
EVALUATION OF THE BIOMASS POTENTIAL FOR HEAT, ELECTRICITY AND VEHICLE FUEL IN 
SWEDEN 

 
 

Peter Hagström 
Swedish University of Agricultural Sciences, Department of Bioenergy 

P.O. Box 7061, SE-750 07 Uppsala, SWEDEN 
peter.hagstrom@bioenergi.slu.se 

 
 

ABSTRACT: This paper summarizes some results of a thesis, where the objective was to show how far a biomass quantity, 
equal to the annual potential produced within the Swedish borders, could reach to cover the present energy needs in Sweden 
with respect to ecological circumstances. Three scenarios were studied where the available biomass was converted to 
different energy carriers; heat, electricity and vehicle fuel. Two levels of biomass supply were studied for each scenario: 1) 
potential biomass quantities available for energy conversion received from forestry, non-forest land, forest industry and 
municipality; 2) the same quantities as in case 1 plus the potential biomass quantities available for energy conversion 
received from agriculture. 

It was indicated that it may be possible to produce as much as 209.4 PJ (58.2 TWh) of electricity via gasification of the 
Swedish potential of biomass assortments available for energy conversion (i.e. case 2 of biomass supply). The maximum 
amounts of hydrogen or methanol which may be produced via gasification of the same biomass amounts excluding black 
liquor were 241.5 PJ/year (67.1 TWh/year) or 197.2 PJ/year (54.8 TWh/year) respectively. 
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1  INTRODUCTION 
 
 Many individuals and organizations are deeply interested in biomass for different reasons: the forest industry sector 
needs timber and pulp wood; many political fractions and groups hope that biomass may replace nuclear fuels in electricity 
generation; the ratification of the Kyoto protocol may lead to replacement of fossil fuels with biomass for heating purposes 
and as a raw material for generation of vehicle fuels in order to mitigate the emission of green house gases; environmentalists 
would like to restrict the human use of the forest in favour of flora and fauna; other groups want to give priority to recreation 
and eco-tourism before industrial use. 
 Even if there still is a considerable potential to increase the production and use of biomass in Sweden, it is obvious that 
this resource is physically and economically limited. Many of the interested parties are aware of the possibilities and benefits 
in their own business but less acquainted with the activities of others. It is a risk that the potential collective demand strongly 
exceeds the possible supply. 
 The objective of this work was to show how far a biomass quantity, equal to the potential produced within the Swedish 
borders, could reach to cover the present energy needs in Sweden. Technical processes based on the newest technology that 
either is commercially available or might be introduced in a near future were used for thermochemical conversion of the 
biomass quantity to heat, electricity or vehicle fuel. 
  
 
2  METHOD 
 
 The first step was to establish which biomass sources that should be considered within Sweden and the amounts that are 
potentially available for energy conversion with respect to environmental concerns and those parties who are interested in the 
biomass and land use for other purposes, e.g. the forest industry sector. Import and export of biomass supplies were not taken 
into account.  
 Three scenarios were then studied where the available biomass was converted to different energy carriers:  
• Scenario ‘heat’: Biomass covers as much as possible of a heat demand equal to  

the use of heat in the year 2002. Remaining biomass is converted to electricity or vehicle fuel.  
• Scenario ‘electricity’: Biomass covers a heat demand equal to the use of heat  

generated from biomass in 2002. Remaining biomass is converted to electricity.  
• Scenario ‘vehicle fuel’: Biomass covers a heat demand equal to the use of heat  

generated from biomass in 2002. Remaining biomass is converted to vehicle fuel (hydrogen or methanol). 
 Two levels of biomass supply were studied for each scenario: 
• Case 1: Potential biomass amounts derived from forestry, non-forest land, forest industry and municipality. 
• Case 2: Case 1 plus potential biomass amounts derived from agriculture. 
 The amounts of different energy carriers used for heat production in 2002 were compiled, and the energy carriers that 
may be retrieved by the potential amounts of topical biomass assortments were then identified. All shown energy amounts of 
biomass and other fuels were based on the higher heating values. 
 
 
 
 
 



 
3  BIOMASS AVAILABLE FOR ENERGY CONVERSION 
  
 The estimated annual potential amounts of the selected biomass sources are compiled in Table 1. The estimates of 
potentially, available biomass assortments were based on published data [1-6]. The biomass amounts from agriculture were 
based on that 15% of the total Swedish arable land area (i.e. 400,000 ha) is used for cultivation of energy crops. 
 
Table 1. Estimated annual potential amounts of the selected biomass sources. Based on data from [1-6]. 
Potential biomass sources                m 

[Mtdm]
                 E 

[PJ]
               E 

[TWh] 
Forestry and wood from non-forest land 
Forest industry by-products excluding black liquor 
Wood components in black liquor 
Biomass from agriculture 
Recovered wood 
Total excluding black liquor 
Total including black liquor 

15.10
4.77
6.95
5.06
0.80

25.73
32.68

314.4
96.6

157.0
96.3
15.9

523.2
680.2

87.3 
26.8 
43.6 
26.7 
4.4 

145.3 
188.9 

 
 
4  BIOENERGY IN THREE SCENARIOS 
 
4.1  Heat demand and supply in Sweden in 2002 
 Heat is produced for use in premises and dwellings and in industry. 331.2 PJ of energy sources were used for heating in 
premises and dwellings [7,8]. 48.5% of the total heat demand in single family-houses in Sweden is covered by electricity, 
which is due to the extension of the nuclear power plants in Sweden during 1970s and 1980s, resulting in a large supply and 
low prices of electricity. 
 The total use of fossil fuels in industry was 156.1 PJ/year [7]. The largest energy amount in industry received from 
biomass was derived from black liquor in the pulp industry (calculated to be 177.6 PJ/year, by means of data from [2]). Total 
use of biomass for heat production in the Swedish industry in 2002 was 231.5 PJ [2,7]. 
 District heating in Sweden are based on several energy sources, as different solid fuels (biomass, waste and coal), oil, 
gas, electric boilers, heat pumps and waste heat. The final use of district heating in 2002 was 150.5 PJ in premises and 
dwellings and 16.6 PJ in industry, giving a total use of 167.1 PJ [7,8]. The supply of wood fuels for district heating in 2002 
was 76.9 PJ, of which pellets contributed with 15.7 PJ [9]. The supply of wood fuels corresponds to 36.7% of the total supply 
for district heating.  
 Approximately 25% of the district heating is nowadays produced in combined heat and power (CHP) plants, leading to 
that 41.8 PJ of district heating was produced in CHP plants in 2002 (25% of 167.1 PJ). The corresponding amount of fuels 
required in CHP plants was 54.4 PJ. The fuel amount required for electric power generation was then 23.2 PJ, assuming that 
the heat efficiency and conversion losses were 69.4% and 0.7% respectively (based on data for the biomass-fired CHP plant 
in Västerås, Sweden). The fuel amount required for electric power generation and arised from wood fuels was 11.0 PJ. 
 The total use of pellets for heat production in Sweden in 2002 was 20.6 PJ [9,10]. The amount of biomass required to dry 
the biomass amount used for pellets production was calculated to be 4.1 PJ, leading to that the total amount of biomass 
required for pelletizing was 24.7 PJ. 
  
4.2  Scenario ‘heat’ 
 Replacement of electricity and fossil fuels used for heat production with biomass was evaluated for the two levels of 
biomass supply (cases 1-2). The topical amounts of electricity and fossil fuels to be replaced in the different sectors 
described above are shown in Table 2, together with the use of woody biomass for heat production in 2002. It can be seen 
that the total amount of woody biomass required for replacing electricity and fossil fuels in the different sectors, together 
with the topical use of woody biomass would be 502.5 PJ if differences in conversion losses not were considered. In Table 1, 
it was shown that the total estimated annual potential amount of biomass (case 2, including biomass from agriculture) was 
523.2 PJ excluding black liquor. Replacement of electricity with biomass for heat production will increase the conversion 
losses, leading to that there will not be any considerable excess amount of biomass if the electricity and fossil fuels will be 
replaced in both premises and dwellings, industry and for district heating. 
  
Table 2. Potential amounts of electricity and fossil fuels to be replaced in premises and dwellings, industry and for district 
heating, together with the use of woody biomass for heat production in 2002 (data compiled from [7-10]). 
Energy sources 
 

Premises and dwellings 
                  [PJ] 

Industry
              [PJ]

District heating
                [PJ]

Total
           [PJ]

Oil products 
Natural gas 
Coal and coke 
Electricity 
Woody biomass 
Total 

56.7 
4.7 

 
78.5 
40.8 

180.7 

75.6
14.2
66.2

54.2
210.3

16.8
13.1

4.7
77.0

111.6

149.1
32.1
66.2
83.2

172.0
502.5

 
 In case 1 (biomass from agriculture not considered), the total estimated annual potential amount of biomass excluding 
black liquor was 426.9 PJ. Thus, the biomass amount is not enough for replacing all fossil fuels and electricity used for heat 



production in all sectors. Here, replacement of electricity used for heat production was given priority, as use of electricity for 
heat production is considered being an un-effective way of using an energy carrier of high quality as electricity. Thus, in case 
1 use of the biomass amount for replacement of electricity and fossil fuels used for heat production in premises and 
dwellings and for district heating was given priority, as premises and dwellings and district heating were the two sectors 
where electricity was used for heat production. 
 
4.2.1  Premises and dwellings 
 One third of the electricity used for heating of single family-houses was assumed being replaced with district heating 
while another third was assumed being replaced with biomass firing. The replacement to district heating will particularly be 
topical for city buildings, where the expansion of district heating is expected. 
 The cost for replacement of oil firing will be lower compared to replacement of electric heating without water-fed 
system. In scenario ‘heat’, it was therefore assumed that two thirds of all oil firing were replaced with district heating, while 
one third was replaced with biomass firing. This distribution is based on a supposed continuous expansion of district heating 
in densely populated areas. 
 The use of biomass for heat production in single family-houses today is dominated by wood firing. Pellets firing is not 
yet common, but it increases steadily [10]. It is quite similar to oil firing, and the oil burner in the boiler can be replaced with 
a pellets burner. Since pellets firing with automatic regulation is more comfortable than wood firing, it was assumed that all 
replacement of electric heating systems and oil firing to biomass firing was performed by pellets firing. 
 The amounts of biomass for district heating (DH) and pellets required for replacement of electricity, oil and natural gas 
for heat production in premises and dwellings in scenario heat are shown in Table 3. The total pellets amount required was 
estimated to be 60.7 PJ (4.9 PJ used in 2002 and 55.8 PJ required for replacement of electricity and oil firing, as shown in 
Table 3). Further, it was assumed that the amount of fuel wood required for heat production was unchanged, i.e. 31.1 PJ. 
 
Table 3. Amounts of biomass for district heating (DH) and pellets required for replacement of electricity, oil and natural gas 
for heat production in premises and dwellings in scenario ‘heat’. 
Energy sources in 2002           EDH

[TWh]
         EDH

[PJ]
        Epellets

[TWh]
      Epellets

      [PJ]
Electricity 
Oil 
Natural gas 
Total 

10.5
5.4
0.8

16.7

37.4
19.4
3.0

59.9

10.0
5.1
0.4

15.5

35.9
18.3
1.6

55.8
 
 Two thirds of the oil products, natural gas and electricity used for heat production in other premises and dwellings than 
single family-houses were assumed being replaced by district heating, while the remaining one third was replaced by pellets 
firing, according to a supposed continuous expansion of district heating in densely populated areas. Further, it was assumed 
that the amount of undensified woody biomass used for heat production was unchanged compared to 2002, i.e. the amount 
was 5.3 PJ. 
 
4.2.2  Energy use for heat production in industry 
 As many industrial processes may require fuels with properties like fossil fuels (e.g. high heating value and low moisture 
content) it may be difficult to replace all fossil fuels with un-dried biomass. However, dried biomass as pellets or wood 
powder may be used for heat production in these kind of  processes. As mentioned above, the potential amount of biomass in 
case 1 (biomass from agriculture not considered) will not suffice total replacement of fossil fuels used for heat production in 
industry, if replacement of electricity and fossil fuels used for heat production in premises and dwellings and for district 
heating is given priority. However, in case 2 (biomass from agriculture included) the potential amount of biomass will be 
enough for replacing all fossil fuels used for heat production in industry. Thus, in case 2 it was assumed that two thirds (in 
energy units) of the fossil fuels used for heat production in industry, i.e. 104.0 PJ/year, were replaced with un-dried biomass, 
while one third (in energy units) of the fossil fuels were replaced by dried biomass, i.e. 52.0 PJ/year. Peat and MSW used in 
other industrial sectors than the pulp and sawmill industry sector was not replaced with other biofuels. 
 
4.2.3  District heating 
 The whole amount of oil and natural gas (including LPG) used for district heating in Sweden in 2002 was assumed being 
replaced with biomass, referring to the two main reasons indicating a continuous future exchange of fossil fuels with 
renewable energy sources. As oil, natural gas and LPG mainly are used for maximum load, these fuels were replaced with 
pellets. Coal and blast furnace gas were not replaced with biomass, as blast furnace gas is a by-product at steel plants and a 
valuable fuel which may be used for instance for district heating. 
 The use of electric boilers for district heating has decreased markedly since 1990. One reason is the deregulation of the 
Swedish electricity market in 1996, which has led to a much faster increase of the price of electricity compared to the 
consumer price index, especially during recent years [11,12]. Thus, in scenario ‘heat’ it was assumed that all electric boilers 
used for district heating were replaced with pellets boilers. 
 The other energy sources, i.e. other biofuels (refuse, tall oil pitch, peat and other unspecified biofuels), heat pumps and 
waste heat were neither replaced by the biomass assortments taken into account in the scenarios. 
 The increase of the pellets demand in premises and dwellings and for district heating will cause an increased amount of 
heat which may be recovered at flue gas drying of the biomass used for pellets production. This heat amount may be used for 
district heating. The total use of pellets in Sweden in 2002 (including use for electricity production in CHP plants) was 21.2 
PJ (1.07 Mtdm). As the total use of pellets in scenario heat was 112.1 PJ (5.49 Mtdm), the increased amount of pellets required 



compared to 2002 was 90.9 PJ (4.42 Mtdm). The amount of heat which may be recovered at flue gas drying of the biomass 
amount required for this pellets amount was calculated to be 10.0 PJ. 
 In scenario ‘heat’, it was assumed that the energy sources used for the expansion of district heating in premises and 
dwellings was covered by the heat recovered at flue gas drying of the biomass used for pellets production and undensified 
woody biomass fired in boilers used for base load. Thus, it was assumed that the total supply of woody biomass used for 
district heating production was 162.7 PJ, distributed on 111.4 PJ of undensified woody biomass and 51.3 PJ of pellets used in 
pellets boilers for maximum load. 
 As mentioned above, approximately 25% of the district heating is nowadays produced in CHP plants. A potential 
increase of CHP in the district heating sector is possible when the district heating market is expanded. It was assumed that 
the whole continuous expansion of district heating excluding the increased heat recovered at flue gas drying of the biomass 
used for pellets production consisted of CHP. The total amount of fuel used for district heating production in CHP plants 
(including conversion and distribution losses) in scenario ‘heat’ was then 104.6 PJ, of which the distribution losses were 10.0 
PJ. The heat efficiency and conversion losses at CHP were assumed to be 69.4% and 0.7% respectively (based on data for 
the biomass-fired CHP plant in Västerås, Sweden), resulting in that the fuel amount required for electric power generation 
was 44.6 PJ. The fuel amount required for electric power generation and arised from wood fuels was 36.7 PJ. 
 
4.2.3  Compilation of biomass amounts required for heat production in scenario ‘heat’ 
 The amount of woody biomass used in district heating plants and originated from electricity production (36.7 PJ) has to 
be added to the amount of biomass used for heat production in district heating plants. Thus, the total amount of biomass 
required was 529.2 PJ in case 1 and 695.1 PJ in case 2. The total annual potential amount of the selected biomass sources 
was estimated to be 583.9 PJ in case 1 and 680.2 PJ in case 2 (see Table 1). Thus, the excess amount of biomass available in 
scenario ‘heat’ will be 54.7 PJ in case 1. This excess amount may be used for replacing approximately a third of the fossil 
fuels used for heat production in industry. In case 2, there will be a lack of 14.9 PJ of biomass. 
  
4.2.4  Simulation of the amounts of heat and electricity received 
 The amount of heat and electricity received at premises and dwellings and district heating production from the potential 
biomass amounts in scenario ‘heat’ is shown in Figure 1. The amount of black liquor received in pulp mills may generate 
both heat, electricity and/or vehicle fuel at the gasification process and the CHP plants mentioned above will produce both 
heat and electricity. If electric power generation is maximized at black liquor gasification, 75.8 PJ (21.1 TWh) of electricity 
may be generated at these conversion processes. 
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Figure 1. The amount of heat and electricity received at premises and dwellings and district heating production from the 
potential biomass amounts in scenario ‘heat’. UndWoBio P&D = Undensified woody biomass used in premises and 
dwellings. 
 
4.3  Scenarios ‘electricity’ and ‘vehicle fuel’ 
 In these scenarios, the biomass amounts required for heat production were assumed to be equal to the use in 2002. The 
amount of wood fuels used in district heating plants and originated from electric power generation in 2002 (11.0 PJ) has to 
be added to the amount of biomass used for heat production in district heating plants. Thus, the total amount of biomass 
required will be 343.8 PJ. As the total annual potential amount of the selected biomass sources was estimated to be 583.9 PJ 
in case 1 and 680.2 PJ in case 2, the excess amounts of biomass available for production of electricity or vehicle fuels in 
scenario ‘electricity’ and ‘vehicle fuel’ were 240.1 PJ in case 1 and 336.4 PJ in case 2. 
 
4.3.1  Simulations of maximum amounts of electricity and vehicle fuel received 
 The maximum amounts of electricity received from the potential biomass amounts in cases 1 and 2 after that the heat 
demand is covered, corresponding to the use of biomass to heat production in 2002, are shown in Figure 2. The total amount 
of electricity produced in case 1 was 162.2 PJ (45.1 TWh). 11.0 PJ was produced in CHP plants, 39.1 PJ was produced at 
black liquor gasification and 112.1 PJ was produced in integrated gasification combined cycle (IGCC) plants fed with the 
other biomass assortments available (efficiency data were derived from [13,14]). As the total electric power generation in 
Sweden in 2002 was 143.2 TWh [7], the total amount of electricity generated in this case corresponds to 31% of the total 
electric power generation in Sweden in 2002. 
 The total amount of electricity produced in case 2 was 209.4 PJ (58.2 TWh). 11.0 PJ was produced in CHP plants, 39.1 
PJ was produced at black liquor gasification and 159.3 PJ was produced in IGCC plants fed with the other biomass 



assortments available. The total amount of electricity generated in this case corresponds to 41% of the total electric power 
generation in Sweden in 2002. 
 The yields of hydrogen and methanol were based on production via the Battelle gasification process [15]. The maximum 
amounts of vehicle fuel (hydrogen or methanol)) received from the potential biomass amounts in cases 1 and 2 after that the 
heat demand is covered, corresponding to the use of biomass to heat production in 2002, are shown in Figure 3. The total 
amount of hydrogen produced in case 1 was 169.9 PJ (47.2 TWh), while the total amount of methanol in the same case was 
138.7 PJ (38.5 TWh). Even in this scenario, 11.0 PJ of electric power was generated in CHP plants (as 25% of the district 
heating production was produced in CHP plants in 2002) while 39.1 PJ of electric power was generated at black liquor 
gasification. 

0

20

40

60

80

100

120

140

160

180

200

220

240

260

Small scale heating District heating Power - Case 1 Power - Case 2

PJ

IGCC - Condensing power

CHP

Excess from BLGCC

Undensified woody biomass

Large pellets boilers

Small pellets boilers

Pellets industry

UndWoBio P&D

 
Figure 2. The amounts of heat and electricity received from the potential biomass amounts in scenario ‘electricity’, cases 1 
and 2. 
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Figure 3. The amounts of heat, electricity and vehicle fuel received from the potential biomass amounts in scenario ‘vehicle 
fuel’, cases 1 and 2. 
 
 The total amount of hydrogen produced in case 2 was 241.5 PJ (67.1 TWh), while the total amount of methanol produced 
in the same case was 197.2 PJ (54.8 TWh). Even in this case, 11.0 PJ of electric power was generated in CHP plants while 
39.1 PJ of electric power was generated at black liquor gasification. 
 An evaluation of how far the produced hydrogen and methanol amounts may cover today’s demand of vehicle fuel has to 
be based on the vehicle work which may be generated at use of the different fuels in topical propulsion systems. Such an 
evaluation shows that the hydrogen amount produced in case 1 may replace 65% of the gasoline and diesel oil used in 
Sweden in 2002 (5.71 million m3 and 3.91 million m3 respectively [7]), if the hydrogen is used as fuel in hybrid fuels cells 
(the efficiency of using hydrogen as fuel in a hybrid fuel cell propulsion system is estimated by Ahlvik & Brandberg [16] to 
be 23.5%, based on the LHV). 
 The methanol amount produced in case 1 may replace 71% of the gasoline used in Sweden in 2002, if the methanol is 
used in conventional gasoline engines (the efficiency for methanol in conventional gasoline engines is 16.2% based on the 
LHV [16]). If the black liquor is used for methanol production instead of electric power generation, the total amount of 
methanol produced may be increased to 241.6 PJ. This amount of methanol may replace all the gasoline and 29% of the 
diesel oil used in Sweden in 2002. 
 A corresponding evaluation of how far the produced hydrogen and methanol amounts in case 2 may cover today’s 
demand of vehicle fuel shows that the hydrogen amount produced may replace 92% of the gasoline and diesel oil used in 
Sweden in 2002, if the hydrogen is used as fuel in hybrid fuels cells. The methanol amount produced may replace all the 
gasoline and 1% of the diesel oil used in Sweden in 2002, if the methanol is used in conventional gasoline and diesel engines 
(the efficiency for methanol in conventional diesel engines is 17.6%, based on the LHV [16]). If the black liquor is used for 
methanol production instead of electric power generation, the total amount of methanol produced may be increased to 300.0 
PJ. This amount of methanol may replace all the gasoline and 66% of the diesel oil used in Sweden in 2002. 
 
 
5  DISCUSSION 
  



 Naturally, there are uncertainties regarding the amounts of the selected biomass assortments, as the amounts of these 
assortments are estimated potential amounts. The assumption that 15% of the total Swedish arable land area is used for 
cultivation of energy crops is far from the arable land area used nowadays for cultivation of energy crops. In 2002, 15,300 ha 
of arable land was used for cultivation of willow and reed canary grass in Sweden, which corresponds to 0.6% of the total 
arable land area in Sweden in 2002 (the total arable land area in Sweden in 2002 was 2680,000 ha) [17]. A coming increase 
of the arable land area used for cultivation of energy crops is dependant of factors as the demand of biomass for energy 
purposes and the energy policy on the national level and the European Union. 
 As some of the conversion processes studied are non-commercial (e.g. IGCC, hydrogen and methanol production via 
gasification of biomass), uncertainties regarding the yields of energy carriers are occured. Thus, the estimated biomass 
potentials and the efficiencies of the conversion processes are two main sources of uncertainty in this work. 
 It is shown in scenario ‘heat’ that the potential amounts of biomass available for energy purposes is not sufficient for 
replacing both electricity and fossil fuels used for heating in both premises and dwellings and industry. The lack is largest in 
case 1 (i.e. when biomass from agriculture is excluded). Here, replacement of electricity used for heating is given priority, as 
use of electricity for heat production is considered being an un-effective way of using an energy carrier of high quality as 
electricity. As there is a political decision of phasing out nuclear power in Sweden, replacement of electricity used for 
heating by other energy sources, e.g. biomass, may be a rather uncomplicated way to decrease the total electricity demand. 
However, even the use of fossil fuels is debated a lot, because of the theory that the carbon dioxide emissions derived from 
combustion of fossil fuels causes climate changes [18]. Thus, the choice of replacing electric power or fossil fuels is not an 
easy task. 
 Evaluation of hydrogen production at black liquor gasification was not performed, as reliable data not was found. 
However, it may be expected that the difference in yields of hydrogen and methanol received via gasification is rather equal 
at gasification of black liquor and at gasification of solid biomass. Thus, the yield of hydrogen may be somewhat larger than 
the yield of methanol even at gasification of black liquor. 
 This work analysed the use of the physical resources of biomass available for energy purposes by means of energy 
balances. Analyses for evaluating if the use of biomass for heat, electricity and vehicle fuel production are economically 
competitive and/or societal sustainable have also been performed for receiving a holistic view of the future use of biomass 
for energy purposes in Sweden [19]. 
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