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Preface 

This report is a part of VTT’s VETAANI project. The report is also published as 
Master’s thesis by Jukka Kakkonen from Department of Energy Technology, 
Aalto University School of Engineering. 

The VETAANI research project has been carried out mainly by VTT during 
2011–2014.  This report presents the business evaluations part of the project, 
carried out by Aalto University, Department of Energy Technology. VETAANI 
has been funded by Tekes, the participating companies and VTT. 

The objective of the VETAANI project has been to study the technical and 
economic feasibility of a woody biomass gasification plant of 50–200 MW in 
size producing synthetic natural gas (bio-SNG), hydrogen or ultraclean fuel 
gas. The project consists of both technical and economical components. The 
project has been divided into five distinct tasks: indirect gasification and gas 
filtration, gas reforming, gas ultracleaning and synthesis processes, process 
evaluations, and business evaluations. Although the bio-SNG technology is 
relatively new and not in large scale commercial use yet, the aim of the study is 
to research and evaluate existing technology instead of developing entirely new 
technology. 

This economic part of the VETAANI project examines three different 100 
MW plant configurations located in Finland and one of the plant configura-
tions also in Sweden. In Finland, the produced gas is assumed to be used in a 
CHP power plant, where it is transported via existing natural gas pipeline, 
whereas in Sweden, the gas is used as transport fuel distributed to end users 
via fuelling stations. Two different countries have been chosen because of end 
use and gas price differences between them. 

We thank the whole VTT research team and especially Research Scientist 
Ilkka Hannula for good collaboration during the whole project, during which 
we have learned a lot about gasification technology and its business prospects 
in the studied countries. We also thank the project steering group – Sari Siito-
nen from Gasum, Jörgen Held from Renewable Energy Technology Interna-
tional, Timo Honkola and Claes Breitholtz from Metso Power, Sami Toppinen 
from Neste Oil, Timo Arponen from Helsingin Energia, Stefan Krech from Ou-
totec, Timo Vapalahti from National Emergency Supply Agency, and Marjatta 
Aarniala from Tekes – for providing thorough comments on our work, which 
have helped us a lot in different phases of this task. 

 
Espoo, 3 January 2014 
 
 
Jukka Kakkonen and Sanna Syri 
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1. Introduction 

In the European Union natural gas is the second most used source of primary 
energy, with a share of 23 % of total gross inland energy consumption. In Fin-
land and in Sweden the shares are 9 % and 2 % respectively. Most of the gas 
used in the EU is imported. (Eurostat, 2013) Natural gas is a very convenient 
fuel that is widely used in energy production, heating and transportation. It 
has high energy content, clean combustion and it is easily transported through 
natural gas pipeline networks or as LNG. Synthetic natural gas produced from 
biomass (bio-SNG) retains all the attributes of natural gas, with a significant 
advantage of being renewable energy. Bio-SNG is produced by gasifying woody 
biomass, cleaning the produced gas and processing it to meet the quality re-
quirements of natural gas. With indirect gasification technology, bio-SNG can 
be produced from nearly all wood based biomasses. This ensures the high 
availability as well as relatively low prices of the feedstock. Replacing natural 
gas with bio-SNG reduces greenhouse gas emissions, increases the use of re-
newable energy while it does not require investments to existing natural gas 
infrastructure or plants using natural gas. However, the production cost of bio-
SNG is still higher than the price of natural gas. 

The purpose of this study is to examine the profitability and business pro-
spects of a bio-SNG plant with fuel power of 100 MW. The plant produces SNG 
via indirect gasification of woody biomass. This study examines the Nth plant 
of the same kind, which is expected to be completed in 2020. The report in-
cludes three scenarios with alternative energy price outlooks in 2020 with one 
scenario to extend to 2040. These energy prices are used in the profitability 
analysis. The profitability calculations include results from the process simula-
tion of different plant constructions. The thesis also recognizes the national 
and EU legislation with impact on bio-SNG industry, as well as the different 
possible support mechanisms the plant might be subjected to. Business plan, 
which takes into account all of the above, is a key part of the work. 

In this report we show that in 2020 bio-SNG production using indirect 
woody biomass gasification can be a viable technology. The profitability of a 
bio-SNG plant is, nevertheless, highly sensitive to the future energy prices and 
the potential support mechanisms. We found that a bio-SNG production plant 
would be profitable if it was subsidized with support mechanisms that are en-
acted already today. In addition to financial aspects, the bio-SNG technology 
offers several other benefits compared to using imported natural gas such as 
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meeting the energy and climate targets and supporting domestic employment, 
economy and energy independency. 

The report begins with presenting the three policy and energy price scenarios 
used in the study. In the subsequent chapter energy and climate policies rele-
vant to bio-SNG industry on both the EU and national level are presented. This 
chapter is followed by techno-economic analysis of the studied plant. In addi-
tion to bio-SNG technology description, this chapter presents the three studied 
cases with different plant configurations, as well as the capital and production 
cost calculations. After these preparatory sections, we construct a business 
plant of a bio-SNG plant, which regards the previously presented components 
and discusses other relevant factors affecting the bio-SNG project and its via-
bility. Finally, discussion and conclusions of the economic evaluation are pre-
sented. 
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2. The scenarios 

This report analyses three different global scenarios for the year 2020. One of 
the scenarios extends to year 2040 in terms of the energy prices in order to 
conduct profitability calculations in more detail. The scenarios differ from 
each other by the energy and climate policy pathways chosen. While the world 
is essentially the same, the different policy actions have a considerable effect 
on the global energy system and the mitigation of the climate change. The dif-
ferent energy and climate policies affect the profitability of different energy 
technologies as well. 

In the New Policies Scenario, the energy and climate policies existing today 
are included, but, in addition, some of the recently announced commitments 
and plans are also implemented. This scenario is the most optimistic alterna-
tive of the scenarios analyzed in this report. The Baseline Scenario is a refer-
ence scenario, in which energy and climate policies and measures enacted to-
day remain somewhat unchanged. The effect of the policies is assumed to stay 
relatively constant. The Restrained Policies Scenario foresees a world with 
prolonged and worsened financial crisis, which draws the political attention 
from climate change to solving the economic issues. To some extent this wa-
ters down the climate decisions that have already been made today but also 
leads to lower energy demand than in the other scenarios. 

The New Policies Scenario and the Baseline Scenario are based on scenarios 
found in literature. However, some adjustments to the energy prices have been 
made, as the reference scenarios are broad and not necessarily directly appli-
cable to the particular area of interest. The third scenario, the Restrained Poli-
cies Scenario, is not based on any specific reference scenario but is rather a 
pessimistic or conservative variant of the Baseline scenario. The Restrained 
Policies Scenario is discussed only briefly in this thesis and the quantitative 
results, mainly energy prices, are basically derived from the other scenarios. 

The scenarios analyzed in this report were chosen to represent moderately 
optimistic to somewhat pessimistic global energy policy projections. This is 
due to the ongoing economic crisis and the fact that the year 2020 is relatively 
near for the large-scale policy actions needed to effectively address the climate 
issues and reshape the global energy system. In this report we make the as-
sumption that the Baseline Scenario is the most probable. This scenario is 
used in further economic analysis to narrow the different combinations for 
more detailed financial calculations and sensitivity analysis. 
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In addition to the chosen energy policy pathway there are some other major 
factors affecting the global energy system and the profitability of different 
types of investments in the energy sector. Economic growth is the main driver 
of energy demand. According to OECD and IMF projections, the growth in 
world GDP between the years 2010 and 2020 is assumed to average 4.0 % and 
in the EU 1.7 % per year in both the New Policies Scenario and the Baseline 
Scenario. The population growth supports the growing energy demand. In the 
scenarios the world’s population is estimated to increase annually by 1.1 % 
starting from 2010 reaching over 7.6 billion people in 2020. In the EU the in-
crease in population is estimated to be 0.2 % per year. (IEA, 2012b) 

Future energy prices will affect strongly the supply and demand of different 
energy technologies. Although the energy and climate policies have an effect 
on the energy economics, in the scenarios the prices are also driven by several 
other global and local factors. Energy prices are generally expected to increase 
in all of the scenarios. The pricing of CO2 emissions also affects the profitabil-
ity of different energy investments. There is no significant global emissions 
trading agreement expected in the scenarios other than the EU Emission Trad-
ing Scheme (EU ETS) which is already implemented. The EU ETS is in force in 
each of the scenarios but the pricing of the emissions will vary depending on 
the policies and measures adopted. While the different energy and climate 
policies guide the technological development, the timespan of this analysis is 
relatively short for the development to have any significant effect in any of the 
scenarios. 

2.1 New Policies Scenario 

The New Policies Scenarios is the most optimistic scenario studied in this re-
port regarding to climate issues. This scenario takes into account the energy 
and climate policies already made as they are, but also incorporates some of 
the recently introduced proposals and commitments. 

The New Policies Scenario is based on the New Policies Scenario and the 
ETP 2012 4 °C Scenario presented on International Energy Agency’s (IEA) 
World Energy Outlook 2012 (WEO 2012) and Energy Technology Perspectives 
2012 (ETP 2012) respectively. As these scenarios are global and Europe is re-
viewed as one domain, some adjustments have been made to the energy price 
predictions for the scenario to apply to Finland. These are based on the exper-
tise of the VETAANI project’s steering group and literature sources. In this 
study we have used the current energy prices in Finland and used them as 
starting values to calculate the future energy prices using the price changes 
from the reference scenarios. 

The IEA has specified wide-ranging characteristics of its New Policies Sce-
nario, yet the energy prices resulting from the scenarios are the most interest-
ing data regarding to this project. Hence, we assume the characteristics of the 
scenario presented by the IEA are also valid in this scenario analysis. We 
found the following elements particularly relevant to the project: Energy de-
mand is lower than in the Baseline Scenario as the EU’s target to reduce pri-
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mary energy consumption by 20 % is partially implemented. Renewable elec-
tricity production support is strengthened and extended by the EU. Also the 
support for alternative transport fuels is enhanced. According to the IEA, car-
bon capture and storage (CCS) technology is not yet widely used in the energy 
production sector in 2020. (IEA, 2012b) Plant configuration 3 studied in this 
report will be, however, featuring CCS technology. 

2.2 Baseline Scenario 

The Baseline Scenario is a reference scenario aiming to provide a view on how 
the energy prices would evolve if the energy and climate policies would remain 
unchanged. Although, IEA does not take a stand on which of its scenarios 
would be the most probable to occur, in this study we concluded that the Base-
line Scenario is used in the more detailed financial calculations and sensitivity 
analysis on the profitability of the bio-SNG plant. 

The Baseline Scenario is based on the Current Policies Scenario and the ETP 
2012 6 °C Scenario presented on the IEA’s World Energy Outlook 2012 (WEO 
2012) and Energy Technology Perspectives 2012 (ETP 2012) respectively. But, 
as with the New Policies Scenario, the IEA estimates are EU-wide and some 
corrections to the energy prices have been made in order for the scenario to 
describe Finland more accurately. In this scenario the energy prices in Finland 
today are also used as starting values for the future prices. 

In the Baseline Scenario there are no new policies to steer the energy choices, 
which results in the increasing use of energy. As demand increases, so will the 
prices. The EU’s target to reduce GHG emissions by 20 % is met, as is the RES 
target of 20 % of the energy demand. In the transport sector the biofuels are 
supported and the 10 % RES target is reached. The EU ETS will remain the 
EU’s main climate policy to reduce GHG emissions. However, as the surplus of 
the EU emission allowances (EUA) today is substantial and the prices contin-
ued to decrease after the publication of the WEO 2012 report, we predict the 
EUA price will be lower than the IEA predicts in 2020 and beyond that. In the 
Baseline Scenario the ratio of natural gas to oil prices remains lower than the 
historical value. The IEA also assumes that biofuels from lignocellulosic feed-
stocks would not be commercialized before 2025. As to the nature of this pro-
ject, we assume that the plant will be built in 2020. The use of CCS technology 
is highly uncertain. Germany will close its nuclear reactors by the end of 2022 
as planned. 

2.3 Restrained Policies Scenario 

The Restrained Policies Scenario aims to provide a worst-case type scenario. 
In this scenario the global economic crisis is prolonged and worsened. This 
draws the political attention from the climate issues to solving the economic 
ones. The existing energy and climate policies are expected to be vitiated to 
some degree. Despite the weakening of the policy actions, the energy demand 
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in the Restrained Policies Scenario is lower than in the other scenarios as the 
demand is lower due to the declined local and global production. 

This scenario is not based on any specific reference scenario. It is construct-
ed on the basis of the other scenarios varying the energy price predictions to a 
direction that is both plausible and unprofitable for the project. The energy 
price predictions in the scenario are also based on the comments and opinions 
of the VETAANI project steering group members. 

In the Restrained Policies Scenario we foresee that the EU’s RES target is not 
achieved, nor is the 10 % RES target in transportation sector. CCS technology 
is not commercialized by 2020. 

2.4 Energy prices in our scenarios 

Future energy prices dictate the profitability of the bio-SNG plant. The prices 
are also an important determinant of energy trends. Energy prices are affected 
by supply and demand, local and global events, but also significantly by the 
different energy and climate policies. Thus, predicting energy prices is consid-
erably difficult. 

In spite of this, the report aims to present three plausible and justified ener-
gy price scenarios with notable differences between them. Energy prices are 
volatile and thus, the prices we show are the average energy prices in Finland 
in each scenario. Energy prices in the scenarios studied in this report are pre-
sented in Table 1. 

Table 1. Energy prices in different scenarios used in this report. Taxes are excluded. 

  

Natural 
gas 
€/MWh 

Biomass 
€/MWh 

Heat 
€/MWh 

Electricity 
€/MWh 

CO2 
€/tCO2 

Today 35.00 17.00 25.00 45.00 5.00 
New Policies Scenario 42.00 18.70 27.50 51.75 30.00 
Baseline Scenario 44.10 17.00 25.00 51.75 20.00 
Restrained Policies Scenario 33.25 16.15 23.75 49.50 15.00 
Sweden today 63.00 23.00 30.00 45.00 5.00 

 
This study also examines the possibility of higher price received from selling 

the excess heat from the production process. The upper limit estimates are 
presented in Table 2. 

Table 2. Upper limit heat prices (€/MWh) today and in the scenarios. Taxes are excluded. 

Today New Policies 
Scenario 

Baseline Scenario Restrained Policies 
Scenario 

Sweden today 

38.04 41.84 38.04 36.14 38.04 

 
In this report, we also conduct financial calculations in more detail using the 

NPV analysis. In order to do this, we have predicted the energy prices until 
2040 in the Baseline Scenario. Table 3 illustrates the predicted energy prices 
in the Baseline Scenario from 2020 to 2040. The prices have been derived 
from the IEA price predictions, which have been adjusted to fit Finnish condi-
tions. These trends have then been extrapolated to 2040, as the IEA predic-
tions extend only to 2035. 
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Table 3. Energy prices in the Baseline Scenario 2020-2040 used in NPV analysis. Taxes are 
excluded. 

  
Natural gas 
€/MWh 

Biomass 
€/MWh 

Heat 
€/MWh 

Electricity 
€/MWh 

CO2 
€/tCO2 

2020 44.10 17.00 25.00 51.75 20.00 
2030 48.84 25.00 30.00 55.00 30.00 
2040 51.05 30.00 35.00 60.00 40.00 

 
We also study the economic feasibility of CCS with the bio-SNG plant. For 

these calculations we have used a CO2 transportation and storage price of 
63.90 €/tCO2 (pressurization, 150 km pipeline transportation to coast, ship-
ment to North Sea, and off-shore sequestration) (Teir et al., 2011). 

The following sub-chapters describe how the energy prices are determined in 
our scenarios. 

2.4.1 Oil prices 

The price of oil is the most dominant factor affecting the energy prices. The oil 
price does not have a direct impact on the profitability of the bio-SNG plant, 
but given its important role, we present the IEA oil price estimates. IEA’s oil 
demand and oil price predictions are illustrated in Figure 1. 

 

 

Figure 1. Realized and predicted world oil demand and price by IEA in 1980–2035. The price is 
average IEA crude oil import price. (IEA, 2012b) 

Our New Policies Scenario and Baseline Scenario are based on the IEA’s New 
Policies Scenario and Current Policies Scenario respectively. IEA’s 450 Scenar-
io is not discussed in this study. It is the most optimistic of IEA’s scenarios in 
terms of climate change mitigation. The third scenario presented in this re-
port, the Restrained Policies Scenario, is not based on the IEA scenarios. 

2.4.2 Natural gas prices 

The price of natural gas is the most important factor regarding the economic 
profitability of a bio-SNG plant. The global natural gas market is in great tran-
sition due to the extensive shale gas production and low gas prices of the Unit-
ed States, as well as the LNG transportation becoming more common. In Eu-
rope, the trend is moving from long-term gas contracts between large buyers 
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and sellers towards agile gas-to-gas markets, where the price is set by supply 
and demand. These factors contribute to mitigate the natural gas price in-
crease in Europe by leveling the global prices. (IEA, 2013b) For a more de-
tailed description of the international gas markets, see Chapter 5.3.3. While 
the competitiveness of natural gas remains relatively good, it complicates the 
economic situation of bio-SNG producers. The profitability of a bio-SNG plant 
is proportional to the price difference between biomass and natural gas. 

The natural gas used in Finland is imported from Russia. The importing con-
tracts are still of those long-term. At the moment natural gas price is based on 
Gasum’s M2010 pricing system, which is valid until end of 2013. The price 
consists of energy and transfer components. The energy price is bound to an 
index, which is weighted as follows: heavy fuel oil 55 %, other fuel prices in 
Finland 20 %, and basic index for domestic markets of energy sector 25 %. The 
energy component is checked on a monthly basis for business users. The trans-
fer component is based on the supervisory model of Finnish Energy Market 
Authority and it is checked on a yearly basis. (Gasum, 2013a) Figure 2 illus-
trates the natural gas price development in Finland. 

 

Figure 2. Finnish natural gas price development 01/2011–09/2013 including energy and trans-
mission. Tax is excluded. The T1–T8 represent some typical natural gas users and their 
natural gas price. The annual consumption, utilization period of maximum load, and the 
contracted capacity of the T1–T8 are as follows: T1: 50 GWh, 4,000 h, 12.5 MW; T2: 50 
GWh, 6,000 h, 8.3 MW; T3: 150 GWh, 4,000 h, 37.5 MW; T4: 150 GWh, 6,000 h, 25 MW; 
T5: 500 GWh, 4,000 h, 125 MW; T6: 500 GWh, 6,000 h, 83.3 MW; T7: 1,000 GWh, 4,000 
h, 250 MW; T8 1,000 GWh, 6,000 h, 166.7 MW. (Energiamarkkinavirasto, 2013) 

In this report, we have used the IEA scenarios as the basis for our energy 
price estimates. The IEA scenarios are made in the EU level. Thus we have had 
to adjust them to fit the Finnish conditions. We have used IEA’s predictions of 
how the price of natural gas will change until 2020. As a starting point, howev-
er, we have used in the Finnish natural gas prices. The EU level natural gas 
price predictions until 2035 by the IEA are presented in Table 4. 

The Swedish natural gas market is geographically limited (see Chapter 5.3.2). 
Also, the gas market prices are higher than in e.g. Finland. In this report, we 
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study the option of using the produced bio-SNG as transport fuel in Sweden. 
The price difference between Finnish natural gas and Swedish transportation 
biogas are even more pronounced. Swedish Gas Association has used a value 
of 85.9 €/MWh (0.75 SEK per kWh) for the price that the biogas producers 
receive for the gas (WSP, 2013). However, we have used a conservative lower 
bound price estimate of 63 €/MWh (unofficial price range 63–115 €/MWh) in 
this report. 

Table 4. Natural gas price predictions by IEA (in 2011 euros, excluding tax). The prices of natu-
ral gas in 2011 in the United States, Europe and Japan were 10.30 €/MWh, 24.10 €/MWh, 
and 37.20 €/MWh respectively. (IEA, 2012b) The prices have been converted to euros us-
ing 8 October 2013 dollar to euro rate of 0.7362. The unit conversion was made using 1 
MBtu = 0.293071 MWh. 

Scenario 
Region 

Natural gas price 
€/MWh 

    2015 2020 2025 2030 2035 
New Policies Scenario   
  United States 11.60   13.60   15.80   17.80   20.10   
  Europe imports 27.60   28.90   29.90   30.60   31.40   
  Japan imports 37.70   35.90   36.40   36.90   37.20   
Current Policies Scenario   
  United States 11.60   13.80   16.10   18.10   20.10   
  Europe imports 28.10   30.40   32.40   33.70   34.40   
  Japan imports 38.40   36.90   38.20   39.20   40.20   

2.4.3 CO2 prices 

The price of CO2 emissions impacts the profitability of a bio-SNG plant even 
though it does not generate direct income or costs to the plant. Power plants 
using fossil fuels have to purchase emission allowances based on their emis-
sions. As bio-SNG is a carbon neutral fuel, the users of it are not required to 
obtain the allowances and thus can avoid the costs of buying them. The savings 
a power plant can achieve by carbon neutral gas can be directly transferred to 
the price of the SNG. For clarity, we have reported the avoided CO2 emissions 
as income for the plant, when in fact it is included in the income from the sale 
of the SNG. 

We have used the IEA estimates as the basis for our CO2 emission prices, but 
in this report the prices have been revised downwards significantly. IEA price 
estimates are marginal CO2 abatement prices based on their energy system 
modeling, and they don’t reflect fully the real situation of the EU ETS. Thus, 
our price scenarios are based on the current ETS situation and prices are lower 
than the IEA estimates. The EU ETS is described in more detail in Chapter 
3.1.2 EU Emissions Trading System. The IEA’s CO2 price estimates are pre-
sented in Table 5. 
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Table 5. CO2 price predictions (in 2011 euros) by IEA (IEA, 2012b). The prices have been con-
verted to euros using 8 October 2013 dollar to euro rate of 0.7362. 

Scenario 
Region 

Sectors included CO2 price 
€/tonne 

      2020 2030 2035 
New Policies Scenario   
  European Union Power, industry and aviation 22.10   29.40   33.10   
  Australia and New Zealand All 22.10   29.40   33.10   
  Korea Power and industry 16.90   28.00   33.10   
  China All 7.40   17.70   22.10   
Current Policies Scenario   
  European Union Power, industry and aviation 22.10   29.40   33.10   
  Australia and New Zealand All 22.10   29.40   33.10   
  Korea Power and industry 16.90   28.00   33.10   

 
In the IEA’s 450 Scenario of very stringent climate policy, the estimated CO2 

price in 2020 in the EU is 33 € ($45) and 70–88 € ($95–$120) per tonne 
globally in 2035. 

2.4.4 Electricity prices 

The bio-SNG plant configurations studied in this report produce electricity. 
Depending on the configuration, the plant can produce either excess amount 
of electricity, which can then be sold or less than it is needed for the plant op-
eration, in which case the additional electricity has to be bought. In the case of 
insufficient electricity production, the plant produces excess heat that can be 
sold. The relative amount of electricity the plant needs or produces is insignifi-
cant compared to other energy flows. Thus the direct income or cost effects 
remain low. 

However, the price of electricity defines the levels of support mechanisms 
that the plant might be subjected to. Thus, the relevancy of the price of elec-
tricity is considerably amplified in terms of the plant profitability. In Finland, 
the renewable energy support mechanism, feed-in tariff (FIT), is based on the 
guarantee price of the electricity that is produced using the renewable fuel. 
Hence, the price difference between the guarantee price and the market price 
determines the support level for the renewable production. This improves the 
position of bio-SNG compared to equivalent fossil fuels and enhances the prof-
itability of the plant. 

In this report, also the electricity the price development predictions are 
based on the IEA estimates. The differences between Nordic electricity mar-
kets and those of the rest of the EU are notable. As the IEA estimates are again 
made on the EU level, they have been adjusted to fit Finnish and Swedish cir-
cumstances. In this report, we use the Nord Pool Spot price of 45 €/MWh as 
the base electricity price today in both Finland and Sweden (Nord Pool Spot, 
2013). 

In the IEA scenarios, between 2011 and 2020 wholesale electricity prices in-
crease by 15 % in the EU area. However, it must be noted that the IEA models 
are not electricity market models. Electricity market prices also vary consider-
ably between different regions of the EU. Therefore, we have used in this work 
the present Nordic and Finnish area prices as a starting point and in the sce-
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narios we have used the percentage changes estimated by the IEA. (IEA, 
2012b) 

In the EU, renewables subsidies add 15 % on average to the residential end-
user electricity price in 2020, up from 12 % in 2011. Average end user price 
increases 15 % between 2010 and 2035, or 0.6 % per year. (IEA, 2012b) 

2.4.5 Heat prices 

Heat prices have a notable impact on the profitability of the plant. In the plant 
configurations 2 and 3 presented in Chapter 4.2, 24 % of the energy output is 
heat. In Finland, the district heating business is practically a monopoly, as it is 
not sensible to construct overlapping networks. Thus, in each region, there is 
only one operator. 

District heat is produced in various kinds of power plants as well as in co-
generation plants. Due to this, district heating production costs are difficult to 
estimate. Companies also tend to value their electricity and heat production 
differently. The internal pricing information is not publicly available. The pric-
es also vary notably between regions. The reasonability of the pricing in Fin-
land is supervised by the Energy Market Authority. 

Although there might be more markets for excess heat in densely populated 
areas, we have assumed that the bio-SNG plant is constructed in more rural 
areas with feedstock production, nearby natural gas pipe connection and ca-
pability of enduring increased biomass transportation traffic. When the plant 
location is remote, the need for additional district heat can be limited. We have 
studied the effects of different heat selling hours in Chapter 5.4.2 Role of heat 
sales. 

The price for the excess heat for the profitability analysis is estimated in two 
different ways in this report. In the first approach, the heat price is estimated 
using the opportunity cost of producing the heat in a regular bio heating plant. 
We use this as the default heat price. This is also the lower of the estimates. 
The higher price estimate is derived from the today’s market price of district 
heat and by subtracting an appropriate share for the network owner. Using 
these two methods, we have calculated the today’s price for our excess heat. 
The change in the price of heat towards 2020 is tied to the biomass price 
change estimates in the different scenarios. The biomass price change is de-
rived from the other energy price changes estimates, but in a dampened man-
ner. 

The default heat price used in the profitability calculations is estimated on 
the basis of the leveled production cost of heat produced in a bioheating plant. 
This is the price limit the district heating network owner presumably is willing 
to pay, as with this price the owner could also build a heating plant of its own. 

For the production cost of district heat, we need to know the investment cost 
and the annual costs of the bioheating plant. The investment cost is derived 
from the actual investment cost of a 25 MW bioheating plant built in 2010, 
that was 8.2 M€. This was then scaled up to 45 MW using a scaling factor of 
0.5. Plant’s lifetime is 20 years and the utilization period of maximum load is 
5,500 h/a. The required rate of return (RRR) for investment, formation of the 
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operations and maintenance (O&M) costs and the biomass price are similar to 
the studied bio-SNG plant. The production cost formation of district heat in a 
bioheating plant is presented in Table 6. (Hannula, 2013b)  

Table 6. Production cost of district heat in a 45 MW bio heating plant (Hannula, 2013b). 

Cost type 
Investment cost   
  Total Investment Cost 10.9 M€ 
Annual costs   
  Main feedstock (at 17 €/MWh) 4.6 M€/a 
  O&M (4 % of investment cost) 0.4 M€/a 
  Annual capital costs (at 10 % RRR) 1.3 M€/a 
  Net annual costs 6.4 M€/a 
Production cost   
  Leveled production costs of district heat 25.90 €/MWh 

 
Given the precision of the assumptions, we estimate that the credible price 

for the excess heat today is 25 €/MWh, which is the starting value of our de-
fault heat price. Due to higher biomass prices in Sweden, we approximate the 
Swedish base heat price to be 30 €/MWh. 

The higher heat price is estimated using the today’s market price as the base 
value and then dividing a share to the network owner. We estimated that a 30 
% share for the network owner could probably be competitive and attractive to 
allow the access to the network and end users. We use the district heating price 
in Lahti, Finland as the initial value for the heat price. Lahti is a representative 
region for our case with a lower district heating consumer prices compared to 
e.g. Jyväskylä and Tampere. Thus we get the upper limit heat price of 38 
€/MWh for the excess heat of the plant (Finnish Energy Industries, 2013). For 
convenience, we have used the same value for today’s higher heat price in 
Sweden. 

We have also identified other interesting models of district heat pricing. For-
tum has completed a pilot project in Stockholm, Sweden, in which it pur-
chased heat from participating companies paying them the market price. For-
tum conducted the Öppen fjärrvärme (Open district heat) experiment Q1 
2012–Q1 2013. In this system the heat is priced based on the outside tempera-
ture forecasts and the temperature of the heat. (Wirgentius, 2012) Fortum 
aims to introduce the system for all customers in 2014 (Fortum, 2013). Fortum 
is not the only company to buy heat from customers in Sweden. According to a 
report by ÅF, a technical consulting company, in December 2012 32 other 
companies in Sweden had opened their district heat markets to customers. 
(ÅF, 2012) 

This is an interesting pricing model in terms of profitability of a plant pro-
ducing substantial share of heat. However, we do not study this as an option 
for heat pricing further in this report. 

2.4.6 Biomass prices 

The procurement of biomass generates, with the investment cost, the majority 
of the plant’s operating costs. Thus, the price of the biomass has a significant 
effect on the plant profitability. In addition to supply and demand, the biomass 
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price is affected by several factors, such as the quality or type of the biomass, 
transportation distance as well as subsidies and other policy actions. As the 
reasonable transportation distances are restrained, there are regional differ-
ences in the biomass price. Generally, in Eastern Finland, the biomass prices 
are lower than in Western and Southern parts of the country. 

The IEA has not forecasted the price development of biomass. Thus, we have 
had to predict the future biomass prices independently. We have tied the bio-
mass price development to the price development of other fuels in general. 
However, the price changes of biomass are assumed to be lower, compared to 
other fuels, due to the substantial woody biomass reserve in Finland. Figure 3 
illustrates the recent price development of different woody biomasses in Fin-
land. 

 

Figure 3. The general price development of different woody biomass products in Finland since 
2011. The prices are for biomass delivered to plant site without taxes. (FOEX Indexes Ltd., 
2013) 

In this report, we have used 17 €/MWh price to represent the biomass price 
today and to act as a base price for our future predictions. The price is an esti-
mate of how much a comparable plant would pay for the biomass today. Most 
of the power plants using woody biomass accept forest residues and industrial 
by-products, but as indirect gasification is less sensitive to the feedstock varia-
tion and quality, we have estimated the price to be slightly lower than on the 
average. Although the availability of the fuel will be the first factor restraining 
the size of a plant using biomass, we also predict that the large size gives some 
advantage in fuel price negotiations. 

In Southern Sweden, biomass prices are higher than in Finland. In 2011 the 
price of wood chips for district heating was 203 SEK/MWh, which equals ap-
proximately 23 €/MWh (1 € = 8.77 SEK in October 2013). (Statistics Sweden, 
2013) 
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In the biomass price predictions, we had to take several aspects into consid-
eration. These include the effects of possible policy actions, such as EUA price 
intervention, regulations related to other fuels, taxation of the fuel produced 
from renewable sources, and possible changes in the carbon neutrality of 
woody biomass. The price is also affected by the subsidies for the biomass har-
vesting, transportation and chipping as well as the ease and cost of foreign 
imports. EU’s tightening sustainability criteria for biomasses could cause up-
ward pressure on the price. However, at the moment it seems unlikely that 
these criteria would tighten significantly. 

The changing supply and demand for woody biomass will affect the price. 
New biorefineries and bioplants, biomass imports and exports, or cutting 
down existing pulp and paper plants can change the prices either way. Also, 
prices of the competing fuels, such as peat, coal and even gas, have a directly 
related effect on the biomass prices.  

Biomass prices are also varying by reason of weather conditions. In rainy 
summers, peat production is low, which increases the demand and price of 
woody biomass. Often these fuels are used together to homogenize the fuel and 
to increase the heating value when adding peat to the mixture. The demand for 
woody biomass also varies according to the seasons of the year. In the winter 
time, when the energy consumption is peaking in Finland, the demand is at its 
highest. During summer time, the demand and production of biomass de-
creases. The production of residual biomasses from industrial facilities re-
mains constant throughout the year. The seasonal or short-term biomass price 
changes were ignored in the price predictions. 

Production costs set the lower limit price. Bio-SNG plant using indirect gasi-
fication technology can use variable types and grades of lignocellulosic bio-
mass. This supports the relatively low pricing and keeps the price increase 
moderate. 

Upper limit price could be estimated by the maximum price power plants 
can and are willing to pay. Wood fuel cannot be unprofitable compared to tra-
ditional fuels e.g. coal or peat, while taxes and CO2 emission costs are taken 
into account. If wood is not used as a substitute for peat and coal, the demand 
for it caused only by heating plants will probably not be sufficient to increase 
the price notably above the production costs.  

If the demand for the woody biomass proves to be significant, the price could 
be estimated by the production cost of wood chips or pulpwood. Price of pulp-
wood delivered to the plant could also be used as an upper limit for the fuel. As 
logging chances are increasing and the taxation of imported wood is decreas-
ing due to the WTO membership of Russia, the price of pulpwood is likely to 
remain steady. 
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3. Energy and climate policy framework 

Energy and climate policies have a major impact on the profitability and the 
operation of the plant. Regulations and subsidies aim to promote change to 
new energy technologies. Without significant global new energy and climate 
policy actions, tackling climate change to 2 °C will be impossible. (IPCC, 2007; 
IEA, 2012b)  

In this chapter we present the relevant EU short and long term goals and the 
related legislation. In addition, we present briefly the relevant national energy 
and climate policies of Finland and Sweden. 

3.1 EU legislation 

To respond to the IPCC estimates of required emission reduction, the EU aims 
at practically CO2-free energy supply by the year 2050. In 2011, the EU Com-
mission published the so-called Low Carbon Roadmap, which outlines a low-
carbon future until 2050 (European Commission, 2011). The proposal applies 
to all energy production and use. It states that energy production and use 
should have near-zero emissions by 2050 (from 93 to 98% reduction from 
1990 levels). This objective is in line with the IPCC with estimates concerning 
developed countries. 

The EU's most important instrument in reducing greenhouse gas emissions 
is the EU ETS. Recent price of the emission allowances has, however, been 
significantly lower than expected. This has undermined the emissions reduc-
ing effectiveness of the system. However, Finland's energy and climate strategy 
is based on the assumption that the EU shall take the necessary measures to 
ensure that the EUA price in 2020-2030 will be significantly higher than it is 
today. (Ministry of Employment and the Economy, 2013) 

3.1.1 EU 2020 targets 

In 2007, EU leaders agreed on the EU's climate and energy targets for 2020. 
These targets were enacted through the climate and energy package in 2009. 
(European Commission, 2009) The package is a set of binding legislation, 
which aims to ensure the achievement of the objectives. Table 7 illustrates the 
2020 energy and climate targets of the EU, Finland and Sweden. Finland has 
decided to voluntarily increase the share of renewable energy in transport to 
20 %. The EU’s 20 % reduction of greenhouse gas emissions target can be set 
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to 30 % by 2020 if other major economies implement emission reduction ob-
jectives. 

The national emissions reduction targets defined in Decision 2009/406/EC 
(or “Effort Sharing Decision”) concerns the emissions not covered by the 
Emissions Trading System. The emissions covered by the Emissions Trading 
System will be reduced by 21% compared to 2005 levels, and national targets 
for the non-ETS-sectors vary according to individual countries economic level, 
measured by GDP. 

Table 7. EU's energy and climate targets for 2020 (European Commission, 2008; Ministry of 
Employment and the Economy, 2013) 

Targets for 2020 EU Finland Sweden 
GHG reductions (compared to 1990) -20 % EU level EU level 

ETS sector (compared to 2005) -21 % EU level EU level 
Non-ETS sector (compared to 2005) -10 % -16 % -17 % 

Share of renewable energy in gross final energy consumption 20 % 38 % 49 % 
Share of renewable energy in road transportation fuels 10 % 20 % EU level 

Energy efficiency increase (compared to baseline estimates made 
in 2007) +20 % EU level EU level 

3.1.2 EU Emissions Trading System 

EU Emissions Trading System (EU ETS) is the single most important instru-
ment for reducing the EU’s greenhouse gas emissions. The system is focused 
on reducing the emissions of energy industry and energy intensive manufac-
turing industry. EU ETS is market driven system aiming to reduce emissions 
cost-effectively and efficiently. It is a cap-and-trade system with fixed emis-
sions ceiling and a possibility to trade the emission allowances (EUA) between 
the plant operators or other actors. The cap sets the maximum allowed emis-
sions of the whole sector and the trading allow the price formation for the 
emissions.  

CO2 emissions from the use of renewable energy sources are not included in 
the EU ETS. This leads the increasing profitability of a biomass gasification 
plant as end-users of the gas are relieved from acquiring the emission allow-
ances compared to using natural gas or other fossil fuels. However, the emis-
sions from land and sea transportation are not covered in the EU ETS, there-
fore the avoided emissions are not taken into account in the case of producing 
the gas to be used as transport fuel. For simplification, in this study the avoid-
ed CO2 emissions increase the revenues of the gasification plant correspond-
ingly to the EUA price. The EUA prices used in this study are presented in the 
Chapter 2.4.3 CO2 prices. 

Due to the on-going economic crisis and decreased global production leading 
to reduced demand of the EUAs, the prices have been significantly lower than 
expected.  

The low EUA price level has raised increasing concerns of the functioning of 
EU ETS. Many parties have expressed their views in favor of intervening the 
system in order to lift the emission allowances prices. This includes the Euro-
pean Commission. The Commission proposed a short-term fix, backloading, to 
postpone the auctioning of EUAs from the beginning of the third phase (2013–
2015) of EU ETS to the end of the phase (2019–2020). This would allow more 
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time for the EU to implement wider structural reforms of the emissions trad-
ing system to ensure the higher EUA price levels. However, the European Par-
liament voted against the proposal on 16 April 2013, and returned it back to 
the committee stage. 

Rejecting the ETS directive update proposal plunged the EUA price down to 
three euros. Even though the case is still open, according to Point Carbon it is 
very unlikely that any political intervention in the ETS will be agreed during 
the third phase (Point Carbon, 2013). Both the Commission and Point Carbon 
have estimated that the EUA prices will remain roughly at three euros until the 
end of the phase without structural reform (European Commission, 2012). 
Figure 4 illustrates the EUA price development until 2.5.2013. 

On 3 July 2013, the European Parliament voted in favor of the backloading 
of the EUAs in certain conditions. The EUA price rose from approximately 
three euros to roughly four euros as the result of the decision.  

Finnish climate and energy strategies are still based on assumption of EU 
taking the necessary actions to increase the EUA prices significantly in the 
period 2020–2030 (Ministry of Employment and the Economy, 2013). On 27 
March 2013, the Commission published a green paper A 2030 framework for 
climate and energy policies (COM2013 169). This document initiated the nec-
essary work for shaping the climate and energy targets and policies extending 
to 2030. Even if the emissions trading system would not be reformed, improv-
ing the trust to the system and setting ambitious emission targets for 2030 
may have an increasing effect on the EUA prices. 

 



Energy and climate policy framework 

24 

 

Figure 4. EU ETS emission allowances spot and futures prices until 2 May 2013 (Point Carbon, 
2013). 

3.1.3 Renewable energy (RES) directive 

The renewable energy (RES) directive refers to the Directive 2009/28/EC of 
the European Parliament, and of the council on the promotion of the use of 
energy from renewable sources. This directive states, that the share of renewa-
bles in energy production shall be 20 % of the final consumption on the EU 
level in 2020. It also states that the share of renewable energy in transporta-
tion shall be 10 % of the final consumption. The RES directive includes indi-
vidual targets for each of the member states. The member states are allowed to 
choose independently the means to meet the targets. Finland’s target is 38 % 
renewable energy of the final consumption. Also, Finland has voluntarily set 
itself the objective of reaching 20 % share of renewable energy in the transport 
sector. (European Commission, 2009; Energy Market Authority, 2013) 

The RES directive also sets sustainability criteria for biofuels and bioliquids. 
In order for the renewable production to be accredited in fulfilling the targets 
it has to be produced in a sustainable manner. The directive aims to unify the 
energy and environmental policies in the member states, as well as to remove 
inconsistent effects on the environment and additional costs to businesses. 
These sustainability criteria concern both the biofuels and bioliquids produced 
in the EU and those biofuels and bioliquids, or the raw materials, which are 
imported from other countries. In Finland the RES directive is implemented to 
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the national legislation with the act on Biofuels and Bioliquids (393/2013) that 
was passed 15 May 2013. (European Commission, 2009; Energy Market Au-
thority, 2013) 

In the case of transport biofuels, the aim is also to ensure the commercial 
availability of the second-generation biofuels. Concerning transportation bio-
fuels, the RES directive specifies as general goals the sustainability of biofuels, 
and more specifically states: “With effect from 1 January 2017, the greenhouse 
gas emission saving from the use of biofuels and bioliquids taken into account 
for the purposes referred to in points  (fulfilling national targets, renewable 
energy obligations and eligibility for financial support) shall be at least 50 %. 
From 1 January 2018 that greenhouse gas emission saving shall be at least 60 
% for biofuels and bioliquids produced in installations in which production 
started on or after 1 January 2017.” (European Commission, 2009) The Com-
mittee on the Environment, Public Health and Food Safety has proposed 29 
July 2013 that that the share on edible raw materials in transportation biofuels 
should not exceed 5.5 %. (Committee on the Environment, Public Health and 
Food Safety, 2013) 

The directive also aims to promote the introduction of the so-called second-
generation biofuels, which are made from inedible biomasses. These are waste 
and residual as well as inedible cellulosic and lignocellulosic materials, and 
include i.a. bark, branches, thinnings, leaves, sawdust, and cutter shavings. 
Biofuels made from these raw materials can be accounted twice of their energy 
content in the transportation sector renewable energy targets. (European 
Commission, 2009; Energy Market Authority, 2013) 

According to the European Biomass Association (AEBIOM) and EURELEC-
TRIC1, solid woody biomass will play a crucial role in meeting the EU’s 2020 
RES targets. They believe that the use of biomass in heating and cooling will 
increase 47 % and for electricity generation will more than double between 
2010 and 2020 in the EU. AEBIOM and EURELECTRIC are in favor of har-
monized EU-wide solid biomass sustainability criteria regulations, which ac-
cording to them will ensure that the RES use increases will be sustainable and 
that the energy producers and biomass suppliers will have more stable invest-
ment conditions. They are also endorsing of taking the existing forest legisla-
tions of the member states into account when implementing the new criteria. 
(AEBIOM & EURELECTRIC, 2013) 

Tightening biomass sustainability criteria, which was in the debate earlier, 
could have increased the biomass production costs in Finland, if the require-
ments for sustainability monitoring systems would have changed greatly. Now, 
however, it seems likely that the sustainability criteria will remain relatively 
unaltered. As the RES directive defines the minimum use of renewable energy, 
it effectively promotes the bio-SNG industry. This concerns the transport sec-
tor as well. Thus, we conclude that the RES directive does not directly affect 
the profitability of a bio-SNG plant, but rather it creates the markets for the 
produced SNG. 
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3.1.4 National policies 

Energy and climate policies, either directly or indirectly, are the main factors 
affecting the profitability of a biomass gasification plant. Although considera-
ble proportion of legislation is derived from the EU, the directives still have to 
be implemented into national legislation. Countries also have their own na-
tional legislation. This chapter presents the main Finnish and Swedish energy 
policies and characteristics affecting bio-SNG industry. As the emphasis of this 
report is in Finland, we begin by presenting the Finnish energy and climate 
strategy to the extent that it is relevant to bio-SNG industry. Finnish energy 
and climate strategy 

Finnish Prime Minister Jyrki Katainen's Government appointed a ministerial 
group to update long-term national energy and climate strategy, which was 
completed in 2008. The goal of this update was to make sure that Finland 
would meet the national energy and climate targets for 2020. This update also 
aims to make Finnish national strategy compatible with the EU's long-term 
energy and climate targets. Finland's long-term goal is a carbon neutral society 
in 2050, which will be achieved by increasing energy efficiency and the use of 
renewable energy. Compiling a roadmap to year 2050 will be started in 2013. 
The Finnish Ministry of Employment and the Economy’s (MEE) National en-
ergy and climate strategy was published on March 20, 2013. 

The MEE’s energy and climate strategy report reviews the current state of 
Finnish energy and climate policy and efforts and the effects of the decisions 
made so far. The strategy guidelines are presented, as well as the development 
of the clean technology business. The report also reviews the role of public 
sector, adaptation to climate change and the resources, funding and tracking 
needed. The following chapter discusses the report to the extent, as it is rele-
vant to the biomass gasification industry. 

According to MEE Finland will meet the 2020 energy and climate targets. 
The binding emission cap of the EU ETS ensures that the ETS sector will meet 
its emission reduction targets. With current policies and efforts, the non-ETS 
sector in Finland might be able to meet the 2020 emission reduction targets (-
16 %) without using the Kyoto mechanisms. The renewable energy targets for 
2020 in Finland (38 % of the final energy consumption) can be achieved with 
the actions already made. For the transportation sector the EU's renewable 
energy target is 10 %, but Finland has decided to reach for target of 20 % in 
2020. This target will be achieved by the biofuel sale obligations set for the fuel 
sellers. However, passing the directive proposal to limit the share of food crops 
based first generation biofuels to five percent can impede the achievement of 
this target. (Ministry of Employment and the Economy, 2013) 

Although Finland will achieve the 2020 energy and climate targets, a new 
climate act is also under preparation during this government's term of office. 
The purpose of the climate act is to control the emissions of the non-ETS sec-
tor. The act is also supposed to include long-term emission reduction targets. 
(Ministry of Employment and the Economy, 2013) 

According to MEE, only one binding climate target – in this case, emissions 
reduction – would lead to the best cost-effectiveness. However, MEE sees that 
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objectives for renewable energy production after 2020 would bring predicta-
bility to investors and developers of new technology. If such targets were to be 
adopted, they should be similar within the EU. The cost-effectiveness of these 
subsidies should then be better than it is today. (Ministry of Employment and 
the Economy, 2013) 

The strategy report also analyzes the Finland’s progress to meet the EU’s 
2050 targets. Although Finland will meet the 2020 targets, additional 
measures are needed to meet the 2050 objectives. MEE has listed, inter alia, 
the following as cost efficient measures to advance towards the 2050 targets. 
(Ministry of Employment and the Economy, 2013) 

• The total use of mineral oil should be reduced by 20 %. This reduc-
tion should be mainly from road transport and replacement of oil 
burners in heating. Investing in domestic biofuel development would 
promote this objective. 

• 10 % of fossil natural gas should be replaced by gas produced from 
biomass. This would lower the need of imports, while the existing 
natural gas transmission network and plants could be still utilized. 

• Significant investments to zero-emissions energy production are 
needed in the future. According to MEE the major investments are 
the new nuclear power plants that are already authorized, biorefiner-
ies, new wind power and a bio-SNG plant. 

Although it is unlikely that the EU would tighten the 2020 targets anymore, 
there is a possibility that the targets for 2030 are stringent enough to be in line 
with the 2050 targets. This could profit the biofuel production industry. (Min-
istry of Employment and the Economy, 2013) 

The national energy and climate strategy states that increasing the use of 
wood chips in multi-fuel boilers, is the most cost efficient way of increasing the 
use of renewable energy in electricity and heat production. The use of woody 
biomass can be also increased by refining it to fit coal plants. According to the 
strategy, Finland should replace coal in energy production by 2025. MEE 
states that the share of decentralized renewable energy production has to be 
increased, as well the production of biofuels and bioliquids. This should be 
taken into account when planning energy and regional policies. (Ministry of 
Employment and the Economy, 2013) 

Finland seeks to replace 10 % of natural gas used with domestic bio-SNG 
from woody biomass by 2025. The national energy and climate strategy states 
that the funding of a possible bio-SNG plant has to be encouraged. Potential 
sources of funding are NER300 programme or other EU sources. (Ministry of 
Employment and the Economy, 2013) 

Finland has been active in trying to influence in the decision making of the 
new biomass sustainability criteria. It is in Finland’s interests to keep the regu-
lations from becoming excessively burdensome, which might hinder the use of 
domestic biomass. However, as stated by the strategy, the use of biomass 
should be sustainable. In addition, Finland seeks to maintain the carbon neu-
trality of biomass. Changes in these might result in lowered business prospects 
of a bio-SNG plant. (Ministry of Employment and the Economy, 2013) 
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According to the report, securing the use of gas and constructing an LNG 
terminal could benefit the Finnish shipping, as well as promote the achieve-
ment of the renewable energy targets. Finland should endorse projects that 
create competition in the gas markets without governmental subsidies. This 
could improve the trust to the gas markets, increase the security of supply and 
stabilize the gas price fluctuations. Low natural gas prices will lower the reve-
nues of a bio-SNG plant. The report highlights the BEMIP project. This project 
aims to connect the energy markets and the natural gas networks in the Baltic 
Sea region. Balticconnector is a planned natural gas connection between Fin-
land and Estonia. These projects also include building an LNG terminal in the 
area. (Ministry of Employment and the Economy, 2013) 

MEE believes that increasing the smart metering of natural gas by regulatory 
actions is not relevant at the moment (Ministry of Employment and the Econ-
omy, 2013). The balance model in natural gas networks is not yet in use in the 
power sector, but in the transportation sector the balance model is already in 
use in biogas production (Finnish Gas Association, 2013). 

The price of district heating has an important role in this project in terms of 
the plant profitability. The district heating business is the only network busi-
ness that is not regulated by special legislation. However, according to the 
strategy, it is not necessary to establish new separate regulatory for price su-
pervision. (Ministry of Employment and the Economy, 2013) 

Cleantech is a new, fast growing type of industry that is emerged by the glob-
al climate, environment and economic concerns. Cleantech includes products, 
services and technologies, with the guiding principle to reduce environmental 
impact. Finland has raised the cleantech industry as one of the top themes of 
business politics. (Ministry of Employment and the Economy, 2013) 

The MEE’s strategy report states that it is important to develop instruments 
to attain energy and climate targets, as well as to promote innovations in new 
technology. Some of the existing funding mechanisms reserved for innovation 
projects needs be directed to cleantech projects. The funding of renewable en-
ergy and cleantech projects should also be reinforced with state guarantee 
mechanisms and with operations models for financing companies. (Ministry of 
Employment and the Economy, 2013) 

The report also emphasizes the meaning of demonstration projects. The pro-
jects should be supported in Finland, but also the benefits from projects per-
formed abroad should be taken into account. (Ministry of Employment and the 
Economy, 2013) 

According to the report, the challenge for creating new renewable energy sec-
tor jobs in Finland is the fact that the highest expertise is in the bioenergy in-
dustry, which has a modest global growth potential. The report concludes that 
Finland should continue to aim to achieve leadership in research and devel-
opment in clean technology business. (Ministry of Employment and the Econ-
omy, 2013) 
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3.1.5 Support policies in Finland 

In Finland, emphasis of new technology support has for a long time been on 
investment support for new technology demonstrations and on public financ-
ing of technology R&D via Tekes, the Finnish Funding Agency for Technology 
and Innovation and other public organizations. More recently, Finland has 
introduced also feed-in tariffs for wind power, electricity production from bio-
gas and woody biomass gasifiers replacing coal in energy production. These 
are all specified for a rather limited time, i.e. 12 years, and the underlying as-
sumption is that after this period, the technologies are mature for normal 
market-based diffusion  

Investment support for new demonstrations of renewable energy or energy 
efficiency has to be applied from the MEE or from the regional centers (ELY-
keskukset), and the decision is made separately for each individual case. In-
vestment support levels are usually in the order of 25–30 % of total invest-
ment. For energy saving investments, the maximum level of support is 20 %. 

For instance, the most recent example in Finland is the Support for Demon-
stration of Offshore Wind Power: This support will be granted according to the 
Act on Discretionary Government Transfers (688/2001) and the Government 
Decree on General Terms of Granting Energy Support (1063/2012). The inten-
tion is that the project will be granted a feed-in tariff in accordance with the 
Act on Production Support for Electricity Produced from Renewable Energy 
Sources (1396/2010). This will require an amendment to the act. At present, 
there are altogether nine applications competing for the demonstration sup-
port of 20 M€ for the first project. (Ministry of Employment and the Economy, 
2013) 

Law on feed-in tariffs for renewable energy (30.12.2010/1396) came into 
force in 1 January 2011. Details of the Feed-in Tariff are given in Chapter 5.4.3 
Support mechanisms. 

Also taxation can support new technology demonstrations. In the following, 
we describe the Finnish energy taxation. 

3.1.6 Energy taxation in Finland 

The use of various sources of energy is subject to taxation. Energy taxation has 
a significant fiscal meaning, but it is also a key instrument of energy and envi-
ronmental policy affecting the energy and fuel choices. Energy taxes in Finland 
are excise taxes that are levied on transportation and heating fuels as well as 
electricity use. Energy taxation is governed by the Act on Excise Tax on Liquid 
Fuels (1472/1994), and the Act on Excise Tax on Electricity and Certain Fuels 
(1260/1996). Bio-SNG is not included in the taxation. 

Natural gas is taxed when it is released for consumption. This means trans-
ferring the gas from the natural gas transmission network either to end-user or 
to local distribution network. The energy taxation was updated 1 January 2011. 
The tax rates were increased, but the increase is staggered so that the last in-
crease will take place 1 January 2015. Table 8 illustrates the natural gas taxa-
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tion in Finland. The energy tax consists of energy content component, CO2 
component and strategic stockpile fee. 

Table 8. Natural gas taxation in Finland (Finlex, 2013) 

 Energy content 
component 
€/MWh 

CO2 
component 
€/MWh 

Strategic 
stockpile fee 
€/MWh 

In total 
€/MWh 

1.1.2013–31.12.2014 4.45 6.93 0.084 11.464 
As of 1.1.2015 6.65 6.93 0.084 13.664 

 
Bio-SNG is not included in the tax legislation yet, and further, biogas is al-

ready exempt from excise tax. Due to these, we have made an assumption that 
the bio-SNG would also be exempt from taxation. This assumption is used as 
an option in the sensitivity analysis on the profitability of the plant. The selling 
price of Bio-SNG can be increased correspondingly compared to using natural 
gas. However, this doesn’t include electricity generation, as the use of natural 
gas in electricity generation is exempt from taxation. As a result of these, we 
assume that the bio-SNG will be used in CHP plants. 

In this study, the bio-SNG is expected to be used in CHP plants with utiliza-
tion factor of 1 and a total efficiency of 90 %. With these approximations and 
the Finnish Customs Energy taxation policies, the amount of tax benefit the 
plant receives is 0.9 times the tax from the heat produced deducted by the half 
of the CO2 component, as CHP plants are granted 50 % off the particular com-
ponent. This results in an effective tax benefit of 4.13 €/MWh bio-SNG pro-
duced. (Finnish Customs, 2013) 

3.1.7 Gas vehicle policies in Sweden 

Sweden's target for the share of renewable energy in the year 2020 is 49 % 
according to EU's Directive on the promotion of the use of energy from renew-
able sources 2009/28/EC. Furthermore, Sweden has a national target for the 
share of renewable energy in the year 2020 of 50 %. Sweden also has the EU-
level target for renewable energy in transport by 2020 of at least 10 %. 

Sweden is a relevant and interesting case to analyze the possibilities of bio-
SNG in the transportation sector. Sweden has had substantial transportation 
policy goals for advancing alternative fuels and technologies for a longer time 
than for example Finland. Sweden’s policy goal is that transportation sector 
would be independent of fossil fuels by the year 2030. 

The biogas market in Sweden has grown strongly during the past 15–20 
years. Presently the annual production of biogas is about 1.5 TWh, and de-
mand in the transportation sector has been growing 30–40 % annually, form-
ing more a regional market than local markets. As distribution, the existing 
natural gas network has been used since 2000 (Energigas Sverige, 2011). Bio-
methane surpassed the use of natural gas in the transportation sector in 2006 
in Sweden (Held, 2013). In the end of 2012, there were 44,000 gas cars in 
Sweden (Gasbilen, 2013).  

The rules for taxation of car benefit also encourage the selection of cars run-
ning on biofuels, as the notional taxable value can be reduced if the vehicle is 



Energy and climate policy framework 

31 

capable of running on electricity or other green fuel other than petrol or diesel. 
The notional value in 2012 and 2013 is reduced by 40 %, with a maximum SEK 
16,000, and only for vehicles running on electricity or vehicle gas. (Swedish 
Energy Agency, 2012) 

Sweden has introduced the following measures to support the gas transpor-
tation sector (Government offices of Sweden, 2011): 

• Green cars are exempt from vehicle tax (Government of Sweden, 
2006) 

• Reduced taxable benefit value (Government of Sweden, 1999; Tax 
Agency of Sweden, 2011) 

• Investment aid for biogas and other renewable gases (Government of 
Sweden, 2009) 

• Regulations for the environmental requirements when purchasing 
new vehicles and contracting public transport (Government of Swe-
den, 2011) 

• Promotion of renewable fuels by improving the rules of procedure for 
accounting of alternative fuels (Government of Sweden, 2010) 

• Laws on exhaust emission controls and fuels (Government of Swe-
den, 2011; Government of Sweden, 2011) 

• Super green car premium of SEK 40,000 for cars emitting maximum 
50 gCO2/km to promote green cars, renewable fuels and electricity 
for transport. The premium is paid to maximum of 5,000 cars during 
2012–2014. (European automobile manufacturers' association, 2013) 

In the GoBiGas project of Göteborg Energi, a similar bio-SNG plant, as in-
vestigated in this study, is being built at the moment. Partial funding for the 
phase 1 of the project (20 MW installation) comes through a grant from the 
Swedish Energy Agency in the amount of 222 million SEK. Phase 2 is planned 
to be built as a commercial plant, with gas production of 80–100 MW and 
completed in 2016. (Göteborg Energi, 2012) 

3.1.8 General support policies relevant for biogas in Sweden 

In Sweden, biogas production is supported with several mechanisms. Taxation 
is based on energy, sulfur and CO2 components. CO2-free fuels have been tax-
free during 2004–2010.  

Biogas had in 2010 a tax benefit corresponding about 10 öre/kWh in com-
parison to natural gas. Up to year 2015 the benefit will grow to 22 öre/kWh 
due to increasing tax on natural gas. Compared to gasoline, the tax benefit is 
about 60 öre/kWh 2010 and about 64 öre/kWh in 2015.  Compared to diesel, 
the tax benefit is about 44 öre/kWh 2010 and about 52 öre/kWh 2015 (Bio-
gasportalen, 2013). (1 öre = 0.11 €ct in November 2013). 

The Swedish system for increasing renewable energy in the energy sector is 
based on green certificates, where consumers (excluding energy-intensive in-
dustry) are obliged to buy certificates corresponding to a certain percentage of 
their consumption. For every MWh of renewable electricity produced, a certifi-
cate is given, and biogas is included in the system. 
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In addition, biogas production at farms can receive investment support of 
30 % of the investment. 

3.1.9 Biogas support in Germany 

Germany is an interesting country with regard to successful policies for in-
creasing bio-based gas production. Support for biogas (defined as gas product 
from an anaerobic biomass fermentation) is covered by the German Renewa-
ble Energy Sources Act (Erneuerbare-Energien-Gesetz, EEG), which aims to 
increase the share of renewable energy sources in electricity supply from 35 % 
in 2020 to 80 % in 2050. (BMU, 2013) Tariffs for electricity generation from 
biomass vary depending on energy output – four bands: up to 150 kW, 150–
500 kW, 500 kW–5 MW, and 5–20 MW. Tariffs are fixed and paid from the 
time of commissioning for 20 years.  

Biogas has become a very important source for biomass-based electricity in 
Germany: total biomass-based electricity generation was 36.9 TWh and biogas 
accounted for 47 % of this in 2011. (BMU, 2012b) 

Tariffs for installations commissioned after 2009 are lowered on 1 January of 
each following year by a fixed percentage (1 % degression rate), and 2 % for 
installations commissioned after 2012. Table 9 shows the support levels for 
different size categories under the EEG 2009 and 2012 systems. 

Table 9. Base rates for power generation from biomass under EEG 2009 and EEG 2012. (BMU, 
2008; BMU, 2012a) 

 2009 EEG 2012 EEG 
150 kW < 11.67 ct/kWh 14.3 ct/kWh 
150–500 kW 9.18 ct/kWh 12.3 ct/kWh 
500 kW–5 MW 8.25 ct/kWh 11 ct/kWh 
5–20 MW 7.79 ct/kWh 6 ct/kWh 
Degression 1 % 2 % 

 
In addition to these, there have been different bonuses in the system. In the 
EEG 2004 system, for example, there were bonuses for energy crops and CHP. 
In the EEG 2009, there were bonuses for pipeline-grade biomethane, efficient 
conversion technologies and using energy crops and manure as feedstocks. In 
the EEG 2012, bonus levels have been reduced. Also the level of corn has been 
reduced to 60% of the feedstock. The biogas industry expects that the new tar-
iff system decreases the rate of new installations (German Biogas Association, 
2011). 
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4. Techno-economic analysis 

The purpose of techno-economic analysis is to provide detailed specification of 
the technology used in the studied plant, as well as to illustrate its investment 
and operating cost formation. After the SNG technology description, we pre-
sent the three different plant configurations studied in this report. In outline, 
the plant configurations are similar in terms of SNG production, but they dif-
fer by their energy production characteristics. The processes of these varia-
tions are then simulated to determine the energy and mass flows in each of 
them. The profitability analyses conducted in this report are based on these 
results. The Chapter 4.1 SNG technology as well as the actual process simula-
tion results and capital cost estimations are provided by VTT and Research 
Scientist Ilkka Hannula. 

In Chapter 4.4 Cost analysis we present the formation of plant investment 
costs and define the profitability analysis methodology used in this report. 
Although we describe how the calculations are made, the actual profitability 
analyses are conducted in Chapter 5.4 Financial calculations. 

4.1 SNG technology 

Large-scale production of synthetic fuels from biomass requires a fairly com-
plex process that combines elements from power plants, refineries and wood 
processing industry. Still, most of the components needed to build such plants 
are already commercially mature, making near-term deployment of them pos-
sible. (Hannula & Kurkela, 2013) The front-end design of a synthetic natural 
gas plant, examined in this work, is based on an atmospheric gasification of 
biomass followed by hot-gas cleaning, physical acid gas removal and catalytic 
conversion of the synthesis gas to methane. The main process is closely inte-
grated with auxiliary equipment that support the operation of the plant. These 
include biomass dryer, air separation unit (ASU), auxiliary boiler and steam 
cycle. 

Forest residue chips, produced from the residue formed during harvesting of 
industrial wood, was chosen as feedstock for all examined cases. It includes 
needles and has higher proportion of bark than chips made out of whole trees. 
100 MWth of biomass flows continuously to the dryer at 50 wt% moisture, 
corresponding to a dry matter flow of 450 metric tons per day. The properties 
of forest residue chips are described in Table 10. Low temperature storage dry-
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er (perforated floor) was chosen as the drying option for the investigated plant 
designs. It operates with warm water recovered from syngas scrubber and oth-
er low temperature heat sources of the process and dries the feedstock from 50 
wt% to 15 wt% moisture content. 

Table 10. Feedstock properties for forest residues chosen as feedstock for all investigated plant 
designs. (Wilen et al., 1996) 

Feedstock properties   
Proximate analysis, wt% d.b.(a   
Fixed carbon 19.37 
Volatile matter 79.3 
Ash 1.33 
Ultimate analysis, wt% d.b.   
Ash 1.33 
C 51.3 
H 6.10 
N 0.40 
Cl 0 
S 0.02 
O (difference) 40.85 
HHV, MJ/kg 20.67 
Moisture content, wt% 50/15 
LHV, MJ/kg 8.60/16.33 
Bulk density, kg d.b./m3(b   
Sintering temp. Of ash >1,000 
(a wt% d.b. = weight percent dry basis 
(b 1 litre batch, not shaken 

4.1.1 Solid biomass conversion & hot-gas cleaning 

In Finland, companies together with VTT have been actively involved in devel-
oping technology suitable for the production of ultra-clean synthesis gas from 
biomass residues. Technology based on pressurized oxygen gasification has 
experienced extensive demonstration activities aiming to large-scale (>150 
MWbiomass) production of synthetic fuels. Lately it has been recognized that in 
the medium (50–150 MWbiomass) scale, processes based on indirect gasification 
technology might prove more economic in certain applications like the produc-
tion of hydrogen or synthetic methane. 

The indirect gasification reactor consists of two fluidized-beds, one operating 
under reducing (gasification) and another under oxidizing (combustion) con-
ditions. Biomass residue chips, dried to 15 wt% moisture, are fed to the gasifi-
cation part where the fuel first dries up and then releases its volatiles. The re-
maining residual char then drifts along the bed material (mostly sand and cal-
cium-containing additives) to the combustion reactor where it is completely 
burned off with air. The bed material heats up during combustion and is re-
turned back to the gasification reactor where it provides heat for the endo-
thermic reactions. Because heat for the gasification is provided indirectly by 
the circulating solids, nitrogen-free synthesis gas can be produced without the 
need of pure oxygen. The fluegas originating from the combustion reactor is 
cooled down and filtered before venting to atmosphere, while syngas that is 
generated in the gasification reactor is cleaned from impurities in several stag-
es and then catalytically converted to methane. 
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Figure 5. Simplified block diagram of a plant based on indirect gasification producing synthetic 
natural gas from biomass. 

As a first cleaning step, the gas is cooled down to around 600 °C and routed 
to a filtration unit where dust and condensed alkali and heavy metals are sepa-
rated using ceramic candle filters. After the separation of dust, gas is intro-
duced into a catalytic reforming unit operated autothermally with oxygen and 
steam. In the reformer, tars and hydrocarbons are catalytically reformed to 
light gases at elevated temperatures in the range of 850–950 °C. For a process 
suitable for the production of SNG a favorable reformer design is such that 
minimizes the conversion of methane while converting everything else to light 
gases. This can be achieved by selecting the right combination of catalysts and 
process conditions. 

After filtration and reforming, a variety of impurities have been removed 
from the gas, but some further conditioning is still needed to meet the strin-
gent requirements imposed by the downstream catalysts. In synthetic 
methanation the molar H2/CO ratio of the synthesis gas needs to be 3, which 
can be adjusted by catalyzing water-gas shift reaction (1). An autothermal reac-
tor filled with sulphur-tolerant cobalt catalyst is used for the stoichiometric 
adjustment. Heat from the slightly exothermic shift reaction dissipates to syn-
gas causing its temperature to rise. To prevent deactivation of the catalyst, 
outlet temperature needs to be limited to 404 °C, which is controlled by ad-
justing the inlet temperature. 

  (1) 

After the CO shift, syngas is cooled close to ambient temperature and dried 
before it is compressed to higher pressure to ensure more efficient operation of 
physical acid gas removal (AGR) and catalytic methanation. The pressure is 
elevated in a multistage centrifugal compressor. Acid gases (H2S and CO2) are 
then removed by a commercially proven physical washing process using 
chilled methanol as solvent. Systems that guarantee a removal of total sulphur 
to less than 0.1 ppmv are commercially available. (Hochgesand, 1970) 

4.1.2 Catalytic methanation of synthesis gas 

The ultra-clean synthesis gas exiting from the acid gas removal process is fi-
nally ready for injection into the methanation process. Our SNG synthesis de-
sign is based on a high temperature methanation whose features closely re-
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semble those of the commercially available TREMP process. It uses series of 
adiabatic fixed-bed reactors equipped with intercooling to catalytically convert 
the synthesis gas to methane. The process operates at 30 bar while reactor 
temperatures range from 250 to 700 °C thus allowing the production of super-
heated steam as a co-product of methane. The main reaction is the conversion 
of carbon monoxide and hydrogen to methane and water according to equa-
tion (2). Most commonly used catalysts are nickel-based having activity also 
for the water-gas shift reaction. After methanation, the synthesis product 
needs to be dried from reaction water and compressed for transportation. The 
final product has methane content over 95 %.  

  (2) 

4.1.3 Design for carbon capture 

A bio-SNG plant, such as described above, can also be designed to capture and 
sequestrate (CCS) the CO2 that is formed during biomass conversion. In this 
kind of a Bio-CCS process, carbon that is acquired from ambient air during the 
growth of biomass, ends up sequestered below ground and is thus permanent-
ly removed from atmosphere. As a result, electricity and/or fuels that are pro-
duced with such a system can have strongly negative life-cycle emissions. 

In our CCS design, the combined stream of CO2 and H2S, separated by the 
AGR, is pressurized in three steps to 150 bar with intercooling to 30 °C. The 
detailed layout of the compression section is given in Figure 6 and is based on 
the guidelines established by the CAESAR project. (CAESAR Consortium, 
2011) 

 

Figure 6. Flow diagram of a CO2 compression step according to the CAESAR guideline (CAE-
SAR Consortium, 2011). 

4.2 Plant configurations 1–3 

This report examines three different woody biomass gasification plant configu-
rations. The fuel input is 100 MW in each of the plant configurations and they 
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all are optimized for producing gas. All plant types produce 71.8 MW of bio-
SNG using indirect gasification technology. The gas is then cleaned for trans-
portation and use. The plant configurations differ from each other by the pro-
duced or purchased heat or electricity as well as the option for CCS. The energy 
and mass flows of the plant are presented in more detail in the next chapter.  

The plant configuration 1 is equipped with condensing steam cycle for pro-
ducing electricity for the plant. All excess heat from the process is used for 
electricity production. Thus, this configuration does not produce any heat for 
sold as district heat. Configuration 1 plant produces more electricity than it is 
needed for the operation of the plant. The excess electricity is expected to be 
sold. The CO2 emissions are vented into the atmosphere. 

The plant configuration 2 is equipped with CHP steam cycle. In this case, the 
excess heat generated in the process can be sold as district heat. Alternatively, 
it can be discharged into the environment in case there is no demand for the 
heat. This plant configuration also produces electricity, but less than it is 
needed for the running if the plant. Thus, some electricity has to be bought 
from the grid. The CO2 emissions are again vented into the atmosphere. 

Plant configuration 2 was chosen to be used in the profitability calculations 
in the case of building the plant in Sweden, as it turned out to be economically 
most viable of the alternatives. This is based on the profitability analysis pre-
sented in Chapter 5.4.1 Simplified profitability analysis. 

Plant configuration 3 is fitted with CCS technology. The CO2 produced in the 
process is captured and pressurized for transportation and storage. Apart from 
this CCS component, the configuration 3 is similar to the configuration 2. 
Therefore the plant also produces district heat. The CCS component consumes 
additional electricity, which increases the amount of electricity needed from 
the grid slightly. 

We do not have a reference plant for the project, as there is no bio-SNG plant 
of this type yet built. However, several components used in the plant are al-
ready in commercial use: Drying of forest residues with belt dryer is proven at 
commercial scale on several occasions, most recently in Joutseno lime kiln and 
Vaskiluoto co-firing applications.  Production of synthetic natural gas from 
synthesis gas is proven at commercial scale at Great Plains Synfuel Plant in the 
U.S. Pressurized fluidized-bed oxygen gasification of biomass together with 
hot-gas filtration and catalytic reforming technically proven at pre-commercial 
scale by NSE Biofuels in Varkaus and by UPM and Carbona/Andritz in Chica-
go. (Hannula, 2013a) 

4.3 Process simulation results 

The process was simulated completely by VTT. Aspen Plus® chemical process 
modeling software was used to define the mass and energy balances of a plant 
capable of producing synthetic natural gas from woody biomass with the 
above-discussed technical features. The overall simulation framework and 
design principles builds on VTT’s previous work with pressurized oxygen gasi-
fication and manufacture of synthetic transportation liquids. 
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Table 11 aggregates key performance results for the simulated SNG plant de-
signs. For the examined cases, the energy output of synthetic natural gas is 
72 MW, i.e. up to 72 % of the biomass’ energy is converted to chemical energy 
of the fuel. The amount of output is same for each of the examined cases as 
alternative designs for steam cycle or carbon capture do not affect product 
yields. 

Table 11. Energy and mass flows in plant configurations 1–3. 

 Conf. 1 Conf. 2 Conf. 3 
Biomass in 
MW 

100 100 100 

SNG out 
MW 

71.8 71.8 71.8 

Electricity in/out(a 
MW 

0.7 -1.3 -2.8 

Heat out 
MW 

0 17.5 17.5 

Compressed CO2 out 
t/d 

0 0 351 

(a negative (-) indicates inflow, positive indicates outflow   

 
When comparing together configurations 2 and 3 we notice that 17.5 MW of 

district heat can potentially be coproduced with electricity using a CHP design. 
The trade-off of coproduction is 2.0 MW loss in electricity output, which effec-
tively turns the plant from slight surplus to 1.3 MW deficit in terms of net elec-
tricity balance. 

The configuration 3 is based on configuration 2, but amended with carbon 
capture design. From mass and energy balance point of view, the only differ-
ence can be seen in the form of increased parasitic electricity consumption that 
is a result of CO2 compression. 351 tons of CO2 is continuously separated from 
syngas on a daily basis and compressed to 150 bar for transportation. This 
compression consumes 1.5 MW of electric power leading to 2.8 MW deficit in 
terms of net electricity balance for configuration 3 plant design. 

We have estimated the annual operating hours of the plant to be 7,660 h/a. 
The plant will be producing heat at the same time, but we have also studied the 
possibility that the heat is sold only during the coldest time of the year, which 
we approximated to be 2,500 h/a. The effects of the heat sales is described in 
more detail in the Chapter 5.4.2 Role of heat sales. 

4.4 Cost analysis 

In this chapter, we present the estimated capital costs of the plant configura-
tions 1–3 and define the methodology used to calculate the operating costs and 
profitability of the plant. These calculations are based on the results presented 
in the previous chapter. As an example, we demonstrate the operating cost 
calculations for configuration 2 plant using today’s energy prices. In the actual 
profitability analyses, the calculations are conducted using various plant con-
figuration and scenario combinations. 
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4.4.1 Estimated capital cost 

The construction costs of a bio-SNG plant are notable and they affect the eco-
nomic viability of the investment considerably. In the bio-SNG plant studied in 
this report, we seek to use existing technological solutions instead of develop-
ing completely new ones. Hence, the investment costs can be estimated rela-
tively accurately. Also, the studied plant is Nth of a kind, which eliminates the 
additional costs of implementing new technology. The different plant configu-
rations are very close to each other in terms of investment costs. Table 12 illus-
trates the estimated capital cost of configuration 2 plant. 

Table 12. Estimated capital cost of the configuration 2 bio-SNG plant. Total capital investment is 
calculated from total overnight capital using interest rate of 5 %. (Hannula, 2013b) 

 Capital cost 
M€ 

Auxiliary equipment 26.7 
  Buildings 7.4 
  Oxygen production 9.1 
  Feedstock pretreatment 10.3 
Gasification island 49.4 
  Gasification 13.7 
  Hot-gas cleaning 7.8 
  CO shift 3.7 
  Syngas cooling 4.1 
  Compression 4.4 
  Acid gas removal 15.8 
Power island 18.8 
Synthesis island 20.1 
  TREMP methanation 19.3 
  Product compression 0.8 
TOTAL OVERNIGHT CAPITAL 115.0 
TOTAL CAPITAL INVESTMENT 120.8 

 
The plant configuration 1 differs from the configuration 2 by the steam cycle 

(included in the power island in Table 12). Plant configuration 2 is equipped 
with CHP steam cycle with heat exchangers for district heat, whereas configu-
ration 1 is equipped with full condensing steam cycle. We have estimated the 
capital costs of configurations 1 and 2 to be equal, as the costs of these two 
different power island variations are very close to each other. Plant configura-
tion 3, in turn, is equipped with the compression system of CO2, with an esti-
mated additional cost of 2.3 M€ resulting in total overnight capital of 117.3 M€ 
and total capital investment of 123.1 M€ with 5 % interest rate. 

4.4.2 Financial calculations methodology 

The plant economic viability is studied in three stages in this report. First, we 
conduct the simplified profitability analysis that is essentially the cash flow of 
the plant in 2020. Based on the results of the simplified profitability analysis, 
we conduct sensitivity analysis using the most promising plant configuration 
and a realistic scenario. Finally, we study the plant profitability further by 
conducting an NPV analysis of the most interesting variants of the sensitivity 
analysis. The results of all of the calculations are presented in Chapter 5.4 Fi-
nancial calculations. 

The simplified profitability analysis is conducted by calculating the cash flow 
of the plant in 2020 in each of the plant configuration, scenario and heat sale 
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combinations. The energy and mass flows causing the plant production costs 
or incomes, as well as the operating hours are presented in Chapter 4.3 Pro-
cess simulation results. The energy prices used in the calculations are present-
ed in Chapter 2.4 Energy prices in our scenarios. The energy and mass flows 
are simply multiplied with the operating time and corresponding energy prices 
to convert them into cash flow. 

We have also taken into account the costs savings from using the bio-SNG in 
energy production instead of using corresponding fossil fuels and acquiring 
necessary emission allowances. In this report, the saved emission allowance 
costs are examined as incoming cash flow for clarification, as the price of the 
avoided allowances can be assigned fully to the price of the product. This is 
converted to cash flow by using the CO2 factor of natural gas (IPCC default 
value 56.1 gCO2/MJ) to calculate the amount of CO2 avoided when using the 
produced bio-SNG instead of using the same amount of natural gas. This 
amount of avoided CO2 is then multiplied with the estimated emission allow-
ance costs. 

When analyzing the profitability of this project, we also have to consider the 
initial investment costs of the plant. The formation of the investment cost in 
different plant configurations is explained in Chapter 4.4.1 Estimated capital 
cost. In the profitability calculations, the total capital investment is divided for 
the plant lifetime of 20 years with constant annuity and appropriate present 
value. In the simplified profitability analysis, we use 10 % interest rate as the 
required rate of return (RRR) for the investment. This gives us capital recovery 
factor (CRF) of 0.12 that determines the annuity. By multiplying the total capi-
tal investment of the plant with the CRF, we get the annual capital cost of the 
plant that takes into account the RRR and plant lifetime. 

Operation of the plant also generates fixed operations and maintenance 
(O&M) costs. This is estimated to be 4 % of the total overnight capital cost, 
which is based on previously build comparable energy plant cost outcomes. 
Table 13 illustrates an exemplary simplified profitability analysis calculation. 

Table 13. Cash flow of plant configuration 2 in Baseline scenario with heat sales of 2,500 h/a in 
2020. 

Cost type Annual cost 
€ 

Annual capital costs -14,188,125 
Annual O&M costs -4,600,000 
Biomass in -13,022,000 
SNG out 24,254,471 
Electricity in -515,327 
Heat out 1,093,750 
Avoided CO2 emissions 2,223,778 
SUM -4,753,453 

 
For the sensitivity analysis we choose the most profitable plant configuration 

and a probable scenario. In the sensitivity analysis we assume there is availa-
ble support mechanisms to promote the early introduction of the bio-SNG 
technology. The support mechanisms are presented in Chapter 5.4.3 Support 
mechanisms. We also study the effects of changes in biomass price and plant 
investment cost to the plant profitability. The calculations are conducted simi-
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larly to the simplified profitability analysis with some adjustments according 
to each type of support mechanism. 

Finally, we conduct a net present value (NPV) analysis on the plant cash 
flows during its lifetime (Berk & DeMarzo, 2007; Luenberger, 2009). In the 
NPV analysis we study the same plant configuration and scenario as in the 
sensitivity analysis. However, we do not examine all the variations, but only 
choose some probable and interesting variations to complement the base case 
calculations. 

In addition to the default 10 % required rate of return for the investment, we 
also calculate the net present value using 8 % and 15 % RRRs to study the 
plant profitability from the point of view of different types of investors. 

For the NPV analysis we had to extend the scope of the energy price predic-
tions, as the method requires calculating the cash flows each year of the opera-
tion. These energy price predictions are presented in 2.4 Energy prices in our 
scenarios. 

In this report, we do not calculate the production costs of bio-SNG, as it is 
dependent on the heat sales and realized energy prices. The number of varia-
bles would result in excessive number of production cost possibilities. 
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5. Business plan of a bio-SNG plant 

In this section of the report we compose a business plant for a bio-SNG plant 
to the extent it is possible, given the scope of the report, or sensible to do for a 
plant that is assumed to be operational in 2020. This part is intended to pro-
vide only an indicative business plan instead of applicable blueprint of con-
structing and operating a bio-SNG producing plant. The focus of this section is 
in the profitability calculations. 

In this section, we combine the estimates, results, policy actions and as-
sumptions discussed in the previous sections. The profitability calculations of 
different plant configuration, scenario and support mechanism combinations 
are all based on these findings. We also take the business environment of the 
plant into consideration and recognize the indirect effects and benefits caused 
by the plant construction and operation. 

This business plan is a concise representation of the relevant elements that 
are to be noted in a project of constructing and operating a bio-SNG plant. 
Next section, Chapter 6 Discussion and conclusions, summarizes and inter-
prets the results and findings from this business plan as well as the previous 
sections. 

5.1 Project objectives 

The objective of the project is to build an economically viable 100 MW bio-
SNG production plant with indirect gasification of lignocellulosic biomass. The 
plant is Nth of a kind and it is to be operational in 2020. The estimated plant 
lifetime is 20 years. There are three different options available for the plant 
configuration, which are presented in more detail in Chapter 4.2 Plant config-
urations 1–3. We seek to identify the most economically viable plant configu-
ration when taking into consideration the energy price predictions, the proba-
bilities of different scenarios and the future energy and climate policy pro-
spects presented earlier in this report. Finally in this report, we conclude 
whether the construction of the plant seems feasible. 

The plant is to be built either in Finland or Sweden. In Finland, the plant 
would be located in the proximity of existing natural gas pipeline in an inland 
location with either industrial or municipal heat consumption in the vicinity, 
as the plant also produces saleable heat. The Finnish natural gas network is 
presented in Chapter 5.3 Market and industry considerations 
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Due to the requirements of biomass procurement, smaller inland towns are 
much more relevant than the larger cities. These areas can also withstand the 
increasing heavy truck traffic caused by the feedstock supply. The possible 
sites for the plant could be located near Lahti, Tampere, Lappeenranta, or 
Imatra regions. The location also affects the general biomass price level – the 
price is lower in areas with more biomass production and shorter transport 
distances. In Sweden, the plant would be located generally in the southern 
parts of the country. 

In Finland, the produced gas is assumed to be used in a CHP power plant 
(combined cycle gas turbine, CCGT) to where it is transported via existing nat-
ural gas pipeline. In Sweden, the gas is used as transport fuel distributed to 
end users via fuelling stations. 

We study the possibility of building the plant in Sweden, because the price of 
gas used as transport fuel in Sweden is significantly higher than the price of 
the natural gas in Finland. In addition to price difference of the product, the 
legislation and available support mechanisms are dissimilar due to the differ-
ent uses of the gas. Hence, the income formation of the plant is also different 
between the countries. 

The objective of this project is to build an Nth similar bio-SNG plant in order 
to minimize additional construction costs of new technology or new plant de-
signs. It also has to be taken into account when considering the possible sup-
port mechanisms. For example, the EU’s NER300 support program is not a 
viable support option. Also, the higher levels of subsidies generally granted for 
first of a kind projects are not available. In practice, the Nth plant can be esti-
mated to be the fifth. 

The plants cannot be built all at the same time, as there are not enough re-
sources or plant manufacturers available. This leads to the fact that the con-
struction of the first plant should be started within a few years in order to fin-
ish the Nth plant by 2020. 

5.2 SWOT analysis of a bio-SNG plant 

SWOT analysis is a method used to evaluate businesses or project’s strengths, 
weaknesses, opportunities and threats. The strengths and weaknesses of the 
SWOT analysis are the strategic capabilities of the plant as well as the biomass 
and bio-SNG industries. The opportunities and threats are arising from exter-
nal factors and the business environment and are not dependent of the plant 
itself or the bio-SNG industry. 

The following SWOT analysis is a summarized and clear overview of the 
business environment and the capabilities of a biomass gasification plant. The 
analysis aims to provide a simplified outlook on different identified factors 
affecting the profitability or the operations of the plant, as well as present the 
overall strategic position of a woody biomass gasifying plant. The different 
factors are listed in Table 14, and are then explained in more detail. 
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Table 14. SWOT table of a bio-SNG plant and bio-SNG technology in 2020. 

Strengths 
• Deep emission cuts 
• Wide feedstock base 
• Regional development 
• Fulfills renewables targets 
• Employment growth 
• Energy security and independence 
• High biomass to transport fuel conversion 

efficiency 
• SNG is a versatile fuel 
• SNG can be used in the existing power 

plants 
• Wide client base via gas pipe connection 
• Technological expertise 

Weaknesses 
• Capital intensive compared to energy 

production from less processed bio-
mass 

• Price difference between production 
cost of the bio-SNG and natural gas 

• Infrastructure requirements 
• Limited potential plant locations 
• Technology partly in demonstration 

phase 

Opportunities 
• Increasing demand for gas 
• Increasing supply of wood used for energy 

production 
• Structural reform of the EU ETS or other-

wise increasing EUA prices 
• Favorable EU 2030 climate and energy 

policies and targets 

Threats 
• Falling natural gas prices 
• Biomass CO2 factor changes 
• Increasing biomass demand 
• Biomass sustainability criteria changes 

5.2.1 Strengths 

Deep emission cuts 
The use and production of bio-SNG from lignocellulosic biomass causes very 

little CO2 emissions. Compared to other common biofuel raw materials, the 
life-cycle greenhouse gas emissions of lignocellulosic biomass are the lowest 
(Soimakallio & Koponen, 2011).  The indirect emissions caused by the land use 
changes are difficult to estimate, but often very considerable in the production 
of many bio-based raw materials, such as palm oil. In Northern Europe the 
forests are net sinks of carbon dioxide. (Soimakallio, 2012) 

The EU has set a total CO2 emissions reduction target of 20 % by 2020 com-
pared to 1990. ETS sector reduction target is 21 % and 10 % in the transport 
sector. The EU has also agreed to raise the overall reduction target to 30 %, if 
enough other countries participate in the climate efforts. Bio-SNG is calculated 
as carbon-free, so the CO2 reduction targets will effectively increase its de-
mand. 

Particulate emissions are also reduced when using bio-SNG compared to sol-
id or liquid fossil fuels. 

Wide feedstock base 
An indirectly heated fluidized bed biomass gasifier has a considerably wide 

feedstock base. The gasifier accepts all types of lignocellulosic biomass and 
forest residues with high and varying moisture contents. Woody biomass pro-
duction does not compete with food or food crop production. 

Regional development 
Biomass is procured and the plant will be built in rural regions. A biomass 

gasifying plant also requires building supporting infrastructure to the site and 
neighboring areas. 
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Fulfills renewables targets 
The EU has set 2020 goals for reducing emissions and improving energy ef-

ficiency but also increasing its use of renewable energy sources to 20 % of the 
final consumption. The 20 % target is EU wide and it is divided between the 
member states individually. This burden-sharing action has set the RES target 
for Finland to 38 % and Sweden to 49 % of the final energy consumption in 
2020. In transportation sector the renewables targets are 20 % in Finland and 
10 % in the rest of the EU. Bio-SNG technology can help to meet the targets in 
both energy and transportation sectors. 

Employment growth 
Producing domestic biomass will increase employment compared to fossil 

fuels from abroad. The biomass has to be harvested, collected, processed and 
transported to the plant. The biomass industry is moving towards smaller pro-
ducers and companies (Svinhufvud, 2013). This is dividing the producer prof-
its more evenly and regionally. Operating the plant also requires work force. 
Manufacturing the plant components and building the plant will also have an 
impact on employment. 

Energy security and independence 
Energy independence improves with declining foreign energy imports. 

Smaller scale decentralized production also improves security of energy sup-
ply. 

High biomass to transport fuel conversion efficiency 
Compared to other biomass to transport fuels, bio-SNG technology has high 

conversion efficiency. Our SNG process conversion efficiency is about 70 %, 
whereas efficiencies of biomass-to-liquid conversion using Fischer-Tropsch 
process may be expected in the range of 30−50 % for chemical energy and 
25−45 % for carbon recovered in hydrocarbon products (Unruh et al., 2010). 

SNG is a versatile fuel 
Bio-SNG is a versatile fuel, which can be used in energy production, trans-

portation, industrial applications, and in chemical industry. The efficiency of 
the fuel in CHP production (CCGT) is very high. 

SNG can be used in the existing power plants 
With bio-SNG, existing CCGT power plants can be used to the end of their 

technical lifetime even with ambitious targets on the share of renewable fuels. 

Wide client base via gas pipe connection 
Connecting to the gas transmission pipeline extends the possible client base 

to cover all operators with gas connection. 

Technological expertise 
Bio-SNG technology is a new technology with growth potential. Extensive 

expertise in this field could also be a valuable product for export. 
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5.2.2 Weaknesses 

Capital intensive 
Bio-SNG technology is highly capital intensive. The plant, based on the tech-

nology selected in this study, would also work in smaller scale, but large scale 
is needed for it to be more economical. Together with the feedstock cost, this is 
the main aspect affecting the profitability of the technology. 

Current natural gas price 
With the current prices it is more profitable to buy natural gas than to pro-

duce bio-SNG. Eventually, the profitability of the plant depends on the natural 
gas price. 

Infrastructure requirements 
The Bio-SNG produced has to be transferred from the plant to the end users. 

The amount of SNG produced in the plant sets requirements for the gas trans-
portation infrastructure needed. 70 MW gas could be transported via railroad 
or road if it was liquefied, but otherwise it will need pipe transportation (Siito-
nen, 2013). Building a new pipeline is substantially costly. 

Limited potential plant locations 
In practical terms, the possible bio-SNG plant locations are narrowed down 

by the requirements for proximity of the feedstock production and natural gas 
pipeline, high capacity feedstock transportation possibilities and the presence 
of heat buyers. The heat can be sold either via existing district heating network 
or to an industrial plant. If the heat is sold to district heating network, it will be 
more valuable if there is no existing CHP production in the particular part of 
the network. 

Technology partly in demonstration phase 
Numbers of plant components are already commercialized, but some of the 

parts are still in development or in demonstration phase. This will have an 
impact on the introduction of the plant and cause uncertainty for the investors. 

5.2.3 Opportunities 

Increasing demand for gas 
As the different applications for gas increase and as the use of gas becomes 

more widespread, the demand increases. At the same time the markets for bio-
SNG will grow. This will have an increasing effect on the prices. 

The gas consumption increase is led by the US and then followed by Asia and 
then possibly Europe. The increased production of shale gas in the US has, 
however, reduced the global coal prices substantially increasing the use of coal 
– instead of gas – in Europe. This will hinder the growth of the use of gas. 

Increasing supply of wood used for energy production 
The increase in wood supply will lower the fuel costs of the plant. The supply 

may be increased for example by the plant shutdowns of Finnish forest indus-
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try or by the WTO membership of Russia, which can increase the wood im-
ports. 

Structural reform of the EU ETS or otherwise increasing EUA prices 
High EUA and prices directly improve the profitability of a biomass gasifying 

plant as the buyers of the SNG avoid paying for the CO2 emissions. The Euro-
pean Commission has proposed a change to the EU ETS to structurally 
strengthen the system and to increase the EUA price. This topic is discussed in 
more detail in Chapter 3.1.2 EU Emissions Trading System. 

The European Union’s 2030 energy and climate targets can also increase the 
EUA prices if the role of the ETS is strengthened and the ETS sector emission 
reduction targets are set strict enough. 

Favorable EU 2030 climate and energy policies and targets 
On 27 March 2013, the European Commission published a Green Paper A 

2030 framework for climate and energy policies, which opened the discussion 
on the future of the EU’s climate and energy policy framework. 

The outcome of the energy and climate policies for 2030 will have a great ef-
fect on the bio-SNG industry and the plant profitability. These to be decided 
policies determine, for example, the future targets of biomass use, the role and 
weight of the EU ETS and guide the future subsidies and restrictions of differ-
ent fuels. These new policies may also include methods and schemes that do 
not exist yet. 

5.2.4 Threats 

Falling natural gas prices 
The rapidly increasing shale gas production in the US will most likely affect 

the global gas prices in the near future. With the use of LNG technology, the 
cheap natural gas can be transported globally. Although, the higher gas prices 
in the Asia will attract larger share of the shipments than Europe. Increased 
supply will lower the gas prices, which will weaken the profitability of bio-
SNG. 

In 2012–2013 several EU countries have been able to re-negotiate their gas 
contracts with Gazprom (Vihma, 2013). Also, the trend in Europe is towards 
shorter gas contracts. This has caused the European gas prices to decline. 

Biomass CO2 factor changes 
If biomass CO2 factor is changed from zero in the future, it will reduce the 

advantage of using biomass instead of fossil fuels. Non-zero CO2 factor reduces 
cost savings from avoided emissions and therefore have a negative impact on 
profitability of the plant. 

Increasing biomass demand 
If the energy production from biomass becomes more common – for exam-

ple by the Finnish forest industry or completely new operators – it will in-
crease the demand for woody biomass. Also, if the other EU countries with 
RES targets difficult to reach start importing biomass from Finland to meet 
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their goals it will affect the local biomass markets. Growth in biomass demand 
leads to higher prices and weakened profitability of the plant. 

Biomass sustainability criteria changes 
Biomass sustainability criteria that are tightened from current regulations or 

if they are systematically different to what Finland now have implemented, 
will have an impact on the competitiveness of biomass increasing its price. 
This topic is discussed in more detail in Chapter 3.1.3 Renewable energy (RES) 
directive. 

5.3 Market and industry considerations 

Markets for the produced SNG product are a basic prerequisite for the project 
to be feasible. Knowing the industry is also vital, when exploring business op-
portunities. The main focus of this report is in the economical analysis. Thus, 
we have had to make some generalizing assumptions in the market and indus-
try analysis. We assume that the produced SNG will be sold in its entirety to 
either energy production in Finland or as transport fuel in Sweden with proper 
market price. 

Due to the novelty of the technology, there is no appropriate bio-SNG indus-
try yet existing. However, biogas, which is moderately analogous with bio-
SNG, is already widely produced and used. 

The use of gaseous fuels is expected to increase. In this chapter, we study the 
Finnish and Swedish gas usage and procurement, as well as the general char-
acteristics of their gas markets to the extent it is practical given the scope of 
this report. In addition, we present an outlook of the current international gas 
markets. 

5.3.1 Finland 

In Finland, the natural gas market currently consists of one importer, Gasum, 
which imports natural gas via pipeline from Russian gas company, Gazprom. 
There is also some biogas production and gasification of biomass and waste. 
However, compared to the imported natural gas, the amount of production is 
low. 

According to Statistics Finland, in 2012 Finland imported nearly 3,490 Mm3 
natural gas from Russia (Statistics Finland, 2013). The pricing of natural gas is 
tied to an index consisting of energy commodities and it is supervised by the 
Finnish Market Authority. Oil price has the largest weight in the index, 55 %. 
Weight of other fuels is 20 % and the weight of basic index for domestic mar-
kets of energy sector is 25 %. Current pricing system is M2010, which is valid 
until end of the year 2013.  

Gasum also owns the Finnish gas network, which covers the main cities in 
Southern and South Eastern Finland. Figure 7 illustrates the Finnish natural 
gas network. Recently, pipeline has been completed between Lohja and 
Mäntsälä. Once the production plant is connected to the pipeline, every gas 
user or facility in the network is a potential customer. The natural gas network 
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also allows temporary differences between the production and the use of SNG, 
as the gas pipeline offers some storing capability of the gas by allowing varia-
tion in the pipeline pressure. 

 

Figure 7. Natural gas network in Finland (Gasum, 2013b). 

In Finland, the gas is used for energy production and in industrial applica-
tions. Market penetration of gas vehicles is low. In this report, we assume that 
the produced bio-SNG is transferred via the natural gas pipeline and used for 
energy production in a CHP plant (CCGT). 

Biogas market has been introduced to Finland. In 2012 the overall biogas 
production was 150.4 Mm3. This was used to produce 400.9 GWh of heat, 
159.6 GWh of electricity and 7.9 GWh of mechanical energy. This accounts for 
about one percent of renewable energy produced in Finland. The total amount 
of biogas used in transportation is very modest compared to e.g. Sweden. In 
August 2013 there was three companies selling biogas for transportation in 
Finland. Three more refineries are planned to be operational at the end of 
2013. (Huttunen & Kuittinen, 2013) Currently there are 20 natural gas refuel-
ing stations in Finland (Gasum, 2013f). In addition to feed-in tariffs, the eco-
nomics of biogas production can also be affected by gate fees for waste. 

There is also gasification of woody biomass in operation in Finland. A 140 
MW Vaskiluoto power plant was commissioned in 2013 and it is gasifying bi-
omass to replace coal in the adjacent power plant. However the gasifier is cur-
rently operating below capacity due to low prices of coal. (Vaskiluodon Voima 
Oy, 2013; Yle Uutiset, 2013) 

Lahti Energia’s Kymijärvi II power plant gasifies non-recyclable municipal 
waste for energy production. The plant produces 50 MW of electricity and 90 
MW of heat. Waste is the only fuel used in the gasifier with mass flow of 
250,000 t/a. The adjoining Kymijärvi I power plant also uses some gasified 
recovered fuel (REF) and biomass as support fuel replacing coal and natural 
gas (15–20 %). (Lahti Energia, 2013) Consequently, there is renewable gas 
production in Finland, but the gas is mainly used in a power plant in the im-
mediate vicinity of the gas source. 
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Gasum, Helsingin Energia and Metsä Fibre are planning a 200 MW biorefin-
ery that would produce gas to the natural gas network. This gas could then be 
used in, for example, Vuosaari power plant in Helsinki. They aim to gather the 
necessary information for the investment decision by 2014. The construction 
of the plant will take 2–3 years from the investment decision. (Gasum, 2013c) 
We also have to remember that as the plant studied in this report is Nth of a 
kind, the previously built plants will already be in operation when this studied 
plant begins operating. 

There are plans for a large-scale LNG terminal in Finland by Gasum. The 
Finngulf LNG project, if executed, would make the Finnish gas imports and 
procurement more flexible and could enable the use of gas in new locations 
remote from the existing natural gas network. The terminal is planned either 
to Inkoo or Tolkkinen. In addition to this, the Balticconnector project aims to 
link the Finnish and Baltic natural gas networks together with a connective 
pipeline under the Gulf of Finland. Estonia is also seeking to build a large LNG 
terminal. The EU will grant support to only one of these projects. In practice, 
only one of these projects is executed. (Gasum, 2013d) 

LNG terminal would change the structure of the Finnish gas markets. If the 
Finngulf LNG terminal is built in its maximum planned size, it would have a 
storage capacity of 650,000 m3. The annual amount of gas fed into the natural 
gas network would be around 2 Gm3. (Gasum & Pöyry, 2013) Compared to the 
current imports this amount is substantial. 

Gasum is also planning a LNG terminal for ships in Pansio. The capacity of 
this would be 60,000 m3. If the project advances as planned, the terminal 
could be operational in the beginning of 2016. (Gasum, 2013e) 

The Finnish gas markets will go through changes until 2020. However, as 
the gas demand is predicted to increase, we conclude that the gas markets or 
the gas industry will not impose an economic barrier for building a bio-SNG 
plant studied in this report. If the planned LNG terminal is built, it will in-
crease competition in the markets and can ease the natural gas price increase. 
However, due to the transportation costs of LNG, we predict that the price 
decrease will be only moderate compared to the estimates presented earlier in 
this report. In addition, the energy price predictions used in this report were 
originally produced on the EU level, and thus, they include the LNG imports to 
a degree. 

5.3.2 Sweden 

We also study an option of building the gasification plant in Sweden. The natu-
ral gas network in Sweden is not as extensive as it is in Finland. There is a 620 
km main gas pipeline that comes from Denmark in southern part of the coun-
try (compared to Finnish network of 1,310 km). The majority of the gas used in 
Sweden is imported using the pipeline. However, there is some small-scale 
LNG imports from Norway. (Swedish Energy Markets Inspectorate, 2013; 
Swedish Energy Agency, 2012) Natural gas in Sweden is used in electricity 
production, heating in residential buildings, transportation and as a fuel and 
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raw material in industry. Natural gas supplies less than 3 % of Sweden’s energy 
demand; 1,130 Mm3 in 2012. (Swedish Energy Agency, 2012; IEA, 2013a) 

Although the gas transmission network in Sweden is very limited, the gas-
fuelled car pool is greater than in Finland (Sweden 44,000, Finland 1,300 gas 
vehicles (Gasbilen, 2013; NGVA Europe, 2013). Thus, in this report, we as-
sume, that the bio-SNG produced in Sweden is used as transport fuel, instead 
of in energy production. This particular study is very interesting because of the 
significant price difference between natural gas in Finland and gas used as 
transportation fuel in Sweden. 

5.3.3 International gas market outlook 

This study focuses on the Nordic gas market situation, but as gas market phe-
nomena are regional, with global reflections, also the broader outlook is rele-
vant. Gas consumption and its importance will increase globally. The overall 
outlook for gas is bright: consumption will increase in all scenarios. Natural 
gas is expected to grow in importance globally due to its widespread availabil-
ity, competitive supply costs and environmental advantages over the other 
fossil fuels. Increasing supply sources and supply routes will also improve the 
reliability of gas. (IEA, 2013b) The Finnish Ministry of Employment and the 
Economy predicts that the competitiveness of gas will remain relatively good 
(Ministry of Employment and the Economy, 2013). 

Since 2000, the global gas consumption has increased on average 2.7 % an-
nually, which is more than oil and nuclear power, but less than the increase of 
coal and renewables. Exploitation of unconventional gas reserves will be im-
portant in satisfying the increasing gas demand. World natural gas reserves 
are more than sufficient to cover the demand for the coming decades. (IEA, 
2013b) 

Inter-regional trade will continue to expand. There are three distinct main 
regional markets: the United States, Asia-Pacific and Europe. The price differ-
ences are expected to narrow, mainly due to LNG. However, the linkages are 
stronger between North America and Asia-Pacific markets, due to the higher 
gas price difference than between the US and Europe. LNG exports from the 
United States will put additional pressure on traditional oil-indexed mecha-
nisms for pricing gas and in loosening the current rigidity of LNG contracting 
structures, although various market and institutional barriers continue to put 
a brake on global gas market integration. (IEA, 2013b) 

Europe will continue to be the largest importer of natural gas. However, the 
trade will shift more towards the Asia-Pacific region. Europe's need for im-
ported gas will grow, as production falls back across the continent. However, 
Europe is well placed to secure this supply from variety of sources (Norway, 
Russia, Algeria, LNG). (IEA, 2013b) 

There isn’t any global benchmark for gas prices, as there is for e.g. oil. In 
North America, the gas pricing is hub-based and basically set by supply and 
demand. In Europe, the trade is gradually moving to gas-to-gas competition 
where the price is set by supply and demand. However, about half of the trade 
is still governed by long-term contracts, where gas price is indexed to oil pric-
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es. In the Asia-Pacific, the long-term and at least partly oil-indexed contracts 
are and will be dominant. (IEA, 2013b) 

Recently, prices in North America have fallen due to the remarkable increase 
in shale gas production combined with the decreased demand caused by the 
economic crisis. In the Asia-Pacific and Europe, the gas prices have, in turn, 
increased mostly because of oil-indexation and persistently high oil prices. 
Thus there is a very significant price difference between Europe and the US at 
the moment. This is also the reason for the grown interest in LNG. Opening 
LNG routes reduces further the attractiveness of oil-indexed contracts. (IEA, 
2013b) However, the price of the total LNG chain is so high that it cannot 
dramatically change the gas market prices in Europe (Ministry of Employment 
and the Economy, 2013). Price differences between USA and Europe are thus 
likely to remain. 

In Europe, IEA expects a trend towards more widespread adoption of hub-
based pricing, more use of spot trading and shorter duration of long-term con-
tracts. Roughly a half of gas trade in Europe is oil-indexed. (IEA, 2013b) 

By 2020, the EU-wide electricity and gas markets are expected to be in oper-
ation (Ministry of Employment and the Economy, 2013). Achieving this EU 
goal will require considerable expansion of energy infrastructure in Europe. 

The demand for gas fell in 2012 for the second consecutive year. The demand 
for gas is now 10 % lower than it was in 2010. The situation is similar within 
the EU. The weak economic environment and high gas prices are the main 
causes, but a combination of low coal prices, rock-bottom prices for CO2 in the 
ETS and the big expansion in renewables-based capacity, plus efficiency and 
energy saving measures, have also played their part. (IEA, 2013b) 

However, IEA believes that CO2 prices will rise from the present low level 
and that the high gas price in relation to other fuels will settle down, increasing 
gas use. Tighter climate policies in 2030 and increasing renewable (solar, 
wind) production increase gas generation, as gas-fired power plants are very 
suitable for backup power. (IEA, 2013b) 

5.4 Financial calculations 

In this chapter, we perform the financial analyses of the bio-SNG plant. In the 
simplified profitability analysis, we calculate the annual operating costs of 
each of the plant configuration, energy price scenario and heat sale combina-
tion. Based on the results, we find that the plant configuration 2 is clearly the 
most profitable option. In addition to simplified calculations, we study the 
most profitable plant configuration with the energy price predictions of the 
Baseline Scenario, which we find probable. For this combination we conduct 
sensitivity analysis with different support mechanisms, as well as NPV analysis 
to provide more comprehensive profitability results. We also present the in-
come and cost structures of the plant 2 configuration. 

The theoretical base of the profitability analyses conducted in this chapter is 
described in Chapter 4.4 Cost analysis. The used energy and mass flows are 
presented in Chapter 4.3 Process simulation results and the energy prices pre-
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dictions are illustrated in Chapter 2.4 Energy prices in our scenarios. The sup-
port mechanisms and heat sale variations used in the sensitivity analysis and 
the NPV analysis are presented in their respective sub-chapters. All the calcu-
lations in this report are conducted in 2011 currency. 

5.4.1 Simplified profitability analysis 

Due to the large number of cases of interest, we first made simplified profita-
bility comparisons for all case and scenario combinations for the year 2020 
only. The results are presented in Table 15 and are basically the annual opera-
tion balance of the plant in 2020 with the investment cost taken into account. 

Table 15. Results of simplified profitability analysis. 

  Heat sales: 
7,660 h/a 
High price 

Heat sales: 
7,660 h/a 
Base price 

Heat sales: 
2,500 h/a 
Base price 

Heat sales: 
0 h/a 

  Conf. Balance 
€/a  

Balance 
€/a  

Balance 
€/a 

Balance 
€/a 

New Policies Scenario     
  1 -6,400,000 -6,400,000 -6,400,000 -6,400,000 
  2 -1,584,000 -3,506,000 -5,989,000 -7,192,000 
  3 -6,352,000 -8,274,000 -10,757,000 -11,961,000 
        
Baseline Scenario     
  1 -5,054,000 -5,054,000 -5,054,000 -5,054,000 
  2 -748,000 -2,496,000 -4,753,000 -5,847,000 
  3 -6,637,000 -8,384,000 -10,642,000 -11,736,000 
        
Restrained Policies Scenario     
  1 -10,939,000 -10,939,000 -10,939,000 -10,939,000 
  2 -6,853,000 -8,513,000 -10,658,000 -11,697,000 
  3 -13,276,000 -14,936,000 -17,081,000 -18,120,000 
        
Sweden today     
  2 15,489,000 14,411,000 11,702,000 10,390,000 

 
The plant configuration 1 utilizes the excess heat to produce electricity, but 

the ratio between heat and electricity is not sufficient to make it more profita-
ble than configuration 2. The configuration 1 would be a better option only if 
no heat could be sold. 

These simplified calculations indicate that the plant configuration 2 is the 
most profitable option when using the energy price scenarios studied in this 
report. The heat sales have a significant impact on the profitability of the plant. 
We will discuss the role of the heat sales in the next sub-chapter. 

The plant configuration 3 is the least profitable, because of the considerable 
price difference between the costs of CCS (transportation) and the EUA price 
predictions. The introduction of CCS is profitable after the price of the emis-
sions allowance exceeds the costs of CCS. The costs capturing and pressurizing 
the CO2 are minor compared to the transportation and storing. 

The case Sweden appears to be very profitable. The plant configuration is 
again of type 2. The increased profitability in this case can be explained by the 
price difference of the final product in these distinctive markets – the price of 
the gas sold as transport fuel in Sweden is significantly higher than the price of 
gas in Finland. As the transport sector is not included in the EU ETS, the sav-
ings from avoided CO2 costs are excluded from the calculations. The profitabil-
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ity analysis of the case Sweden is only indicative and we will not study this 
option further, as the main emphasis is in the Finnish cases. 

These simplified calculations are conducted analyzing the plant alone. Thus, 
we conduct further calculations using the most profitable option, plant config-
uration 2, and taking different support mechanisms as well as additional costs 
into account. This sensitivity analysis is presented in Chapter 5.4.4. 

5.4.2 Role of heat sales 

The sales and the price of the excess heat the plant produces affect the plant 
profitability significantly. The plant configuration 1 does not produce heat for 
sale, as the condensing steam cycle is optimized for only electricity production, 
but configuration 2 and 3 plants produce heat all the time when they are run-
ning. The heat energy from the plant can be sold as district heat or as process 
steam for industrial purposes. 

We have estimated that the plant is running 7,660 h/a. In this study, howev-
er, we cannot safely assume that the potential end users of the excess heat 
would be willing to buy it throughout the year. Thus, we have calculated the 
profitability of the plant using heat selling options of 7,600, 4,000, 2,500, and 
0 h/a. The main cases considered are 2,500 h/a and 7,660 h/a full load hours. 
The heat prices used in the calculations are presented in Chapter 2.4 Energy 
prices in our scenarios. 

Although the importance of the heat sales is considerable to the profitability 
of the plant, it is not the main concern of this project. Thus, we have made 
some simplifications regarding to the sales of the excess heat. The heat is 
priced similarly regardless of whether the heat energy is sold as district heat or 
as process steam to industrial purposes. District heating business in Finland is 
practically a regional monopoly and constructing a new costly network is not 
an option in this study. Due to this, we expect that the plant will be connected 
to an existing network. We also do not take the possible costs of joining to an 
existing network into account. Configuration 2 and 3 plants produce approxi-
mately 17 MW of heat, which can be transferred roughly 10–20 km distances 
as district heat. 

The most optimistic option, in terms of the plant profitability, is to sell the 
excess heat always as the plant is running. This could be the case if the plant is 
built close to industrial facilities needing the heat or if the heat energy from 
the plant is used as a base load in district heating network to produce domestic 
hot water. Then, the heat would be used also in the warm months of the year. 
This base load option is more probable if there is no CHP production in the 
particular district heating network, which produces heat throughout the year. 

The production of heating is more expensive in densely constructed larger 
cities, which results in higher revenues from the heat energy. However, the 
production of bio-SNG restrains the possible plant sites. It is more likely that 
the plant will be built in rural area, where selling the excess heat throughout 
the year with profitable price levels might be impossible. 

In this study we have chosen heat sale option of 2,500 h/a as the base level. 
These annual hours cover the cold winter months in Finland when we can rea-
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sonably expect that the heat energy can be sold. In addition to this case, we 
have also conducted sensitivity analysis on the profitability of the plant using 
the heat selling option of 4,000 h/a. This is intended to be a more optimistic 
variation of the base case. 

As a sensitivity study we also present a case where the annual income from 
heat provision is zero. This option is used in the sensitivity analysis as a hypo-
thetical example and not so much as a probable case. This is because we as-
sume that the plant site is chosen so that at least some heat can be sold. 

5.4.3 Support mechanisms 

The simplified profitability calculations presented previously indicate that the 
production costs of bio-SNG exceed the expected price level of natural gas. 
Thus, the economic viability of the bio-SNG plant, with the forecasted energy 
prices and the cost of the technology, is not strong enough alone.  Essentially, 
the plant requires some kinds of support mechanisms in order to operate prof-
itably. 

Governments have energy and climate targets such as reducing CO2 emis-
sions or increasing the use of renewables in energy production. These targets 
can be promoted by subsidizing chosen energy production technologies. 

This chapter presents the following support mechanisms in a conceptual lev-
el: investment support, feed-in tariff, taxation, and green certificates. The sup-
port mechanisms are applied in the sensitivity analysis of the plant profitabil-
ity as well as in the NPV analysis of the plant, with the exception of green cer-
tificate system as it is not implemented in Finland at the moment and there is 
no certainty that it would be in use in 2020 either. However, there is green 
certificates system implemented in Swedish energy production already today. 
The legislation for the support mechanisms used in this report is presented in 
Chapter 3.2.1 Support policies in Finland. 

The EU’s NER300 funding programme has been excluded from this study 
because it is for new technology projects, while this project is based on as-
sumption that the plant is Nth of a kind to minimize additional new technology 
related costs. Also, the state of the NER300 programme in 2020 is uncertain. 

Investment support 
Investment support means covering plant construction costs partially by the 

government or by some other public funding instrument. The government can 
grant investment support to facilities, which it sees are contributing to the 
state’s efforts to, for example, increase the use of renewable energy or reduce 
emissions. In Finland, supporting of an energy plant investment is governed 
and decided by the energy department of the Ministry of Employment and the 
Economy (MEE). 

The MEE grants renewable energy investment support to small scale heating 
and electricity production plants, new technology demonstration plants as well 
as fuel production plants. Besides the government, the investment support 
may also be applied for from the EU. For example, the European Regional De-
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velopment Fund (ERDF) could be one financial instrument to support con-
struction of a bio-SNG plant, if the plant site is located in remote rural area. 

The support percentage is maximum of 40 % of the investment, but generally 
it is between 25–30 % (Motiva, 2013). In this report, we have studied, as a part 
of the profitability sensitivity analysis, an option of the plant receiving 30 % 
investment support. 

The investment support is the most straightforward of the support mecha-
nism options. For investors it is risk free in contrast to e.g. feed-in tariffs that 
are determined by the current energy prices. The investment support is also 
easily combined with other mechanisms if needed. In this thesis, we have also 
studied a combination of investment support and feed-in tariff. 

Feed-in tariffs 
In Finland, feed-in tariffs have recently been introduced to wind power, elec-

tricity production from biogas, and to woody biomass gasifiers replacing coal 
in energy production. Thus, it is interesting and relevant to study the effects of 
a similar feed-in support level on bio-SNG technology. The feed-in tariff is in 
fact a guarantee price for the electricity produced using renewable energy 
sources. Bio-SNG does not have support legislation at the moment, which is 
why in this thesis we assume that it will receive similar support mechanisms as 
biogas. Also, the support is granted for the power plants using the renewable 
fuel instead of having the plant produce the fuel itself. 

The guarantee price for electricity produced by wind energy, combustion of 
biogas or by replacing coal with gasifying woody biomass is 83.50 
€/MWhelectricity. If the plant also produces heat, it can be granted an additional 
heat premium of 50 €/MWhelectricity.  

With the price predictions of the Baseline Scenario and with the assumption 
of using the produced gas in a CHP plant, the effect of electricity price guaran-
tee equals to an increase of 14.29 €/MWh to the price of the SNG in 2020. The 
heat premium equals to a price increase of 22.50 €/MWhSNG. 

Taxation 
Although taxation is not directly generating income for the plant, energy tax-

ation can be considered to contribute to the economics of a bio-SNG plant. 
Taxation is used for steering energy consumption and production towards re-
newable sources and tax reductions can improve the profitability of a bio-SNG 
plant compared to other energy production options. Tax regulations affect on 
national level, and thus the support is not limited to the studied bio-SNG plant 
only, but for all plants of the same type. 

In the sensitivity analysis we have an assumption that the bio-SNG would be 
exempt from excise tax, similarly to biogas today. With the made assumption 
that the SNG used in a CHP plant, the tax benefit compared to natural gas 
equals to 4.13 €/MWhSNG. The energy taxation is explained in more detail in 
Chapter 3.2.2 Energy taxation in Finland. 
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Green certificates 
Green certificate system is a form of economical support and a way for the 

government to steer the development of renewable energy production. A green 
certificate is practically a document proving that certain amount of electricity 
is produced using renewable sources. The system is based on government-
imposed RES quotas and the possibility to trade the certificates. The bio-SNG 
plant would produce certificates that could then be sold further. By doing this 
it supports the profitability of the plant. 

Green certificates are used in Sweden as a part of the national RES policies. 
However, at the moment it is not considered likely that Finland would move to 
a certificate system in energy production. Thus, we present the profitability 
analysis concentrating on the more likely alternatives. 

5.4.4 Sensitivity analysis for plant configuration 2 

In this chapter we conduct a sensitivity analysis, including both the role of heat 
sales and the impacts of alternative support mechanisms, for the configuration 
2 plant and the Baseline Scenario. We also analyze the effects of increased in-
vestment costs in a pessimistic case. The effects of the support mechanisms are 
presented in the previous chapter – otherwise the calculations are conducted 
similarly to the simplified profitability analysis. The case variations and the 
results of the sensitivity analysis are presented in Table 16.  

 



Business plan of a bio-SNG plant 

59 

Table 16. Sensitivity analysis for plant configuration 2 in 2020 

  Configuration 2 
Sensitivity analysis 

Heat sales: 
7,660 h/a 
High price 

Heat sales: 
7,660 h/a 
Default price 

Heat sales: 
2,500 h/a 
Default price 

Heat sales: 
0 h/a 

  Scenario Balance 
€/a  

Balance 
€/a  

Balance 
€/a 

Balance 
€/a 

Base level      
  New Policies -1,584,000 -3,506,000 -5,989,000 -7,192,000 
  Baseline -748,000 -2,496,000 -4,753,000 -5,847,000 
  Restrained Policies -6,853,000 -8,513,000 -10,658,000 -11,697,000 
    
30 % investment support     
  New Policies 2,673,000 750,000 -1,733,000 -2,936,000 
  Baseline 3,508,000 1,760,000 -497,000 -1,591,000 
  Restrained Policies -2,597,000 -4,257,000 -6,402,000 -7,441,000 
        
Electricity feed-in tariff 83.50 €/MWh   
  New Policies 6,274,000 4,352,000 1,869,000 665,000 
  Baseline 7,110,000 5,362,000 3,105,000 2,011,000 
  Restrained Policies 1,562,000 -99,000 -2,243,000 -3,282,000 
     
Electricity feed-in tariff 83.50 €/MWh, Heat premium 50 €/MWh   
  New Policies 18,649,000 16,727,000 14,243,000 13,040,000 
  Baseline 19,484,000 17,737,000 15,479,000 14,385,000 
  Restrained Policies 13,937,000 12,276,000 10,132,000 9,093,000 
     
Tax benefit   
  New Policies 688,000 -1,234,000 -3,718,000 -4,921,000 
  Baseline 1,524,000 -224,000 -2,482,000 -3,575,000 
  Restrained Policies -4,581,000 -6,242,000 -8,386,000 -9,425,000 
    
120 % investment cost   
  New Policies -5,341,000 -7,264,000 -9,747,000 -10,950,000 
  Baseline -4,506,000 -6,254,000 -8,511,000 -9,605,000 
  Restrained Policies -10,611,000 -12,271,000 -14,416,000 -15,455,000 
      
Electricity feed-in tariff 83.50 €/MWh, 120 % investment cost   
  New Policies 2,517,000 594,000 -1,889,000 -3,092,000 
  Baseline 3,352,000 1,604,000 -653,000 -1,747,000 
  Restrained Policies -2,196,000 -3,856,000 -6,001,000 -7,040,000 
     
Electricity feed-in tariff 83.50 €/MWh, Heat premium 50 €/MWh, 120 % investment cost 
  New Policies 14,891,000 12,969,000 10,486,000 9,283,000 
  Baseline 15,727,000 13,979,000 11,722,000 10,628,000 
  Restrained Policies 10,179,000 8,519,000 6,374,000 5,335,000 
        
Low biomass base price 13 €/MWh (today's price)    
  New Policies 1,787,000 -136,000 -2,619,000 -3,822,000 
  Baseline 2,316,000 568,000 -1,689,000 -2,783,000 
  Restrained Policies -3,942,000 -5,603,000 -7,747,000 -8,786,000 
     
10 % increase in biomass base price   
  New Policies -3,016,000 -4,939,000 -7,422,000 -3,822,000 
  Baseline -2,050,000 -3,798,000 -6,056,000 -2,783,000 
  Restrained Policies -8,090,000 -9,750,000 -11,895,000 -8,786,000 
        
Tax benefit, Electricity feed-in tariff 83.50 €/MWh, Heat premium 50 €/MWh, 30 % investment support 
  New Policies 25,177,000 23,255,000 20,772,000 19,568,000 
  Baseline 26,013,000 24,265,000 22,007,000 20,914,000 
  Restrained Policies 20,465,000 18,804,000 16,660,000 15,621,000 

 
From the results, we find that a realistic support mechanism is vital for the 

project, and that it can in best cases even bear the risk of increased building 
costs. However, the simplest alternative of the support mechanisms, invest-
ment support, is likely insufficient to turn the plant to be profitable with the 
probable support levels. Due to this, a combination of different types of sup-
port mechanisms may be necessary. We need to keep in mind that EU legisla-
tion sets limitations to the high support levels. 
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From the sensitivity analysis results we can see that: 

• Feed-in tariff for the electricity produced using the SNG is very prom-
ising. Feed-in tariff could be the most probable option to be com-
bined with investment support. 

• Electricity feed-in tariff with heat premium increases the profitability 
very substantially. This could already be against the EU support 
rules. 

• 30 % investment support might be sufficient if there is a good possi-
bility for heat sales throughout the year. 

• The pessimistic sensitivity case of 20 % higher investment costs re-
duces significantly the profitability, but with an electricity feed-in tar-
iff of 83.5 €/MWh it might also still be profitable, depending on the 
scenario and heat sales. 

As this static analysis cannot fully capture the dynamics of the costs and in-
comes, we next study the most interesting cases using NPV analysis. We also 
calculate the limit values for the subsidies to turn the plant profitability posi-
tive. 

5.4.5 Income and cost structure 

Figure 8 illustrates the income and cost structures of Case 2 plant configura-
tion in Baseline Scenario in 2020. The income structure of three alternative 
economic conditions are presented: heat sales of 2,500 h/a, heat sales of 7,660 
h/a, and heat sales of 2,500 h/a with electricity feed-in tariff of 83.50 
€/MWhelectricity. The electricity production support is in reality included in the 
SNG price and income, but in this figure they are separated for clarity. The 
cost structure remains constant, as the scenario and plant configuration are 
fixed in this presentation. 
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Figure 8. Income and cost structures of plant configuration 2 in Baseline Scenario in 2020 in 
three different cases. Electricity production support is 83.50 €/MWh guarantee price for 
electricity generated using SNG, which is converted to SNG price increase. Cost structure 
remains constant. The price of CO2 is 20 €/tonne. 

5.4.6 NPV analysis of configuration 2 plant in the Baseline Scenario 

Based on earlier calculations, we now study further the profitability of plant 
configuration 2 in the Baseline Scenario. This scenario is chosen, because at 
present it appears unlikely that e.g. climate policies would be considerably 
tightened by the year 2020. On the other hand, the gasification technology is a 
promising option in abandoning fossil fuels due to climate change mitigation 
needs. Therefore, the Restrained Policies Scenario cannot be considered the 
most relevant. 

The previous profitability analyses were carried out using the energy prices 
in 2020. In the NPV analysis the energy prices and CO2 prices are assumed to 
develop further according to the scenario characteristics. Energy prices 2020–
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2040 in the Baseline Scenario are presented in Table 3 (Chapter 2.4 Energy 
prices in our scenarios). 

The net present value of the plant investment is first calculated using 10 % 
required rate of return for the investment, which is the same as used in the 
previous analyses. We also calculate the NPV using RRR of 8 % and 15 % to 
study how different types of investors might be interested in participating in a 
bio-SNG plant project. 

The case variations and the results of the NPV analyses with RRR’s of 10 %, 8 
% and 15 % are presented in Figure 9, Figure 10 and Figure 11 respectively. 

Figure 9. NPV analysis of configuration 2 plant in the Baseline Scenario with six case variants. 
Required rate of return for the investment is 10 %. In the base level the heat sales is 2,500 
h/a and it is sold at the default heat price. 

The main results are corresponding with the simplified static analysis: feed-
in tariff for the electricity combined with heat premium is the most profitable 
case during the 20 year timeframe considered. Even without heat premium the 
project would give slightly higher return for the investment than the desired 10 
%. 

With the other cases analyzed, the project would give lower return for the in-
vestment than the desired 10 %. However, with 30 % investment support the 
project would be close to the desired profitability. 

We also studied the required levels of different support mechanisms for the 
NPV of the plant to be zero (with 10 % RRR) after 20 years of operation: 

• Investment support 39.5 % equaling 45 M€. Alternatively, if the plant 
investment cost would be only 75.8 M€, it would be profitable with-
out support mechanisms. 

• Electricity production support (guarantee price) 80 €/MWh for the 
first 12 years. 
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• With 30 % investment support, electricity production support (guar-
antee price) of 60 €/MWh for the first 12 years. 

As a further sensitivity case, we analyze the project with a lower RRR, i.e. 
8 %. This might be relevant for institutional owners seeking steady, rather low-
risk investments in energy infrastructure (compared to electricity networks 
with annual return of 7–8 %). 

 

Figure 10. NPV analysis of configuration 2 plant in the Baseline Scenario with six case variants. 
Required rate of return for the investment is 8 %. In the base level the heat sales is 2,500 
h/a and it is sold at the default heat price. 

With the 8 % RRR, all cases would be clearly closer to the desired profitabil-
ity. The 30 % investment support would be practically sufficient for the re-
quired return. With the tax benefit assumption, which is the second closest 
case to turn out profitable, the project would generate 15 M€ less returns than 
desired during its lifetime. 

We have also used a higher RRR of 15 % to study the possibility of attracting 
private investors to participate in bio-SNG projects. 
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Figure 11. NPV analysis of configuration 2 plant in the Baseline Scenario with six case variants. 
Required rate of return for the investment is 15 %. In the base level the heat sales is 2,500 
h/a and it is sold at the default heat price. 

The plant turns out to be profitable only with the highest subsidies. These 
calculations indicate that for the private investors to participate in bio-SNG 
projects, the required subsidies are considerably high. This suggests that the 
energy companies and institutional investors could be more probable types of 
investors to take part in these kinds of projects. 

5.5 Ownership 

The ownership of the studied bio-SNG plant is not the main subject in this 
study, as the plant studied in this report is assumed to be operational in 2020. 
Given this scope, the ownership analysis presented here is purely theoretical. 
The results of which these conclusions are based on are presented in the pre-
ceding chapter. 

In this report we used NPV analysis to study, which types of investors might 
be interested in participating in a bio-SNG project. We conducted NPV calcu-
lations of Case 2 plant configuration using the Baseline Scenario with required 
rate of returns of 8 %, 10 % and 15 %. We used the 10 % RRR as a default case 
and 8 % and 15 % RRR cases to study preferences of institutional and private 
investors respectively. 

We found out that in order for private investors to participate in these kinds 
of projects, the support mechanisms will have to be rather high. From this we 
conclude that with support mechanisms enacted today, the most probable in-
vestors could be energy companies themselves as well as institutional inves-
tors. 
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In large scale, the logistic properties of gas are superior compared to other 
fuels. Already, the fuel transport sets limits on the energy production options 
of some major cities. Due to this, the bio-SNG plant could turn out to be even 
more desirable investment for an energy company operating in a larger city. 

5.6 Indirect benefits 

In addition to financial benefits, the bio-SNG technology offers also other, in-
direct, benefits compared to existing natural gas system. We have already rec-
ognized and listed these benefits in Chapter 5.2 SWOT analysis of a bio-SNG 
plant. These include regional development, employment growth, energy secu-
rity and energy independence, gaining valuable technological expertise, and 
depending on what fuel the bio-SNG replaces ears, improving air quality. 
Companies in bio-SNG business can also gain marketing benefit by identifying 
themselves as more sustainable and responsible. 

The indirect benefits of the particular plant studied in this report have not 
been studied in detail. However, we can examine the indirect effects of already 
built plants or of those that are currently planned. The Finnish Innovation 
Fund Sitra has also funded a study, Economics analysis of energy investments, 
on the subject (Karttunen et al., 2013). The estimated indirect benefits of 
planned energy plants are also often published. Based on these, the following 
presents briefly three reference cases. 

Vaskiluodon Voima power company has built a 140 MW biomass gasifier in 
Vaskiluoto, Finland. The plant began operating in 2013. It can gasify 100 % 
wood or peat, or a mixture of these. The investment costs were 36 M€ and the 
impact on employment during the time of construction was 300 person-years 
with domestic factor of 90 %. It is estimated that the plant will bring 15–16,5 
M€ income to the region through the fuel procurement. The annual employ-
ment effect is estimated to be 90–130 person-years during the operation of the 
plant. 10 of these comes directly from the gasification plant and the rest from 
the fuel supply chain. (Karttunen et al., 2013) 

Kuopion Energia power company has built a 162 MW multi fuel power plant 
in Haapaniemi, Finland. The plant can use woody biomass or coal up to 70 % 
and peat up to 100 % of the fuel. It is a CHP plant that produces maximum of 
46 MW electricity and 80 MW heat. The investment was 115 M€ with 130 per-
son-years and domestic factor of 70 %. If the plant uses woody biomass in-
stead of coal, the municipality and the operators in the biomass supply chain 
benefit nearly 7 M€ annually. (Karttunen et al., 2013) 

Gasum, Helsingin Energia and Metsä Fibre companies are planning a 200 
MW woody biomass gasifier to Joutseno, Finland. The produced gas would be 
transferred to the natural gas network and used in, for example, Vuosaari 
power plant in Helsinki. If the project advances as planned, the plant could be 
operational between 2017 and 2020. The estimated construction time is 1,5 
years. During this time it would employ 500 persons. In the operating phase, 
the plant would employ 30–40 persons directly and, through the biomass 
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supply chain, indirectly 260–270 persons more. (Gasum Oy, Helsingin Ener-
gia & Metsä Fibre Oy, 2013) 

From these examples, we can conclude that the indirect benefits, both in 
terms of employment and the economics, from power plants using domestic 
biomass are significant. The employing effect of producing and transporting 
wood chips is over three times the employing effect of using coal instead (di-
rect employment impact of biomass procurement and transportation is 0.14–
0.17 person-years per GWh) (Karttunen et al., 2013). The plant configurations 
studied in this report (fuel power of 100 MW) will procure biomass worth of 
approximately 14 M€ each year with the presented price predictions. Thus, 
instead of looking only from the economics point of view, it is relevant to con-
sider the effects of constructing a biomass power plant from a wider perspec-
tive – especially if the investor is, for example, a municipal power company. 
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6. Discussion and conclusions 

This study indicates that indirect gasification technology could be a feasible 
renewable energy technology also in Finland for end use in energy production 
replacing fossil natural gas and in transportation fuel use in Sweden.  

In all countries, there are usually support mechanisms for new technologies 
to facilitate the development and uptake of new technology. In Finland, em-
phasis has for a long time been on investment support for new technology 
demonstrations and public financing of technology R&D via Tekes, the Finnish 
Funding Agency for Technology and Innovation and other public organiza-
tions. More recently, Finland has introduced also feed-in tariffs for wind pow-
er, electricity production from biogas and woody biomass gasifiers replacing 
coal in energy production. These are all specified for a rather limited time, i.e. 
12 years, and the underlying assumption is that after this period, the technolo-
gies are mature for normal market-based diffusion. It is worth noting that in 
international comparison, the Finnish support periods are rather short, and 
yet, there has been strong interest in wind projects in Finland (8,900 MW un-
der planning as of August 2013, the tariff is granted up to 2,500 MW total ca-
pacity). 

Our calculations indicate that with similar initial support levels as is current-
ly in place for other renewables (e.g. wind, biogas), the plants could be operat-
ed profitably. The possibility of heat sales affects considerably the overall plant 
economy. In this study, the NPV calculations were made with quite cautious 
assumptions on heat sales (2,500 h/a with modest prices). If located optimal-
ly, heat sales could in reality generate more revenue than estimated in this 
work. 

Similar initial support to biomass gasification as to other renewable technol-
ogies can be justified by “level playing field” for all renewable technologies. In 
addition, bio-SNG technology carries other important advantages, such as use 
of domestic resources (residual wood biomass), rural employment and local 
economy, and the possibility to use existing power plants to the end of their 
technical lifetimes, simultaneously achieving ambitious renewable energy and 
CO2 reduction targets. The benefits are discussed in Chapter 5.2. 

 
General technology conclusions can be summarized as follows: 

• Bio-SNG can utilize the existing natural gas infrastructure and bring 
considerable logistical benefits, especially for end-use in energy pro-
duction in city areas. 



Discussion and conclusions 

68 

 
• All parts of the technology have been demonstrated at pre-

commercial scale, and interesting large-scale projects are appearing 
internationally, such as the GoBiGas project in Gothenburg. 

 
• Further technology R&D would be justified also from technology ex-

port point of view. With gradually tightening renewable energy poli-
cies and climate change mitigation targets, it is reasonable to expect 
that demand for this technology will increase in countries with good 
residual biomass availability and ambitious renewable energy and 
climate targets. 

 
• A key strength of fluidized-bed gasification technologies is wide feed-

stock base and ability to use residual biomass grades. 
 

• Local employment effects and thus benefits for the regional economy 
can be very substantial, as discussed in Chapter 5.4. 

 
• In general, energy policy measures should be consistent and provide 

a long-term stable framework, as most investments in the energy sec-
tor are large and long lasting. This is a general prerequisite for suc-
cessful climate policy, where the investments in low-carbon technol-
ogy are expected from market actors. 

 
Conclusions concerning economic and business aspects from this study are: 

• This study indicates that indirect gasification technology could be a 
feasible renewable energy technology also in Finland for end use in 
energy production replacing fossil natural gas. 

 
• For future market-based spreading of this technology, the learning 

rates required for profitability are similar to other main renewable 
energy technologies in Finnish circumstances. For initial demonstra-
tion and uptake, similar support levels as for wind power and biogas 
would be sufficient. A certain degree of technology-neutrality would 
be justified also from an effective emissions reductions point of view. 

 
• Benefits for regional economy are wider than what was analyzed in 

the viewpoint of this study, i.e. business outlook from the investor’s 
point of view. Recent work in Finland by e.g. (Karttunen et al., 2013) 
has analyzed these benefits. Especially if local communities or re-
gions were partners in this kind of technology investments, regional 
benefits should be quantified and given weight. 

 
• A key strength for SNG technology also from the business point of 

view relates to logistics of energy production. Bio-SNG is large-scale 
technology for producing high-quality renewable fuel from low-grade, 
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residual biomasses. The plants can be located in areas close to feed-
stocks, and the product can be transported in existing natural gas 
pipelines to large energy consumption centers. Especially in large cit-
ies the logistical advantage is very significant compared to e.g. solid 
biomass truck transportation and combustion. 

 
• End-use for bio-SNG in the energy sector takes place in combined-

cycle gas turbines (CCGT), which have a high overall efficiency and 
higher electricity to heat ratio than alternative technology of co-firing 
solid biomass in coal-fired boilers. With bio-SNG, existing CCGT 
power plants can be used to the end of their technical lifetime even 
with ambitious targets on the share of renewable fuels.  

 
• The indirect SNG technology studied in this work is capital-intensive, 

and the main cost components are capital and feedstock costs. Addi-
tional electricity purchase as in plant configurations 2 and 3, in turn, 
is only a minor part of plant costs, and a configuration with CHP 
(configurations 2 and 3) seems more profitable than the condensing 
cycle (configuration 1). 

 
• For transportation use in Sweden, the Nth plant, as assumed in this 

study, would be profitable without additional support mechanisms, 
assuming similar energy price levels as today. This is mainly due to 
the high price level of transportation gas in Sweden, compared to the 
Finnish natural gas prices. However, it should be remembered that 
initial support will be needed in order to reach the assumed maturity 
of the technology. 

 
• For use in transportation, the gas end-user would not have direct 

monetary benefit from the avoided CO2 emissions, as in the case of 
end-use in power and heat generation, which belongs to the EU ETS. 
However, the plant location Sweden might be advantageous also from 
the point of view of CO2 storage, as Southern Sweden is significantly 
closer to possible storage sites than Finland. This could mean consid-
erably lower transportation costs for the captured CO2. 

 
• The role of heat sales for the plant economy was estimated quite cau-

tiously in this study. In practice, with optimal plant location, there 
could be heat demand for more than 2,500 full load hours per year, 
and if the heat provided can substitute new, expensive production in-
vestments and/or e.g. oil heating in peak boilers, also the price could 
be higher than assumed here. 

 
• The good economic feasibility of the CHP configuration and related 

heat sales also means that in possible future technology export, the 
most interesting locations would be those, where there is either in-
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dustrial heat demand or a nearby community with existing district 
heat and/or cooling network and need for more heat, in addition to 
natural gas transportation infrastructure. 
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