the pyrolyser, the fuel is decomposed thermally to pyrolysis gas and 
char. The char is injected as a powder into the gasifier by steam and the gasifier operates 
at very high temperature. The heat required for the gasification of the char is provided 
indirectly by burning the pyrolysis gas in recuperative burners, transferring heat by 
radiation to the gasification chamber. In this way, the char is gasified with steam only such 
that the product gas is free from tar, low in methane and has no dilution by nitrogen, i.e. a 
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medium calorific value gas product. The gasifier gas is then cooled to generate the steam 
required in the gasifier. The hot flue gases remaining after the combustion is routed to the 
pyrolyser for indirect heating of this unit. 
 
The advantages of the process is that the product gas produced only emanates from 
steam gasification of the charcoal, i.e. the tar content but also the content of light 
hydrocarbons in the gas is low and also other contaminants in the fuel have been reduced 
during the pyrolysis. Furthermore, as no oxygen is used, a medium calorific value gas 
mainly composed of CO and H2, i.e. is achieved since there is neither a dilution from air 
nitrogen nor the need for an air separation unit. The medium heating value gas is a better 
substitute fuel gas for fossil fuel than low calorific gas, as flame temperatures and other 
combustion properties are closer to the properties of the common fossil fuels while the low 
hydrocarbon content makes the gas suitable for syngas production. 
 

5.1.4.3 Development status 
To prove the concept in view of the scale-up for the Nordkalk project, a 500 kW gasifier, to 
be operated by charcoal and LPG, was constructed in Stockholm 2011, Figure 51[30]. After 
its initial operation, this unit was moved and reassembled in Köping where it was taken 
into operation in February 2012[31]. After testing with the three stages operating off-line, a 
fully integrated unit has been constructed and was mechanically complete in early 2015 
and commissioning is on-going. Within a cooperation with KTH and Topsöe, catalytic 
means to stabilize the pyrolysis gas prior to being combusted in the radiant burners is 
tested. 

 
 
Figure 51 Cortus 500 kW prototype gasifier as CFD and 3-D model and in real life at Köping. 
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As a further development in the pilot unit, SNG production will be tested. This is a project 
cooperation within KIC Innoenergy, where a containerized SNG module has been 
developed and tested at KIT, Germany, and is now on the Köping site to be connected to 
the WoodRoll unit.  
 

 
Figure 52 The DemoSNG pilot plant 

 
5.1.4.4 Commercial developments[32] 

In spite of the Nordkalk project not going ahead, commercial and scale-up activities have 
not ceased. Cortus has recently formed a daughter company in Italy, following a 20-year 
heat supply agreement with an Italian farming company in the Veneto region. The basis for 
the agreement three CHP units at three different sites, using the locally produced biomass 
wastes. Engineering work is on-going based on a modular approach, Figure 53. 

 
Figure 53 Cortus Wood Roll 6 MW thermal CHP module 
 
The business model is based on Cortus being the owner-operator, and over the fence 
supply of the heat to the agricultural company, while green electricity is sold to the grid. 
Each unit will have a capacity of 6 MW thermal and produce 2 MW green electricity in a 
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gas engine and 2.5 MW heat for the client and the estimated cost is €10 million, based on 
an own-operate concept. Once the contractual situation and the power purchase 
agreement are fully established the construction will be initiated, expected in late 2015. 
 
5.1.5 MEVA Innovation VIPP Gasifier, Hortlax (www.mevaenergy.com) 

5.1.5.1 Background 
Meva Innovation AB is a company in the Meva Group (www.mevagroup.se). The 
originating company Meva AB was founded in 1939. The activities of Meva AB have been 
development, sales and servicing of energy efficient electromechanical equipment for the 
energy, mining, steel, pulp and paper industries. Meva Innovation’s focus is on 
development and sales of VIPP systems for biomass gasification technology. Meva 
Innovation is a joint venture between the mother company and other industrial investors. 
 
The VIPP technology originates from the developments at Luleå Technical University. A 
test unit was installed at ETC, Piteå (Figure 54) already in the 1990’s. The purpose was to 
develop a small-scale CHP system based on small-scale gas turbines. In 2006, Meva 
Innovation acquired the rights for the cyclone gasification technology. Since then, the 
experimental gasifier has been extended to a full pilot plant used to verify the process and 
will also be used for future R&D to develop a small-scale combined heat and power 
system based on the gasification of biomass fuels and the use of the cleaned gas in a gas 
engine. In addition, heat is effectively recovered from the gasification system as well as 
from the engine. 
 

 
 
Figure 54 The MEVA Innovation VIPP-ECP Pilot Plant at ETC 
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The main home market for this small-scale technology is energy plants and wood 
industries, e.g. saw mill, where there is a continuous heat demand. The market is 1 -10 
MW electric with 2-20 MW as thermal heat by-product. 
 
5.1.5.2 The VIPP-ECP gasification process and pilot plant 

The VIPP-system (Vortex Intensive Power Process) has as its core element a cyclone 
gasifier. The gasifier is fed with pulverized fuel by means of the gasification air. The 
cyclone gasifier is operated between 800-900°C. Downstream of the VIPP gasifier, the 
VIPP-ECP® (Evidential Cleaning Process) cleaning process is used to achieve the quality 
standard required for use in the current application. The VIPP-ECP® consists of a three 
stage cleaning process where the raw gas first passes through a cyclone for separation of 
coarse particles, then a scrubber operating with an organic oil and then, as a final step, a 
wet electrostatic precipitator (WESP) to obtain a guaranteed pure fuel gas. A bleed of oil, 
into which also the particulate fines are trapped, is re-injected into the gasifier. The 
temperature is kept above the dew of water vapor throughout the gas cleaning sequence. 

 
Figure 55 The VIPP system of MEVA33 and the Cummins V18 engine. 
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The fuel gas is then fed to a turbo-charged ICE. It is claimed that an efficiency of 30 and 
50 %, to power and heat, respectively can be obtained based on a pretreated (dried and 
pulverized) fuel. 
 
The pilot plant at ETC has a thermal input of 500 kW and includes the gas cleaning 
process and an engine of 100 kW output. It has been operated for development purposes 
on crushed wood pellet fuels for 800 hours in total; the longest uninterrupted operational 
time is 12 hours. The engine used has been supplied by Cummins and MEVA has entered 
into a co-operation with this engine manufacturer. 
 
Fuel tests with fuels other than woody biomass have been taking place in the pilot plant 
since 2012. 
 
5.1.5.3 Scale-up to the Hortlax demonstrator 

A scaled-up plant of 1.2 MWe and 2.2 MW heat has been contracted by Pite Energi to 
replace an oil-fired installation in the village of Hortlax outside Piteå. The fuel in this 
installation is crushed wood pellets. For the power production a 91 liter Cummins V18 
engine is installed. The plant was constructed in 2011-2012 and commissioning started in 
early 2012. In early 2013, hot commissioning was started, and the regular operation[34] 
was said to have been accomplished in the 2014-2015 heating season. 
 
5.2 Planned Developments 
 
5.2.1 GobiGas phase 2 

As described in Section 5.1.2, GoBiGas 2 is the second phase of the project during which 
time the production capacity is expected to rise from 20 MW of bio-methane in phase I to 
80-100 MW. This new plant is planned to be constructed adjacent to the first plant in the 
Gothenburg Rya harbor area, see Figure 44. For this second phase, planned after 
evaluation of phase 1, the choice of technology is still open.  
 
An NER 300 application was submitted in 2011. The estimated cost given in the NER300 
application was 2 500 million SEK (approx. 260 million euro), and the maximum support 
under NER 300 is €58.8 million. Decision on this plant is required by 2016, according to 
the revision of the NER 300 schedule in 2014. 
 
5.2.2 EON Bio2G (www.eon.se) 

After the Värnamo IGCC development and after the transition from Sydkraft to EON, new 
interest for gasification emerged within EON in 2007. The main interest was bio-methane 
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(SNG), alone or in combination with an IGCC plant. A Pre-study[35] led to focus on bio-
methane while also a special purpose company, EON Gasification Development AB (EGD) 
was formed. 
 
In 2009, a concept study was started and a site short-list was made. This led to a focus on 
oxygen-blown fluidized bed technology for gasification and participation in an engineering 
design for GoBiGas to learn more about the methanation technology. In 2010, a more 
focused pre-FEED study was initiated. During the pre-FEED, a complete engineering 
design for a 300 MW biomass plant was made, Figure 56. Three locations in southern 
Sweden, having access to infrastructure in the form of gas grid, district heating network, 
and port, road and rail access, were studied. 
 

 
 
Figure 56 Bio2G technical concept. 

The technical data for the plant planned is a fuel input, including fuel for the auxiliary boiler 
of 345 MWth. The output is 200 MWth of bio-methane of grid quality and up to 55 MW 
district heating. In addition, 15-23 MW power is produced for internal use. The thermal 
efficiency, excluding the oxygen plant, is 60-65 % as bio-methane and 80 % in total 
including heat delivery. The total investment is estimated to be €450 million.  
 
In parallel, EGD have also participated in tests[36] made by Andritz Carbona and UPM in 
the GTI Flexfuel plant in Chicago up to 2014. Apart from verification of the pressurized 
fluidized bed operation on oxygen and steam, these tests also featured integration with 
high temperature filters from Pall and catalytic reforming of tars using Haldor Topsöe 
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catalysts. Tests were operated with a full stream filter at 500 °C and a slipstream filter at 
700 °C, respectively, and with downstream catalytic units. On the clean side of the 
slipstream filter, an alkali probe with different temperature sections was tired to indicate the 
on-set of alkali condensation and the deposit formation at different temperatures, while 
also providing sample material for characterization of the structure and chemical 
composition of any deposit formed. 
 
The present project status is that a decision is pending, but waiting further clarifications on 
the economic boundary conditions. A choice is to be made between two sites in the cities 
of Malmö and Landskrona, while an EIA has been prepared for the permitting, but not 
submitted yet. A NER 300 application was made for the first round in 2011, but as Sweden 
had three projects approved, Bio2G was put on the reserve list. A renewed application to 
the NER300 second round was more successful; in 2014 a grant of €203 million was 
approved. Based on the 2014 NER300 revision schedule, EON needs to take an 
investment decision before 2020. However, the current oil price situation in combination 
with the uncertainties on the policy side in Sweden does not give a very favorable basis for 
taking such a decision at present. 
 
5.2.3 VärmlandsMetanol (www.varmlandsmetanol.se) 

VärmlandsMetanol AB was founded in 2001 and is today based on equity participation by 
the foundation “Miljöcentrum” (Environment Center), the national farmers association LRF 
and the local commune of Hagfors as well as to a large number of private (1 500) and 
enterprise (50) participants. It intends to build and operate a biomass-to-methanol plant in 
Hagfors, Sweden with an annual production 130 000 m³ fuel grade methanol based on a 
111 MW thermal wood feed.  
 
On the technical side[37], in 2011 an advanced conceptual design and feasibility study was 
carried out by Uhde, a ThyssenKrupp company. It was based on the HTW process. This 
work was claimed to prove the technical and economic viability of the project. Uhde has 
also been selected as a technology and turnkey contractor for the entire plant.  
 
The supply of the feedstock, 1 100 tons/day of forest residues, is stated to have been 
secured by contract. An industrial site (20 ha) has been acquired at Hagfors for the 
construction of the plant and the development plan for the site has been approved by the 
Municipality. The site and plant is shown in Figure 57. 
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Figure 57 An artist’s view of the Värmlandsmetanol plant, with the town in the background 

Furthermore, the Environmental Impact Assessment (EIA) and a Risk Assessment were 
the basis of a permit application in 2010, the decision on which is pending. An off-take 
agreement for the product, which is foreseen to be used as a gasoline blending agent, is 
being negotiated. 
 
Prior to the start of construction, private investors and a public IPO are expected to raise 
half of the 3 500 million SEK (€390 million) required for the investment. The remainder is 
planned to be raised by project financing. Unlike many other projects, no grant financing is 
being solicited for this project. The currently low oil prices and the political uncertainty on 
the biofuel support are however not assisting in this process. 
 
5.2.4 Rottneros (www.rottneros.com) 

Rottneros[38] is a pulp company focusing on softwood pulp. It has two mills, a mechanical 
chemical pulp mill at Rottneros and a chemical pulp mill at Vallvik, both in mid-Sweden. 
 
The company has a strategy to find new products based on the same infrastructure 
currently being used and a result the company has become interested in the manufacture 
of methanol via gasification. The company formed Rottneros Biorefinery AB in 2010 and 
made plans for two installations public, each for 150 000-200 000 tons of methanol based 
on wood gasification at Rottneros and black liquor gasification at Vallvik, either that were 
estimated to cost 3 000 million SEK. In addition, NER 300 support was sought for these 
plants in the first round but none were successful. The Rottneros location also applied in 
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the second round (BIOd Biorefinery) but again without success. No details on technology, 
current plans, etc. have been published. 
 
5.2.5 SAKAB, Norrtorp (www.sakab.com) 

SAKAB AB, a hazardous waste contractor, VärmlandsMetanol AB, E.ON Gasification 
Development AB, the building company PEAB, Structor AB and the community of Kumla 
conducted a conceptual study in 2013 for a combined bio-methane and bio-methanol plant 
with an output of 250 MW plus 50 MW of heat[39], to be located adjacent to the SAKAB 
plant at Norrtorp, Kumla. However, in 2014 it was concluded that the project could not be 
realized and activities were stopped.  
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