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ABSTRACT:  

Biomass gasification is considered a key technology in reaching targets for renewable energy and 
CO2 emissions reduction. This study evaluates policy instruments affecting the profitability of 
biomass gasification applications integrated in a Swedish district heating (DH) system for the 
medium-term future (around year 2025). Two gasification applications are included: co-
production of SNG (synthetic natural gas) for use as transportation fuel and DH heat in a 
biorefinery, and BIGCC CHP (biomass integrated gasification combined cycle, combined heat 
and power). Using an optimisation model the level of policy support necessary to make biofuel 
production competitive to electricity generation, and the level of tradable green electricity 
certificates necessary to make gasification based electricity generation competitive to 
conventional steam cycle technology, are identified. The results show that in order for investment 
in SNG production to be competitive to investment in electricity production in the DH system, 
support policies promoting biofuels in the range of 16-22 EUR/MWh are needed. For investment 
in BIGCC CHP to be competitive to investment in conventional steam cycle CHP tradable green 
electricity certificates in the range of 4-15 EUR/MWh are necessary. The necessary policy 
support levels are very sensitive to variations in investment costs. It is concluded that the large 
capital commitment and strong dependency on policy tools makes it necessary that DH suppliers 
believe in the long-sightedness of future policy tools, in order for investments in large-scale 
biomass gasification in DH systems to be realised. 
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1. INTRODUCTION 

Biomass based automotive fuels are high on the agenda today, both as a possible means to 
meet climate-change mitigation goals and as a way to lower dependency on fossil oil. The target 
for biofuels1 in the EU is 10% by 2020 [1]. The European Commission acknowledges that to 
meet the target efficient policies promoting rapid development of second generation biofuels are 
necessary. Biomass gasification is considered a key technology for production of second 
generation biofuels, due to high flexibility, both on the feedstock and product side. When used 
for electricity generation gasification of biomass with combined cycle technology enables higher 
electrical efficiency than what is possible in combustion based processes. Large-scale biomass 
gasification for biofuel synthesis or electricity generation is not yet commercial, but a number of 
development and demonstration projects are in progress (see e.g. [2-4]). 

In a previous study by the authors implementation of biomass gasification applications in 
a Swedish district heating (DH) system was studied [5]. It was shown that large-scale gasification 
                                                 
1 In this paper the term biofuel is used to denote biomass derived transportation fuels. 
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applications, both for biofuel synthesis delivering excess heat to the DH network, and for 
electricity generation by combined cycle CHP2, can be interesting investment options for DH 
suppliers in the future, given continued technology development. Which form of investment that 
is most profitable was shown to be highly dependent on the level of policy instruments for 
biofuels and renewable electricity, with conflicts on the one hand between biofuel production and 
electricity generation, and on the other hand between gasification based and combustion based 
electricity generation. It was concluded that long-term policy instruments are essential. 

In this paper economic policy instruments affecting the profitability of large-scale 
biomass gasification applications integrated in a DH system for the medium-term future (around 
2025) are evaluated. The aim of the paper is to provide an indication of the support level 
necessary to make biofuel production competitive to electricity generation and of the level of 
electricity certificates necessary to make gasification based electricity generation competitive to 
conventional steam cycle technology. Different future energy market scenarios are considered. 
The analysis is made for Swedish conditions using the municipal DH system of Linköping, 
which is representative of a large part of the Swedish DH sector, as a case. 

 
2. ECONOMIC POLICIES AFFECTING THE DISTRICT HEATING SYSTEM 

Three existing economic policy instruments are included in this study; energy taxation, 
tradable CO2 emission permits (TEP) and tradable green electricity certificates (TGC-El). In 
addition to these a generic policy instrument promoting biofuels is introduced (explained below). 

Energy taxation in Sweden today consists of energy tax, CO2 tax, sulphur tax and an NOx 
charge. The tax levels vary depending on fuel and applications, with tax reductions for CHP 
production as well as for industrial plants included in the CO2 trading scheme. In this paper tax 
levels as expected for 2010 are used [6,7]. The European Union CO2 emission trading system 
[8,9] has been in place since 2005 and is a key component of the EU climate policy. In this paper 
it is assumed that CO2 emission trading is still in place in 2025. CO2 from renewable sources 
such as biomass is assumed to be free from charge. Furthermore it is assumed that the transport 
sector is not included in the trading system. Renewable electricity production is in Sweden 
promoted through a system with tradable green certificates (TGC-El). A quota obligation for 
consumers creates a demand for the certificates and thus provides them with an economic value. 
The system was introduced in 2003 and will be effective through 2030 [10].  

For biofuels there is a great challenge for policy makers to develop and implement 
efficient policy tools for the future. To be successful a policy must be technology neutral, create 
long-term stable conditions for producers as well as users and preferably not be too onerous for 
the governmental budget. The main economic policy tool today is tax exemption, which has 
proven to be successful in creating a market niche for biofuels. It is however costly for the 
government and not viewed as a long-term solution. A number of policy tools have been 
suggested, among them quota obligation3, tradable certificates and feed-in tariffs. For a 
discussion on the advantages and disadvantages of different policy instruments, see e.g. [11,12].  

In this study it is assumed that biofuels are subject to energy tax but not to CO2 tax, while 
both energy and CO2 tax is imposed on fossil transportation fuels. The level of the CO2 tax is 

                                                 
2 Combined heat and power. 
3 Already in place in a number of EU member states. 
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assumed to be equivalent to the TEP level. Since the aim of this study is to investigate the policy 
levels necessary for gasification based biofuel production in a DH system to be competitive to 
electricity production a generic policy instrument promoting biofuels is introduced. The purpose 
of this policy instrument is to provide additional revenue for the biofuel producer to compensate 
for higher production costs compared to fossil transportation fuel production. The policy 
instrument can for example be in the form of a feed-in-tariff, tax exemption or tradable 
certificates, but the exact design of the system is not within the scope of this paper to determine. 

 
3. METHODOLOGY AND INPUT DATA 

To evaluate the profitability of biomass gasification applications under various boundary 
conditions an optimisation model of the studied DH system, Linköping, is used. Multiple 
optimisation runs with varying policy tool levels are made to identify the breakpoints where the 
type of most profitable investment changes, either from electricity to biofuel production or from 
combustion based to gasification based electricity generation. To represent different future 
boundary conditions, energy market scenarios with interdependent parameters are created. The 
scenarios are described more in detail in Section 3.4. For conversion between currencies, 
exchange rates for the first quarter of 2008 are used (9.40 SEK/EUR, 6.29 SEK/USD). 

 
3.1 Case description – Linköping DH system 

Linköping is Sweden’s fifth largest city with a population of about 140,000 inhabitants. 
The local DH supplier, the municipally owned energy company Tekniska Verken, delivers 
residential heat as well as process steam and heat to a number of industries. The annual 
production of DH heat and steam is about 1,700 GWh (2007). The base heat production consists 
of two waste incineration plants. The first is a modern CHP plant with a steam turbine for 
electricity generation and flue gas heat recovery. The second is a hybrid CHP plant where steam 
from waste incineration is superheated with the flue gases from an oil-fired gas turbine and 
expanded through a steam turbine. For both waste incineration plants there is the option to 
condense the steam without passing the turbines, for heat only production. In addition to waste 
incineration there are other CHP plants as well as a number of heat-only boilers in the system. 
The DH supplier has the option to cool the DH network supply line to increase electricity 
production in the CHP plants.  

By 2025 the DH system is likely to have changed. Two CHP plants (fired by coal and 
biomass, respectively) are planned to be taken out of operation since they will reach their 
maximum technical lifetime [13]. Furthermore, the DH demand is forecasted to have increased to 
an annual demand of about 1,900 GWh [13]. The combination of plants taken out of operation 
and an increased heat demand will result in the need for investment in new heat production units.  

 
3.2 Investment options 

Two large-scale gasification applications delivering heat to a DH network are considered 
in this study. The first is co-production of synthetic natural gas (SNG)4 for use as transportation 
fuel and DH heat in a biorefinery. Electricity is also co-produced but in insufficient quantities to 

                                                 
4 A number of different biofuels can be synthesised from gasified biomass, e.g. Fischer-Tropsch diesel, methanol or 
SNG. The studied city already has a well developed biogas system, why SNG was chosen for this study. 
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cover the process demand. The second is biomass integrated gasification combined cycle 
(BIGCC) CHP. Both applications are still at the development stage, with commercialisation on 
large scale several years away. In addition to the two gasification applications conventional 
biomass fuelled steam turbine CHP (bio-CHP) is also considered, since this constitutes a realistic 
investment option as things are at present. In Table 1 technical performance and investment costs 
for the investment options are shown.  

The upper limit of biomass feed is set to 400 MW. The fuel is assumed to be wood chips 
with a lower heating value of 2.6 MWh/tonne. The minimum acceptable part load, based on 
biomass input, is assumed to be 60% for the gasification applications and 50% for the bio-CHP.  

Table 1. Performance and investment costs for the investment options considered in this study [14-18]. All 
efficiencies concern lower heating value of fuel at full plant load. 
  Bio-CHP small Bio-CHP large BIGCC CHP SNG 
Scale range (biomass input) (MW) 20-160 160-400 20-400 150-400 
Electrical efficiency  0.30 0.34 0.43 -0.04c

DH heat efficiency  0.81 0.74 0.47 0.23d

SNG efficiency (from biomass+el)  – – – 0.69d

Total efficiency  1.1a 1.1a 0.90 0.92d

Biomass input, base case (MW) 100 235 116 242 
Electricity/SNG output  (MW) 30 80 50 173 
Investment cost  (MEUR) 89 183 117b 230 
Specific investment cost (EUR/kWel/SNG) 3,000 2,300 2,300 1,300 
Specific investment cost (EUR/kWheat) 1,100 1,000 2,100 3,900 
a With flue gas heat recovery. 
b Adjusted from source [16] using the assumption that the cost increase for BIGCC since 2000 is equivalent to the cost 

increase of conventional biomass fuelled steam turbine CHP for the same period (an increase of almost 100%) [16,17]. 
c  The negative number indicates import of electricity to the SNG plant. 
d  Efficiencies from total input of biomass and electricity. 
 
3.3 Model description 

The energy system optimisation tool MIND (Method for analysis of INDustrial energy 
systems) is used to model the DH system. MIND is a method for optimisation of dynamic energy 
systems, based on mixed integer linear programming [19] and using CPLEX to solve the 
generated set of equations [20]. In the model, shown in Fig. 1, existing DH production plants a 
well as potential investment options are included. The plants are described in the model by 
maximum capacity, efficiency, power-to-heat ratio, minimum acceptable load and maintenance 
period. One year is divided into 29 time steps to visualise seasonal variations in for example 
prices, heat demand and plant efficiencies. The objective of the optimisation model is to 
minimise the annual system cost while meeting the DH heat demand, by choosing the best 
alternatives regarding investments and plant operation. Included in the system cost are costs for 
investments, fuel, electricity and maintenance, as well as revenues for sold electricity and 
biofuel. Investment costs are discounted using the annuity method. In this study an interest rate 
of 12% and an economic plant life time of 20 years are used.  

Multiple runs are made, varying the level of one policy instrument at a time. The 
breakpoints where the most profitable investment changes can thus be identified. To identify the 
breakpoint for biofuel production the revenue for sold SNG (including policy support) is varied, 
keeping all other parameters constant. To identify the BIGCC breakpoint the TGC-El level is 
varied, all other parameters unchanged.  
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Fig. 1. Overview of the MIND model of the Linköping DH system. Dashed lines indicate investment options. 
Shaded boxes indicate existing plants planned to be taken out of operation. The heat demand drives the model, which 
is indicated by bold lines. 
 
3.4 Energy market scenarios 

Consistent future energy market scenarios with interdependent parameters are created 
using a tool developed by Axelsson et al.5 [21]. Inputs to the tool are fossil fuel prices and costs 
associated with various policy instruments. Outputs, as used in this paper, are marginal prices for 
electricity and biomass and various end user fuel prices. The marginal biomass price is in the tool 
determined by high volume users’ willingness to pay for biomass, in this study coal power plants 
co-firing biomass. For details of the calculation procedure, see [21]. 

Two base scenarios are created, using two different levels of fossil fuel prices6. For each 
base scenario four sub scenarios are modelled, based on different TEP levels. In the scenario tool 
both electricity prices and biomass prices are dependent on the TEP price and thus differ between 
the sub scenarios. The base TGC-El price is also assumed to be dependent on the TEP price, with 
higher TEP prices resulting in lower TGC-El prices [22].  

The maximum price of SNG at the filling station can be assumed to be equivalent to the 
price of petrol. The petrol price is estimated by adding 20 EUR7 to the crude oil price as assumed 
in the scenarios. Distribution of the SNG to the filling station is assumed to take place either 
using existing infrastructure for biogas distribution or as LNG (liquefied natural gas) at a cost of 
21 EUR/MWh [23]. Input data to the scenario tool and resulting energy market scenarios are 
presented in Table 2.  

                                                 
5 The scenario tool was initially developed to create scenarios for the energy intensive industry and has in this paper 
been adapted to be suitable for the DH sector and for the methodology used in this study. 
6 For the low level the reference prices from IEA’s World Energy Outlook [24] are used. For the high level, market 
prices for the first quarter of 2008 are used [25]. 
7 Based on statistics from 2006-2008 [25,26]. 
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Table 2. Energy market scenarios for 2025. In each of the two fossil fuel base scenarios (low and high) four sub 
scenarios (L1-L4, H1-H4) are created by varying the TEP level, which affects TGC-El, biomass prices and 
electricity prices. Taxes are not included except where otherwise stated. Data from [17,21,24-26]. 
 Low fossil fuel price scenario High fossil fuel price scenario 
  L1 L2 L3 L4 H1 H2 H3 H4 
Input data to scenario tool (EUR/MWh) 
Crude oil 30 30 30 30 41 41 41 41 
Natural gas 19 19 19 19 26 26 26 26 
Coal 6 6 6 6 12 12 12 12 
TEPa 20 30 40 50 20 30 40 50 
TGC-El baseb 17 12 8 3 17 12 8 3 
Resulting energy market parameters (EUR/MWh) 
Light fuel oil 38 38 38 38 52 52 52 52 
Heavy fuel oil 31 31 31 31 42 42 42 42 
Wood chips 15 19 23 27 22 26 29 33 
Waste -16 -16 -16 -16 -16 -16 -16 -16 
SNG price at filling stationd 88 90 93 96 99 101 104 107 
SNG, gate pricee 33 36 39 41 44 47 50 52 
Electricity 54 61 67 69 65 72 79 83 
a Tradable CO2 emission permits. 
b Tradable green certificates for electricity. Base level. 
d Including energy tax. Equivalent to price at filling station of petrol, including energy and CO2 tax. 
e Base gate price without policy support. Corresponds to SNG price at filling station minus distribution cost and tax. 

 
3.5 Sensitivity analysis  

The largest uncertainties identified in this study are future energy market parameters and 
investment costs for the new technologies considered. The described energy market scenarios 
with interdependent parameters constitute a sensitivity analysis of prices and policy instrument 
levels. To account for uncertainty concerning capital costs the optimisation runs are also made 
with the investment cost for the gasification applications increased by 50%.  

 
4. RESULTS 

As has been described the optimisation model chooses the most profitable alternatives as 
regards plant operation, including new investments, while meeting the demand for DH heat. By 
varying one policy tool at a time breakpoints for when a certain investment becomes profitable 
are found.  

 
4.1 Biofuel support policy 

In Fig. 2 the results when varying the SNG revenue are shown. The curves indicate the 
total SNG revenue, including the biofuel support policy value, where investment in SNG 
production becomes competitive to investment in electricity production. As described in 
Section 3.4 electricity prices, biomass prices and TGC-El prices are all dependent on the TEP 
price (see Table 2). Higher TEP levels lead to higher electricity and biomass prices but lower 
TGC-El prices. These parameters all have impact on the breakpoint where SNG production 
becomes profitable. As can be seen in Fig. 2 higher revenue for sold SNG is necessary for biofuel 
production to be competitive in the high fossil fuel price scenario than in the low fossil scenario. 
The main reason is the higher electricity prices in the high fossil scenario which makes electricity 
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production more profitable. The higher biomass price also has an impact as the SNG production 
process has a lower total efficiency than the electricity production processes. 

Fig. 2 also shows that the breakpoint SNG revenue increases with raising TEP level. 
Again the main reason is the increasing electricity price which outweighs the decreasing TGC-El 
price. Further, as the biomass price also increases with increasing TEP level the production cost 
for DH heat from both the SNG plant and from the electricity production plants increases. Since 
the SNG production has a lower DH heat efficiency, it is more affected.  
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Fig. 2. Breakpoint SNG revenue levels (including biofuel support policies) for different TEP prices for the two fossil 
fuel price scenarios. The curves indicate at which total revenue for sold SNG investment in SNG production 
becomes competitive to investments in electricity production. 
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Fig. 3. Breakpoint biofuel support policy levels for different TEP prices for the two fossil fuel price scenarios. The 
curves indicate the biofuel support policy level where investment in SNG production becomes competitive to 
investments in electricity production. The horizontal dashed line shows the support policy value of tax exemption 
(2008). 
 

In Fig. 3 the SNG gate price (see Table 2) has been deducted from the breakpoint SNG 
revenue, giving the necessary biofuel support policy level for SNG production to be competitive 
to electricity production. For comparison the value of full tax exemption (2008 energy tax level 
for petrol) is also shown. The curves in Fig. 3 indicate the additional support that the SNG 
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producer needs to receive in order for the produced biofuel to be competitive to petrol. As has 
been mentioned a generic biofuel support policy is modelled in this study. This can for example 
be in the form of a feed-in-tariff, tax reduction or tradable certificates. As can be seen in Fig. 3 a 
higher support is needed in the low fossil fuel price scenario. The main reason for the difference 
is that the higher oil price in the high fossil scenario makes biofuel more competitive, even 
without policy support. The difference is however not very pronounced. 

 
4.2 Tradable green electricity certificates 

Fig. 4 shows the breakpoint TGC-El levels where investment in BIGCC becomes 
profitable to investment in conventional steam turbine electricity production. The figure shows 
that a higher TGC-El is needed for higher TEP prices, as well as in the high fossil fuel price 
scenario compared to the low fossil fuel price scenario. The main reason is that the conventional 
bio-CHP plant has a larger DH heat delivery for a given biomass feed size. With the BIGCC 
either a larger plant needs to be installed to cover the same heat demand or a larger part of the 
heat demand needs to be covered by more expensive alternative heat production, like oil fired 
boilers. The difference is however very small. Included in Fig. 4 is also the base TGC-El level8 
which corresponds to the level prognosticated by the Nordic Energy Perspectives project [22]. As 
can be seen the breakpoint TGC-El levels from this study are of the same order of magnitude. 
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Fig. 4. Breakpoint TGC-El levels for different TEP prices for the two fossil fuel price scenarios. The curves indicate 
the TGC-El level where investment in BIGCC becomes competitive to investments in conventional steam turbine 
technology. Electricity prices for the two scenarios are also shown. 
 

The bend in the TGC-El curves at TEP 40 EUR is an effect of how electricity prices are 
generated by the scenario tool. The scenario tool calculates the cost of electricity production for 
new base load plants (including discounted investment cost) for a number of electricity 
production technologies9. The technology with the lowest production cost in each scenario is 

                                                 
8 The base TGC-El is the level used when making optimisation runs to identify biofuel support policy breakpoints. 
9 Electricity production technologies included in this study are: coal condensing power, coal condensing power with 
CCS (carbon capture and storage), NGCC (natural gas combined cycle) and NGCC with CCS. 
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assumed to constitute the marginal electricity production (i.e. build margin) in that scenario and 
approximately at TEP 40 EUR the marginal electricity production changes. As can be seen in 
Fig. 4 the bend in the electricity price curve is slightly sharper in the low fossil scenario than in 
the high fossil scenario, which is reflected on the TGC-El curves. 

 
4.3 Results from sensitivity analysis 

Results from the sensitivity analysis where the investment cost for the SNG plant was 
increased by 50% are included (dotted lines) in Fig. 2 and Fig. 3. It is found that the higher 
investment cost has a significant impact on the necessary biofuel support level – from 16-
22 EUR/MWh in the base case to 22-29 EUR/MWh with the higher capital cost, an increase of 
more than 30%. For the BIGCC the increase in breakpoint TGC-El level when increasing the 
investment cost is even more pronounced – from 4-12 EUR/MWh to 36-43 EUR/MWh, as can be 
seen in Fig. 4. The main reason for the substantial effect concerning BIGCC, is that the 
electricity efficiency gap between BIGCC and conventional bio-CHP is rather small.  

 
5. DISCUSSION 

For biofuel support policies, focus in this study has been on policies contributing to the 
biofuel producers’ revenue per unit biofuel produced, for example a certificate system. This has 
been accomplished by determining the necessary level of a generic policy tool. The results show 
that considerable support is necessary if production of advanced biofuels implemented in DH 
systems is desired. Policy makers therefore have a crucial role in creating long-term stable 
instruments. 

From the results it can be concluded that future investment costs will have a large impact 
on necessary policy tool levels. The investment costs assumed in this study are all for the Nth 
plant, i.e. assuming mature technology. It should be noted that during the sensitivity analysis the 
investment costs were varied for only one application type at a time and only for the gasification 
plants, to account for uncertainties concerning the costs of mature gasification technology. If the 
investment cost for conventional bio-CHP also rises, the TGC-El level necessary for BIGCC to 
be competitive decreases. The large impact on the breakpoint support policy levels of increasing 
the investment cost, shows that additional support in the form of investment subsidies could be 
necessary. For biofuels one advantage of this kind of policy is that it can be directed towards 
specific biofuels that are of particular interest. 

There is of course always a large uncertainty involved when making predictions about 
future energy market conditions. By using energy market scenarios with interdependent 
parameters this uncertainty is accounted for to some extent. In this paper it has been assumed that 
several parameters are dependent on the TEP level (electricity and biomass prices as well as 
TGC-El levels). The resulting breakpoint curves when varying the TEP level is therefore not only 
a result of the actual TEP price, but also of other elements.  

The DH system used as a case for this study has a, by Swedish standards, rather large heat 
load, which makes operation of the large-scale gasification plants possible a large part of the 
year. This is an advantage that smaller systems lack. Further, in this paper only investment 
alternatives using biomass as feedstock have been considered. Options for other DH systems 
could for example be coal or gas based technologies. 
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6. CONCLUSIONS 

The results from this paper show that efficient policy tools are necessary for large-scale 
biomass gasification, for biofuel production as well as electricity generation, to be an investment 
option for a DH supplier. The major conclusions of this study are: 

• In order for investment in SNG production to be competitive to investment in electricity 
production in the DH system, support policies promoting biofuels are needed. Depending on 
energy market parameters the necessary economic level of the support policies is found to be 
in the range 16-22 EUR/MWh. 

• Higher TEP prices, leading to higher electricity and biomass prices, result in higher necessary 
biofuel support policy levels. Higher oil prices result in lower necessary support policy 
levels. 

• A 50% increase of the SNG plant investment cost leads to an increase in necessary support 
policy level of more than 30%, to 22-29 EUR/MWh. 

• In order for investment in BIGCC CHP to be competitive to investment in conventional 
steam cycle CHP tradable green electricity certificates are necessary. Depending on energy 
market parameters the necessary TGC-El level is found to be in the range 4-15 EUR/MWh. 

• Higher fuel prices, especially biomass prices, result in higher necessary TGC-El levels. 

• Increased investment cost has larger impact on BIGCC than on biofuel production. A 50% 
increase of the investment cost leads to an increase in TGC-El to 36-43 EUR/MWh. 

Finally, it can be concluded that investments in large-scale gasification applications in a 
DH system have a very large financial risk involved for the DH supplier. Given the large capital 
commitment and the strong dependency on support policies, it is necessary that DH companies 
believe in the long-sightedness of future policy tools, in order for investments in large-scale 
biomass gasification in DH systems to be realised. 
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