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50 MW biomass feedstock – direct provision
500 MW biomass feedstock – direct provision
500 MW biomass feedstock – pyrolysis (P)
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acidification potential
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entrained flow gasification of black liquor for DME-production
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black liquor gasification
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cumulative energy demand
centralized entrained flow gasification for diesel synthesis
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diesel synthesis (CUTEC)
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exponential description of figures. The information 1.2E-2 has to
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country code for Europe
renewable energy sources
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scenario 2: Self-sufficient bio-fuel production ‘2020
selective catalytic reduction
synthetic natural gas
starting Point
sub-project in RENEW. SP5 deals with the assessment of different
BtL-fuel production processes
short rotation coppice chips
short rotation wood
situation for 2000-2004 (base case)
straw bales
switch grass
tonnes oil equivalent with 42.6 MJ/kg
three way catalyst
Union pour la Coordination du Transport de l'Electricité
wood bundles
wood chips
whole cereal crop bales
World Trade Organisation
well-to-tank
well-to-wheel
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Glossary
Agricultural residues

biomass residues originating from production, harvesting, and
processing in agriculture areas
Energy crops
woody or herbaceous crops grown specifically for their fuel value
Felling
cutting down of a whole tree
Final felling
felling which aims at felling of all trees from the mature stand
Logging residues
woody biomass residues which are created during harvest of
merchantable timber (e.g. contains trees tops and branches incl.
leaves and needles)
Net annual increment
the average annual volume over the reference period of gross
increment less natural losses
Root and stumps
underground mass of wood e.g. stump of tree and roots spread
around and left after the tree is felled in forest
Straw
stalk of crops such as wheat, rye, barley, oats, maize, rape, rice
Thinning
early pre-commercial and commercial thinning operations in young
stands; goal of thinning operation is the improvement of species
structure of stands and to improve the quality of trees (usually
small-size diameter <10-15 cm trees are cut during thinning)
Thinning wood
woody biomass residues originating from thinning operations
(usually young trees with low diameter of stems <10-15 cm)
Wood balance
illustrates unutilized increment that could be used for industrial
purposes, for energy production, or left in the forests as it is the
difference between net annual increment and felling
Wood industry by- woody biomass residues originating from wood processing as well
products
as the pulp and paper industry
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Preface by the coordinator
of the RENEW project

Dr. -Ing. Frank Seyfried
In 2002 the first ideas for the RENEW project emerged. At that time discussions came up
questioning the sustainability and efficiency of first generation biofuels. Ever since then the
introduction of biofuels for transport has gained increasing attention, not only, but also due to
the activities of the RENEW project.
A biofuel directive (2003/30/EC) was put in force by the European Commission in 2003,
setting binding targets for the use of biofuels in the member states. A technology platform on
biofuels was initiated and organized with the decisive support and participation of partners
from the RENEW project, including the publication of the vision paper providing even higher
targets for biofuels in 2030 and the development of a strategic research agenda introduced to
the public on 31 January 2008 in Brussels.
Finally in January 2008 the European Commission proposed a new Renewable Energy
Directive. EU Member States will be given a new and binding target, to be met by 2020, to
replace 10% of their transport fuels with biofuels. In contrast to the previous Directive
(2003/30/EC), the proposed directive sets minimum criteria for the sustainability of biofuels:
among them the minimum requirement of 35% greenhouse gas emission reduction, and
defined land with high biodiversity value, such as natural forests and protected areas, being
unsuitable for the production of raw materials for biofuels. Biofuels that do not meet these
criteria will not be counted towards the national target and/or requirement for biofuels, and
also ineligible for financial support schemes.
Not only must greenhouse gas emissions meet minimum criteria, preconditions have also
been proposed for the type of land on which biomass may be cultivated. These sustainability
criteria will apply to biofuels for transport as well as bioliquids in heating or electricity
generation. In this respect the objectives of the project have already been met and the further
exploitation of the results of the RENEW project will even accelerate the introduction of more
sustainable biofuels in the future
Within the RENEW project different production processes for 2nd generation biofuels were
investigated and compared. RENEW showed the potential for biofuel production in Europe
and evaluated most suitable technologies and costs for the production of synthetic biofuel.
The overall target of the RENEW project is to give clear recommendations for political and
financial stakeholders as a basis for decisions in the field of synthetic biofuels.
This final technical RENEW report summarizes the results of the project. Its structure is
according to the assessment approach chosen, however it includes also the results of the
technical subproject work supplied for the assessment. Of course, more detailed information
is available in the subproject reports, the public deliverables and the publications by
individual partners.
As the coordinator of the project I would like to thank all partners for their valuable
contributions, the European Commission for their financial support, and the Scientific officers
Erich Nägele and Phillipe Schild for their assistance and support.
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Executive summary
The Integrated European Project “Renewable Fuels for Advanced Powertrains (RENEW)”
has brought together 32 European partners, among them automotive manufacturers, mineral
oil industry, plant developers and R&D institutes to cooperate in a four year project to
develop/improve several production routes for renewable biomass-to-liquid (BTL) fuels and
to undertake a technical, economic and environmental assessment. The whole chain from
biomass potential assessment up to fuel application in today’s and future combustion engines
has been investigated. The common interface was a synthesis gas (H2+CO) which was
produced from ligno-cellulosic biomass (wood, straw, energy plants and black liquor) via
gasification. Fischer-Tropsch-diesel, HCCI-fuel and Ethanol have been synthesised. Engine
tests proved the suitability and sustainability of BTL FT-diesel, naphtha and DME as motor
fuels.
All RENEW fuels showed considerably improved emission behaviour. This is particularly
pronounced and important for FT-diesel and DME. They exhibit less or equal fuel
consumption than conventional fuels when compared on an energy base. Together with future
engine concepts the improved combustion process can also lead to better efficiency and thus
reduced fuel consumption. A first fuel specification has been derived.
Investigations into the biomass potential in EU-25 revealed: in 2005 the biomass potential
available for the production of biofuels without affecting that of food, fodder and fibre
production was approximately 4 EJ, or 95 million tons oil equivalent (MtOE) per year. In 2020
the potential will be between 4.7 EJ/a (112 MtOE) and 7.2 EJ/a (172 MtOE). The RENEW
approach was to show the energy density (bioenergy potential divided by land surface) on a
resolution of NUTS 2 provinces. The total straw energy in provinces of the highest category
amounts to 380 PJ. In Europe’s most promising provinces, technically sufficient residue
biomass is available today to build around 50 industrial size BtL plants and substitute up to
4 % of the European diesel fuel demand in 2020. Among the regions with highest biomass
density for the first industrial scale BtL plants, central France, East Germany and West Poland
would be the most favourable choice. Concepts for integration into existing pulp and paper
mills (some 65 in Europe) requiring less additional biomass are interesting for the countries
Sweden, Finland, Spain, Portugal and France.
Today, costs for the short rotation coppice willow are in the range of 4.3 to 5.8 €/GJ,
depending on the region. For comparison, costs for straw and forest residues are between
2.4 €/GJ and 5 €/GJ. For the future, it can be expected that biomass costs will equalize
throughout Europe and drop to about 3.5 to 4 €/GJ free plant gate. This conforms to the
present biomass price in Sweden and Finland, which both have a well developed industrial
system of biomass sourcing and utilisation. A further increase in the number of suitable
locations for BtL production is thus expected by 2020.
The production pathways for FT-BtL and DME have been investigated from an
environmental point of view by means of a WtT-Life-Cycle Assessment (LCA) pursuant to
ISO 14040/44, including an independent external review. The WtT LCA included the
production of biomass, transport to the production plant, self-sufficient conversion processes
and fuel distribution to the filling station. The environmental profile of self-sufficient BtL
production concepts is dominated by the biomass production and subsequent processes, such
as fertilizer production.
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A multicriteria assessment of six different BtL concepts and strategies for the production of
synthetic Diesel, DME and Ethanol was used to identify advantages and drawbacks like the
efficiency of the fuel production and the maturity of the concept. Among the production
routes studied, the most efficient, mature and ecological were concepts of Choren (cEF-D) for
FT-Diesel and the BLEF-DME concept of Chemrec for the production of DME.
Demonstration on a pre-commercial scale of the most advanced BtL concepts (Black-liquor
based DME production, centralized FT-diesel production via entrained flow gasification) is of
utmost importance. These two most advanced concepts are ready for a demonstration on the
scale of 15 000 t/year.
Today FT-Diesel could be produced from available biomass for costs of 0.86 €/lDE and with
short rotation crops 0.8 €/lDE could be possible by 2020. DME via black liquor gasification
could be produced today and in the future for 0.50 €/lDE as co-product of a pulp mill.
However, this depends on the development of costs for plant construction, interest rates and
biomass feedstock.

14
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1.

Introduction and Objectives

Mobility in the future will need to address a number of challenges. One of the key challenges
for future decades is securing supply of affordable fuels while at the same time reducing
effects on the environment. This includes:
•

Decreased dependency on fossil fuels

•

Increased efficiency of powertrains

•

Reduced negative effects on environment especially emissions of GHG

In general biofuels – fuels produced from agro-feedstocks, agro-waste, forestry and residues –
can make a significant contribution in this context. However, due to the limited capacity of
suitable land available for feedstock production an optimum efficiency of the biofuel
production chain is of outmost importance. Distortions of food markets and competition with
the food and feed supply chain must be avoided, not only in order to achieve a social
compatibility, but a social acceptance in society.
In this respect liquid biofuels of the first generation produced from oilseeds, corn or wheat
have disadvantages in terms of overall efficiency and overall capacity, and they yield a
relatively small contribution to GHG savings. Gaseous biofuels of the first generation like
biogas presently do not play any role as transportation fuels, and are not expected to play a
major role in the future.
Future biofuels have to be sustainable in terms of their technical, economic, environmental
and social properties in order to play an important role in transportation.
In the year 2002 biofuels of the 2nd generation came into the public discussion; however little
was known at that time on the production chains, quality of the fuels, maturity of
technologies, environmental, technical and economic effects. These were the prompts for the
RENEW project to come up with a programme concentrating on liquid biofuels of the 2nd
generation with regard to optimisation of production, suitability and test of fuels, together
with a broad assessment of biomass potential and production pathway properties.
In 2003 a European consortium led by Volkswagen AG joined forces for the development,
research and comparative assessment of pathways from biomass to different motor vehicle
fuels with a single common intermediate product: synthesis gas. The conversion of lignocellulosic biomass (wood, straw and energy plants) via gasification into a synthesis gas offers
a variety of opportunities for the production of fuel for transport means.
Major car manufacturers, fuel producers, engineering companies and plant construction
companies cooperated with research and development institutes in a four-year project to
undertake a technical, economic and environmental assessment of production routes of
renewable fuels made by gasification of biomass.
The main objectives of the RENEW project were the provision of the scientific and
technological basis for the transition to sustainable and environmentally friendly road
transport based on renewable fuels.
•

to investigate and develop a broad spectrum of pathways for the production of fuels for
transport means
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•

to make the necessary technologies for production, distribution and use of renewable
fuels available at pilot scale and to provide the scientific and technological basis for
market decisions

•

to assess, optimise and compare the respective processes in detail with regard to largescale implementation and related socio-economic effects at EU level and to draw
strategic conclusions for mastering an early transition into an affordable and sustainable
transportation system

•

to assess the energy chains, the costs and emissions of CO2 and GHG by well to tank
LCA analysis and to provide the basis for achieving a cost target of 0.7 €/litre diesel
equivalent within the subsequent demonstration phase of the best selected technologies.

Based on an understanding among relevant players in industry, SME, agriculture, research,
etc., RENEW had the vision to develop commonly agreed strategic recommendations
concerning the technological and market potential of different fuels and their production
technologies.

Wood

Straw

Biomass
Biomass
Bio-slurry

Black Liquor

Gasification
Gasification
|
Fluidized Bed

Entrained Flow

Synthesis Gas: CO + H2
Fuel Generation

Fuel Generation
Fixed Bed Reactor
| Slurry-reactor
FT-Diesel

HCCI-fuel

DME

Life Cycle Assessment

The fuel pathways shown in Figure 1 were rated through Life Cycle Assessment (LCA),
economic and technical assessment. The main focus was on biomass gasification issues
related to the subsequent gas cleaning/ treatment. Work was concluded to determine suitable
gas compositions and required purity levels of the synthesis gas with regard to synthesis of
premium fuels. Apart from marketable bio-fuels, for which innovative production paths were
explored, a new type of synthetic fuel, biomass-to-liquid (BTL) was produced at pilot level
through Fischer-Tropsch (FT) synthesis. The latter was submitted to tests both in current and
in new internal combustion engines.

Ethanol

Figure 1: Pathways for the production of BtL fuels

Activities of this project concentrated on the BtL pathway itself to make reliable knowledge
for BtL fuels produced through gasification of ligno-cellulosic biomass available to accordant
stakeholders in the EU. The final outcome should enable a more profound assessment of the
impact of future road transport at environmental, economic and social level. Less effort was
spent on comparing BtL pathways to other options.
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Of the six subprojects (SP), four were dedicated to the production, optimisation and testing of
Fischer-Tropsch fuels, DME and ethanol via the thermochemical pathway. Subproject five
was devoted to biofuel assessment and Subproject six to the dissemination of results.

Renewable fuels for Advanced Powertrains RENEW
IP coordination

Coordinating Committee

• administration
• daily management
• finances

chairman: coordinator IP
member: subproject leader and industrial key partners

Subproject 1

Subproject 2

Subproject 3

Subproject 4

Product optimisation
of BTL-production
• modified synthetic

Process optimisation
of BTL-production
• process comparison

Black Liquor to
DME/methanol

Optimisation of
Bioethanol production

tailored
• early engine tests,
fuel sepecification
• process optimisation
with non woody
biomass

and optimisation
• mid term fuel
production
• optimisation of
FT-catalysts
• exergetic analysis

• planning of a
demo-plant (45 MW)
• process assessment
• cost assessment

• data implementation
for fermentation
to ethanol
• catalytic conversion
of syngas to ethanol

Subproject 5
Biofuel Assessment
• biomass potential
• live-cycle assessment

• socio economical impact
• suitability for IC engines

• comparative production
assessment

• commonly agreed recommendations
• thermo chemical gaseous fuels production

Subproject 6
Training
• 2 summer schools
• renew film

Figure 2: Structure of the project

The content of this publication is based mainly on the results of subproject 5 “Biofuel
Assessment”, which is however based on the information supplied by all other technical
subprojects.
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2.

Feedstock and Biomass potential

2.1

Biomass for BtL production

Biomass is evolving to become a desirable energy carrier in Europe addressing climate
change and energy security. The transportation sector, including future BtL fuel production,
has a considerable demand for biomass. However, the increasing demand shall not affect
existing biomass uses in agricultural and forestry sectors. The assessment of the biomass
potential in the RENEW project focuses on ligno-cellulosic biomass, which is a suitable
feedstock for BtL production technologies.
Three main biomass resource groups were investigated:
•

Forestry wood residues, including: (i) forestry residues (logging residues from final
felling, thinning wood from pre-commercial thinning, root biomass and the potential from
wood balance) and (ii) wood industry by-products (by-products from sawmills, pulp and
paper industry, board industry and other wood processing branches).

•

Agricultural crop residues, including cereal straw and residues from oilseeds and maize
for grain.

•

Crops dedicated to bioenergy production (energy crops): woody and herbaceous crops,
including willow, poplar, miscanthus and triticale as well as eucalyptus and switch grass
relevant in southern countries.

In the RENEW project the estimated potentials represents ligno-cellulosic solid biomass,
which could be available for bioenergy purposes without affecting food, fodder and fibre
production. The assessment has been performed in order to select the most promising regions
for BtL fuel production in Europe. However, the demand for biomass and competition
between fuel, heat and electricity production within the bioenergy sector was not investigated.

The assessment covers the EU27 countries plus Switzerland, excluding Malta and Cyprus.
The RENEW scenarios Starting Point and two scenarios for the year 2020, were taken into
account. The results are available at NUTS-2 regional level for agriculture biomass and at
national level for forestry biomass. The distribution of the potential biomass supply in Europe
is presented in cartograms.

RENEW final report - Feedstock and Biomass potential

19

2.2

Methodology

A resource focusing approach has been applied, resulting in the Theoretical Biomass Potential
of which the Technical Available Potential was calculated by subtraction of biomass needed
for food, fodder and fibre production. Pan-European databases were used as reliable and
consistent data sources for the calculations, namely databases of EUROSTAT, FAO, FADN 1 ,
TBFRA 2 as well as spatial data of ESDB 3 , Corine LC 4 , TERRASTAT 5 .
The assessment covers the RENEW scenarios:
•

Starting Point (SP), reflecting the current situation and estimates the average biomass
potential for the years 2000-2004.

•

Scenario S1, reflecting maximal available biomass production based on maximal yield
from land unit and

•

Scenario S2, representing the biomass production with minimal negative impact; the
production sustainability is emphasized.

S1 and S2 are projected for 2020 when commercial BtL plants will be operating in Europe.
In the Starting Point the average statistical data for 2000-2004 compensate the annual
fluctuations. For scenarios S1 and S2 general forecasts and future mid-term trends for year
2020 were applied. Regional specific factors were evaluated by project partners. The frame
conditions for biomass resources potential development in each scenario are presented in
Table 1.
The biomass potential was calculated in tons of dry matter (DM) or as received (AR), and
then another calculation was made following lower heating value (LHV) to perform energy
units: cereal straw 13.1 GJ/t AR, willow and other SRC 18.8 GJ/t DM, miscanthus and other
perennial grasses 18.4 GJ/t DM, forestry wood 8.0 GJ/t AR.

1

FADN Farm Accountancy Data Network
TBFRA Temperate and Boreal Forest Resource Assessment (conducted by UN/RCE and FAO)
3
ESDB European Soil Database, European Soil Bureau, Join Research Centre, Ispra, Italy
4
Corine LC European Land Cover database prepared by European Environmental Agency (EEA),Coordination
of Information on the Environment
5 TERRASTAT Documentation of Global land resources GIS models and databases for poverty and food
insecurity mapping. Land and Water Digital Media Series. FAO, 2002
2
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Table 1: RENEW scenario assumptions regarding different biomass categories

Starting Point
Time frame
2000-2004
Availability of forest
residues based on
Forestry
current forestry
residues and
management
wood industry
conditions. Timber
by-products
supply for wood
industry not affected.

Scenario S1
2020

Scenario S2
2020

Increased rate of wood
final felling and more
intensive biomass
removal from forests.
Timber supply for wood
industry not affected.

Reduced intensity of
forest exploitation and
lower rate of residue
removal. Timber supply
for wood industry not
affected.

Crop residues

Availability of crop
residues based on
current crop
production and
residues
redistribution, e.g.
animal bedding, etc.

Estimation of future crop
production. Higher rate of
crop residue removal
from the field. Less straw
needed for animal
breeding.

Estimation of future crop
production. Lower rate
of residues removal from
the field. More straw is
used for animal
breeding (less intensive
animal production
system).

Energy crops

Current lignocellulose energy
crops cultivation
area in Europe plus
production potential
based on total fallow
land. Energy crop
yields of today.

Energy crops cultivation
on surplus land in Europe
after supplying food
demand plus land
available from exports
reduction. Intensive crop
production based on high
level of inputs.

Energy crops cultivation
on surplus land in
Europe after supplying
food demand. Crop
production with
minimal required level
of inputs.

Forestry biomass
The assessment of forestry residues and wood industry by-products potential was based on
areas covered by forest available for wood supply, net annual increment and current national
felling rates. Based on the total amount of residues and by-products (theoretical potential) that
can be produced in forestry and wood industry sector, the technical potential was estimated.
This refers to the biomass material which is available after fulfilling the forest environmental
requirements and subtracting proper amount of biomass used in competitive branches in wood
industry. The wood industry by-product use for energy purposes in the wood industry sector
was not included in the potential available for BtL fuels.
Agricultural residues
Total straw amounts were calculated from data on cereal cultivation and respective
straw/grain mass ratios. The ratios refer to the amount of straw which could be technically
harvested. The straw potential available for BtL fuels does not include straw used for animals,
soil related needs and other purposes, i.e. gardening. In each scenario the results show the
surplus straw that could be used without affecting fibre related needs.
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Energy crops
The energy crop production potential is based on a land allocation model and agro-climate
suitability analysis. The land allocation model estimates the available surplus agricultural land
and calculates energy crop production potential based on the available land and relevant
energy crops yields. The model operates on statistical data, defined input parameters and
allocation rules. The agro-climate and soil suitability analysis enables assignment of the
cultivation of an energy crop in a particular European region to one of four productivity
classes. A summary of the assumptions on energy crop cultivation area and yields for
RENEW scenarios is presented in Table 2, the work flow in
Figure 3.
Table 2: Summary of the assumptions on energy crop cultivation area and yields in RENEW scenarios

Scenarios
Land for energy crops
Starting Point Total fallow land of 2000-2004 plus current
ligno-cellulose energy crop plantation area
Scenario S1

Scenario S2

(i) Fallow land,
(ii) Land available as a result of on-going
agriculture intensification in the EU
(iii) Land equivalent of 30% of cereal and
meat export reduction
(i) Fallow land,
(ii) Land available as a result of on-going
agriculture intensification (reduced crop
yield increase tares compared to S1)

Scenarios

FORESTRY
RESIDUES

Reference
statistics

Starting Point
Scenario S1
Scenario S2

Starting Point
WOOD INDUSTRY
BY-PRODUCTS
Scenario S1
Scenario S2

Energy crop yields typical
for plantations under present
conditions
Energy crop yields increased
with regard to crop growing
and development of largescale plantations in the future
Energy crop yields reduced
by 30% compared to S1 with
regard to lower nitrogen
fertilization

Constraints and parameters

Results, including potential
normalised by land area

TBFRA

Exploitable forests
Technical and environmental restrictions
Demand for wood industry

Technical available
potential at country level

TBFRA

Wood sorts assignment in wood industry
branches
On site demand

Technical available
potential at country level

Technical available
potential at regional level

Starting Point
AGRICULTURAL
CROP RESIDUES Scenario S1
Scenario S2

EUROSTAT
FAO
NUTS-2

Food consumption change
Straw/grain mass ratio
Demand for straw in agriculture

Starting Point

EUROSTAT
FAO
FADN
NUST-2

Food demand
Land use pattern
Import/export balance
Productivity (yields) Agro-climate suitability

ENERGY CROPS
Scenario S1
Scenario S2

Methodology

Energy crop production
potential on available land
at regional level

Calculations
Verification
Overall assessment

Figure 3: Work flow and main elements of the biomass potential assessment approach within RENEW
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2.3

Results

Agriculture crop residues
Table 3 shows aggregated results for agriculture crop residues. The overall potential is
dominated by cereal straw and residues from maize. For future scenarios the total potential is
lower compared to SP, mainly due to the introduction of crop varieties with less straw. In
scenario S1, large-scale straw removal from the field gives higher straw potentials available
for bioenergy purposes as compared to scenario S2, in which environmental considerations
are prioritized, e.g. more crop residues left in the field.
Table 3: Aggregated agriculture crop residues potential for different scenarios, in PJ/year

Scenario
Cereal straw
Maize straw
Oilseed straw
TOTAL

SP
855
733
241
1 829

S1
703
644
217
1 564

S2
631
632
213
1 476

The crop residue potential is presented at country level in Figure 14. The largest potential can
be found in countries with high grain production. Only the amount of straw available after
supply of all relevant needs such as use for animal bedding and for the maintenance of soil
productivity was considered. Straw deficits are presented as potential equal to zero.
300
SP 497

250

S1 456
S2 438
SP

S1

S2

PJ/year

200
150
100
50
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Figure 4: Agricultural crop residues potential in European countries for different scenarios

The weight ratio of straw to grain and the rate of straw left on the field for soil fertility have
the strongest effect on the available straw potential. Other important factors are the future
population and food consumption changes affecting cereal production. The requirement of
straw for animal production turns out to be less important in most regions.
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Forestry residues and wood industry by-products
The aggregated potential of forestry residues and wood industry by-products is presented in
Table 4. Scenario S1, representing intensive forestry management schemes, has the highest
potential. In scenario S2, forest sustainability causes low residue removal rates from the stand,
thus the available biomass potential is lower compared to SP and S1. Thinning wood and the
potential of residues from wood balance dominate in each scenario. The potential of wood
industry by-products is considerably low. This is due to high rates of current by-product
utilization for material and energy purposes in the wood processing industry. The root and
stump potential was only calculated for Scandinavian and Alpine countries and is not
expected to be used in other regions of Europe.
Table 4: Aggregated potential of forestry residues and wood industry by-products for different in PJ/year

Biomass assortments
FORESTRY WOOD
- Logging residues
- Thinning wood
- Roots and stumps
- Wood balance
WOOD INDUSTRY BY-PRODUCTS
TOTAL

SP

S1
683

65
307
8
303

S2
788

91
409
3
285
51
734

769
52
379
5
333

68
856

57
826

The wood residues potential in different countries is shown in Figure 5. The largest potential
can be found in Sweden, Germany, France and Finland. However, the structure of the
potential (shown in Figure 6) is very different in each country. The potential of the wood
balance, which reflects the difference between net annual increment and actual wood
harvesting rates, is relatively large in Germany, France and Spain. In these countries the
current felling rates are at the level of 50-60% of annual forest net increment. In Scandinavian
countries, harvesting rates are much higher – which results in low wood balance. In Sweden
and Finland the total potential is dominated by thinning wood.
140
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PJ/year
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Figure 5: Potential of forest residues and wood industry by-products (cumulated) in European countries
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Figure 6: Structure of forestry residue potential at country level for scenario SP

The technical available potential of wood residues was calculated by subtracting an amount
due to environmental and technical restrictions and for utilization for material purposes in
wood industry from the theoretical potential. The ranges between theoretical and technical
potential in selected countries are presented in Figure 7. Most wood industry by-products are
used in the process cycle of the wood processing factory for heat and electricity production
and are thus not included in the technical potential. Only amounts of biomass available for
BtL production are shown. The most crucial factors for the assessment of the forestry wood
biomass potential are environmental restrictions as well as the share of logging residue and
thinning wood consumed by wood industry for material and energy purposes.
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Potential of forestry residues

Technical potential Theoretical potential

SE
PL
FI
FR
DE
-

100

200

300

Potential of wood industry by-products

400

500

Technical potential

PJ/year 600

Theoretical potential

SE
176

PL
FI
FR
DE
-

25

50

75

100

125

PJ/year 150

Figure 7: Theoretical and technical potential of forestry residues and wood industry by-products in
selected countries for Starting Point

Energy crops
The energy crop production potential and the corresponding land area are presented in Table 5
for different scenarios. There is a very dynamic increase in the available potential between SP
and S1. This fact is due to the assumed increase of area available for energy crop cultivation
as well as increased yields of energy crops.
Table 5: Energy crop production potential and land available for energy crops for different scenarios

Scenario
Energy crop potential
Available land
Share of the available land on total
agricultural land

Unit
PJ/year
1000 ha

SP
1 430
11 350

S1
4 790
23 510

S2
2 390
17 560

%

6.1

12.5

9.4

Land availability is the most crucial factor for the energy crops production. In SP, fallow land
is regarded as available for energy crop production, however, its quality was not investigated
in detail. Spain, with 3.3 M ha of fallow land is the leading country, next to Poland, Germany
and France, in which fallow land also covers considerably large area as shown in
Figure 8. In the future scenarios additional land would become available as a result of
agriculture productivity increase as well as the reduction in grain and meat exports (only in S1).
Countries of Central-East Europe have today less efficient agricultural systems and hence the
greatest opportunities due to the release of large areas by efficient food crop production. In
EU15 countries, which had this efficiency effect in the past, less land would become
available. In these countries energy crops might be grown on land released from grain
production and meat export reduction. In S1 an export reduction of 30 % is considered due to
the expected phasing out of export subsidies in the EU. France and Germany, the leading
grain exporters in the EU, would then have large land areas available. In Ireland 10 % of
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permanent grassland would become available for energy crop production due to beef export
reduction. The United Kingdom is the only country where increased food consumption
compensates the increased agriculture productivity.
Scenario S2 shows much less land availability for energy crops compared to S1 due to less
intensive cultivation (lower rates of future agricultural crop yields increase) and no land being
available from food exports reduction.
3000

SP 3320

S1 4325
S2 3625

S1 4129
S2 3197

SP

S1

S2

2500

1000 ha

2000
1500
1000
500
0
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Figure 8: Land available for energy crop in European countries for different scenarios

The available land may be used for the cultivation of different energy crops. Perennial crops
represent significant opportunities for productivity increases in the future, with special focus
on miscanthus, which has a very good yield. Energy crop yields relevant for the assessment
are presented in Table 8.
These are yields typical for commercial plantations defined for three different soil qualities.
Yields are given for the woody crops willow and poplar and the perennials grass miscanthus.
Due to the climate, eucalyptus and switch grass are grown in southern countries and reed
canary grass in northern countries, respectively. Yields typical for poor soils were applied for
fallow land, while the yields on average soils were assigned to areas released from food crop
cultivation. Yields on good soils were not used in the model because these might be primarily
used for food production.
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Table 6: Perennial energy crops yields in tons dry mass per hectare and year of commercial plantations
for Starting Point and the 2020 scenarios for three classes of soil quality

Scenario
SP
Soil quality
poor
average
Western countries
Woody crop
10.0
10.0
Grasses
8.0
16.0
Eastern countries
Woody crop
7.0
9.0
Grasses
9.0
11.0
Northern countries
Woody crop
7.5
9.0
Grasses
6.0
7.5
Alpine countries
Woody crop
10.0
10.0
Grasses
8.0
11.0
United Kingdom and Ireland
Woody crop
11.0
13.0
Grasses
15.0
18.0
Southern countries*
Woody crop
5.6
7.0
Grasses
7.1
8.9

good

S1
poor

good

S2
poor

average

average

good

12.0
25.0

14.0
12.8

14.0
25.5

16.8
40.0

9.8
9.0

9.8
17.9

11.8
28.0

12.5
17.0

9.8
14.4

12.6
17.6

17.5
27.2

6.8
10.1

8.8
12.3

12.3
19.0

11.0
10.0

10.5
8.5

12.5
10.5

15.5
14.0

7.4
5.9

8.8
7.4

10.8
9.8

12.0
16.0

11.2
12.8

14.0
17.6

16.8
25.6

7.8
9.0

9.8
12.3

11.8
17.9

14.0
20.0

15.4
24.0

18.2
28.8

19.6
31.2

10.8
16.8

12.7
20.2

13.7
21.8

8.4
10.7

7.8
10.0

9.8
12.4

11.8
14.9

5.5
7.0

6.9
8.7

8.2
10.0

* for Southern countries for some selected NUTS-2 regions with very unfavourable agro-climatic conditions the energy crop yields were
even reduced compared to those presented in the table

The energy crop production potential is presented in Figure 9. Countries with large areas of
agriculture land have the highest potentials. Spain together with Poland and France contribute
to half of the potential estimated for the Starting Point. In the future scenarios also Romania,
Germany, Bulgaria and Hungary contribute significantly.
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Figure 9: Energy crop potential in European countries for different scenarios

28

RENEW final report - Feedstock and Biomass potential

With regard to different agro-climatic and soil conditions in Europe, energy crop suitability
maps were prepared as an additional element of the potential assessment (Figure 10). A set of
site conditions, i.e. soil water regime, length of growing period, altitude above sea level, etc.,
were evaluated with regard to the requirements of the selected energy crops species and
grouped to four suitability classes: not suitable, poor, average, and good.

Willow

Miscanthus

Poplar

Figure 10: Suitability maps for willow, poplar and miscanthus
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Total biomass potential
The total available biomass potential for each scenario is presented in Table 7; see also
references 1 2 . The majority comes from agriculture biomass. The share of energy crops
dominates and its contribution increases over time to 69% in scenario S1. However, the
absolute amount of residues from agriculture and forestry remains more or less stable over
time.
Table 7: Biomass potential aggregated for different biomass types and Europe in different scenarios, in
PJ/year

Scenario
Energy crops
Agriculture crop residues
Forestry and wood industry residues
TOTAL

SP
1 433
1 829
733
3 995

S1
4 788
1 565
856
7 209

S2
2 393
1 476
826
4 695

Figure 11 and Figure 12 show the composition of the total potential. In all scenarios, France
has the largest potential mainly due to its large territory. Spain, Germany, Poland, Italy,
Romania and Bulgaria also have significant biomass potentials mostly from agriculture. In
Sweden and Finland forestry biomass plays the most important role in all presented scenarios.
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Forestry+industry wood
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Figure 11: Structure of biomass potential on country level for SP
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Figure 12: Structure of biomass potential on country level for S1 and S2
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2.4

Regions of the highest potential

The geographic distribution of biomass potential at NUTS-2 level for energy crops and
agriculture crop residues is presented in Figure 14. Here, the estimated potential [GJ/a] is
normalized by total land area [ha] resulting in a bioenergy density [GJ/ha*a].

Energy crops SP

Agricultural residues SP

[GJ/ha*a]

[GJ/ha*a]

Energy crops S1

Agricultural residues S1

[GJ/ha*a]

[GJ/ha*a]

Energy crops S2

Agricultural residues S2

[GJ/ha*a]

[GJ/ha*a]

Figure 13: Area specific biomass potential of energy crops and agricultural residues.

In Starting Point, most of the regions have an area specific potential for energy crops at the
level of 3-5 and 6-10 GJ/ha. Regions with a density over 11 GJ/ha are found in Portugal,
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Spain, Greece, Poland and Bulgaria, related to a high share of fallow land in these countries.
For agricultural residues the highest potential per land unit is considerably higher, with up to
32 GJ/ha, and found in regions characterized by intensive cereal production. These are located
in France, northern Italy, Hungary, south-eastern Romania and some smaller regions in other
countries. Neither distribution nor level change much between SP and future scenarios.
The distribution of the energy crop production potential across Europe changes significantly
from the Starting Point to the scenarios S1 and S2. Today, energy crops may be grown on
fallow land. In future the agricultural system of Central-East Europe will intensify and thus
release land for energy crop production. In S1 the high densities in France and Germany are
mainly due to the reduction of cereal exports and conversion of the corresponding fields to
energy crop plantations. In S1 the most favourable provinces are located in Hungary,
Romania, Bulgaria and Poland and area specific potentials of up to 48 GJ/ha*a may be
reached. In scenario S2 the density is considerably lower, which is due to lower land
availability and lower energy crop yields compared to S1.
The area specific potential for energy crops and agriculture residues are aggregated in Figure
14 for SP to allow the selection of the most favourable provinces for the first BtL plants.
Forestry residues and wood industry by-products are not included in this figure due to the
national basis of data. However, as the current energetic biomass utilization has not been
assessed, only the biomass availability is shown.

Figure 14: Regional specific potential aggregated for crop residues and energy crops in GJ/ha*a for SP
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In the Starting Point scenario there are six regions in Europe characterized by high area
specific potentials ranging from 16 to 39 GJ/ha*a. The respective NUTS-2 provinces are
hatched in Figure 14 and form the regions:
•

Western Poland, central and north-eastern Germany

•

Denmark

•

North-eastern, central and south-western France

•

Northern Italy

•

Central and southern Hungary

•

Northern Bulgaria

In western Poland and eastern Germany surplus straw from cereal cultivation may be
complemented with plantations of perennial crops at the beginning on fallow land. In future,
energy crop cultivation on fields released due to increased efficiency will boost the potential
density. The other regions offer today primarily cereal straw as a feedstock, and in future the
contribution of energy crops will increase. The region of southern Portugal is very rich in
large areas of fallow land that could be used for energy crops. However, the arid climate of
southern Europe would require development of special crops suitable for such agro-climatic
conditions.
The Figure 14 does not include forestry potentials, thus regions rich in forestry biomass are
not marked there. Hence, first BtL plants may be suitable also in countries with a large
forestry industry, e.g. in Sweden or Finland, although marked not suitable in Figure 14 due to
the low potential in energy crops and agricultural residues. However, if the efficient and well
established forestry management systems of Sweden and Finland are practised also in other
forested regions of Europe, considerable additional amounts of forestry residues will be
available.
2.5

Comparison with previous studies

Biomass potentials were investigated in several previous studies. Five pan-European studies
were used to benchmark the RENEW biomass assessment methodology and evaluate the
results. Respective studies with scope-and-resource focusing approach were used for
comparison and shown in Table 8. The studies differ in terms of the biomass resources
analyzed, time horizon, methodological approach, etc.
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Table 8: Biomass assessment potentials according to RENEW and other studies, aggregated results
relevant for EU27, in EJ/year

Study and time
Energy crops
scope
RENEW
2000
1.43
2020
2.39-4.76
3
EEA (2006)
2010
1.97
2020
4.01
2030
5.96
4
Thrän et al. (2005)
2000
0.68-1.15
2010
1.05-3.34
2020
2.55-7.63
Ericsson and Nilsson (2006) 5
2000
1.81
2020-2040
5.20-6.20
>2040
15.00-18.10
6
LOT 5 (2003)
2000
Karjalainen at al. (2005) 7
2000
-

Agriculture crop Forestry and wood
TOTAL
residues (solid) industry residues
1.83
1.48-1.57

0.72
0.82-0.84

3.98
4.76-7.17

-

1.77
1.64
1.62

3.74
5.64
7.58

0.78
0.78
0.73

0.44
0.50
0.55

0.68-2.38
1.05-4.62
2.55-8.90

0.89
0.82
0.67

1.68
0.16-2.32
1.70-2.28

4.38
8.52-17.37
17.37-20.38

1.37

1.64

3.01

-

0.77

0.77

Comparing the results and methodologies used by the studies the following conclusions can
be drawn:
•

Forestry and agricultural crop residues potential stay relatively stable in time.

•

Energy crops potential grows dynamically in the future scenarios. Land availability is
considered as most crucial factor in all studies.

•

A similar approach to biomass potential assessment (resource-focused approach with a
set of scenarios for future) was used in most of the studies; however, there are
considerable differences in the assumptions and parameters used for calculations.

•

A wide scope of variables was applied for the assessment in order to define a set of
scenarios. The scenario approach gives a framework to define quantitative assessment.

•

In all studies, environmental aspects of biomass production were analyzed using a
qualitative approach, however there is a lack of commonly agreed sustainability and
biodiversity criteria.
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2.6

Conclusions and recommendations

The agriculture and forestry sectors offer significant amounts of biomass available for
bioenergy use, including the production of BtL fuel. The available potential amounts to
4 EJ/year (95 MtOE) in the Starting Point, increasing up to 4.7 and 7.2 EJ/year (112-172 MtOE)
in the scenarios for 2020. The assessment method was defined in a way not affecting the food
and fibre production. The major part of the potential is provided by agriculture sector.
•

Regions being most suitable for first BtL plants due to the high potential in energy cropsand agricultural residues-potential of 16 to 39 GJ/ha*a are:

•

Western Poland, central and north-eastern Germany

•

Denmark

•

North-eastern, central and south-western France

•

Northern Italy

•

Central and southern Hungary, Northern Bulgaria

Additional suitable regions may exist in countries rich in forestry. However, they are not
evaluated on regional levels within RENEW. In any case further investigations like a detailed
analysis of land use structure, farm structure as well as current utilization of the biomass for
energy purposes is required for identification of the exact site of a BtL plant in a promising
region.
The residue biomasses like straw, forestry residues and wood industry by-products can be
easily exploited for bioenergy needs in the short term. Energy crop production still needs to
be developed in large scale in Europe in the coming decades. Therefore much effort must be
put into this field. Some important aspects are discussed briefly in the following.
Land availability and quality: Energy crops production potential shows strong dependence on
the category of available land. Fallow land is easily available for energy crops; however, this
land category usually includes marginal land and poor soils. Notwithstanding, the ongoing
increase of agriculture productivity in Europe would release considerable land areas of
sufficient soil quality for future energy crops plantations without affecting the food supply.
Central and eastern Europe having large opportunities for further crop productivity increase
could release significant respective areas. In the EU15 countries the crop yield has already
reached the technological frontier and not much land would be released. However, in France,
Germany and Ireland considerable areas of land would become available as a result of food
exports reduction.
Cultivation: Perennial ligno-cellulosic energy crops, such as short rotation coppice or
perennial grasses, have a high potential for an increase in yield, presuming further research in
crop breeding as well as learning and scale effects at plantation management. The current
cultivation area of ligno-cellulosic crops for energy use is less than 100 000 ha in Europe.
Specific farmer-targeted programs are required to overcome the risks related with perennial
crops implementation in the current farming system. The suitability of energy crops for the
specific agro-climatic and soil conditions determines the yields and thus the profitability. A
range of suitable crops is available for Europe. However, the arid and sometimes abandoned
regions of southern Europe require the development of specially adopted energy crops.
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Competition: In general, the competitiveness of energy crops with other agriculture crops will
determine their development. As for any crop, yields are strictly determined by soil quality.
Thus energy crops may compete with food crops, especially cereals, for the same land. The
price relations of grain and energy crops will determine what is cultivated and where it is
cultivated – higher grain prices will push energy crop production onto poorer soils. A
powerful way of creating niche areas for growing energy crops is to capitalize on
environmental benefits. The potential for using energy plantations in drinking water
protection areas, for erosion protection, restoration of polluted water or sewage treatment, i.e.
as multifunctional energy plantations, may play an important role. However, using multifunctional energy plantations as a prime mover for energy crops requires that the value of the
environmental services can be monetized and transferred to the energy crop producer.
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3.

The BtL production pathways

In this chapter RENEW project partners present their concepts for BtL plants. First, system
components are described in a ‘concept description’, followed by a ‘state of the art’ about the
degree of realisation of a concept and hitherto obtained results, and completed by the
‘prospects’, where the plant developer depicts his planning of potential technology
development.
The respective concepts for BtL production were abbreviated as follows:
•

BLEF-DME, black liquor entrained flow gasification for Dimethylether synthesis –
Chemrec

•

cEF-D, centralised entrained flow gasification for diesel synthesis – Umwelt- und
Energietechnik Freiberg (UET, CHOREN Industries)

•

CFB-D, circulating fluidized bed gasification for diesel synthesis – Clausthaler
Umwelttechnik Institut (CUTEC)

•

CFB-E circulating fluidized bed gasification for ethanol synthesis – Abengoa Bioenergy
(Abengoa) & AICIA (Asociación de investigación y cooperación industrial de Andalucía)

•

dEF-D, decentralised pyrolysis and central entrained flow gasification for diesel synthesis
– Forschungszentrum Karlsruhe (FZK)

•

EF-E, entrained flow gasification for ethanol synthesis – Abengoa Bioenerggy (Abengoa)
& AICIA (Asociación de investigación y cooperación industrial de Andalucía)

•

ICFB-D, internal circulation fluidized bed gasification for diesel synthesis – Technische
Universität Wien (TUV), Repotec (RPT) & Biomassekraftwerk Güssing (BKG)

Generally the challenge in BtL technology is to modify well developed synthesis technologies
like FT- or DME synthesis to be based on biomass. Present processes utilise synthesis gas
which is produced from coal or natural gas. The precise challenge of biomass in terms of
gasification is its structured, inhomogeneous nature and the high share of accompanying
compounds. Hence, the research focussed mainly on the mechanism to introduce the biomass
into the gasifier and on the removal of ash and various impurities from the synthesis gas.
The BtL process can be divided into
•

feedstock preparation (biomass chipping, sieving or drying),

•

thermochemical pretreatment (pyrolysis or torrefaction of the biomass)

•

gasification (conversion of the gasifier feedstock into a raw gas)

•

gas cleaning and conditioning (elimination of impurities and adaptation of the gas
composition)

•

synthesis (reaction of the gas to a raw product)

•

upgrading (conversion of the raw product into a motor fuel)

In RENEW research was conducted in all of these steps.
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Two types of gasifiers were studied for the production of synthesis gas (i.e. hydrogen and
carbon monoxide). The entrained flow (EF) gasifier uses gaseous, liquid or fine powdered
fuels. Correspondingly, one research aim is to convert biomass into a homogeneous, fine
powdered feedstock, so that it can be utilised in an entrained flow gasifier. This is not a
problem for circulating fluidised bed (CFB) gasifiers as these are already running on
particulate biomass. But here, the gasification temperature is below 1,000° C compared to
entrained flow gasifiers with more than 1,200° C. This is a disadvantage because the
formation of methane and undesired tars is reduced at higher temperatures. Hence, groups
using the CFB-type gasifiers focussed their research efforts on gas cleaning, especially on tar
removal.
But gas cleaning is more than tar removal: The raw gas has to be dedusted, sulphur
compounds (e.g. hydrogen sulphide and mercaptanes) and halogens (e.g. chlorine) have to be
removed. Due to the very strict requirement of the FT-catalyst in terms of sulphur compounds
(ppb-range) the commercially proven sulphur removal systems are safeguarded in some
concepts by ZnO-traps.
Gas conditioning is the optimisation of the synthesis gas composition. Gas from CFB gasifiers
contains hydrocarbons, which may be reformed to increase the hydrogen concentration.
Complete adjustment of the H2/CO-ratio is achieved by the oxidation of carbon monoxide
with water, yielding hydrogen and CO2 (water gas shift). Finally, CO2 and water have to be
removed from the synthesis gas. As suitable industrial scale systems for these tasks already
exist, there was little need for research. The comparison of the two commercial systems for
physical absorption of acidic gases (Rectisol® and Selexol®) was of interest, because Selexol®
might be more economic.
Catalysts for Fischer-Tropsch synthesis are produced by a very limited number of
manufacturers exclusively for industrial use. Analysis, modification or adaptation of the
catalyst is strictly prohibited. Therefore, some efforts needed to be made to develop research
FT-catalysts. As these remained relatively unsuccessful, commercial catalysts were purchased
under confidentiality agreements and used for defined experiments.
Catalysts for Methanol and subsequent DME synthesis are commercially available and are
therefore not studied in the project. Catalysts for the Ethanol synthesis are available but
exhibit either a low selectivity or a low activity. Therefore, research and development work
was undertaken.
The upgrading of synthesis products to motor fuels is either done off-site in refineries, or
onsite using the respective equipment. The research carried out under this topic focussed on
the optimisation of parameters for the upgrading to diesel. Next to this, upgrading solutions
for a side product with gasoline properties but a far too low octane number were studied.
One of the pathways presented here is realised in a pilot plant scale, two more are at least in
lab-scale. Nevertheless, all plant developers focussed their research efforts on some steps of
the whole production pathways. For the assessment, possible plant concepts were developed
by scaling to 500 MW biomass input power and use of commercially available units for the
remaining process steps.
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3.1

UET: Entrained flow gasification for FT-diesel production

Core technology of the UET concept is the CarboV-gasifier, converting a broad variety of
biomass to a tar free synthesis gas used for the production of marketable FT-diesel as main
product. The high level of integration causes high carbon conversion efficiency and surplus
electricity production.
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Figure 15: Simplified process flow of the UET concept. Figure adapted from 8 .

Concept Description.
Pretreatment. The stored biomass is dried by hot air (T ≈ 100 °C, air is preheated by waste
steam from other parts of the process) and fed to the lock hopper of low temperature gasifier
allowing feedstock pressurisation.
CarboV gasification. First, biomass is decomposed in a so called ‘low-temperature gasifier’
(NTV). This is a horizontal cylindrical fixed bed reactor with a rotating spindle for mixing
fresh feedstock with hot material. The biomass is partly oxidised by technical oxygen to reach
gasification conditions of 400 - 500 °C and a pressure of 35 bar. Products are char and a
pyrolysis gas (tar-containing).
In the second step the pyrolysis gas containing tar is fed to the combustion chamber of an
entrained flow reactor. Tar is cracked and oxidised in the combustion chamber at high
temperatures of ≈ 1400 °C with technical oxygen. To avoid subsequent tar formation, cooled
and milled char is blown into the hot gases downstream of the combustion chamber. Due to
endothermic gasification of the char, this chemical quenching causes a drop in gas
temperature to 800 °C and is the reason for a high conversion efficiency. The tar-free raw gas
is then further cooled in heat exchangers producing steam for power generation and other
process parts. Ash particles and unconverted char are separated from the raw gas in the
deduster. These are returned to the combustion chamber where the ash builds slag, which is
subsequently removed from the bottom of the gasifier.
Gas Cleaning and Gas Conditioning. A two stage, water-based scrubber is used to remove
contaminants like chlorine and sulphur compounds and residual particles from the gas.
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The H2/CO-ratio is adjusted by CO-conversion in the water-gas-shift reactor. The CO2 is
physically separated by a Selexol® washer. The fine gas cleaning (removal of O-, S- and Cltraces) is ensured by chemical binding to ZnO, safeguarding the synthesis reactor.
Further on, different gases from synthesis are looped back to the gas cleaning and gas
conditioning unit; hydrogen is fed from this unit to synthesis and upgrading. For this
conversion purpose, the upgrading technologies steam reforming (SMR) and pressure-swingadsorption (PSA) are used.
FT-diesel synthesis. Commercially proven FT-synthesis and upgrading units are applied.
Main products of the synthesis are long chain paraffin upgraded in the downstream
hydrocracker. Beside the diesel main product, naphtha, a gasoline fraction of minor value is
produced as by-product (for application as fuel, an additional isomerisation or reforming
would be required). The reaction enthalpy of the synthesis is used for steam production.
State of the art
A pilot plant with a biomass input of 1 MW (250 kg/h) was developed and constructed in
1997/98 and first operated for syngas production with various feedstock in numerous test
campaigns until year 2002. This α-plant was extended in 2002/03 by a methanol synthesis
unit that was operated for 1 000 hours producing more than 10,000 litres of methanol. After
that the synthesis unit was converted to a Fischer-Tropsch unit and had about 10,000 hours of
operation until 2005 yielding several tonnes of FT product with different specs.
By the help of the RENEW project, a number of further optimisation measures could be
successfully implemented at all steps of the BtL production chain (syngas generation and
cleaning, FT synthesis, and upgrading of the generated raw fuel). These measures allow for a
more stable and secure continuous operation of the whole plant and enable a lowering of
operation costs compared to previously tested configurations and operation modes. A new
part in the production chain is the newly installed and successfully operated hydro-treating
unit, which has shown to lead to a significant removal of alcohols.
Complementing the former pilot production of BtL from wood, straw has been used for
gasification experiments. It was concluded that the mixture of straw with wood chips leads to
lower ash melting temperatures. Thus the gasification temperature can be decreased thereby
achieving a better syngas quality and saving notably oxygen as input material. On the other
hand, the feedstock transport systems had to be adapted.
Finally, UET provided most of the liquid fuel for the engine test in RENEW.
Prospects
Based on the experiences with the α-plant, a commercial demonstration of 45 MW (360 barrel
per day) BtL plant (β-plant) was developed and is under construction (Figure 16). Early of
2008 operation will be started and an amount of 15 000 t BtL per year will be produced, being
equivalent to the consumption of 15 000 to 20 000 passenger cars.
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Figure 16: Construction of the first commercial BtL plant at UET/CHOREN, Freiberg, Germany; March
2007

In the medium term BtL-diesel can be produced more profitably at plants with a production
capacity of at least 100 000 t/a. UET’s holding company CHOREN is therefore developing a
standard production plant (Sigma (Σ) -plant) with the features 200 000 t/a (5 000 barrel per
day) fuel and 1 M tons of dry biomass. During an intensive site evaluation procedure, more
than 20 well suited sites in Germany have been identified. CHOREN selected the 6 most
promising ones and will soon decide on the Σ1 favourite site. Scale-up activities of specific
components were started, parts of the further project development are part of the OPTFUEL
proposal of the first call of the 7th FP. Financing, assumed commissioning, can be expected
for year 2011.
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3.2

FZK: Decentral pyrolysis for entrained flow gasification for FT-diesel
production

At the Karlsruhe research centre a two-stage process for biomass conversion into synfuel is
being developed, acronym "Bioliq". The process pays special attention to the properties of
straw and other dry, non-woody biomass feedstock which contain more ash than wood. Small
or thin dry ligno-cellulosic biomass particles are first liquefied at 500°C by fast pyrolysis in a
number of regional plants. The pulverised pyrolysis char is suspended in the pyrolysis
condensate to generate stable pastes or slurries for storage and transport by rail to a large
central plant for synthesis gas generation, followed by a selective, catalysed synthesis of
organic chemicals or synfuels. Syngas conversion technologies e.g. to hydrogen, methane,
methanol or Fischer-Tropsch diesel are well known from large-scale commercial coal and
natural gas gasification plants. The Karlsruhe biosynfuel process allows the operation of very
large and therefore more economical biosynfuel production plants with product capacities of
1 Mt/a or more. The economy of many small-scale biosynfuel facilities is less favourable in
general. The advantages of the Karlsruhe "bioliq" concept are not exposed on the small
0.5 GW input capacity of the RENEW-reference size, which corresponds to only 2% of the
capacity of a modern crude oil refinery.
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Figure 17: Simplified process flow of the FZK-concept as studied in chapter 6 - Technical Assessment.
Figure adapted from8.

Concept Description.
Pretreatment. The ligno-cellulosic input material e.g. wheat straw or wood is pre-treated in
small decentralised pyrolysis plants with a biomass input capacity of 100 MW, corresponding
to 25 t/h airdry lignocellulose with a higher heating value of 4 kWh/kg for 8000 h/a. Dried
straw is crushed in a hammer mill and a chipper and fed to a conveyor dryer.
Pyrolysis. Diminuted biomass is first liquefied by fast pyrolysis in many local facilities. Fast
pyrolysis has been chosen as a simple and cheap liquefaction step for ligno-cellulosic
biomass. The LR (Lurgi-Ruhrgas)-mixer reactor, known for about 50 years from other
technical applications, was found to be well suited also for biomass fast pyrolysis. The
available technical experience simplifies and accelerates the scale-up to a commercial
20 ± 10 t/h plant scale. In a fast process small dry biomass particles are heated-up rapidly to
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about 500°C by mixing with a hot heat carrier (sand or steel shot) in the twin screw reactor.
The hot pyrolysis gases and vapours leave the reactor together with the fine char powder.
Char is separated from the hot gas stream by a cyclone and the vapours are cooled to form
liquid pyrolysis condensates. The remaining pyrolysis gas is combusted for heating-up the
grainy heat carrier. Pyrolysis char and condensates are then mixed to a transport-stable paste,
sludge or slurry. Such pyrolysis oil/char pastes or slurries have a high density up to ~ 1300
kg/m3 and contain up to 90% of the initial biomass energy. The energy densities are about 10
times higher then the initial biomass and are therefore well suited to ease intermediate storage,
economic transport and gasifier feeding.
Gasification. An oxygen-blown, entrained flow gasifier operated at high pressure is particularly compatible with downstream synthesis of synfuel or chemicals. Preheated slurries are
easily pumped into the highly pressurised gasifier chamber and are atomised with a flow of
pure oxygen. Pumpable, hot feed slurries for the gasifier are prepared in a colloid mixer at the
gasifier site using waste heat for pre-heating to improve the gasifier efficiency. The gasifier is
equipped with a cooling screen, on which at temperatures above 1200°C a viscous layer of
molten slag drains down at the inner wall and protects it from corrosion. The hot, high-pressure raw syngas is tar free, thus obviating expensive efforts for tar removal and interim syngas
compression. Raw gas cooling and slag removal is done via a water quench and a lock hopper.
Gas Cleaning and Gas Conditioning. Ash and particles are separated from the 500°C hot raw
syngas in a water scrubber, H2S, COS and CO2 are removed with a well-known commercial
Rectisol® system. A part of the gas is used to adjust the H2/CO-ratio by water-gas-shift
reaction and subsequent removal of CO2 with a second Rectisol® washer. Light hydrocarbon
(<C5) products from synthesis, hydro-cracking and distillation are converted via an
autothermal reforming process (ATR) into CO and H2. Hydrogen is separated by a pressureswing-adsorption unit (PSA) and used in the hydro cracking unit whereas carbon monoxide is
recycled to the shift reactor.
FT-diesel synthesis. A commercial Fischer-Tropsch catalyst is used to synthesise long chain
paraffins and wax. In a wax hydro-cracker these are converted to diesel as the main product,
with subsequent separation by distillation from naphtha and other side-products.
State of the art
Fast pyrolysis was adapted to several ligno-cellulosic feedstocks on different technical scales.
After screening experiments in a thermo balance, first technical studies in a stationary
fluidised sand bed were performed on a ~ 0.2 kg/h lab scale. A process development unit
(PDU) with a LR-mixer reactor for 20 kg/h maximum throughput of straw chops, sawdust,
paper, cardboard pieces etc. was designed and built in Karlsruhe. Central part is a hot heat
carrier loop with a bucket elevator, operated at ~ 500°C with sand, silicon carbide or steel
balls. Beside wood, fast-pyrolysis experiments of a range of straw-like or other agricultural
residues with high ash content have been successfully performed. Product yields, mass and
energy balances have been determined.
A number of different types of slurries with a char content up to 40 % were prepared (totally
~ 50 t) adapting a special colloid mixer. With a flow of pure oxygen the slurries have been
efficiently and smoothly gasified to a tar-free, low methane syngas in several campaigns
(totally ~ 100 hours of operation, not only for RENEW) in the 3 – 5 MW entrained flow pilot
gasifier of Siemens AG, Freiberg, at 26 bar and temperatures of 1200-1600°C.
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Experimental experiences from pyrolysis slurry preparation and slurry gasification facilities
have been extrapolated into the design of a commercial bio-synfuel production line of ≥ 1Mt/a
bio-synfuel output or more than 10-times the size assumed in RENEW. Accordingly, the
investment costs for biomass liquefaction in many local pyrolysis plants on the one hand and
the bio-slurry gasification and bio-synfuel production in a large central syngas plant on the
other hand have been estimated to amount to about a quarter of the total product cost each.
The other half of the BtL production cost is caused by the biomass feedstock as confirmed
within the RENEW project. Compared to the results of the economic assessment in RENEW,
which were done for a 500 MW BtL plant (200000 t fuel per year), FZK expects a significant
cost reduction in GW-scale syngas plants (≥ 1 Mt/year bio-synfuel).
Prospects
Based on the results and experiences derived also in the RENEW project, a pilot plant concept
with a capacity of 500 kg biomass input per hour (2 MW) was planned. Since November 2005
the first section (fast pyrolysis with the LR-reactor) is under construction at the Karlsruhe site,
Germany, for start-up end of 2007 Figure 18. To demonstrate and improve also the following
steps of gasification and synthesis on a pilot scale, FZK will design, built and operate an
entrained flow pressurised gasifier, raw syngas cleaning unit and synthesis. Additionally,
development work in the laboratory and in PDU facilities will continue to investigate process
variants and to specify further design details of the process and equipment, especially
regarding technical simplicity and economy (pyrolysis: heat recovery, condensation part,
reactor design; Slurry preparation: handling of char and condensates, slurry aging;
gasification: heat recovery from hot syngas, slag properties, atomisation nozzle; general:
process modelling, bio-refinery).

Figure 18: The pyrolysis pilot plant at the Forschungszentrum Karlsruhe
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3.3

Chemrec: Entrained flow gasification of black-liquor for DME production

The Chemrec concept increases the energy efficiency of a pulp mill by replacing a
conventional black liquor recovery boiler (used for steam generation and recycling of pulping
chemicals) with a gasifier and subsequent DME (Di-Methyl-Ether)-synthesis. The
recirculated green liquor is of high quality and the difference in steam production is covered
by compensation boilers. As the process is fully integrated in the mass and energy flows of
the mill, a fuel for road transport with adapted vehicles is added to the product spectrum.
Neither electricity nor district heat is imported or exported, rendering the pulp mill including
the BtL plant self sufficient.
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Figure 19: Simplified Process Flow of the BLEF-DME-Concept. Figure adapted from8.

Concept Description.
Gasification. Preheated black liquor (~150 °C) is fed to entrained flow gasifiers pressurised to
~30 bar, of which one is kept in reserve to avoid a stand-still of the paper mill in case of
failure. The black liquor is gasified with oxygen at temperatures of 950 – 1000 °C. Tar and
methane formation is limited. By spraying condensate into a quench dissolver the raw gas is
cooled to 220 °C and the slag is separated. These smelt droplets dissolve and form green
liquor, which is returned to the pulping process after cooling.
Gas Cleaning and Gas Conditioning. The hot raw gas is fed to a combined cooling and
washing system removing ash, water and particulates and generating steam. Contaminants
like H2S and COS but also CO2 and tars are separated from the raw gas using the Rectisol®
process. Next, a part of the cleaned gas is H2/CO-ratio adjustment with subsequent CO2
removal by Rectisol® washing in order to reach the optimum ratio between H2/CO/CO2.
DME/Methanol-synthesis. The syngas reacts on a catalyst to the intermediate product
methanol. This is dehydrated in a second reactor to DME. The conversion has a high energy
efficiency, the reaction enthalpy of the synthesis is used for steam production. The DME is
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separated in a distillation process from methanol, higher alcohols and water. Residue gases
are recirculated to the synthesis.
Auxiliary Units. The surplus heat of the black liquor gasification with subsequent DME
synthesis covers only a part of the steam demand needed for the pulping process and for
power generation. To make the pulp mill and the BtL plant self-sustaining, additional forest
residues has to be imported for combustion in a modern circulating fluidized bed boiler.
State of the art:
The construction and operation of pilot and demonstration black liquor gasification plants
started in 1987 with a 0.5 MW, atmospheric pressure plant in Hofors, Sweden. A pressurized
(15 bar) air-blown pilot plant of 1 MW was built in Skoghall in 1994 and modified 1997 to
use oxygen as gasification agent. An atmospheric gasifier with 17 MW capacity was operated
in Sweden 1991-1996. In 1996 a commercial atmospheric plant of 50 MW was constructed in
New Bern, USA. This plant is still in operation and has logged more than 50 000h of
operation. In 2005 a pressurized, 30 bar oxygen-blown development gasifier of 3 MW was
started up in Piteå (Figure 20).

Chemrec’s
DP-1 Plant

Figure 20: The development gasifier at Södra’s Piteå-plant.

This is used for development of e.g. the black liquor injection system, long term construction
material testing as well as for computer model verification
By November 2007 it had chalked up 3600 hours of operation and reached full design
capacity at 28 bar pressure: >2300 of the operating hours have been run during the last 10
months. Since May 2006 the plant produces excellent green liquor and syngas quality. The
longest run so far has been 22 days.

46

RENEW final report - The BtL production pathways

Prospects
Realisation of the above described BLGMF concept in demonstration scale (~50-60MW) in a
pulp mill is under discussion with different candidates. The capacity will be in the order of
25,000 tons/year of fuel grade DME equivalent to ~17,000 t diesel/year. The plant is planed to
be on stream towards the end of 2010. Meanwhile Volvo is planning a test fleet of about 15
heavy duty trucks to be ready for testing towards end of 2009. DME for this fleet is planned to
be produced from gas from the DP-1 plant in Piteå which then will be equipped with a pilot
plant for DME production with a capacity in the order of 4-5 tons/day. DME from this pilot is
also planned to be used for other purposes.
The above introduction strategy is illustrated in Figure 21, where Chemrec’s plan for BLGMF
(Black Liquor Gasification to Motor Fuels) plant constructions are shown with an example for
Sweden for the time period 2009-2020. The upper part of the figure illustrates a schedule for
plant construction and start-up, while the lower shows the calculated DME production
capacity in tons of diesel equivalents. The first plant is the BioDME pilot plant discussed in
this BioDME application, the two following plants are demonstration plants (DP-2 and DP-3),
the following three plants are small BLGMF plants, and these are followed by 5 full-sized
BLGMF plants. With this pace of plant construction, about 25% of the Swedish pulp mill
capacity would be reconstructed into biorefineries by 2020.
A similar illustration can be done for Europe as a whole. Applying the same market
penetration would lead to about a 3 times higher capacity, which in turn would mean a DME
production corresponding to about 1.6 million tons of diesel equivalents.
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Figure 21: Swedish scenario: Start-up of BLGMF plants 2009-2020 + accumulated production capacity
for DME calculated as tons of diesel equivalents

RENEW final report - The BtL production pathways

47

3.4

Cutec: Autothermal circulating fluidized bed gasification for FT-diesel
production

The CUTEC concept of gasification is based on a circulating fluidized bed reactor with
proven suitability for a large variety of biomasses. This flexibility also holds for the control of
syngas composition, which in this project is optimized with respect to its H2/CO ratio aiming
at a value of 2 or greater as desired for the FT-synthesis. Dilution of this reaction with
nitrogen is avoided by using steam and oxygen rather than air as fluidization medium.
In order to fulfil the requirements of a modern FT-catalysts on syngas quality a multistage gas
cleaning system has been designed which, e.g. in the case of H2S, reduces the concentration of
this catalyst poison below the detection limits of good laboratory equipment. The FT reactor
provides a raw product which needs further separation and upgrading steps prior to
commercial use. Although examined in this project on lab scale, the latter steps would be
carried out to their best advantage at a central commercial refinery. Recirculation is
considered wherever possible; heat and organic by-products from the synthesis are used for
steam and electricity generation.
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Figure 22: Simplified process flow of the Cutec concept. Figure adapted from8.

Concept Description.
Pretreatment. Biomass is chipped if necessary and dried in a conveyor dryer to approximately
35 % [w/w] water content.
Gasification. The biomass is fed to a circulating fluidized bed gasifier operating at
atmospheric pressure. Partial oxidation and gasification with oxygen and steam lead to a
temperature of 850 °C. The bed material is sand and additives. At the outlet of the gasifier the
solid material (e.g. the bed material sand and ungasified biomass) is separated from the raw
gas in a cyclone and fed back to the gasifier.
Gas Cleaning and Gas Conditioning. For hot gas dedusting a battery of ceramic filters is
applied to remove particulates from the raw gas. To eliminate the tar and adjust the H2/COratio a combined reactor is used. This unit adjusts the H2/CO-ratio by CO-conversion in the

48

RENEW final report - The BtL production pathways

water-gas-shift part; tar in the raw gas stream is additionally removed by a catalyst.
Afterwards, the raw gas is cooled down in a heat exchanger. Impurities like H2S and NH3 are
removed with a water scrubber. Further tar impurities are dissolved and condensed at low
temperature in a lipophilic scrubber. The tar-polluted scrubbing agent is partially discharged
to the gasifier for combustion. In a hydrogenation unit the catalyst poison carbonyl sulphide is
reduced to CO and H2S, the latter is subsequently separated in a so-called ‘oxidizing wash’
unit. The CO2 in the clean gas is separated physically by a selexol® washer. The fine gas
cleaning is safeguarded by a ZnO trap.
FT-diesel synthesis. A FT-catalyst in a tubular fixed bed reactor is applied for FischerTropsch synthesis at 210-250 °C. Main products of the synthesis are long chain paraffin. The
reaction enthalpy of the synthesis and gaseous hydrocarbons (C1-C4) in the product are used
for steam and electricity generation. The remaining raw product is transferred to a commercial
refinery for upgrading.
State of the art
A pilot gasifier of 400 kW (cf. Figure 23) was developed and constructed at the Cutec Institut
and from 2005 to May 2007 chalked up 1400 hours of operation. It is used to study and
optimise the gasification properties of different biomasses, e.g. wood, wheat straw, rape
shred, sugar beet residue and sunflower husks. In all these cases the H2/CO ratio in the
synthesis gas is close to 2. This is surprisingly high and allows to by-pass the external watergas-shift reaction. The gas cleaning route in the lab scale consists of a hot gas filter, a
quenching system, a water scrubber and a biodiesel scrubber. Activated charcoal with a
dedicated impregnation was applied for the removal of trace gases. The system works with
good results, removing contaminants to concentrations near to or below the detection limit.
Before exposing the catalyst to real syngas with its complex composition the effects of the
components methane and CO2 were examined individually. None of these gases showed a
strong effect on conversion rate other than dilution. Thus there is no urgent need to remove
these gases from the syngas. This is an advantage of the modern catalyst, justifying the efforts
necessary to remove the sulphur components. Finally, a side stream of the syngas from the
CFB-gasifier was used to demonstrate the production of BtL diesel from wood and straw
pellets.
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Figure 23: Photograph of the CUTEC CFB-gasifier

The housing of the reactor can be seen on the left-hand side, the units for the handling of the
bulk solids (from top to bottom: feed material, additives, bed ash) can be seen on the righthand side.
Prospects
The combination of CFB-gasification and hot gas filtration was very successful: Especially
the qualification of the gasifier for the wide variety of biomasses, the high H2/CO-ratios and
the low tar content present an opportunity for commercialization. The FT tubular reactor
could be operated under the resulting wide range of syngas compositions, thus demonstrating
the potential of the whole process chain. Optimization of its energy efficiency seems to be
possible to a certain extent.
Recycling of minerals from the biomass back to the soil is essential from the agricultural point
of view. Therefore, leaching experiments of the filter ash were carried out and have already
shown promising results for sulphur and chlorine.
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3.5

TUV/BKG/RPT: Allothermal circulating fluidized bed gasification for FTdiesel production

The TUV/BKG/RPT concept is an enhancement of an approved combined heat and power
plant (CHP) to tri-generation of FT-Diesel, electricity and district heat. Due to the latter the
plant size is in a range from 8 MW, like the one in Güssing, Austria, to about 100 MW. A
broad variety of biomass can be used with little pre-treatment.
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Figure 24: Simplified process flow of the TUV/BKG/RPT –concept. Figure adapted from .

Concept Description.
Pretreatment. The biomass is chipped and dried in a drum dryer.
Gasification. A so-called fast internal circulating fluidized bed gasifier (FICFB) is used in this
concept. This reactor is divided into two separate fluidized bed zones, one of 850 °C for
gasification and one of 950 °C for combustion connected only via the particulate bed material.
From the steam-blown gasification zone the bed material is brought together with some
charcoal to the combustion zone. This zone is fluidized with air and the charcoal is burned.
The heat of the exothermic reaction in the combustion zone is transferred with the
recirculating bed material to the gasification zone and provides there the energy for the
endothermic gasification with steam. Because the raw synthesis gas does not come into
contact with the flue gas, it is of high, nearly nitrogen-free quality; cost (and energy) for
oxygen separation is avoided.
Gas Cleaning and Gas Conditioning. The gas cleaning unit consists of two lines: one
conventional for the flue gas cleaning (only shown in figure above) and another for the raw
gas cleaning. After the gasifier, dust is removed from the raw gas by a cyclone and the gas is
cooled with a heat exchanger. About 30 % of the tar is retained in fabric filters, the remainder
is washed out in a lipophilic scrubber. Spent scrubbing agent is recycled back to the
combustion zone of the gasifier. The raw gas is cooled in a heat exchanger under steam
production and compressed in multiple stages to 35 bar. In a commercial HDS-catalyst,
sulphur compounds are hydrogenated to H2S, which is retained together with HCl by
chemical binding to ZnO.
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FT-diesel synthesis. The synthesis gas is fed to a slurry bubble column reactor (SBCR) with a
cobalt catalyst for Fischer-Tropsch synthesis. Main products of the synthesis are long chain
paraffin, leaving the reactor as liquid. Washed out catalyst particles are sedimented, filtrated
and returned to the reactor. The gas leaving the reactor is cooled to 15 °C for condensation of
the co-produced short chain paraffin. The residual gas is combusted and used in gas turbines
for electricity generation (tri-generation concept). Upgrading of the raw product is done offsite in a commercial refinery.
State of the art
The biomass CHP plant is in operation since 2001 and produces electricity since 2002. Some
highlights of the biomass CHP are:
•

more than 31,000 hours of operation on the gasifier including the gas treatment

•

more than 27,000 hours of operation on the gas engine

•

gas cleaning is excellent for operation of the gas engine, no difference in abrasion inside
the gas engine compared to operation with natural gas

•

oil change intervals of the gas engine are about 4000 hours

•

ash quality is similar to biomass combustion in fluidised beds

•

no waste water is produced

The main characteristics of the producer gas include low nitrogen content, high hydrogen
content (H2 to CO ratio of 1.6 – 1.8). Besides power production, the product synthesis gas can
be used for many other applications.
TUV is also exploring the alternative approach to convert the synthesis gas to methane, as
substitute natural gas. This work is being undertaken in cooperation with the Paul Scherrer
Institute and is financed partly under the EC project RENEW and partly by national funds
from Switzerland and Austria. A test rig for methanation was designed to perform
experiments in a 2 kW scale. In initial tests with synthesis gas, it was observed that after more
than 800 hours on stream, the methanation catalyst still demonstrated outstanding
performance. More than 98% CO conversion and 99% tar conversion to methane were
achieved. The energetic efficiency of the methanation is about 60-65% (biomass to methane).
TUV is also planning to conduct experiments with a high temperature fuel cell in conjunction
with the Austrian Bioenergy Centre and the Department of Energy and Process Engineering
of the Norwegian University of Science and Technology (Trondheim). This work will focus
on the removal of dust, chlorine and sulphur components from the producer gas.
During this project a laboratory scale Fischer-Tropsch unit was designed, constructed and
operated, using a slip stream of the biomass CHP Güssing. This FT unit has been in operation
since summer 2005 and converts about 7 Nm3/h PG at 25 bar in a slurry reactor to FTproducts. The gas cleaning of the raw PG consists of several steps. First a RME-scrubber is
used to dry the gas. After the compression step, chlorine is separated with a sodium aluminate
fixed bed. Organic sulphur components are hydrated with a HDS-catalyst and the H2S is
chemically separated with Zinc oxide. Both are realised in fixed bed reactors.
In 2005 an iron-based catalyst was used for FT synthesis, which was followed by a cobaltbased one, both produced by the University of Strasbourg. In 2007 it was replaced with a
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commercial FT catalyst. With this commercial catalyst up to 0.3 kg/h of raw FT product could
be produced under the above mentioned conditions in this laboratory FT unit. The diesel
fraction of the FT product consists mainly of paraffin, giving this fuel excellent properties,
e.g. a Cetan number between 70 and 80.
Prospects
Currently, there is much discussion going on about the best process route from biomass to
synfuel. One strategy is based on centralized fuel synthesis in large conversion facilities, with
maximized fuel output and optimization through economies of scale. However, due to the
scattered availability of biomass and the political wish for regional development especially in
central Europe, other options must be considered as well. One promising alternative suggested
by the concept of TUV/BKG/RPT, is the design of an “energy centre for the future”, which
not only supplies transport fuels, but also provides electricity and district heat in the small to
medium scale up to 100 MW biomass fuel power. As even low temperature heat can be made
use of in plants of this size, high overall efficiencies of > 80 % are obtainable. This leads to
highest possible CO2-savings, which clearly is the most striking argument for the use of
biofuels after all. In addition, the co-generation of electricity not only results in outstanding
flexibility in process design. Moreover, a simplified synthesis operation can be achieved, as,
for instance, reforming can be omitted. Hence, production costs can be cut, and the
development time until successful demonstration and commercialization of second generation
biofuels can be reduced.
At the moment the laboratory scale FT unit is used to gain more experience in operation of the
whole process chain and is also used to optimize synthesis parameters. Beside this work, the
gas cleaning for the FT synthesis needs further improvements regarding the requirements of
the FT catalyst with respect to the investment and operation costs of the gas treatment.
In the medium term a demonstration plant of the FT synthesis will be built as slip stream at
the biomass CHP Güssing. This demonstration plant will be of a size big enough to refuel a
fleet of vehicles in the city of Güssing.
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3.6

Abengoa: Biomass gasification for ethanol production

Biomass is an attractive renewable primary feedstock for ethanol production. It is currently
used for heat and electricity generation in most parts of the world and on a wide range of
scales. For fuel production it would be advantageous to use established residue biomass
collection and supply systems and to replace the former application with ethanol production.
Assuming a favourable regulatory environment or reduced availability of fossil resources,
systems dedicated to the production of biomass could be used in addition to residue biomass
to increase the output of bio-fuel production facilities.
For the production of ethanol as gasoline substitute, two gasification/gas cleaning concepts
were studied: The entrained flow gasification and the circulating fluidized bed gasification.
Beside this main product, also methanol, propanol and electricity are produced. The biomass
input power of this concept is 500 MWth.
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Figure 25: Simplified process flow of Abengoa’s EF-concept as studied in chapter 6 - Technical
Assessment. Figure adapted from8.

Concept Description
Entrained-flow gasification
Pre-treatment. The biomass is dried, torrefied and milled to 1 mm char dust. A hopper system
ensures the feedstock pressurisation to 75 bar (slightly above the synthesis reactor operating
pressure), avoiding the costly compression of the syngas after gasification.
Gasification. The char dust is fed to an entrained flow reactor. Compressed CO2 inert gas is
used for the pneumatic transport and feeding. In addition to this the high pressure steam and
the pure oxygen are supplied with 75 bar for gasification at ≈ 1300 °C, thus inhibiting tar
formation.
Gas Cleaning and Gas Conditioning. First, raw syngas is directly cooled to 900ºC by waterquench. The raw syngas is further cooled to 65°C using a heat recovery boiler. Then, halides
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and other contaminants are removed with a water scrubber. Next, H2S and CO2 are eliminated
from the tar-free raw gas in the first Selexol® unit, whose H2S-rich outlet stream is treated in a
LO-CAT®-unit for sulphur recovery. Remaining H2S traces are subsequently bound
chemically to ZnO.
To further adjust the H2/CO-ratio a part of the raw gas stream is processed in a water-gas-shift
reactor. After the CO-Shift, the CO2 is removed with the second step of a Selexol® stripper.
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Figure 26: Simplified process flow of Abengoa’s CFB-E-concept as studied in chapter 6 - Technical
Assessment. Figure adapted from8.

Pre-treatment. The stored wood is dried to about 15% using an indirect steam drier. A
hammer mill decreases the wood size to the requirements of the fluidized bed gasification,
usually around 5 cm.
Gasification. The dried and milled wood is fed to a steam-blown, circulating fluidized bed
reactor operating at 850°C and 2 bars. Mineral olivine (a magnesium iron silicate) is used for
heat transfer. The heat required for the gasification reactions is produced in a separate reactor,
where the char (unconverted biomass in the gasifiers) is burned. This amount of heat is
transferred to the gasifiers by means of the aforementioned olivine bed material.
Gas Cleaning and Gas Conditioning. A catalytic tar reformer is operated at a temperature of
870 C, to convert char and hydrocarbons to syngas, increasing the yield. Furthermore,
ammonia, usually present in the syngas streams, is converted into molecular nitrogen.
Subsequently, raw syngas is cooled to 65°C using a heat recovery boiler. After that, water
scrubbing is used to remove halides and other soluble contaminants. Next, in a first MDEAunit the H2S concentration in the tar-free raw gas is reduced to approx. 50 ppm as required by
the ethanol synthesis catalyst. The H2S-rich outlet stream is treated in a LO-CAT®-unit for
sulphur recovery.
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In order to adjust the H2/CO-ratio, the raw gas stream is processed in a water-gas-shift reactor.
After the CO-shift the gas is dried and the CO2 is removed with the second step of a MDEA
stripper. Prior to the ethanol synthesis step, purified syngas is compressed to the synthesis
reactor operating pressure.
Ethanol-synthesis. Having the syngas streams in the required condition for the chemical
synthesis, a molybdenum-disulfide-based catalyst is used for ethanol synthesis at 300º C and a
pressure of 70 bar. The main component produced in the synthesis step is ethanol. Since the
selectivity has to be optimised, the conversion is set at low values, so large volumes of unused
synthesis gas are recycled after gas/liquid separation. The remaining water is removed in a
dehydration unit. Ethanol is further separated from by-products in a distillation train.
Recycle and power production: The unconverted syngas can be recycled to increase
production, used for heating in other units, or as fuel in a gas turbine cycle to generate power.
Recycling would loop back the syngas to the water-gas-shift reactor.
State of the art
Catalysts for the production of ethanol from synthesis gas are in an early state of
development, so Abengoa Bioenergy is making a strong effort to promote progress in this
technology. Some promising results have been achieved and reported in the RENEW project,
however, the work must continue since a lot must still be done to obtain the required
improvement.
AICIA has been operating a training gasifier since 2000. Several modifications were made to
improve this bubbling fluidized bed gasifier and to adapt it to the research carried out in the
RENEW project. These are modifications of the furnace, implementation of a tar and particle
analysis, installation of tar and particle filters, and improvement of the ash removal system.
Prospects
The longer-term goal of Abengoa is to use syngas for catalytic synthesis of ethanol.
Laboratory catalysis research is being applied to develop and improve the catalysts for ethanol
synthesis. In a joint project, a demonstration plant will be erected and used to study the
cleaning and conditioning of syngas and its use for alcohol synthesis.
Abengoa will continue the development of the synthesis catalysts in a very aggressive
program funded by the Spanish ministry of Industry. In parallel, scaling up of the process is
going to be carried out in a pilot plant encompassing the complete process, combining
biomass gasification with ethanol synthesis and power production.
After these scaling up steps, the common process of technology development will be
followed, proceeding to demonstration projects and eventually industrial application.
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4.

Technical Assessment

4.1

Introduction

Within Europe different BtL technologies are under development. The BtL concepts
investigated within RENEW are among the most relevant and developed ones. In the
following a summary of the results of technical assessment are given. For a comprehensive
description please refer to deliverable 5.4.2.48.
Background
The studied technologies may have a high potential for the production of automotive fuels
from biomass via synthesis gas (BtL). The approaches to produce and convert this synthesis
gas to a synthetic biofuel differ among others with regard to input material, plant size, reactor
types and development status. These different technologies, which were analysed within
RENEW, may have advantages and disadvantages of the production route itself (efficiencies,
development status, technical effort etc.) and different fuel characteristics. To estimate which
market niche is advantageous for a particular technology and to identify the need for further
development, a consistent technical assessment of the different pathways was undertaken.
Aim and structure of Technical Assessment
The main objective of the technical assessment is to perform a consistent comparison of the
RENEW BtL concepts and to show advantages, risks and prospects of the BtL systems. This
assessment has included the viewpoints and expertise of research scientists, technology
developers and operators of the processing industry in order to present a clear picture on
•

the profiles and characteristics of the different BtL technologies

•

the bandwidths of technical performance (in particular energy aspects)

•

the technical constraints (in particular some aspects of practical industrial realization)

•

potential advantageous application fields

•

R&D challenges prior to full industrial and commercial deployment.

To focus on the most important aspects, the technical assessment is structured to answer key
questions on concept profiles, technical performance and industrial implementation
perspectives (cf. Figure 27). In the interest of objectivity, a multi-criteria assessment approach
was developed and applied on technical performance.

RENEW final report - Technical Assessment

57

Size of existing XtL-Plants?

Which Processes similar to BtL?

Which differences between “RENEW concepts“? Reasons for its Design?

Development status from
industrial viewpoint
(maturity/reliability/…) ?

Which plant sizes should
bring BtL to the market

How efficient can BtL be produced?
Energetic Performance
Research and demonstration demands?
Technical Performance

Time Horizon of BtL´s?
Industrial Implementation Perspectives

Market Impl.

Flexibility on other frame
conditions (feedstock/ product/
energy integration/…)?

Cost & LCA

Concept Profiles/Cluster

Figure 27: Key Questions to be answered by the technical assessment

4.2

Concept profiles and assessment method

The process chain of the production of synthetic biofuels can be simplified to six basic steps
(cf. Figure 28). First, the solid biomass is pretreated mechanically, thermally and/or
thermochemically before a raw gas is formed in the gasification unit. The raw gas is cleaned
of tar, particles and other contaminants (e.g. H2S) and conditioned for synthesis, i.e. the gas
composition is adjusted to the synthesis requirements (proper H2/CO-ratio). In the following
synthesis the cleaned and conditioned syngas is converted catalytically into a raw product.
This is finally upgraded to a motor fuel. This principle process chain and its steps are the basis
for the following description of BtL concepts.

Figure 28: Simplified production process chain of synthetic biofuels
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Comparison with XtL
XtL is a synonym for the conversion of different feedstocks to various liquid synthetic fine
chemicals, lubricants and fuels. Gas to liquid (GtL) or coal to liquid (CtL) are currently the
most important industrial processes. Concerning the synthesis part, GtL and CtL use similar
technologies (Fischer-Tropsch synthesis) but the feedstock and syngas production are
different. Because of economic reasons, commercial XtL plants have different sizes and
installed capacities compared to future BtL plants.
Today, Sasol, Petro SA and Shell have implemented Fischer-Tropsch technology on an
industrial scale. This will be expanded with new GtL projects, mostly situated in Qatar. GtL
projects under development should bring the production capacity to 174,000 barrels per day in
2010, a very small share of the large diesel market (see Figure 29). CtL plants of Sasol have a
capacity of 150,000 barrels per day. Since the main products are gasoline, fine chemicals and
lubricants, this capacity is not included in Figure 29.

GtL 2007, in sum 70 000 bpd
- Shell, Malaysia,
12 500 bpd since 1993
- Mossgas, South Africa,
23 000 bpd since 1993
- Sasol/Qatar Petroleum, Qatar
34 000 bpd since 2007, Oryx I

EC - Diesel
consumption
3.5 mio bpd

BtL 2008,
340 bpd (41 MW)
Choren β− plant
BtL 2012 expected
4 500 bpd (500 MW)
Choren Σ− plant

GtL 2010: in sum 174 000 bpd
expected, under construction:
Diesel consumption
- 34 000 bpd Chevron Nigeria, Nigeria
worldwide: 13 mio bpd
- 70 000 bpd Shell, Qatar, Pearl GtL
Figure 29: Scale of actual and planned commercial XtL-plants in comparison to world diesel
consumption.

The different plant size of BtL and GtL/CtL does not necessarily lead to a completely new
process design of the BtL production chain. There are many similarities between today’s
commercial XtL- and future BtL-production routes, some of which are summarised in Figure
30. The main differences result from the feedstock properties and lead to a modified design of
pre-treatment and gasification of biomass, tar or sulphur-removal etc. Subsequent modules
like gas cleaning, conditioning and synthesis could directly be applied and are more restricted
by economics (e.g. gas cleaning on scale of a few Megawatts).
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Figure 30: Similarities and differences between BtL and Gtl/CtL (red-differences, green-similarities)

Differences between RENEW concepts
At present synthetic biofuel production is under discussion for various options of biomass
feedstock pre-treatment, type of gasifier, gas cleaning as well as different options for product
synthesis and final upgrading. Further on, the concepts may be realised in different scales,
with different biomass feedstock and various possibilities for the integration into existing
industrial facilities (pulp & paper, refining, petrochemicals etc.). These options for the
RENEW BtL production concepts will be evaluated within this assessment.
The concept design is mainly influenced by the capacity and by the integration of process heat
or by-products to e.g. district heating systems, pulp mills or refineries. Figure 31 gives an
overview on the design aspects of the concepts studied in RENEW. However, also other
combinations are possible, like e.g. the production of FT-Diesel in a plant integrated into a
pulp mill.
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Figure 31: The main technical differences between the RENEW concepts
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Assessment method and quality
Each concept has been developed in a specific technical and economical environment. This
leads to a specific degree of optimisation of the process conditions and subsequently to
differences in the technical performance and data quality (cf. Figure 27). To compare the most
relevant differences, multicriteria assessment methodology has been applied, allowing the
evaluation of efficiency, flexibility and industrial development status of selected technology
options.
However, this analysis bases on data from various sources, such as simulation, estimation or
detailed engineering from third parties, and corresponds to the different development maturity
like pilot plants, laboratory experiments or literature of the concepts involved. Thereby a
100 % data consistency could not be achieved in each case. The most relevant parameters for
indicator calculations were agreed within RENEW, but different calculation methods and
databases have been used by the respective partners. Besides, information on specific plant
location conditions is required in some cases, but the required engineering effort would
clearly exceed the capacities of the consortium.
Thus, this technical assessment has to be considered as an evaluation of selected questions,
rather than a comprehensive study or an analysis with the depth of a pre-feasibility study.
Based on the goals and on the provided data, this work represents a rigorous evaluation of the
concepts studied in RENEW by the relevant technical criteria.
4.3

Technical performance of the concepts

Efficiency
One of the main process indicators (also with high relevance for economic and environmental
issues) is the overall efficiency of the biomass conversion to fuel. The efficiency may be
calculated in different ways––which is legitimate as long as the boundary conditions are
coherent. Figure 32 and Table 9 summarise the overall efficiency of the assessed concepts
based on the definitions
•

“main fuel” applying the “Conventional Method”: Here the focus is on motor fuels
applicable without further upgrading (grey column)

•

“all liquids” applying the “Conventional Method”: the focus is on all fuels applicable as
motor fuel, with or without further upgrading (black column).

•

“all energy outputs” applying the “CHP-F Method”: The coloured staple shows the single
efficiencies, the sum is the overall efficiency.
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Figure 32: Overall efficiency of the RENEW concepts based on the conventional calculation methods
(main fuel and all liquids); *For trigeneration concept ICFB SP-scenario only conversion rate from
biomass to fuel is shown i.e. district heat output has not been considered within the efficiency calculation;
el-electrical; NG-Natural Gas; ext-external

Figure 33: Overall efficiency of the RENEW concepts based on the CHP-F method; el-electrical; NGNatural Gas; ext-external

The qualitative differences between the concepts are not influenced by the calculation
methods applied as far as the same energy flows are included. But for a comparison with data
from other studies the definition of efficiency is of high importance. The concept-specific
differences mainly result from the intended application or the design specificity:
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•

The BLEF-DME concept is the most efficient due to the higher efficiency of the DME
synthesis compared to the e.g. FT hydrocarbon synthesis and the process integration into
a pulp mill with heat and power provision 6 .

•

With today’s design and technology for diesel production (scenario “starting point” SP),
the highest efficiency is achieved by the cEF-D concept. This is due to the high cold gas
efficiency of the Carbo-V gasifier compared to other entrained flow (EF) gasification
concepts, the high level of reactive components for the synthesis (CO/H2) in the syngas
(i.e. low level of methane) compared to the fluidized bed (CFB) gasifiers, and the
optimised energetic integrations (e.g. heat or tail gas recovery) due to the relative high
maturity.

•

In the future scenario S1, the ICFB-D concept claims to achieve very high fuel
production efficiency. The reason for that is not fully understood and may be due to
optimistic efficiency estimates for all major components and optimized energetic
integration.

•

Considering diesel production, the 50 MW ICFB-D (SP) concept is the weakest since it is
not optimised on high diesel yield but on co-generation to heat and power.

•

Concepts dedicated to ethanol production by means of the thermo-chemical pathway have
low efficiencies. The data used for modelling come from literature and some processes
may not be fully reliable, resulting in lower efficiencies in several process steps. Further
technology development in alcohol synthesis is required, and no big technology
improvements were assumed in the calculations.

In comparison to the thermal efficiency of CtL (35-50 %) and GtL (55-65 %) the expected
BtL efficiencies are in a realistic range when considering the main differences and similarities
like heating value of the feedstock, cold gas efficiency and number of process steps. However,
all of these efficiencies still have to be demonstrated.
Additionally, a maximised biofuel scenario shows that the use of external hydrogen produced
by electrolysis approximately doubles the BtL output, but leads to primary energy efficiency
in the order of 25 %...30 %.
Flexibility
Besides efficiency, some flexibility related criteria are also important from an industrial point
of view to compare the different concepts. These relate to the biomass feedstock, which can
be commercially used at low cost in the future, the optimal combination of gasification,
syngas treatment and synthesis process and the opportunities and limitations of process
integration for improved energy efficiency.
The most flexible concept with the corresponding best industrial performance can not be
identified today, as more than simply the specifications of the concept have to be known. For
each of the three mentioned criteria (feedstock, end product, energy integration) the
conditions of the BtL-plant site, such as type and volume of feedstock or industrial synergies
for instance, will have a crucial influence on technical choices. The overall performance will

6

Gasifier is fed with 600 MW black liquor from the pulp mill. To balance the original steam and electricity from
black liquor only 500 MW of woody biomass is required. This optimised process integration is one reason for
the higher efficiency.
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result from optimisation between competing goals like, for example, maximum biofuel
production versus maximum bioenergy production and CO2 saving. Therewith, none of the
concepts can be favoured in general.
In principle, the feedstock flexibility of the BtL concepts is high because a broad range of
type and quality of feedstock can be gasified, as long as it contains carbon and hydrogen. This
is generally valid for both EF and CFB gasification, but only some feedstock biomasses have
already been tested in pilot plants. Commercial application should be technically possible, but
need demonstration and verification on an industrial level. For practical reasons concerning
storage, conditioning and transport systems for different types of biomass, commercial BtL
plants will probably be adapted to 5 - 6 biomass types at maximum.
The end product flexibility or choice of synthesis process mostly depends on gas treatment
and upgrading of the end product. As these process units are quite expensive, the scale of the
envisaged BtL plant is important. In large scale, the syngas conditioning can adjust the gas
purity and composition to the demands of the different synthesis processes (FT, DME,
Alcohols) and FT-raw product may be upgraded to a diesel fuel. But for small scale, and to
some extent medium scale, the product flexibility is limited. For techno-economic reasons the
FT-raw product is probably best sold as synthetic crude to a refinery. Products like synthetic
natural gas or methanol seem to require a lower effort in synthesis and upgrading and may be
more feasible options.
The energetic integration has a high influence on the overall efficiency and on the BtL cost
and is a main criterion for future plant development. But suitable integration possibilities and
respective locations are limited. An example is the highly efficient BLEF-DME concept with
a high level of process integration to a pulp-mill. Designed to replace an old, inefficient blackliquor recovery boiler it is an integral part of the mill. The number of pulp mills where the
recovery boiler needs to be replaced is considerable but limited. The same is true for the
ICFB-D concept with supply of district heat. Here, connection to the heating grid and a
logistic concept for a large volume of biomass feedstock needs to be combined. The limiting
factor is not the adaptation of any of the presented BtL technologies, but rather finding the
suitable location.
Development status
The technical assessment has been extended to a preliminary qualitative evaluation of the
development status of the involved process units based on an industrial perspective and
respective criteria:
•

Scale up issues: Number of steps needed from actual status to commercial scale and
justification (reactor design, scale up factors, experiences from other plants, calculation
method etc.)

•

Process design issues: Availability of advanced process data (detailed mass and energy
balance, utility flows etc.) reflecting in-depth investigation of different process conditions
(start of run, mid run and end of run) needed for the engineering of the industrial plant.

•

Critical items, sourcing and management: Identification and preliminary selection of
reliable catalyst providers, for example.

•

CAPEX/OPEX data: Availability, calculation method and level of detail/accuracy of
these data are indicative for the level of industrial development.
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•

Plot plan, process water flow, HSE studies: Similar to the cost issues, the concept
development will be influenced by site issues. Thus, the availability/status of site-related
engineering work (e.g. HAZOP, HAZID) is an indicator for the level of development.

•

Process modelling status and quality: Overall chain process modelling as well as specific
process units modelling of mass, thermodynamic, kinetics and/or fluid dynamics data also
reveals the level of development for such complex process chains.

The criteria investigated allow some of the most critical industrial challenges in the
implementation of new and complex technologies to be addressed. The intention is not to
request and/or perform in-depth studies in the framework of the RENEW project, but rather to
identify those concepts that have started to tackle them and can thus be considered as more
industrially advanced. Hence, these criteria are essentially based on qualitative assessment
and should not be considered as a quantitative measurement of relative maturity of the
different concepts.
Table 9: Comparison of RENEW concepts regarding selected industrial criteria.
cEF-D

BLEF-DME

ICFB-D
(SP)

dEF-D

CFB-D

EF-E

CFB-E

ICFB-D
(MF)

Scale up steps

1

1

1

(1)

2

no
gasifier

no
gasifier

2

Mass balances
(start / end run)
Cat. provider
contacted
CAPEX /
OPEX
Plot plan

α: existing
β: progress

available

-

-

-

-

-

-

1

3

(1)

-

-

-

-

(1)

available

available

available

-

-

available

available

-

-

-

simulation
level
-

simulation
level
-

-

α: existing
β: progress

available

-

-

-

-

-

-

-

-

-

-

-

mass
balances

mass
balances

mass
balances

mass
balances

mass
balances

Concept

Water flow plan
HSE studies
Modelling
quality

β: existing
β: progress
test data +
mass
balances

(test data
+) mass
balances

partly
available
test data +
mass
balances

-

Scale up factors: Number of steps needed from actual status to commercial scale; Mass balances: Knowledge regarding the
changes of process conditions under start up/end run; Catalyst provider: Number of commercial providers contacted for
synthesis catalyst provision in future plants; CAPEX/OPEX: Knowledge of capital- and operation-related costs for the main
equipment with preliminary sizing data; Plot and water flow plan; HSE issues: Indicator for developments status of project
specific plant design; Modelling quality: Knowledge of quality of data sources

Based on these industrial indicators it can be concluded that the RENEW concepts differ
considerably in terms of maturity. This is not surprising as some technology providers started
more than 10 years ago, others only recently, and the development aims and capacities differ
between research institutes and industrial enterprises. However, none of the concepts can be
called “proven technology” and may be bought off-the-shelf. Some of the concepts are ready
for demonstration and integration in the medium scale (50 MW-range), others need further
research and development and test operation in pilot scale (<10 MW-range).
However, research and demonstration is needed in different fields. In the feedstock
preparation, the integration of feedstock with low ash melting point into CFB, the thermochemical pre-treatment for EF, handling of feedstock of different qualities and feeding
systems, e.g. feeding into pressurized reactors, may be improved. A technically stable and
economically feasible gas cleaning and conditioning, especially for low temperature
circulating fluidized bed gasifiers, needs to be developed. Similar is true for the upgrading of
Fischer-Tropsch raw product to a final diesel fuel under consideration of an external solution
in a refinery. Finally, a combined modelling/analysis/monitoring approach for critical process
facilities should be performed.
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But the most important technical endeavour is to develop scale-up strategies aiming at the
integration of the individual process steps along the complete chain from biomass to
transportation fuel. This would demonstrate process performances, reliability and
effectiveness––all necessary to convince investors.
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4.4

Time horizon of BtL implementation

Beside the technical criteria of efficiency, flexibility and development status, aspects of a
promising scale for future BtL concepts and the respective time until commercial availability
are interesting from an industrial point of view.
The scale of future BtL plants will depend on technical issues and on location-specific aspects
like the availability of feedstock or the heat integration and have a strong influence on the
detailed design of the system components and its integration. Concerning the scale, three
classes can be distinguished:
•

Small-scale plants in the 50 MW range allow integration into existing district heating and
electricity infrastructure. However, the bio synfuel is more a co-product to power and
heat generation.

•

Medium-scale BtL plants of the 200 – 500 MW range may stand-alone, but are most
probably integrated in industrial process (e.g. pulp mill, process steam provision, etc.).
The limiting factor is the biomass supply on a preferably local basis.

•

Large-scale BtL plants in the 1 – 5 GW range are stand alone or refinery integrated,
profiting on the economy of scale, located at traffic knots––preferably at sea ports––to
secure a very large supply of feedstock.

600

s
High yield Projects
e
rg
a
L
:
Challenge

500
Biomass demand [MW]

Specific. Engineering and Installation Effort

Logistic Effort

A combination of these ranges may be achieved by producing interim products like pyrolysis
oil or FT-raw product in small scale with subsequent processing to automotive fuel in large
scale. These principal approaches have different needs concerning biomass provision logistics
and the specific engineering and installation. An overview on the different RENEW-concepts
regarding scale and BtL yield is shown in Figure 34.

42 plants
needed for 4 %
BtL in the market
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Figure 34: Plant size and efficiency of the RENEW concepts
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Generally, small-scale plants offer an “easier” implementation due to a lower biomass
logistical effort, a high overall efficiency (integration to district heating, for instance) but face
higher technical effort, higher specific costs and a limited BtL yield, which would
subsequently result in a multitude of plants being needed for significant BtL production and
an upgrading of the raw product in refineries. Accordingly, large-scale projects benefit from
higher fuel yields, lower number of plants needed and lower specific costs, but face the
typical challenges of large projects, especially their financing and a difficult energy and
feedstock integration. The combined approach with e.g. pyrolysis in many small, peripheral
plants and a central fuel synthesis reveals a possibility to decouple the counter-trends of
logistical effort and specific installation effort. Thus, a combination of advantages of smalland large-scale concepts may be achieved. However, further R&D on how to handle the
interim products pyrolysis oil or crude wax is required.
Development stages and time horizon
The time horizon for market implementation of synthetic biofuels is determined by the
solution of the technical challenges and the present development status of the different
concepts. The timeline of development from the first evidence up to commercialisation is
shown in Figure 35.
General development stages of bioenergy technology
First Evidence

Proof of Principles

Unit Operation Development

Integration & Demonstration

Commercialization

• First Concepts

• Bench scale
experiments

• Understand uncertainties &
limitations at unit operation
level & respective resolutions

• Integrated process
demonstrated

• Commercial plant
constructed and
started

• Isolated data

• Basic principles
developed

• Pilot scale tests

• Production for testing /
market seeding

• Options for further
cost reduction
identified

• White paper

• Uncertainties
identified

• Suppliers for non-novel
components identified

Technology
Development

8 – 15 years

Time to
commercialization

5 - 10 years
3 - 8 years
1 - 4 years
0 - 2 years

Concept timelines
UET
FZK

2001

2003
Pyrolysis, GSP

2007/8
β-plant, 43 MW

2008
Bioliq-Pyrolysis Pilot

2011
Bioliq-BtL Pilot

2006/7

CUTEC
Chemrec
2004

2011/2012

2009/2010
Bio-FiT, demo

2005-7
Slurry-FT

TUV

Abengoa

2004/5
α-plant

2009, ABSART

2010, 20 MW
fuel synthesis later

2005
DP-1, 3 MW Piteå

2009 DP-1,
3 MW Piteå

2010/2012
Bio-FiT, 50 MW

2010/11
DP2, 75 MW

2012/13

2005

Figure 35: Steps and timeline of bioenergy technology development. Data provision for the RENEW
concepts are: UET - cEF-D; FZK - dEF-D; TUV - ICFB-D; CUTEC - CFB-D; Chemrec - BLEF-DME;
Abengoa - EF-E and CFB-E.
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The commonly agreed opinion of the technology developers is that:
•

High effort concerning the challenges to be overcome may postpone the initial production
of BtL fuel in significant amounts until 2012 at the earliest.

•

As there is no clear favourite, different concepts should emerge for different applications
or local contexts, each needing demonstration of critical components and overall
performance of the complete chain.

•

Based on the current status a significant contribution of BtL to the world fuel market can
not be expected in the next decade. But within selected regions or applications, BtL fuel
could contribute to a further market implementation in the medium term.

4.5

Summary

The RENEW concepts for synthetic biofuel production were compared for their technical
advantages, risks and maturity. A respective “multicriteria assessment” was developed on the
base of a combination of quantitative and qualitative data.
This assessment shows that three concepts achieved an advanced technical status, but none an
industrial production level. Each of these concepts represents technological leadership in
terms of different aspects:
- cEF-D: Entrained flow gasification of biomass; the first demonstration plant (50 MW) for
the overall process of BtL production is in commissioning, the upscaling to commercial
size (500 MW) is in progress
- BLEF-DME: Entrained flow gasification of black liquor delivers green liquor and process
heat for a pulp mill and synthesis gas for the production of DME. Contracts for industrial
demonstration have been signed.
- ICFB-D: Addition of (raw) synfuel production to a commercial gasification plant for heat
& power production.
These three concepts are sufficiently advanced for demonstration plants and will allow
detailed engineering of larger scale BtL plants.
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5.

BtL properties and suitability

5.1

Introduction

In addition to the production, application aspects are of paramount importance. Although all
of the fuels examined in the RENEW project are suitable for vehicle application, each of the
fuels has distinct advantages and disadvantages. All fuels are restricted to either spark ignited
or compression ignited engines. Some of the fuels however seems to be suitable also for
future advanced combustion processes like CCS, HCCI and CAI.
Table 10: Suitability of the RENEW fuels for different engine types

Fischer Tropsch Diesel
Fischer Tropsch Naphtha
DME

_
_
_

Compression
ignition
x
(x)
x

Ethanol

x

_

_

Methane

x

_

_

Fuel Type

Spark ignition

Advanced
Combustion
(x)
x
(x)

The most important criterion for an assessment as automotive fuel is the potential to reduce
emissions and fuel consumption. As this potential depends also on engine technology and
especially on the exhaust gas after-treatment technology a differentiation between older
technologies, which represent most of the current vehicle fleet, and modern, state of the art
vehicles is reasonable. The fuels should provide the same good driveability behaviour as
modern conventional fuel. This has to hold also for extreme climate conditions like low and
hot temperatures and high altitudes. The fuels should be compatible with materials,
typically used in engines and tank systems. They must not cause corrosion or abrasion.
Some of the fuels (methane and DME) are not liquid at standard condition. Storage density
of gaseous fuels is generally lower. This causes lower cruising ranges or lower payloads.
Gaseous fuels need a dedicated distribution infrastructure. Blending with conventional
liquid fuels is not possible. Although a bivalent operation of NG and gasoline is possible and
because of the mostly restricted range of dedicated NG vehicles, the emission benefits of NG
can be best realized in dedicated NG vehicles. Even though it would be technically possible to
have bivalent operation of DME together with conventional diesel fuel, it is most relevant to
have dedicated DME-fuelled engines. This is due to the relatively complex and expensive
injection system of diesel engines.
Environment and safety aspects are important especially in case of accidents. The toxicity
of the fuels is an important criterion at normal or accidental exposure.
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Below an overview of the considered evaluation criteria:
•

Emission reduction potential

•

Fuel consumption reduction potential

•

Drivability

•

- Cold start, cold weather behaviour
- Hot weather behaviour
- Deposit formation, sludge formation
Compatibility with materials

•

- Compatibility with polymer materials
- Corrosion behaviour
- Lubricity and abrasion
Compatibility with modern after-treatment technologies

•

Suitability for advanced combustion processes

•

Storage properties

•

- Energy density
- Payload
- Cruising range
Infrastructure aspects

•

- Suitable for blends with conventional fuels
- Additional infrastructure necessary
Dedicated vehicles necessary or reasonable

•

Environmental and safety aspects

•

- Biodegradability
- Flammability, risk of explosion
Toxicity

Not all of the RENEW fuels have been tested with engine and vehicle tests. The focus in the
RENEW project was on liquid diesel fuels produced by the Fischer-Tropsch process. Only
UET was able to provide the necessary amounts of fuel for engine tests. The UET FT diesel
is produced in fixed bed tubular reactors with a commercial Cobalt catalyst. Most of the UET
fuels tested were straight run FT diesel. UET and CERTH also produced diesel by
hydrocracking of the waxy fraction of the FT product and delivered this fuel separately.
Finally the producers used different synthesis processes and catalyst.
•

UET used a fixed bed reactor with a commercial Co-catalyst

•

TU –Vienna used a slurry reactor with experimental and pre-commercial catalysts

•

CUTEC used a fixed bed reactor with various catalysts

When comparing the fuel properties from different producers, it should be noted that the
processes at TU-Vienna and at CUTEC are in an early stage of development. So the
properties of these fuels will change more when the processes advance. Both the straight run
diesel and the hydrocracked diesel are not supposed to be the final fuel for a completely
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integrated BtL facility. Nevertheless these fuels are representative for the current state of art
BtL technology. A comparison with commercial GTL fuels showed that the engine and
vehicle test results of UET-BtL were quite similar.
The production of DME was not planned. VTEC took commercial DME and varied the
amount of methanol and water, which are the most important contaminants. AICIA and
Abengoa produced ethanol via an enzymatic route and via a gasification/synthesis route. No
engine or vehicle tests of Ethanol were planned in the RENEW project. PSI produced
methane from syngas. The distribution of decentrally produced bio-methane will be done by
feeding it into the local natural gas grid. No direct fuelling of natural gas vehicles is intended.
This is why no engine or vehicle tests of bio methane were planned in the RENEW project.
To asses also ethanol and methane, in-house experience with these fuels was supplemented. It
is assumed that the fuel quality of the processes developed in the RENEW project will in the
end not differ much from the current ethanol or natural gas standards.
5.2

Fuel properties

The chemical analysis of the different Fischer-Tropsch fuels produced in the RENEW project
was carried out by the Institute of Petroleum Processing (ITN). Overall, ITN analyzed 20
samples from UET (named P1 … P20) and about 10 samples from TU Vienna and Cutec. The
results were outlined in the Deliverable 5.4.1.7 9 . The detailed reports and an Excel data base
can be found on the RENEW web site.
ITN tested the fuels according the international standardized test procedures developed for
conventional diesel fuels. Most of these procedures are meaningful and important also for
synthetic fuels. However, some do not wholely apply to synthetic fuels (e.g. the cetan index).
Further on, when comparing the properties of the synthetic fuels to the European norm for
diesel (EN 590), it should be kept in mind that these fuels will form a new class of fuels, for
which some adaptation of the EN 590 will be necessary. One of the main advantages of the
FT fuels is the absence of aromatics. With zero aromatics the density of the FT fuels is
necessarily out of the specification of EN 590.
The density of the UET fuels ranges between 0.7 g/cm³ and 0.785 g/cm³ and therefore below
the lower limit of EN 590 (> 0.82 g/cm³). Density for these low aromatic fuels is mainly
influenced by the boiling range.
The boiling range influences also the flash point and the low temperature behavior. A low
initial boiling point, which is typical for the naphtha and kerosene type fuels, leads to an
unacceptable low flash point. This is a safety criterion. To comply with the EN 590 specs
(> 55°C) the initial boiling point should be greater than 160°C. If for new combustion
processes like HCCI naphtha type fuels are necessary, the car manufacturer should make
provision for the enlarged fire risk.
A correlation between the final boiling point and the cold filter plugging point (CFPP) could
not be found. Some of the UET fuels show low (good) CFPP values (e.g. P6: -50°C) untypical
for FT fuels. One reason could be the alcohol content, which was not analyzed by ITN in the
straight run fuels.
The final boiling point is weakly correlated to the lubricity (R² = 0.39). A higher content of
high boiling components leads to lower (better) high frequency reciprocating rig (HFRR)
values. The calorific values of the UET fuels lie between 42.6 and 43.9 MJ/kg, showing no
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correlation to the density. The TU-Vienna fuels have lower calorific values (41.9 MJ/kg). The
n-paraffin content of the UET fuels is high (66.6 to 88.6 %), leading to cetan numbers above
70 (R² = 0.58). Next important component class in the UET straight run fuels are olefins.
Unfortunately, ITN did not analyze for alcohols. From DC analyses the straight run fuels
contain some percentage of oxygen containing compound, mostly alcohols.
The high n-paraffin content can also be found in the hydrocracked fuel from UET. Obviously
the hydrocracking process used by UET had no isomerisation property. The n-paraffin content
of the hydrocracked fuels from CERTH is considerably lower (8 to 28 %).
From the TUV fuels, the influence of the catalyst on the fuel properties can be seen. By using
an iron catalyst, the n-paraffin content is remarkably low for a FT fuel (23.5 %) and the
aromatics quite high (up to 10 %). With the Co/Ru catalyst the n-paraffin content is in the
range of 77-85 %vol and the aromatics are below 1%(V/V). The commercial catalyst had similar
products as the Co/Ru cataylst. The fuel from CUTEC is mostly n-paraffinic.
The total aromatic content of the UET fuels, both straight run and hydrocracked, is generally
low (<1 %).
The same holds for the sulfur content. Because sulfur poisons the FT catalyst, generally low
levels should be expected. UET fuels have sulfur content <5 ppm, with the exception of the
two naphtha fuels delivered for Regienov (P5 = 9 ppm S, P6 = 6 ppm S).
The first samples of TUV fuels showed surprisingly high sulfur content (between 21 ppm and
184 ppm S). The final samples of TUV had for FT fuels typical sulfur contents below
10 mg/kg.
As could be expected for experimental processes and fuels, some fuels were significantly out
of specifications in some important fuel parameters. This does not mean that these processes
are not able to produce appropriate fuels. The process parameters should however be
optimized and observed. Some noticeable outliers were:
•

High water content, maybe caused by contamination during transport (P14)

•

Generally low lubricity of the UET fuels. This could be overcome with appropriate
additives

•

Low oxidation stability of the hydrocracked products from the UET process

Draft specification of BtL fuels
The project partners in SP1 developed a recommendation for a future BtL specification. The
fuels’ properties were classified either as parameters or characteristics. Parameters are fuel
properties, which are directly influenced by the production process. E.g. the high content of
normal paraffins is a characteristic of the FT process. Characteristics are properties which are
an indirect consequence of the parameters. The high cetan number is a consequence of the
high normal paraffin content. Some of the characteristics may be improved by additives.
Most of the engine and vehicle tests in SP1 were carried out with UET BtL 100. So the
specifications for BtL 100 are more reliable. UET tested the influence of BtL parameters on
the fuel characteristics in BtL 20 blends. It turned out that in blends some of the parameters
for the BtL blending component could be extended. For example the distillation range could
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be extended to 350 °C without affecting the low temperature behavior (CFPP) of the blend.
This helps to improve the economy of the process.
For future powertrains with homogeneous combustion (HCCI), only few results from the
NICE project are available for BtL fuels. So the specifications are more uncertain and are
derived from the requirements of Regienov (see discussion in chapter 7.6). In the first HCCI
engines coming to the market, the homogeneous combustion will probably be restricted to the
medium load regime. At full load conventional combustion will be applied. So the fuel has to
fulfill the requirements of both combustion processes and will have a specification like the
future BtL 100. Dedicated HCCI engines with dedicated fuels like the BtL naphta fuel will
not come to the market in the near future.
Table 11: Draft specification for BtL fuels
conventional engines (Diesel)

BTL 100

BTL as 20%
Blending
component

future powertrains
(homogeneous
combustion) 5
future BTL
100

BTL naphta
100

Parameters
5% recovered at
95% recovered at
%-n-paraffin/iso-paraffin
Olefine
Aromatics
Sulfur
Oxygen content

°C
°C

170
320

mass %
mass %
ppm
mass %

<1
<1
<5

170
160
350 3
250
cannot be derived form RENEW results
<1
<1
<1
<1
<5
<5
cannot be derived form RENEW results

50
160
<1
<1
<5

Characteristics
Cetan no.
CFPP
Flash point
Density
H/C
Lower heating value
Lubricity
Others

°C
°C
g/ml
mol/mol
MJ/kg
um

> 60
< -22
> 55
0,76
>2
44,8
< 460 2
EN 590

> 60
< -17 4
> 50
> 0.76
>2
44,8
< 460 2
EN 590

< 50 / >65 1
< -22
> 55
0,74
>2
44,6
< 460 2
EN 590

< 45
< -23
0,70
>2
44,3
< 460 2
-

1: from engine demands < 50 is required, modern Co-based low temperature FT units do offer > 65 as a standard
product; see further comments in text
2: can only be achieved with additives
3: influences on engine emission have not been proven and might change the recommendation
4: probably lower
5: very preliminary because of early stage of engine development

5.3

Emission reduction potential

Volkswagen AG and DaimlerChrysler AG tested UET-BtL with different specification in
modern, state-of-the-art passenger cars. The engine control application was adapted to the
fuel. Injection timing, exhaust gas circulation rate and injection pressure were optimized to
minimize emissions (software optimization). Furthermore, DC also carried out hardware
optimization (reduced compression rate, optimized injection system). The vehicles were
equipped with different types of exhaust gas after-treatment system: The vehicles generally
used oxidation catalytic converter (oxycats), which reduce CO and HC emissions. This kind
of after-treatment is the most common technique in the existing fleet. The DC vehicle used an
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additional particulate filter (DPF). The DPF will be the after-treatment technology of future
diesel passenger cars.
The tests showed that the pattern of emission reduction was quite similar for VW and DC
vehicles when a similar optimization strategy was used. The differences between the different
fuels were low compared to the differences between BtL fuel and conventional fuel. There is
a potential for optimization of the fuel properties, but BtL fuel is generally superior to
conventional fuel.
Table 12: Emission reduction factors for BtL fuel and different emission reduction technologies (negative
values indicate a reduction of emission)

Technology
State of the Art,
no adaptation
State of the Art, Oxycat,
PM opt.
State of the Art, Oxycat,
NOx opt.
State of the Art, Oxycat,
DPF
Future dedicated BtL,
Oxycat + DPF

NOx

PM

CO

HC

HC + PM

-6%

-30%

-90%

-60%

-70%

-7%

-44%

-95%

-73%

-91%

-35%

-12%

-95%

-73%

-88%

-29%

-94%

-92%

-79%

-37%

-72%

-95%

-59%

-16%

-85%

The first line shows emission reduction which can be realized in all cars of the existing fleet.
No adaptation of the engine is necessary. The BtL fuel causes a significant reduction of CO
and HC emissions, a medium reduction of particulate emissions and only a slight reduction of
NOx emissions.
The next two lines show emission reduction with optimized application (software
optimization). A further reduction of particulates or a significant reduction of NOx could be
realized alternatively. Vehicles with software optimization can be built at moderate additional
cost. A fuel sensor which distinguishes between conventional fuel and BtL fuel can enable
bivalent operation.
The last line shows the reduction of hardware optimized vehicles with particulate filters. With
this concept particulates and NOx can be reduced simultaneously. However, this vehicle can
only operate with BtL fuel. Operation with conventional fuel causes bad drivability and
intolerable particulate raw emissions.
VTEC tested DME blended with methanol and water in a heavy duty diesel engine in order to
determine the impact of these impurities on engine performance. The objective was not to
optimize the engine to the DME combustion, although necessary modifications of the engine
hardware (common rail DME fuel injection system, long root exhaust gas recirculation (EGR)
and an oxidation catalyst) have been made. The engine was a modern six-cylinder 9.4 litre
heavy duty engine (Volvo D9A 300 hp, Euro 3, torque 1360 Nm and power 210 kW). The
engine should comply with Euro 5 exhaust emission legislation, e.g. soot 0.02 g/kWh and
NOx 2 g/kWh. Since the engine’s combustion system is not optimized for DME, there should
be a potential for future improvements.
A hydraulic dynamometer was used to test the engine in the test cell. Regulated emissions,
unregulated emissions and particle size distribution were measured with conventional
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techniques, FTIR (Fourier Transform Infra Red) and SMPS (Scanning Mobility Particle
Spectrometer), respectively.
Operating points, with focus on normal cruising engine speed, from the 13 point European
Stationary Cycle, ESC, were chosen to study the engine performance in detail. The test
procedure for trucks differs principally from the test procedure for passenger cars. Trucks
were not tested as a whole vehicle in a standardized driving cycle on a chassis dynamo. Only
the engine is measured on a test bench on 13 load / engine speed points in the relevant
operation range. Emissions at these load points are added using standardized weighting
factors and expressed as mass per power output.
It was, as mentioned before, not the task of VTEC to optimize the DME combustion and to
measure the emission reduction according ESC: So these values are not available. It was
however observed qualitatively during the test campaign that the main emissions NOx and
particulates are reduced significantly. CO is increased but can be reduced effectively by an
oxidation catalyst.
Methane and ethanol were not tested in the RENEW project. Both fuels are used in spark
ignition engines. When operated at stoichiometric air fuel ratio (λ = 1) efficient three way
catalyst (TWC) can reduce NOx, CO and HC emissions. Problems arise however with
methane, which cannot be oxidised by the catalyst at low temperature. Therefore hydrocarbon
emissions of NG driven vehicles consist mainly of methane.
Table 13: Typical emissions reduction from in-house tests respective from literature

Technology
EU 4 limits

Unit
g / km

NOx
0,08

CO
1

HC
0,1

Source / Vehicle

Gasoline
E85
Change

g / km
g / km
%

0,046
0,048
4%

0,840
0,480
-43%

0,050
0,062
24%

DaimlerChrysler
E 320 FFV

Gasoline
NG
Change

g / km
g / km
%

0,070
0,020
-71%

0,550
0,680
24%

0,070
0,250
257%

Fiat Multipla Bipower
Source ADAC

With ethanol (E85) a reduction is only observed with the CO emissions. HC increase while
NOx is nearly unchanged. All emissions are however well below the Euro 4 limits.
With methane or natural gas a significant reduction of NOx was found, while CO and HC
increase dramatically. The vehicle does not meet the Euro 4 HC limits when fuelled with NG.
This is caused by the low conversion rate of methane in the TWC.
5.4

Fuel consumption and CO2 emissions

Fuel consumption depends on the combustion efficiency and the energy content of the fuel.
Since combustion efficiency does not change significantly when one fuel is exchanged by a
suitable other fuel, the differences in fuel consumption reflects predominantly the different
fuel properties. However CI engines show generally better efficiency than SI engines. The
following Table 14 therefore compares UET-BtL with conventional diesel and ethanol, and
methane with conventional gasoline.
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The most important differences between the fuels are the density and the hydrogen : carbon :
oxygen (H:C:O) ratio. Fuels with high H:C ratio possess generally higher gravimetric energy
content. But they also tend to have lower density. The gravimetric energy content of ethanol is
low because of the high oxygen content.

Table 14: Change of fuel consumption and CO2 emissions of the different RENEW fuels

Technology
UET-BTL
Ethanol (E85)
Methane

CO2
-5%
-3%
-23%

Fuel
Fuel
Fuel
consum. consum. consum.
by
by
by
Energy
Volume Weight
6%
-4%
-4%
35%
50%
0%
256%
-12%
-7%

The increased volumetric fuel consumption of the UET-BtL is caused by the lower density
(0.76 kg/l compared to 0.83 kg/l for conventional diesel fuel). The small improvement in
energetic and gravimetric fuel consumption and the CO2-emission is partly due to a higher
H:C ration and a slightly improved combustion efficiency.
Ethanol shows the same combustion efficiency as gasoline. The low energy content
(26.5 MJ/kg compared to 43.6 MJ/kg for gasoline) entails high gravimetric and volumetric
fuel consumption.
Methane exhibits the best CO2 reduction of the tested SI fuels because of it outstanding H:C
ratio. The combustion efficiency is significantly better than the efficiency of gasoline. This is
enabled by the high octane rating and improved mixture properties. The most severe
disadvantage is the low density which causes high volumetric fuel consumption. At 200 bar
the equivalent tank volume is 2.5 times greater than with gasoline. Considering that heavy
compressed gas cylinders are not integrated easily into a vehicle, dedicated NG vehicles have
only an unsatisfactory cruising range.
5.5

Suitability with modern after-treatment technologies

Exhaust gas after-treatment technologies are different for diesel engines and gasoline engines.
Whereas for stoichiometric burning SI engines the three way catalyst (TWC) is state of the
art, technologies for lean burning CI engines are still under development. Modern aftertreatment technologies are:
•

SI engines , stoichiometric (TWC)

•

SI engines , lean

•

- Oxidation catalyst
- DeNOx with absorption catalyst
CI-engines, lean
-
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Oxidation catalyst
Particulate filter
DeNOx with absorption catalyst
Selective catalytic reduction (SCR) DeNOx with urea or ammonia
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All catalytic processes are susceptible to inorganic contaminants in the fuel. These can build
up permanent deposits on the catalytic centres. Critical elements are alkali- and earth alkalimetals, phosphorus and sulfur. DeNOx absorption catalysts are especially susceptible to
sulphur. Sulfur is stored as sulphate and consumes the active absorptive mass of the catalyst.
Sulfur regeneration can only be done at high temperature which causes accelerated thermal
ageing of the catalyst.
The UET-BtL has very little inorganic contaminants and––due to the synthesis principle––
almost zero sulphur. Tests with DeNOx absorption catalyst or SCR DeNOx (DC BlueTec®
technology) were not carried out within the context of the RENEW project. Judging by the
fuel specs, UET-BtL should be advantageous for these technologies. Tests with particulate
filters revealed no problems with filter regeneration. The lower raw emission of particulates is
a benefit.
DME as a gaseous synthetic fuel is almost sulphur free and should be free of inorganic
contamination. No problems with particulate filters and DeNOx catalyst are to be expected.
Vehicles fuelled with ethanol commonly use TWC technology. As E85 tends to increase
cold-start hydrocarbon emissions, an effective hydrocarbon trap is necessary. Incomplete
combustion of ethanol produces acetaldehyde, which is toxic. Improved catalysts have been
developed to reduce aldehyde emissions from flexible fuel vehicles.
Methane: NG-vehicles typically use stoichiometric combustion and a TWC. With a view to
thermodynamic considerations, a lean combustion process should be preferable for dedicated
NG-vehicles. Because of the zero sulfur content a DeNOx catalyst should be possible, but
NOx regeneration with methane might be a problem. The biggest problem for NG-vehicles is
the high emission of methane (Table 13). Methane is a quite inert molecule which cannot be
oxidized with a conventional TWC at low and medium temperatures. This problem is yet to
be solved.
5.6

Suitability for advanced combustion processes

Currently, automobile manufacturers are working intensively on advanced combustion
processes which have the potential for reducing engine emissions and fuel consumption
significantly. For diesel type engines this new combustion process is characterized as
Homogeneous Charge Compression Ignition (HCCI): Combined Combustion System (CCS,
Volkswagen); and Combined Homogeneous Heterogeneous Combustion (CHHC,
DaimlerChrysler). The principal of HCCI is to burn an almost homogeneous air-fuel mixture,
like the mixtures of gasoline engines, in a diesel process. This avoids the high temperature
and rich air-fuel zones which cause high NOx and high soot emissions in conventional
heterogeneous spray combustion.
For SI engines, controlled auto ignition (CAI) uses compression ignition of very lean air-fuel
mixtures. CAI operation is confined to a low to medium load zone of the engine operating
envelope. The benefit of CAI is improved fuel consumption with no increase of emission.
Future fuels should have the potential to support these new combustion processes. Because
their development is not yet finished, it is not possible to define the best HCCI or CAI fuel at
the moment. Nevertheless, it is possible to define some of the properties which contribute to
realizing the benefits. For HCCI these are a gasoline-like boiling range to ease vaporization
and mixture homogenisation and cetan rates in the range 40 – 50 CN to avoid early ignition.
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For CAI, readiness to auto ignition at CAI regime is as important as a high knocking
resistance at high load SI regime.
Renault / Regienov and Volkswagen (within the NICE project) tested naphtha fuels in
experimental HCCI engines: The fuels were produced by CERTH by hydrocracking of the
BtL wax fraction. Both project partners found significant improvements compared to standard
diesel fuel.
DME as gaseous fuel forms homogeneous air-fuel mixtures very easily, and HCCI
combustion of DME has been successfully researched. Detailed combustion analysis has to
prove how complete the homogenisation and how big the fraction of premixed combustion is.
Ethanol has been studied in CAI application. Higher octane fuel and charge cooling effect
(particularly with DI) allows an increased compression ratio with improved efficiency.
Ethanol can also enlarge the CAI operating range.
Methane has been tested as a CI fuel. The high octane rating however precludes methane
from auto ignition. Pilot injection gas engines therefore use a second diesel-type fuel to ignite
the load without a spark plug. However, this combustion process reveals no benefits
compared to conventional SI. Methane, therefore, is not suitable for advanced combustion
systems.
5.7

Drivability

Drivability summarizes different unfavourable effects which could be caused by fuel
properties. Bad drivability arises prevalently at low or high ambient temperatures.
Cold start, cold weather behaviour
UET-BtL fuel: At low temperatures the start of a diesel engine needs fuel with a high cetan
number. As the UET-BtL has an extremely high cetan number (> 75), no cold start problems
were observed down to -20°C. VW carried out special cold start tests, in which also emissions
were measured. It was found that at -7 °C the emission reduction compared to conventional
fuel was even more pronounced than at room temperature. This is especially true for
hydrocarbon and particulate emissions. One reason for this observation could be that the
starting process with higher fuel injection quantity is considerably shortened by the high cetan
BtL fuel. Thus incomplete combustion under rich conditions which produces hydrocarbons
and particulates is effectively reduced.
However, UET-BtL does have the problem of filter plugging at low temperatures. The long
chained molecules of the fuel tend to crystallize at low temperatures. Two test properties
characterize the low temperature behaviour: The cold filter plugging point (CFPP) and the
cloud point (CP). Some early samples of UET-BtL exhibited insufficient low temperature
properties (CFPP = -12°C, CP = -6°C), whereas later samples showed excellent properties
(CFPP = -35°C, CP = -32°C). The improved properties were probably caused by a higher
content of alcohols from the synthesis. These alcohols will not be contained in a final BtL
fuel. Low temperature flow behaviour will be a problem for future Fischer-Tropsch-BtL fuels.
ITN tested some commercial flow improver additives, but with little success.
Ethanol: Drivability and starting under cold conditions are negatively impacted by the high
latent heat of vaporization of ethanol. In the longer term, the potential for increased valve
deposits may lead to impaired drivability: This needs to be addressed with optimized fuel
additives. A significant durability concern may arise for vehicles operating in low ambient
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temperature conditions, where repeated cold starting could give rise to bore washing and
associated scuffing issues unless suitable countermeasures are implemented. For low levels
(<15%) of ethanol, an increase in RVP (Reid vapor pressure) as result of azeotropic mixing
can aid the fuel cold startability characteristics. However, for high ethanol blends the light
ends from the gasoline are relied upon for starting at low temperatures.
No negative effects of low temperatures are observed for methane.
Hot weather behaviour
No negative effects at high temperatures are observed with UET-BtL.
Ethanol: Hot ambient temperatures can be a problem for restarting a vehicle running on high
ethanol concentrations after a hot soak. Ambient temperatures from 40 to 50°C resulted in
restart problems when the engine was turned off and left to stand for 20 - 60 minutes. The
temperature of the fuel could rise to 65°C and higher in the fuel rail. Bubbles of evaporated
fuel can inhibit fuel flow (vapor lock).
No negative effects at high temperatures are expected with methane.
Deposit formation, sludge formation
Volkswagen observed an increased injector coking with UET-BtL. This seems to be a general
problem of GTL and BtL fuels of the Fischer-Tropsch type. VW solved the problem using a
specially adapted additive. DaimlerChrysler used a commercial additive (BASF Keropure DP
502) to enh ance lubricity and cleanliness. No extensive deposit formation was observed with
this additive.
There are many studies which demonstrate increased deposit formation with E85, gasohol or
lower ethanol gasoline blends. Increased valve deposits as well as injector coking in DI SI
engines were observed. For gasohol and E85, special detergent additives were developed to
prevent deposit formation. Significant durability concerns may arise for vehicles operating in
low ambient temperatures with repeated cold starts. From Brazil, frequent problems with oil
dilution and sludge formation have been reported. A more frequent change of engine oil
seems to be the only solution to this problem.
No problems with deposit or sludge formation are known with NG / methane.
5.8

Compatibility with materials

The new fuels should be compatible with common materials used in the tank system and the
engine components. For dedicated vehicles, materials can be adapted to the fuel properties.
For bivalent fuelled vehicles this can be a problem.
Compatibility with polymer materials
The most important difference between UET-BtL and conventional diesel is the lack of
aromatic components. Aromatics cause swelling of some elastomers and the natural rubber
components which are used in seals. In the absence of aromatics these seals could become
leaky. However, no problems were observed during the engine and vehicle tests so far. ITN
carried out extensive tests with common elastomers and UET-BtL. In these tests the UET-BtL
proved to be superior to conventional diesel with regard to all relevant criteria (change of
hardness, tensile strength, elongation at break and swelling). DaimlerChrysler tested some

RENEW final report - BtL properties and suitability

81

plastic components of the tank system in laboratory tests and found similar improvements for
high density polyethylene, a common thermoplastic material in the fuel system.
Ethanol tends to degrade some types of plastic, rubber and other elastomer components. At
higher ethanol concentrations swelling and embrittlement of rubber fuel lines and o-rings are
observed. Compatible materials for substitution are Teflon and highly fluorinated elastomers
(Vitons).
As pressure tanks and methane gas lines of methane fuelled vehicles are exclusively used by
the gaseous fuel even in bivalent vehicles, appropriate materials and techniques can be
chosen. So no materials problems are expected with methane.
Corrosion behaviour
ITN tested different samples of UET-BtL with respect to cooper corrosion and ferrous metal
corrosion. Cooper strip corrosion tests were class 1 and in line with the EN590 specification
for all tested fuels. Some samples however showed strong ferrous corrosion. The reason for
this could be the relatively high amount of oxygenated compounds (alcohols, aldehydes),
which can be oxidized to aggressive carbon acids. Regienov found accelerated fouling of
injector needles using one sample of UET-naphtha. This fuel exhibited an unusually high
water content and was obviously contaminated during transport.
These problems are however not typical for Fischer-Tropsch type fuels. Commercial GTL
shows no enhanced corrosion. Another type of corrosion can be evoked by biological
contamination of the fuel. ITN tested the susceptibility of UET-BtL for bacterial and fungal
contamination and found a high resistance of the fuel against microbiological attacks.
Ethanol increases the corrosion of the metallic fuel system components. This is partly due to
the increased water content of the fuel, or to organic acids that can be present in commercial
oxygenates, or to an increased galvanic corrosion: Alcohol is more conductive than gasoline
and accelerates the corrosion of metals in contact (Al, brass, Zn, Pb). Protection such as nickel
or tin surface treatments can be used to solve the problem.
No corrosion problems are expected with methane.
Lubricity and abrasion
The lubricity of UET-BtL is generally too low. This is especially true if the boiling range is
low. A higher final boiling point improves the lubricity, but will cause problems with low
temperature properties. Low lubricity causes enhanced abrasion in the high pressure fuel
pump. Lubricity can easily be improved with state-of-the-art additives. DC used commercial
BASF Keropure DP 502 additive to enhance lubricity. No problems with abrasion have been
found with the additivized fuel so far.
Ethanol exhibits a lower lubricity compared to gasoline, which can cause increased engine
wear. Several studies have been undertaken on wear of metal to metal surfaces as an impact of
using alcohol fuel blends. The studies describe the solvent effects of ethanol and its
consequences on lubricity. The bore wear (between 60 to 90% higher) was significantly
increased with high ethanol blends (E85). The poor lubricity of ethanol can result in increased
exhaust valve wear when high ethanol concentration fuels are used. Use of hardened exhaust
valve seats is common. Some OEMs use an acid-neutralising oil in flex fuel vehicles.
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High pressure Methane / NG has no need for fuel pumps and compressors, which are the
most critical components in the fuel line for lubrication. So no additional problems have been
observed, neither for bivalent and nor for dedicated NG vehicles.
5.9

Storage properties

The storage properties of fuels are linked to several aspects such as liquid or gaseous state,
energy density, etc. The energy density of the fuel is especially important when it comes to
long haul trucks and buses. Less energy-dense fuels are only suited for captive fleet
applications with low daily cruising ranges.
Energy density
Energy density of fuels can be expressed as volumetric or gravimetric energy density. Both
properties are important for mobile applications. A low volumetric energy density fuel needs
voluminous tanks, which reduces the usable space on board. A low gravimetric energy density
fuel implies a higher weight of the fuel system, which reduces not only the payload of the car
but causes also higher fuel consumption. Gaseous fuel can have high gravimetric energy
density (e.g. hydrogen) but exhibits only bad volumetric energy density, even when stored as
compressed gas (see bio-methane in Table 15).
The energy density of the oxygen containing fuels is low, both gravimetric and volumetric.
This is especially true for DME and methanol. Compressed gaseous fuels need more robust
and heavier tank systems. So for the resulting gravimetric energy density the tank weight has
to be included. Table 15 shows a comparison of the RENEW fuels.
Table 15: Energy density and storage density of the RENEW fuels

Density
at storage pressure
Lower heating value
Lower heating value
Fuel volume for 50 l
gasoline equivalent
Tank volume for 50 l
gasoline equivalent
Fuel weight for 50 l
gasoline equivalent
Tank weight for 50 l
gasoline equivalent
including fuel

Units

BTL

DME

EtOH

MeOH

BioMethane 1

kg/ml
bar
MJ/kg
MJ/l

0.76
1
44.8
34.0

0.668
5
28.43
19.0

0.794
1
26.8
21.3

0.793
1
19.9
15.8

0.135
200
48.5
6.5

l

47.3

84.8

75.7

102.0

245.9

l

49.7

89.0

79.4

107.1

258.2

kg

37.7

59.5

63.1

84.9

34.9

kg

61

102

101

136

148

1: Bio-Methane at 200 bar / 20°C with an inert gas content of 3%

Payload and cruising range
The payload is most important for commercial vehicles. It can be restricted either by volume
or by weight. The type of restriction is dependent on the application of the vehicle. In local
distribution, approximately 90 % of the transports are restricted on volume. Therefore it is
important that the fuel tanks do not restrict volume. The highest restriction can be expected
for bio-methane which has an almost five-times larger tank volume compared to a diesel tank.
Furthermore, the shape of pressure tanks is constricted, so that they cannot be fitted easily into
otherwise not used volumes of the vehicle.
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These arguments hold also for passenger cars. As a consequence, most NG or bio-methane
fuelled passenger cars are bivalent. The cruising range with NG / bio-methane is restricted to
about 150 – 200 km, which is insufficient for a modern customer. The missing range to 500 to
800 km is provided by gasoline.
DME is not as bad as methane. The pressure tank is about 1.8-fold the size of a gasoline tank
and the weight is increased about 1.7-fold. The cruising range of a DME-fuelled vehicle with
the same tank size (on volume basis) will be approximately 55 % of conventional diesel fuel.
This makes it unlikely that DME trucks will serve on long haul distances. Similar limitations
can be seen for methanol.
Constraints due to the lower energy density of ethanol are modest. Payload and cruising range
are only 60 % of a comparable gasoline fuelled vehicle. For low ethanol blends this reduction
may be negligible. The customer will however notice the higher volumetric fuel consumption.
5.10

Infrastructure aspects

The provision of an appropriate distribution and retail infrastructure is essential for any new
fuel. Fuels which are not compatible with existing infrastructure have high barriers for market
introduction. Car manufactures will not produce cars for such fuels before a sufficient density
of fuel stations offer this fuel. Fuel producers and retailers will not invest in an adequate
infrastructure before a sufficient number of vehicles which can use the new fuel are on the
road. It is the common chicken and egg problem, which makes the market introduction of new
and not compatible fuels difficult. An easy way to bring biofuels onto the market is blending
with conventional fuel. This is not possible for all of the RENEW biofuels.
Suitable for blends with conventional fuels
UET-BtL can be easily blended with conventional diesel fuel in any ratio. Tests in the
RENEW project (DC) showed that the emission benefits are almost proportional to the
content of BtL. BtL blends will be the most probable way to facilitate market introduction.
DME is at room temperature gaseous. Blending with conventional diesel fuel is not possible.
Ethanol – Gasoline blends from 5% ethanol (E5) up to 85% ethanol (E85) are on the market
in many countries. Flexible-fuel vehicles can run with any ethanol content. There are however
some prerequisites to be taken into consideration. Ethanol should be anhydrous because water
will cause ethanol-gasoline blends to separate into two liquid phases, one which contains a
water-ethanol mixture and another with a predominant gasoline content. As ethanol is an
octane number booster, the gasoline phase without ethanol has an insufficient octane rating. In
the first phase of market introduction, the distribution system (tank trucks, tanks, pumps and
lines) has to be thoroughly dried. An alternating utilization with blended and unblended
gasoline is not possible.
Blends with low ethanol contents exhibit an anomalous high vapour pressure (RVP). To meet
the regulated RVP, the low boiling components (C4 and C5 alkanes) of the gasoline in blends
are normally reduced. But if low ethanol content is the result of mixing ethanol blends with
normal unblended gasoline by the customer, RVP will be too high. The result will be an
increased evaporative emission.
Methane is a gaseous fuel. Blending with gasoline is not possible.
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Additional infrastructure necessary
For BtL no additional infrastructure is necessary, as long as it is brought to market as a blend.
Blends with higher BtL content or neat BtL will however be sold as premium fuel with a
higher price at a separate pump. Technology is the same as for conventional diesel.
DME has to be sold at a dedicated pump. Technology is similar to liquefied petrol gas
(pressurized tank, filler nozzle and valve etc.).
Low ethanol-gasoline blends can be sold within the existing infrastructure. Because of the
phase separation problems an alternating utilization of blended and unblended fuel with the
same tanks / pumps should be avoided.
High ethanol-gasoline blends (E85) need an additional retail line. As E85 is successfully on
the market in several countries; no problems are expected with the technology.
Application of bio-methane as a vehicle fuel needs an additional infrastructure which could
be identical to the natural gas infrastructure for vehicle application. Natural gas is used as
compressed gas (200 bar CNG) for vehicles. At the fuel station CNG is usually produced by
compressing NG from a low pressure NG line. Separate transport of bio-methane from the
production line to the fuel station and storage at the station in pressure vessels will not be
economical. An easy alternative is to feed the bio-methane into the local low pressure NG
grid. This way the small amount of bio-methane is lost in the big amount of NG which is used
predominantly in stationary application. Only a small part will reach the fuel pump.
Dedicated vehicles necessary or reasonable
UET-BtL can be used in any modern diesel vehicle without problems. With low content
blends an adaptation to the fuel is neither necessary nor advantageous. With the availability of
neat BtL or high content blends, dedicated adapted engines can however benefit from the high
emission reduction potential of the BtL fuel.
Even though it would be technically possible to have bivalent operation of DME together with
conventional diesel fuel, it is most relevant to have dedicated DME-fuelled vehicles. This is
due to the relatively complex and expensive injection system of diesel engines.
Ethanol will need no dedicated vehicles. Flexible-fuel vehicles can run with any ethanol
content. However, pure ethanol (E100) is not advisable for countries with a cold climate.
Bio-methane vehicles will be bi-fueled (methane switchable to gasoline) for the same reasons
which hold for NG-vehicles: The insufficient infrastructure will not allow an exclusive
operation with NG all over the country. Bivalent NG-vehicles will not have the same good
levels of fuel consumption and emissions as dedicated NG-vehicles (see emission and fuel
consumption potential chapters).
5.11

Environmental and safety aspects

Facts about the effects on health and the environment for four different alternative fuels have
been assessed by VTEC 10 . The fuels that have been studied are Fisher Tropsch diesel (FTdiesel, no CAS# available); ethanol (EtOH, CAS# 64-17-5); methanol (MeOH, CAS# 67-56-1)
and dimethylether (DME, CAS# 115-10-6). Methanol could be a major content in technical
grade DME. It has therefore been included in this assessment. For each fuel, both the acute
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and chronic effects have been studied. The safety aspects (fire, explosion, handling) have also
been studied.
Toxicity
Toxicity of the fuel is an important criterion, both for customers using the fuel and for
workers at the refinery or the fuel stations. Acute and chronic toxicity has to be considered.
Whereas acute effects are mainly the result of the uptake of larger amounts of the fuel,
chronic effects can be caused even by very low levels of noxious substances, if the contact is
over an accordingly long period. Exposure can either result from inhalation, ingestion or skin
contact.
FT-diesel
No LD (Lethal Dose) and MAC (maximum allowable concentration) values are available
The acute toxicity of diesel fuel depends on the route of exposure, product viscosity, whether
presented as aerosol or vapor, and whether pulmonary aspiration has taken place. The
relatively low volatility of diesel fuel seldom makes it hazardous as vapor. Diesel aerosol can
affect the respiratory system. Diesel fuels are moderately irritating to skin and eyes.
Prolonged contact with the skin can cause non-allergic eczemas. Ingested diesel can be deadly
if aspiration (the liquid entering the airway system) occurs.
Most of the chronic effects of conventional diesel are attributed to the aromatic and polyaromatic compounds. Since FT-diesel contains no aromatics or poly-aromatics, the risk
should be much less than for conventional diesel. It should however be noted that no
confirmation by means of tests has been produced so far.
Mutagenicity: Conventional diesel has been shown to have a mutagenic effect in a test
system for mutagenicity (Ames assay). The activity is correlated to the polynuclear aromatics
(PNA) content of the blends. FT-diesel has a very low content of aromatics and PNA and
therefore the mutagenetic activity should be low. Respective tests should be carried out.
Reproductive and developmental toxicity: There is no evidence that FT-diesel has
reproductive or developmental toxicity.
Cancer: Since FT-diesel contains no aromatics, the risk for cancer should be much lower than
for common diesel.
Sensitization: There are no studies that indicate that FT-diesel has allergic properties. Dermal
effects like dermatitis after prolonged exposure on skin is a non-allergic reaction caused by
the degreasing effect of diesel.
Ethanol
LD50 oral rat: 7060 mg/kg; LC50 fish: > 1000 mg/l; MAK 1000 ml/m³ or 1900 mg/m³
Humans have a long history of ingesting ethanol. Ethanol is a direct central nervous system
(CNS) depressant, which decreases motoric function and decreases consciousness level. At
high concentrations, ethanol is an anesthetic and can cause autonomic dysfunction (e.g.,
hypothermia, hypotension), coma, and death from respiratory depression and cardiovascular
collapse. In young children, ethanol causes hypoglycemia and seizures; these complications
are not observed as often in older patients.
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Ethanol is easily absorbed from the stomach and small intestine. When the stomach is empty,
peak levels are reached 30-90 minutes after acute ingestion. When food is present in the
stomach absorption is delayed. Total absorption may take as long as 6 hours.
Mutagenicity: There is no evidence to suggest that ethanol has mutagenic potential. It should
be noted that acetaldehyde, the main metabolite of ethanol, is mutagenic.
Reproductive and developmental toxicity: Inhalation studies in rats with high exposure
(10 000 – 20 000 ppm) have not shown increased frequencies of malformation. In humans,
ethanol is a developmental toxin and various effects have been associated with ethanol intake.
Excessive consumption of alcoholic beverages during pregnancy is associated with the
development of a syndrome of physical and mental manifestations in the offspring - the fetal
alcohol syndrome; it may also cause defects in the central nervous system, heart, kidney and
limbs.
Cancer: Epidemiological studies clearly indicate that drinking of alcoholic beverages is
causally related to cancers of the oral cavity and pharynx. There is sufficient evidence for the
carcinogenicity of acetaldehyde, the major metabolite of ethanol, in experimental animals.
Sensitization: There are no studies which indicate that ethanol has allergic properties.
Methanol
LD50 oral rat: 5628 mg/kg; LD50 oral human: 143 mg/kg; LC50 fish: 8000 mg/l 48 h; MAK:
200 ml/m³, 270 mg/m³
Methanol is an expected contamination of DME. Methanol has a high acute toxicity
especially for humans. LC50 value in rats after inhalation is reported to be around 100 ppm.
Exposure to vapors can cause headache, dizziness, lost of consciousness and also visual
disturbances. Methanol is oxidized to formic acid, which is responsible for optic neuropathy.
Methanol can be absorbed through the skin and reveals the same symptoms as after inhalation
of methanol vapor. Ingestion of as little as 50 ml of methanol can be lethal or produce
irreversible visual degeneration. Methanol vapor is irritating to skin, eyes and to the upper
respiratory tract.
Mutagenicity: The majority of tests, both in vitro and in vivo, for mutagenic/clastogenic
effects have been negative.
Reproductive and developmental toxicity: No epidemiological studies in humans have
demonstrated an increased incidence of fetal malformations or developmental impairment.
Studies on rats have shown congenital malformation after exposure to high concentrations
(10 000 ppm). No adverse effects were noted when exposed to 5000 ppm.
Cancer: Inhalation studies in rats and mice have not produced any evidence of a carcinogenic
potential. There is no indication in epidemiological studies that methanol causes cancer.
Sensitization: There are no studies which indicate that methanol has allergic properties.
DME
No LD values available; MAK: 1900 mg/m³
DME has low acute toxicity with a LC50 value in rats after inhalation of 164 000 ppm or
16.4 % DME in air. Dogs exposed to 20 % DME have shown cardiac sensitization, but not
after exposure to 10 %. Human exposure to 10 % DME under controlled laboratory exposures
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has shown reversible CNS-effects. Exposure to higher concentrations has an anesthetic effect.
Exposure to high concentrations can cause headache, dizziness and lost of consciousness.
Vapor can cause eye, nose and throat irritation. Skin contact with liquid DME can cause
severe frostbite.
Mutagenicity: No mutagenic properties of DME have been revealed in published studies.
Reproductive and developmental toxicity: Exposure to very high levels of DME (>40 000
ppm) has shown embryonic and fetotoxic effects in rats. Exposure to 40 000 ppm did not
indicate any teratogenic effects in exposed rats.
Cancer: There is no evidence that DME may be carcinogenic to humans. However, no
epidemiological studies concerning DME exposure have been published since no large
populations have been exposed to DME vapors.
Sensitization: There are no studies which indicate that DME has allergic properties.

Conclusions
DME has the lowest acute toxicity and methanol the highest. DME, methanol and ethanol
have anesthetic effects at high exposure levels. The relatively low volatility of FT-diesel fuel
seldom makes it hazardous as vapor. All fuels can cause acute skin, eye and respiratory
irritation. Ingested methanol is very poisonous, and aspiration of FT-diesel fuel can be fatal.
The greatest concern for chronic effects is the risk for cancer. The mutagenic properties of
some of the different fuels have been studied quite well, but for DME and FT-diesel there is
little or no information available. Petroleum derived diesel fuel has been shown to give a
higher risk of skin cancer, probably due to the content of PNA. FT-diesel has very low
aromatic content and the risk for skin cancer should be very low. Drinking of alcoholic
beverages is related to cancer, but there is no evidence that exposure to ethanol vapor at the
exposure levels that are common in working areas will give rise to cancer.
There are no indications that exposure to moderate levels of all the fuels may cause
reproductive or developmental damages. None of the different fuels are sensitizers, but they
are all degreasing agents that can cause dermatitis after prolonged skin exposure.
Since DME has only been used in small quantities until now, long-term studies of human
exposure are not available. The possibility that DME may have a cancer genetic effect should
be further investigated. FT-diesel has also not been studied as exhaustively as the other fuels
and there is a need for more studies on the mutagenic and carcinogenic properties of this fuel.
Biodegradability
FT-diesel FT-diesel is comparable in biodegradation and toxicity to petroleum diesel. It is
classified as being dangerous to the environment and labeled ‘toxic to aquatic organisms’; it
may cause long-term adverse effects in the aquatic environment. There are however studies
which indicate that FT-diesel is less of an environmental hazard than conventional diesel.
Ethanol If spilled into marine waterways, ethanol is toxic to marine life in high
concentrations, but quickly dilutes in open water and is degraded without residue. Ethanol
itself is readily biodegradable, but if a blend leaks into groundwater, ethanol may retard the
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degradation of the compounds with higher toxicity and increase the risk of groundwater
contamination.
Methanol A major spill issue is the contamination of drinking water supplies; however,
methanol biodegrades fairly rapidly in open waters or even in shallow aquifers with high
oxygen content. Tests on fish, daphnia, algae and bacteria show a low acute aquatic toxicity
of methanol.
DME If released into water DME will volatilize quickly. DME exhibits low toxicity to
aquatic life and has a low bioconcentration potential (BCF 0.7) in aquatic organisms. DME
has a low acute toxicity to fish and crustaceans.
Conclusion on environmental aspects
Ethanol is relatively harmless in low concentrations, so it should not represent a danger to
drinking water supplies. However, fuel ethanol may contain a strongly flavored denaturant to
discourage people from drinking it, and this denaturant could pose a problem to drinking
water supplies. Fuel methanol is dangerous in small concentrations, so a large methanol spill
is a greater danger to drinking water supplies than the other fuels. There is no indication that
DME release to the water environment should pose a threat to the environment. FT-diesel has
the same environmental disadvantages as petroleum derived diesel.
There is still a lot of information missing on the environmental impact of the alternative fuels.
There is a lack of facts especially for DME and FT-diesel, since those fuels have only recently
entered the market.
Flammability, risk of explosion
DME
DME burns with a slightly visible flame, with less thermal radiation than either gasoline or
diesel; and it produces less smoke, making it a lower hazard than gasoline and diesel.
DME has wide flammability limits, 3.4–19.0% in air, presenting a substantial explosion
hazard in such situations as a spill in a residential garage. For large spills or tank fires, this
explosion danger dictates significantly higher evacuation/isolation distances than gasoline —
0.8 km (versus 0.3 km) for a large spill, 1.6 km (versus 0.8 km) for a tanker fire.
Ethers are known to form peroxides that are very explosive. Literature provides no indication
that peroxides are formed spontaneously from DME. During very special conditions of
irradiation with UV-light, presence of ethanol and availability of air, peroxides in small
amounts can be produced. Those conditions are far from practice.
Although DME is heavier than air and thus has a tendency to flow along the ground and settle
in low-lying areas, its relative density is much lower than that of gasoline vapor, 1.5
compared to 3.4–4.0 (and gasoline persists for a long period whereas DME does not). Thus,
DME disperses much more quickly than gasoline, presenting a risk for only a comparatively
short time after a spill. A DME release turns into gas virtually instantly, unlike gasoline,
which vaporizes slowly. Thus, a DME release generates a much larger (flammable) gas cloud
than release of an equal quantity of gasoline. One drawback for DME is the risk due to static
electricity and measures against static discharge must be taken.
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Ethanol
Ethanol burns with a visible flame and a heat release rate only one-fifth that of gasoline.
Ordinary aqueous-film-forming foams (AFFF) are not effective with alcohols and there is a
need for more complex firefighting foams.
Ethanol should be considered less susceptible than gasoline to explosion. Unlike gasoline,
which has a vapor that is too rich, ethanol’s vapor tends to be in the combustible range inside
storage tanks. Evacuation/isolation distances are the same as for gasoline — 0.3 km for a
large spill, and 0.8 km for a tanker fire.
Like gasoline vapor, ethanol vapor is heavier than air and slow to disperse in calm air. There
is also a potential danger for misuse as drinking alcohol.
Methanol
Methanol burns with an almost invisible flame, creating the danger that firefighters or others
might inadvertently move into a fire. The heat release is in the same order as for ethanol, i.e. a
fifth of that for gasoline. As for ethanol, methanol fires must be fought with special
firefighting foams.
Moreover, methanol has a vapor that is in the combustible range inside storage tanks and
poses the same risk as ethanol. The same evacuation/isolation distances as for gasoline and
ethanol.
The high level of toxicity and the probability for misuse by confusion to ethanol has raised
strong concerns if widely used as a fuel.
FT-diesel
Diesel fires have higher thermal radiation than fires from the other studied alternative fuels
and nearly the same as for gasoline. The fire generates a great deal of black smoke.
Diesel has a very low explosion danger. The vapor is too lean to ignite with a spark. Although
fuel explosions are rare, they are very damaging. Evacuation/isolation distances are the same
as for gasoline — 0.3 km for a large spill, and 0.8 km for a tanker fire.
Diesel fuel is generally considered to be the safest petroleum fuel, as well as the safest
highway vehicle fuel among the full range of alternatives to gasoline.
Conclusion on flammability and risk of explosion
DME, ethanol and methanol have less thermal radiation compared to gasoline and diesel. The
invisible flame of a methanol fire and the slightly visible flame of a DME fire is hazardous for
firefighters. Since DME is a gas there is a higher risk for explosion. The risk for static
electricity should also be considered when handling DME. The alcohols have a much wider
flammability limit and vapors are in the combustible range inside storage tanks. For the
alcohols there is also a high risk of misuse, which can be fatal in the case of methanol.
5.12

Conclusions and summary

All RENW fuels show considerably improved emission behaviour. This is particularly
pronounced and important for the synthetic diesel fuels BtL and DME. They exhibit at least
the same fuel consumption as conventional fuels when compared on an energetic base. With
adapted engines the improved combustion process can also lead to better efficiency and thus
reduced fuel consumption.
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As biofuels, all the fuels have much lower CO2 emissions than fossil derived fuels, which is
however not the topic of this chapter.
Most of the fuels are compatible with modern after-treatment technologies. Improvements
need to be made with regard to the cold start hydrocarbon emissions produced with ethanol
and the methane slip with methane.
Synthetic BtL naphtha may be advantageous for advanced combustion processes like CCS
and HCCI. However the requirements for these future engines are not clear for the time being.
As a gaseous fuel DME could also be advantageous in homogenous diesel combustion. This is
known from literature but was not tested in den RENEW project.
The RENEW fuels show a comparable drivability. Problems with ethanol in cold and hot
weather condition can be overcome by known technologies. The high cetan number of the FTfuels supports cold start. It is essential however that the low temperature flow properties
(CFPP, CP) are improved by appropriate additives.
The RENEW fuels will have no problems with material compatibility. However, the lubricity
of DME and FT- BtL has to be improved by additives.
The RENEW fuels differ considerably in their storage properties. Gaseous fuels like methane
and to a certain extent also DME have substantial disadvantages with payload and cruising
range. This restricts applications for fleets or niche markets.
The liquid fuels like FT-BtL and ethanol have the advantage that they can be used as blending
components with conventional fuel. This makes market introduction much easier.
Furthermore, FT-BtL can be used in unmodified vehicle.
DME and methane need a new additional distribution infrastructure and specially equipped
vehicles. Methane can be used in bivalent cars, where the conventional fuel can stand in for
the gaseous fuel when no gas fuel station is in reach. DME vehicles will however be dedicated
vehicles, so that a sufficiently dense distribution infrastructure is essential. Thus DME will
probably start in fleet applications (busses, city distribution traffic).
The RENEW fuels have advantages in environmental and safety aspects compared to
conventional diesel or gasoline with the exception of the gaseous fuels, which exhibit a higher
flammability and explosion risk.
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Table 16 shows a comprised graphical overview of the advantages and disadvantages of the
RENEW fuels.
Table 16: Suitability assessment matrix for the RENEW fuels
Compared
to

UET BTL

Emission reduction potential

conv. Fuel

☺☺

Fuel consumption reduction potential

conv. Fuel

Suitability with modern aftertreatment technologies

conv. Fuel

Suitability for advanced combustion processes

conv. Fuel

Assessment Criteria

☺☺

UET BTL naphta for
HCCI

☺☺
☺
N.A.
☺☺

Ethanol

DME

SNG

☺

☺☺
☺
☺
☺

☺

not tested

not tested

Drivability
Cold start, cold weather behaviour

conv. Fuel

Hot weather behaviour

conv. Fuel

Deposit formation, sludge formation

conv. Fuel

☺☺
☺
☺

☺

☺
☺
☺

not tested
not tested

☺
☺

Compatibility with materials
Compatibility with polymer materials

conv. Fuel

Corrosion behaviour

conv. Fuel

Lubricity and abrasion

conv. Fuel

☺
not tested

Storage properties
Energy density

conv. Fuel

Payload

conv. Fuel

Cruising range
Infrastructure aspects

conv. Fuel

–Suitable for blends with conventional fuels
–Additional infrastructure necessary
-Dedicated vehicles necessary or reasonable
Environmental and safety aspects
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other
alternative Fuels

–Biodegradability

conv. Fuel

–Flammability, risk of explosion

conv. Fuel

-Toxicity

conv. Fuel

☺☺
No
No

☺

Yes
Yes

☺

☺
No
No

Yes
Yes

Yes
possible

☺

gaseous

gaseous

☺

☺

☺
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6.

Life cycle assessment of BtL fuels

The life cycle assessment (LCA) has been elaborated within the work package 5.2: “Life
Cycle Assessment” in the RENEW project. The study is published in a series of deliverable
reports 11 12 13 14 15 . Here main results of the LCA are summarized.
6.1

Introduction to the methodology

The goal and scope report12, elaborated as a first intermediate step, provides first an
introduction into the methodology of life cycle assessment (LCA). The LCA method aims to
investigate and compare environmental impacts of products or services that occur from cradle
to grave. All environmental impacts caused by a product, e.g. 1 litre of biofuel, are assessed in
a standardized way. It includes all the stages during the life cycle: the production of pesticides
and fertilizers, the necessary transports, the conversion of the biomass to fuel, and all
emissions in the life cycle are investigated in the LCA. The method has been standardized by
the International Organization for Standardization (ISO).
6.2

Goal and Scope of the study

Production routes studied in the RENEW project
Within the RENEW project, different production routes for BtL fuels which are produced by
gasification of biomass followed by a synthesis process were studied. These are:
•

production of Fischer-Tropsch-fuel (FT) by two-stage gasification (pyrolytic
decomposition and entrained flow gasification) of wood, gas treatment and synthesis
(cEF-D);

•

production of FT-fuel by two-stage gasification (flash pyrolysis and entrained flow
gasification, d-EF-D) of wood, straw and energy plants as well as CFB-gasification
(circulating fluidized bed), gas treatment and synthesis, (ICFB-D & CFB-D);

•

BtL-DME (dimethylether) and methanol production by entrained flow gasification of
black liquor from a kraft pulp mill, gas treatment and synthesis, (BLEF-DME). Biomass
is added to the mill to compensate for the withdrawal of black liquor energy

•

bioethanol production in different processes using different feedstock (EF-E, CFB-E).

Goal of the LCA
The goal of the LCA is to compare different production routes of BtL fuels (FT-diesel and
BtL-DME) from an environmental point of view. The two production routes for ethanol are
excluded from the LCA because of lack of sufficient data. The assessment includes all process
stages of BtL fuels from well-to-tank (WtT). The following questions are addressed in the
LCA study:
•

Which of the production routes for BtL fuels investigated within the RENEW project is
the one with the lowest environmental impacts?

•

If there is a choice between different biomass inputs; which one leads to the lowest
overall environmental impacts?
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•

What are the relative shares of contribution to the environmental impacts in different
stages of production of the investigated fuels?

•

Where are the potentials for improvement?

•

How does the environmental profile of a certain fuel change if the scenario is changed
(e.g. different efficiency in fuel production process; different external energy supply)?

The answers to these questions will facilitate decision-making with regard to the most
promising production routes for BtL fuels to be supported by politics and automobile
manufacturers in the future. The goal of this study implies a comparative assertion of different
options which are disclosed to the public.
It is important to note that several questions are beyond the scope of the LCA in the RENEW
project and that it is not possible to answer questions such as:
•

What are the environmental impacts of using the fuels investigated in this study (well-towheel: WtW)?

•

Are there better alternative uses for biomass, e.g. as a material or a fuel in power plants
and heating devices?

•

Are there better alternative land uses than for energy crops?

•

Are there better options to reduce greenhouse gas emissions or the environmental impacts
of road traffic?

•

What are the social and economic impacts of the investigated production chains?

•

Are BtL fuels sustainable?

Stakeholders and audience
The stakeholders and audience of this study are defined as follows: The LCA study is
elaborated for all people involved in the development of conversion processes for BtL fuels.
The results of the LCA can be used to improve the BtL-fuel production from an
environmental point of view. Further parties who might be interested in the results are
producers of biomass resources and distributors of BtL fuels, politicians and decision makers
in the automotive industry.
Reference flow and functional unit
The reference flow describes in a physical unit the final product or service delivered by the
investigated product systems. It is the appropriate unit for analysing different products or
production routes.
The function of interest in this study is the supply of chemically bound energy to powertrains.
Different types of liquid fuels can provide this function. The fuels are burned in the
powertrain in order to be converted to mechanical energy that can be used for the traction of
vehicles. The reference flow used in the comparison of BtL-fuel production routes is defined
as the energy content expressed as the “lower heating value of the fuel delivered to the tank”.

94

RENEW final report - Life cycle assessment of BtL fuels

Product system
The LCA within the RENEW project investigates the life cycle from biomass supply to the
tank, and excludes the actual use of the fuel in the powertrain (well-to-tank). Figure 36 shows
the major stages of the product system, which are investigated as unit processes. The
conversion processes are divided into different sub-processes (e.g. gasification, gas treatment,
synthesis, etc.) and are modelled in separate unit processes.
Inputs of materials, energy carriers, resource uses, etc., to the shown unit processes are
followed up as far as possible. To achieve this, the recursively modelled background data of
the ecoinvent database are used 16 . There are no fixed cut-off criteria in terms of a specific
percentage of mass or energy inputs to the system. Relevant data gaps due to lack of data are
filled as far as possible with approximations. The product system is modelled in a way that all
inputs and outputs at its boundaries are elementary flows.
biomass production [kg]

biomass provision (transport, intermediate storage) [kg]
conversion process
storage and preparation [h]

fuel, at conversion plant [kg]

steam and power boiler [kWh, MJ]

gasification [h]

gas cleaning[h]

gas conditioning [h]

infrastructure [unit]

flare [MJ]

process losses [kg]

FT-raw liquid refinery treatment [kg]
fuel synthesis [h]

fuel distribution [kg]

fuel distribution [MJ]

Figure 36: Flowchart of the product system of BtL fuel with individual unit processes. The conversion
process is described with nine sub-processes

Modelling principle attributional LCA
The LCA assigns the environmental impacts of foreseen production chains to the produced
products. The attributional approach is used in the RENEW project. The attributional
methodology aims at describing the environmentally relevant actual physical flows to and
from a life cycle and its subsystems. Thus it considers only environmental impacts of the
running processes and not the impacts caused by a change from one technology to another.
Results are stable over time and resistant to changes in other parts of economy. This type of
analysis does not reflect that production patterns might be changed due to a decision
supported by the LCA.
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Multi-output process modelling
There is no standardized way or best solution how to solve problems of by-products and
further functions in life cycle inventory modelling. The ISO standard leaves different choices
for solving the problem. Depending on the solution chosen, the results of an LCA might be
quite different.
In this study, multi-output processes are divided into subsystems (where possible). If this is
not possible, the approach of allocation based on different relationship principles is used as far
as possible. The procedure is decided for the concrete multi-output process based on
causalities and available data. The allocation between wheat straw and wheat grains is based
on prices. The allocation between heat and electricity in the conversion power plant is based
on the exergy content. Irrespective of the allocation approach chosen, it is intended that mass
balances are correct in all cases.
Scenarios
Two different scenarios are considered in the modelling of the process chains. These
scenarios are defined in cooperation with other assessment groups in the RENEW project.
These scenarios are described in detail in a separate document 17 , which is published on the
RENEW homepage.
Starting point calculation
The so-called “starting point calculation” addresses the possible production route in the near
future. Average data are used, representing agricultural production and harvesting technology
of today. Farms with very low production volumes not supplied to the market are not
considered in the assessment. The inventory of the conversion processes is based on the actual
development state of the different technologies. In a nutshell this means “assuming we would
erect such a plant today, what would it look like?” In this scenario the operation of the
biomass to biofuel plant is self-sufficient, which means that biomass is the only energy source
the plant relies on. Thus, no external electricity or other non-renewable energy supply to the
conversion plant is considered in the process models.
Scenario 1
In scenario 1 a modelling of a maximized fuel production is made. The supply chain is
supposed to be as efficient as possible regarding biofuel production. One of the most
important criteria of the evaluation is the ratio of biofuel production to needed agricultural
land. The use of hydrogen improves the carbon/hydrogen-ratio and thus leads to a higher
conversion rate of biomass to fuel. External electricity input into the production system is
used in most of the conversion concepts to provide the necessary hydrogen.
A quite crucial point in scenario 1 is the assumption on the hydrogen supply to the biomass
conversion. The way the electricity for the water electrolysis is produced has important
consequences on the costs and the environmental performance of the conversion concept.
Here we assume that the external electricity is provided by means of wind power plants. The
project team considers this one option for a maximized fuel production based on renewable
energy. Although it is not realistic to achieve such a renewable electricity supply for more
than a small number of conversion plants until 2020, this scenario describes a pathway that
might be worth pursuing. By way of contrast, the effect of using the average central European
electricity mix instead is shown in a sensitivity analysis.
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For biomass production, it is assumed that inputs of fertilizers and pesticides are higher in
2020 than for today. In addition, the yields are higher than today.
Scenario 2
Scenario 2 has not been investigated in the LCA.
6.3

Life cycle inventory analysis

The second report describes the life cycle inventory analysis (LCI) for the LCA study13. In
this step of the study, data are collected for all inputs and outputs in different stages of the life
cycle of BtL fuels.
Biomass production
Three types of biomass inputs are studied here for the conversion to BtL fuels. These are short
rotation wood (willow (salix) or poplar), miscanthus and wheat straw. The life cycle inventory
data of biomass production are based on regional information investigated for Northern,
Eastern, Southern and Western Europe. Data on agricultural inputs (fertilizer, pesticides etc.)
and yields were collected by regional partners from the RENEW project. Data on output
(fertilizer leaching, N2O-emmission, etc.) were modelled on the basis of conventional
agriculture. The main assumptions about the intermediate storage of biomass were
harmonized with the economic assessment of the RENEW project.
Table 17 shows some key figures from the life cycle inventory analysis of biomass products
and intermediate storage. A critical issue in the inventory of wheat straw is the allocation
between wheat straw and wheat grains. In the base case, this allocation is made with today’s
market prices. This gives an allocation factor of about 10 % to the produced straw (on a per
kg basis). A sensitivity analysis is calculated based on the energy content, which leads to an
allocation factor of 43% to the produced straw.
Several influencing factors were assumed when modelling scenario 1. These are e.g. a more
effective agriculture in Eastern Europe, improvements in plant species and agricultural
technology, yield increases by higher inputs of fertilizers and pesticides. However, the reality
in 2020 might be different.
Table 17: Key figures of the life cycle inventory of biomass production; allocation between wheat straw
and grains based on today market price

N-fertilizer
P2O5-fertilizer
K2O-fertilizer
Lime
diesel use
yield, bioenergy resource
yield, wheat grains
energy content of biomass
losses during storage

DS :

bundles,
bundles, shortmiscanthus- miscanthus- wheat straw, wheat straw,
short-rotation
rotation wood
bales
bales
bales
bales
wood
starting point scenario 1 starting point scenario 1 starting point scenario 1
g/kg DS
5.2
6.3
4.0
5.6
2.2
1.8
g/kg DS
4.0
3.5
3.1
2.8
1.1
0.8
g/kg DS
6.4
5.4
5.1
4.3
0.9
1.5
g/kg DS
6.5
5.9
3.6
2.4
4.4
2.8
g/kg DS
5.1
4.9
4.3
3.3
2.3
1.4
kg DS/ha/a
10'537
12'630
14'970
20'504
3‘718
4‘428
kg DS/ha/a
4‘900
6‘719
MJ/kg DS
18.4
18.4
18.8
18.8
17.2
17.2
%
7%
4%
6%
3%
6%
3%

dry substance
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Data collection for conversion processes
Data of the conversion processes were provided by the respective plant developers of the
RENEW project. The data are mainly based on the technical modelling of such plants, which
in turn is based on the experience and knowledge gained from the research work done in the
RENEW project. The data are crosschecked as far as possible with project partners doing the
technical assessment of the conversion concepts. Further details about the data quality check
can be found in chapter 6.
Where no reliable first-hand information is yet available (e.g. emission profiles of power
plants, concentration of pollutants in effluents or the use of catalysts) assumptions are based
on literature data. Thus, sometimes it is difficult to distinguish between different process
routes because differences could not be investigated. Table 18 provides an overview on the
data provided by different partners and the generic assumptions used for modelling of the
conversion processes.
Table 18: Overview on data provided by different conversion plant developers
Concept
Centralized
Allothermal
Autothermal
Centralized
Decentralized
Circulating
Entrained Flow
Circulating
Entrained Flow
Fluidized Bed
Gasification
Fluidized Bed
Gasification
Gasification
Gasification
Abbreviation
cEF-D
CFB-D
dEF-D
ICFB-D
Developer
UET
CUTEC
FZK
TUV
Biomass input Amount and type Amount and type Amount and type Amount and type
Biomass type Wood, straw
Wood, straw
Straw
Wood,
miscanthus
Heat and
Provided
Provided
Provided and
Provided
electricity use
own assumptions
Auxiliary
Hydrogen,
Filter ceramic,
Nitrogen, silica
Nitrogen, rape
materials
Fe(OH)2
rape methyl ester, sand
methyl ether,
silica sand, quickquicklime, silica
lime, iron chelate
sand
Catalysts
Literature
Literature
Literature
Amount of zinc
catalyst
Emission
Literature for gas Literature for gas Literature for gas Literature for gas
profile
firing and plant
firing
firing, plant data firing and plant
data for CO
for H2S and own data for CO,
calculations
CH4, NMVOC
Amount of air Calculated with Calculated with
Calculated with Calculated with
emissions
emission profile emission profile
emission profile emission profile
and CO2
and CO2
and own assump- and CO2
emissions
emissions
emissions
tions on CO2.
Effluents
Amount and
Only amount.
Only amount.
Only amount.
concentrations
Rough
Rough
Rough
assumption on
assumption on
assumption on
pollutants
pollutants
pollutants
Wastes

Amount and
composition
Fuel upgrading Included in
process data
Products
BtL-FT,
electricity
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Only amount

Only amount

Only amount

Standard RENEW
model
FT-raw product,
electricity

Standard
RENEW model
FT-raw product,
electricity

Standard
RENEW model
FT-raw product,
electricity

Entrained Flow
Gasification of
Black Liquor for
DME-production
BLEF-DME
CHEMREC
Amount and type
Wood, black
liquor
Provided
No auxiliaries
reported
Literature
Literature for
wood firing and
plant data for
CO, H2S, CH4
Calculated with
emission profile
and CO2
emissions
Amount and
TOC concentration. Rough
assumption on
pollutants
Only amount
Included in
process data
BtL-DME
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We would like to emphasise that the different conversion processes investigated in this study
have different development degrees. Thus, data presented in the report represent the current
development status of the respective technology. A lot of effort was put into producing LCI
data which is as accurate as possible.
All conversion concepts are based on their optimal technology. Four concepts are investigated
on a scale of 500 MW biomass input and one was investigated based on 50 MW biomass
input. Some conversion concepts might be improved by increasing the plant size to up to
5 GW. This has not been considered in this study.
The products produced by the different process chains are not 100 % identical with regard to
their physical and chemical specifications. Therefore, a possible further use of the data in
other studies or investigations has to be reflected under these circumstances. Interpretations
and especially comparisons based on the data developed in this study must consider the
respective technology background.
Key figures for starting point calculation
Key figures on the starting point calculation are summarized in Table 19. Here we show the
conversion rate from biomass to fuel in terms of energy, the plant capacity and the production
volume per hour. The BLEF-DME process has the highest conversion rate followed by the
cEF-D process. The ICFB-D process has a rather low conversion rate (biomass to fuel)
because it produces large amounts of electricity as a by-product. Electricity consumption is
only burdened with the direct air emissions from the power plant, but not with the production
of biomass. This is a worst-case assumption for BtL fuel and reflects the project idea of
mainly producing fuel.
Table 19: Starting point calculation. Key figures of conversion processes: conversion rate between
biomass input and BtL-fuel output in terms of energy
Biomass Input Wood
Process Central
EF

Straw
Central
EF

Wood
Central
Allothermal
CFB
CFB-D
CUTEC
BtL-FT
485

Process Code cEF-D cEF-D
Developer UET
UET
Product BtL-FT BtL-FT
biomass input [MW]
499
462
conversion rate
53%
57%
40%
biomass to all
liquids [energy]
all liquid products
22.5
22.3
16.6
(diesel, naphtha,
DME) [tOE/h]
TOE:
tonnes oil equivalent with 42.6 MJ/kg

Straw
Central
Allothermal
CFB
CFB-D
CUTEC
BtL-FT
463

Straw
Wood
Decentral AlloEF
thermal
CFB

Miscanthus
Allothermal
CFB

Wood
EF of Black
Liquor
to
DME

dEF-D
FZK
BtL-FT
455

ICFB-D
TUV
BtL-FT
50

BLEF-DME
CHEMREC
BtL-DME
500

ICFB-D
TUV
BtL-FT
52

38%

45%

26%

26%

69%

15.0

17.5

1.1

1.1

29.0

RENEW final report - Life cycle assessment of BtL fuels

99

Key figures for scenario 1
The idea of scenario 1 is to maximize the biomass conversion rates. Due to external inputs of
electricity, it is even possible to achieve biomass to fuel conversion rates higher than 100%.
We summarize the key figures for scenario 1 in Table 20.
The conversion rates vary quite a lot between the different processes. The conversion rate of
the ICFB-D process (55%) is in the range of the figures presented by other plant operators for
the starting point calculation. There is no external hydrogen input for this conversion process.
According to the data provided and used, the cEF-D process has the highest conversion rate
(108 %). The CFB-D process has a similar conversion rate as the ICFB-D process, but with a
considerably higher amount of hydrogen input.
The demand on external electricity ranges between 135 and 515 MW. With an installed
capacity of 1.5 MW per wind power plant, a wind park with 100 to 400 units of wind power
generators would be required to cover the demand of one conversion plant. The production of
biofuels would be quite dependent on the actual electricity supply situation. For the processes
with conversion rates of about 100 %, the wind power demand is in the same order of
magnitude as the biomass demand.
Table 20: Scenario 1. Key figures of conversion processes. Ratio biomass input to fuel output in terms of
energy and hydrogen input
Biomass Input Wood
Process Central
EF

Process Code cEF-D
Developer UET
Product BtL-FT
biomass input [MW]
499
external electricity input inc H2 production [MW]
489
hydrogen input conversion [kg/kg product]
0.24
conversion rate biomass to all liquids [energy]
108%
all liquid products (diesel, naphtha, DME) [tOE/h]
45.6
tOE
tonnes oil equivalent with 42.6 MJ/kg

Wood
Central
Allothermal
CFB
CFB-D
CUTEC
BtL-FT
485
135
0.13
57%
23.4

Straw
Central
Allothermal
CFB
CFB-D
CUTEC
BtL-FT
464
149
0.13
56%
21.9

Straw
Wood
Decentral AlloEF
thermal
CFB
dEF-D
FZK
BtL-FT
455
515
0.34
91%
34.9

Miscanthus
Allothermal
CFB

ICFB-D ICFB-D
TUV
TUV
BtL-FT BtL-FT
518
499
55%
57%
24.1
24

Sensitivity analysis
A sensitivity analysis within the life cycle inventory analysis covers the following most
important issues:
•

Wheat grains and wheat straw are produced together. In the base case, we assume an
allocation of all inputs and outputs based on today’s market prices. This attributes only a
small part (10%) of the mass and energy flows to the production of straw. A sensitivity
analysis is performed with an allocation based on the energy content, which is similar to
the amount of dry matter of straw and grains harvested.

•

The ICFB-D process has a plant layout designed for the cogeneration of electricity and
heat together with BtL-FT production. In the base case, all environmental impacts of
biomass supply are allocated to the fuel production. A sensitivity analysis is performed
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that takes into account that biomass is also a necessary input for the electricity delivered
to the grid.
•

A crucial point in scenario 1 is the supply of electricity for the production of hydrogen. In
the scenario 1 base case, a supply from wind power plants is assumed. For large-scale
production all over Europe this would be challenging due to capacity limitations, but for
some sites it might be possible. A sensitivity analysis is performed taking into account the
average central European electricity mix.

Electronic data format and background data
All inventory data investigated in this report are recorded in the EcoSpold data format. The
format follows the ISO-TS 14048 recommendations for data documentation and exchange
formats. It can be used with all major LCA software products14.
All background data, e.g. on fertilizer production or agricultural machinery are based on the
ecoinvent database16. They were investigated according to the same methodological rules as
used in this study. The quality of background data and foreground data is on a comparable and
consistent level and all data are fully transparent.
6.4

Life cycle impact assessment and interpretation

The third report deals with the life cycle impact assessment (LCIA) and the interpretation of
the life cycle assessment15. The data describing emissions and resource uses are calculated
over the full life cycle. In a second step, they are aggregated to the list of category indicators
described in Table 21. The category indicator results are interpreted in respect of the questions
addressed in this study.
Category indicators in life cycle impact assessment
The elementary flows from the life cycle inventory analysis are characterised according to
commonly accepted methodologies. The life cycle impact assessment (LCIA) covers several
impact category indicators. These indicators characterise and summarise the contribution of
individual emissions or resource uses to a specific environmental problem. The higher the
figure, the higher is the potential environmental impact resulting from emissions and resource
uses over the life cycle of the investigated product. There is no weighting used across the
category indicators.
The inclusion or exclusion of category indicators was discussed within the project team. The
main criteria for the choice of category indicators were reliability and acceptance of the
existing LCIA methods.
This life cycle impact assessment evaluates the use of primary energy resources, the emission
of greenhouse gases and the potential contribution of elementary flows to photochemical
oxidant formation, acidification and eutrophication. Besides the LCIA results, two cumulative
results of elementary flows are presented. The water use sums up all water demand in the life
cycle including rainwater (which is not really used sensu strictu by plants) but excluding
turbine water. For land competition, all surface land uses are summed up per square metre
used over one year.
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Table 21: Category indicators investigated in this study
Category
AbbreDescription of the problem and relevance for the processes investigated
indicator
viation
Cumulative CED
The cumulative energy demand of biomass, other renewable, fossil and nuclear
energy
energy resources is characterised and summed up with the reference unit MJ-eq
demand
(mega joule equivalents).
Abiotic
ADP
Important is the use of non-renewable energy resources. The depletion of other
depletion
abiotic resources is included in this indicator as well. The use of uranium for
electricity generation is included with a smaller characterisation factor compared to
the CED.
Global
GWP
Contribution to the problem of climate change evaluated with the global warming
warming
potential. Main reason for promotion of BtL fuels.
Photochemi- POCP, non Evaluation of potential contribution to the formation of summer smog. The production
cal
biogenic
processes and agriculture have some relevance. It has to be noted that only a small
oxidation,
part of NMVOC receives a characterisation factor according to the CML
non-biogenic
methodology. All unspecified NMVOC are not assessed. Here we do not evaluate
biogenic emissions from plant growing, but other biogenic emission, e.g. CO from
biomass burning.
Acidification AP
Emission of acid substances contributing to the formation of acid rain. Relevant are
air emissions from agriculture and fuel combustion in transport processes.
EutrophiEP
Fertilization of rivers and lakes due to human-made emissions. High relevance for
cation
the use of fertilizers in agricultural processes.
Inventory results
Water use
Water is a scarce resource especially in Southern European countries. The indicator
includes all types of water use, including rainfall on the agricultural area, irrigation
water and direct uses of water in conversion processes.
Land
Fertile land area is the most important resource for production of biomass and there
competition
are differences between different biomass types. It is recorded in m2a (square metre
occupied for one year).

Analysis of category indicators results in the starting point calculation
The main drivers regarding all environmental category indicators are analysed in the study.
Here we explain the results for the starting point calculation. Detailed results related to the
scenario 1 can be found in the full report15.
The major elementary flow regarding the cumulative energy demand is the energy bound in
harvested biomass. Thus, the biomass production process accounts for 80 %-90 % of the
cumulative energy demand in the starting point calculation.
Crude oil (50 %-60 %) and natural gas use are the major contributions to abiotic depletion.
The use of uranium has only a small contribution within this category indicator. The resource
extraction takes place in many different unit processes of the life cycle.
Fossil carbon dioxide (50 %-70 %) and dinitrogen monoxide (20 %-40 %) are the major
elementary flows with respect to climate change. Methane from off-gases and emissions of
the internal power plant in the conversion plant accounts for up to 15 % of the total
greenhouse gas emissions.
A range of different substances is important with regard to the photochemical oxidation. The
most important ones are sulphur dioxide, carbon monoxide and different NMVOC.
Dimethylether emissions are relevant in the distribution of BtL-DME.
Acidification is caused by ammonia, sulphur dioxide and nitrogen oxides in about equal
shares. The emissions of acidifying substances can be attributed to the biomass production,
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direct air emissions of these conversion processes that release off-gases and emissions from
the internal power plant. The operation of transport devices and tractors is also an important
source of such emissions.
Eutrophication is caused by nitrates, phosphates, ammonia and nitrogen oxides. A share of
more than 50 % of the release of eutrophication emissions can be attributed in most cases
directly to the agricultural production process. Other important sources of emissions are the
direct air emissions from the conversion process and power plant. The production of
fertilizers contributes in smaller amounts.
The water use is virtually covered by the rain falling onto the fields. Other water uses, e.g. in
the conversion plant or for irrigation, are insignificant.
The results for land competition are dominated by the agricultural biomass production, which
accounts for about 90 % of all land uses. For the conversion routes based on straw, this share
is reduced to 80 %. Because of the allocation procedure, only a small part of the land used for
wheat cultivation is attributed to straw. Several wood-consuming background processes, e.g.
storage facilities, get a share of up to 20 % in the land occupation of straw-conversion routes.
Comparison of concepts in the starting point calculation
In the following, the category indicator results of different conversion concepts are compared
from well to tank.
The ranking of the different processes is visualized in Table 22. The process with the lowest
environmental impacts is set to 100 % in this evaluation (per impact category). The table
shows the environmental impacts of all processes in comparison to the process with the
lowest impacts. In addition, processes with just 15 % higher environmental impacts are
ranked “lowest”. Processes with 16 % up to 50 % higher impacts than the “lowest” are ranked
as “low impact” processes. Different colours help to identify these levels.
Many category indicators, such as acidification, eutrophication, water use and land
competition, show the absolutely dominating influence of the agricultural production of
biomass. Thus, the type of biomass and the conversion rate are important in the comparison.
The conversion rate plays a major role in the formation of air emissions from the conversion
plant. It is assumed that the higher the conversion rate, the lower is the share of biogenic
carbon dioxide, and thus also other pollutants which are released to the ambient air.
Therefore, the improvement of the conversion rates and the reduction of the environmental
burdens of the biomass production itself are the main drivers for further environmental
improvements of the BtL chains within the same scenario.
The conversion processes cEF-D and BLEF-DME have the lowest environmental impacts in
the assessment with regard to the environmental indicators cumulative energy demand, global
warming, photochemical oxidation, acidification, eutrophication and abiotic resource
depletion. They are followed by CFB-D and dEF-D process. The ICFB-D process shows the
highest environmental impacts due to a process design with a considerably high amount of
electricity production and thus a lower biomass to fuel conversion rate.
In the case of the conversion of wood, the cEF-D process has between 15% and 30% higher
impacts than the production of dimethylether with regard to the category indicators
cumulative energy demand, abiotic depletion, global warming, eutrophication, water and land
use. This can mainly be explained with the higher conversion rate of the BLEF-DME process.
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However, the cEF-D process has 35 % lower impacts in the category indicator photochemical
oxidation, because the emissions in the dimethylether distribution are higher. CFB-D has
more than 65 % higher impacts than cEF-D and BLEF-DME. The ICFB-D process has a
rather low conversion rate and thus has higher impacts in all category indicators except
photochemical oxidation, which does not include biogenic emissions.
The comparison of processes based on wood or straw depends not only on the type of
biomass, but also on the difference in the conversion rate. The CFB-D process based on wood
performs slightly better than processes based on straw regarding the category indicators
cumulative energy demand, abiotic depletion, global warming potential and eutrophication
potential. For the cEF-D concept, the process with straw has lower environmental impacts
than the conversion of wood.
In the case of straw conversion, the cEF-D process has the lowest impacts in all category
indicators, followed by the dEF-D and the CFB-D process. There is only one conversion
process using miscanthus (ICFB-D). Thus, a direct comparison with other conversion
concepts is not possible.
Table 22: Starting point calculation. Ranking of the different conversion concepts with respect to the
category indicators based on the energy content of the fuel delivered to the tank
Biomass

Category indicator
cumulative energy demand
abiotic depletion
global warming (GWP100)
photochemical oxidation, non-b
acidification
eutrophication
water use
land competition
Lowest impacts
Low impact
High impact
Highest impacts

Process
Code
Company
Product
MJ-Eq
kg Sb eq
kg CO2 eq
kg C2H4
kg SO2 eq
kg PO4--- eq
m3
m2a
Min
100%
116%
151%
251%

Miscanthus

Straw

Allothermal
Circulating
Fluidized Bed
Gasification

Centralized
Autothermal
Circulating
Fluidized Bed
Gasification

CFB-D
CUTEC
BTL-FT
186%
260%
252%
361%
192%
207%
151%
155%

ICFB-D
TUV
BTL-FT
252%
255%
226%
244%
256%
453%
780%
631%
Max
115%
150%
250%

Straw

Straw

Wood

Wood

Decentralized
Entrained Flow
Gasification

Centralized
Entrained Flow
Gasification

Centralized
Autothermal
Circulating
Fluidized Bed
Gasification

Allothermal
Circulating
Fluidized Bed
Gasification

dEF-D
FZK
BTL-FT
147%
155%
128%
258%
190%
162%
127%
139%

cEF-D
UET
BTL-FT
115%
121%
104%
100%
100%
106%
100%
100%

CFB-D
CUTEC
BTL-FT
169%
165%
171%
292%
181%
176%
672%
610%

ICFB-D
TUV
BTL-FT
263%
257%
224%
245%
289%
300%
1034%
959%

Wood

Wood

Entrained Flow
Centralized
Gasification of
Entrained Flow
Black Liquor for
Gasification
DME-production

cEF-D
UET
BTL-FT
128%
128%
116%
104%
130%
117%
508%
458%

BLEF-DME
CHEMREC
BTL-DME
100%
100%
100%
141%
133%
100%
396%
358%

The data on biomass conversion have been investigated in detail for different sub-processes of
the process. The aim was to compare also different sub-processes and to see the relative share
of sub-processes in relation to the total environmental impacts.
In general, many category indicator results of the sub-processes of the conversion process are
quite dependent on the biomass input. The share of biomass production and supply is in most
cases higher than 90 % with respect to the cumulative energy demand, water use and land
competition. The second most important factor is the air emission with off-gases or due to the
energy production in the on-site power plant. This is especially important for the release of
substances contributing to photochemical oxidation. Thus, the sub-processes using more heat
and electricity contribute more to the total environmental impacts.
The detailed analysis shows that it is difficult to compare different conversion concepts based
on the detailed results of single process stages, because the allocation of environmentally
relevant streams within the plant might be quite different. Thus, the importance of the
different sub-processes might be distinctly different even though the overall results are quite
similar.
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Sensitivity analyses
The allocation criterion between straw and wheat grains has an important influence on the
total impacts of all processes that use straw as an input. Allocation by energy content results
in up to three times higher environmental impacts per MJ of fuel produced from straw as
compared to allocation by actual market prices.
A sensitivity analysis of the ICFB-D process was made. Heat and electricity produced
simultaneously are accounted for as equal products to liquid fuels according to their exergy
content. The results of different category indicators are reduced by 10% to 30%, if the wood
input for the ICFB-D process is reduced by about 30% according to the energy shares of fuel,
heat and electricity production.
Fuel yields per hectare
The fuel yield per hectare is an important yardstick for comparing different types of biomass
and different process routes. The calculation includes the full life cycle from seed to tank, e.g.
also a biomass loss during storage and land occupation for processes other than biomass
production. All land uses (not only the agricultural land area) are included in this calculation.
Using an average willow production of 10.5 t dry wood chips per year the fuel yield per
hectare is between 860 and 2 300 kg oil equivalents. The BTL-yield that can be achieved from
straw remaining after the wheat harvest is in the order of 1 300 to 1 900 kg oil equivalents per
hectare. These fuel yield figures highlight that it is preferable to use residues such as straw for
biofuel production.
Comparison of concepts in scenario 1
The main idea of scenario 1 is an increase of the fuel yield per hectare. The use of hydrogen
produced by electrolysis is considered an interesting option for the conversion process. Two
out of six conversion concepts use electric energy in the same amount as the direct biomass
input. Chemrec did not provide data for BLEF-DME in scenario 1.
All processes show a considerable increase of the fuel yields per hectare of between 60 % and
200 % if hydrogen is used in the process. A fuel yield between 2100 and 4100 kg oil
equivalent per hectare is possible when using miscanthus and wood.
In scenario 1, the importance of process steps is influenced largely by the external electricity
input. The process stage, which uses hydrogen produced with external electricity, is more
important concerning the environmental indicators that are influenced by the electricity
production, e.g. cumulative energy demand. The biomass input stage is relevant for those
category indicators, like land use, which are dominated by impacts from agriculture.
The cEF-D process using wood has the lowest impact of all investigated concepts with respect
to several category indicators except the cumulative energy demand, water use and land
competition. This can be explained with the highest conversion rate of all processes. Because
of the lower environmental impacts of straw production in water use and land competition, the
dEF-D process has a lower impact on these category indicators. The ICFB-D concept is
modelled without an input of external energy. Thus, it has the lowest cumulative energy
demand, because the supply of wind electricity involves a rather low conversion efficiency of
the primary energy. The dEF-D process with straw has the least impacts with respect to
eutrophication potential, water use and land competition.
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Comparing straw based processes, the process of FZK (dEF-D) shows the least impacts,
except for cumulative energy demand, which is highest. These low impacts can be explained
mainly by the higher conversion rate of the dEF-D process compared with the CFB-D
concept.
Comparing wood based processes, cEF-D shows the lowest impact, except for cumulative
energy demand, where the ICFB-D process of TUV has a lower impact because it does not
use external electricity.
A clear overall ranking with regard to the use of different biomass resources cannot be made.
In addition, a clear ranking of the different conversion processes is not possible, because
results show trade offs between the different category indicators. A formal weighting between
category indicators, which would bridge these trade-offs, is not permitted in comparative
LCA studies according to the ISO standards.
Table 23: Scenario 1 with wind power used in hydrogen production. Ranking of the different conversion
concepts with respect to the category indicators based on the energy content of the fuel delivered to the tank
Biomass

Category indicator
cumulative energy demand
abiotic depletion
global warming (GWP100)
photochemical oxidation, non-b
acidification
eutrophication
water use
land competition
Lowest impacts
Low impact
High impact
Highest impacts

Process
Code
Company
Product
MJ-Eq
kg Sb eq
kg CO2 eq
kg C2H4
kg SO2 eq
kg PO4--- eq
m3
m2a
Min
100%
116%
151%
251%

Miscanthus
Allothermal
Circulating
Fluidized Bed
Gasification
ICFB-D

TUV
BTL-FT
100%
101%
119%
139%
125%
336%
573%
331%
Max
115%
150%
250%

Straw
Centralized
Autothermal
Circulating
Fluidized Bed
Gasification
CFB-D

CUTEC
BTL-FT
219%
257%
261%
238%
163%
212%
163%
147%

Straw

Wood

dEF-D

Centralized
Autothermal
Circulating
Fluidized Bed
Gasification
CFB-D

FZK
BTL-FT
292%
160%
133%
170%
118%
100%
100%
100%

CUTEC
BTL-FT
207%
257%
254%
226%
209%
237%
929%
611%

Decentralized
Entrained Flow
Gasification

Wood

Wood

Allothermal
Circulating
Fluidized Bed
Gasification

Centralized
Entrained Flow
Gasification

ICFB-D

cEF-D

TUV
BTL-FT
112%
134%
151%
155%
175%
212%
959%
622%

UET
BTL-FT
218%
100%
100%
100%
100%
102%
489%
319%

A sensitivity analysis was performed for the use of average European electricity mix instead
of wind power. The ICFB-D process does not make use of external hydrogen production and
thus no electricity from the grid. Hence, it reveals a better performance in this analysis than
the other processes with regard to the global warming potential, cumulative energy demand
and photochemical oxidation. On the other hand, it has higher impacts on the category
indicators directly related to biomass production (eutrophication, water and land use).
The CFB-D process using straw has lower or about the same results as the process of dEF-D
for the category indicators cumulative energy demand, abiotic depletion, global warming
potential, POCP and AP. For eutrophication, land and water use, it has slightly higher
impacts. So there is no clear overall ranking among the conversion concepts.
Among the two processes converting wood and using hydrogen (cEF-D and CFB-D process),
the cEF-D process has slightly higher impacts on the electricity dominated indicators abiotic
depletion, global warming, POCP and AP due to the higher external electricity demand of the
cEF-D process. The CFB-D concept has slightly higher impacts for category indicators related
to biomass production (cumulative energy demand and eutrophication).
The electricity mix changes some of the results of the comparison quite significantly. The
ranking according to the cumulative energy demand, photochemical oxidation, eutrophication,
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water and land competition remains about the same. Regarding abiotic depletion and global
warming, the differences between the process routes become more significant.
Producing hydrogen with electricity will only make sense if renewable energy, e.g. wind
power, is available in very large capacities and with a secure supply. Generally, the use of
hydrogen produced via electrolysis and using today’s electricity mix would be a clear
disadvantage regarding most of the evaluated category indicators.
Improvement options
Different improvement options are identified from an environmental point of view. The most
important one is the increase of the biofuel yield from a given amount of biomass. This
reduces the input of biomass and decreases the emissions e.g. in form of air pollutants or
effluents, assuming a linear relationship between conversion efficiency and following
emissions to air in addition to biogenic CO2.
Another conclusion is to improve the environmental profile of the biomass production itself,
which has a dominating influence on most of the environmental indicators. Using wastes and
by-products like straw is therefore preferable with respect to some category indicators, but not
always possible. Possibilities for the improvement of agricultural production show that these
are not easy to achieve. Different influencing factors like e.g. fertilizer and pesticide use,
diesel consumption and level of yields have to be balanced out to find an optimum solution.
Also the use of wood from forests, produced without using fertilizers and pesticides, might be
a viable option for the supply of biomass not yet investigated.
The use of exhaust treatment technologies to reduce the emissions to air has not been studied
in detail. It is assumed that all conversion plants have to meet the legal emission limits, but do
not further reduce the emissions. Such an after treatment might reduce the direct emissions,
but might lead to higher indirect impacts, e.g. due to surplus energy use or necessary auxiliary
materials, and certainly to higher costs. Further research would be necessary to identify the
optimum solutions.
For some processes, auxiliary inputs, e.g. quicklime, are found to be an important contribution
to some category indicators. Thus, further focus should be put on reducing the necessary
input. In addition, a separate refinery treatment of Fischer-Tropsch raw products can increase
the environmental impacts slightly.
Nutrients, which are bound in the biomass, such as phosphorous, are lost with the disposal of
ashes, sludge, slag or effluents. Recovering these nutrients and recycling them for a use in
agriculture might be another option to improve the overall performance.
All conversion concepts are investigated on a scale of 500 MW biomass input. Some
conversion concepts might be improved by increasing the plant size to up to 5 GW. This has
not been considered in this study.
6.5

Conclusions

In general, this study confirms the knowledge already gained in several LCA studies of
biofuels. The type of biomass input and the conversion rate to the final fuel are quite
important with respect to the environmental evaluation of all types of biofuels. Direct
emissions of the conversion plant and transport issues are less relevant, as long as legal limits
are maintained and biomass is not transported over very long distances of >150 km.
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6.6

Limitations of the study

Environmental impacts due to the use of pesticides and the emissions of heavy metals in
agricultural production are not assessed with the category indicators used in this study. These
substances have toxicological effects on animals, plants and human beings.
With regard to the category indicators of toxicological effects there was no consensus in the
project group whether or not the requirements of ISO 14044, 4.4.2.2.3 are fulfilled by LCIA
methods assessing such impacts. Toxicology indicators are not included in the study and the
importance of this decision with respect to the comparison of the conversion routes has not
been evaluated in the final report.
The exclusion of certain category indicators might be quite important regarding the ranking of
different conversion processes. The authors of this study consider the exclusion of toxicity
impacts to be a major shortcoming of this study. Such effects should be taken into account
especially if it comes to a comparison between fuels made from agricultural biomass and
fossil fuels. Further research on the definition of reliability within the ISO standards and a
consensus-finding process for the best available methodologies for toxicological effects is
necessary and currently ongoing.
6.7

Outlook

This life cycle assessment study compares different concepts of BtL-fuel production based on
the status of technology development in the year 2006. Further improvements can be expected
in all technologies. Thus, this study is only valid for today and it might be possible that the
ranking of different conversion concepts will have to be revised in future. The results of the
study should be checked as soon as updated data are available or first commercial plants are
in operation.
The starting point calculation highlights the differences in environmental impacts caused by
different conversion concepts and of different types of biomass inputs. It can serve as a first
basis for the comparison of different conversion concepts. Scenario 1 can be used to evaluate
the possible maximized fuel yields, assuming large quantities of surplus electricity are
available to produce hydrogen for the process. Several improvement options have been
identified in the study.
6.8

Critical review

The review ensures that all stages of the LCA are conducted according to the ISO standards
developed for the methodology of LCA. The full critical review has been published with the
detailed reports.
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7.

Economic Assessment

7.1

Introduction

For the production of liquid biofuels (BtL) several steps are necessary. The liquid biofuel
production and supply chain is shown in Figure 37.
Biomass production
+ provision to 1stGP

Biomass provision
from
st
1 GP to BtL plant

Biomass
conversion
at BtL plant

Bio-fuel
distribution

Scope final report

Figure 37: Elements of BtL supply chain and scope of the final report

Regarding the assessment of BtL fuel production costs the following key questions are
answered in the following:
•

What typical costs can be expected for the different segments of the supply chain (i.e.
with regard to biomass, logistics and fuel production)?

•

What are the main drivers?

•

Which concepts for BtL production and which locations are the most promising?

A summary of the cost calculation approach applied in the RENEW project as well as basic
results and exemplary sensitivity analysis are given for each of the elements of the whole BtL
supply chain (cf. Figure 37). This allows the reader to adjust the model or to introduce their
own values.
In addition to that, a comprehensive description of applied methodological approaches and
results of biomass related costs and BtL production costs can be gathered from the
deliverables 18 19 20 21 22 available on the RENEW homepage www.renew-fuels.com.
7.2

General approach of cost calculation

The applied approach for the cost calculation is shown in Figure 38. It combines specific data
for Germany, Poland, Sweden, Switzerland, Greece, and Ireland representing the European
regions WEST, EAST, NORTH, ALPINE, SOUTH, UK+IR (data contributed by partners of
the RENEW project) and aspects of technical assessment of the defined plant concepts for
BtL production. It consists of three cost calculation matrixes:
•

Matrix I. For the production of energy crops and their provision to the first gathering
point (GP), a comprehensive cost calculation for different crop assortments and European
regions was elaborated19. It takes into account e.g. costs for risk and land, plantation
establishment, fertilisation, harvesting, field and road transports. The costs for the
provision of agricultural and forestry residues have been taken into account21 based on a
calculation tool that includes e.g. baling, bales collecting, forwarding, loading in,
transport, loading out and storage. The provision costs to the 1st GP also took into
account data and costs of the European regions.

•

Matrix II. Based on the outcome of matrix I (i.e. absolute costs for energy crops and
biomass residues at the 1st GP), biomass provision costs from the 1st GP to the BtL plant
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have been calculated for the different biomass assortments, European regions and BtL
plant sizes as well as RENEW scenarios. Therefore, a cost calculation model has been
improved to enable the integration of region-specific aspects (e.g. infrastructure, means
of transport, cargo handling) as well as required transport distances based on regionspecific biomass potentials (potentials normalised for total land area)21.
•

Matrix III. The total biomass provision costs (i.e. accumulated from matrix I and II) are
used for the calculation of total BtL production costs specified for the different BtL
concepts. Thus, the total BtL production costs at free plant gate represent accumulated
costs of the shown cost calculation matrixes or steps along the BtL supply chain
respectively (cf. Figure 37).
EU regions

Technical assessment

(WEST, EAST, NORTH, ALPINE, SOUTH, UK+IR)

Input
analysis

Analysis on
land quality

Potential
analysis
Regional specific
conditions

(e.g. cultivating, harvesting)

(e.g. demand)

Transport
distances

Matrix I: Biomass production & provision
costs to 1st GP

BtL plant /concept characteristics

Biomass production/provision
st
to 1 GP

Matrix II: Biomass provision costs
from 1stGP to BtL plant

Matrix III: Conversion costs
of BtL production

(e.g. transport, cargo handling, storage)

(e. g. capital investment, operational costs)

Total biomass provision costs free plant gate
Total BtL production costs in a
certain EU region

© IE Leipzig, 2007

Figure 38: General approach of cost calculation within RENEW

The distribution of work over the cost assessment is shown in Figure 39. The relevant data
and specific costs for the calculation of biomass production and provision costs have been
provided by the WP 5.3 partners in a comprehensive data and cost inventory.
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Data input for EU regions
(reference countries ) from
all WP 5.3 partners
EAST – Poland (ECBREC)
NORTH – Sweden (LUND)
ALPINE – Switzerland (ESU)
SOUTH – Greece (CRES)
UK+IR – Ireland (UCD)
WEST – Germany (IEE)

Biomass production
costs of energy crops
and provision to 1st GP
LUND
Biomass provision costs
of agricultural /forestry
residues to the 1st GP
ECBREC
Biomass provision costs
from 1stGP to BtL plant
and BtL production costs
IEE

© IE Leipzig, 2007

Figure 39: Distribution of work among WP 5.3 partners along the BtL provision chain

7.3

Biomass production and provision costs to the 1st gathering point

Cost aspects concerning biomass production and provision to the 1st GP are discussed within
this section. The aim was to calculate indicative values of biomass provision costs at the 1st
GP under defined frame conditions of the individual provision source. Moreover, exemplary
sensitivity results are presented. More detailed information as well as an explanation of results
is given in19 21.
Biomass costs at the 1st GP include all operations which have to be performed to supply
biomass from production site to a local gathering/storage place, the 1st GP e.g. biomass
production (relevant only for energy crops), harvesting, handling, field transport/ forest terrain
haulage, road transport and storage. In the RENEW project BtL plant sizes are 50 MWth and
500 MWth, requiring large amounts of biomass as a raw material. Due to this fact only regions
of significant biomass potential are regarded as biomass supply areas for BtL production. In
such regions professional and cost effective supply options can be performed by contractors
with high-capacity machineries.
Energy crops production costs

The calculations contain three basic elements: (i) the base case economics of growing
different crops, (ii) the cost assumptions and calculations for different regions in a similar way
and (iii) transformation to large-scale cultivation under present conditions and large-scale
cultivation in 2020.
Crops usually go through different development stages in terms of total crop area, cultivation,
machinery, knowledge and experience, as well as organisational factors. Input data for
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different crops and regions were gathered on the basis of the present situation, a hypothetical
present situation with large-scale crop cultivation, and a possible situation with large-scale
cultivation in 2020. Cost levels for different regions were determined by identifying important
cost indicators, thus avoiding the effort of gathering data at the level of detail used in the base
case calculations. Based on these cost levels and the base case calculation, the production
costs for different regions were calculated. For all concepts a road transport of 30 km to the
1st GP is assumed.
Several factors determine the total cost and hence the compensation needed by the farmer to
produce energy crops. Three categories of costs can be identified: (i) costs for growing the
crop, (ii) costs for land and (iii) costs for compensating the risk of growing a new crop.
For selected energy crops, the best cost alternatives for biomass costs at the 1st GP are shown
in Figure 40. The results show that current energy production costs can be reduced
significantly in the future scenario with large-scale cultivation. The relatively larger cost
reductions for woody crops such as willow and eucalyptus compared to herbaceous crops
such as miscanthus are due to the high development potential concerning harvesting and
handling. Straw baling technologies used for herbaceous crops are well developed today and
there is little potential for further improvements.
Biomass costs at 1st GP - energy crops [€/GJ].
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SRC (w illow chips)
MISC (miscanthus bales)
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WCC (triticale bales)

7
6
5
4
3
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S2
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* EUC (eucalypthus chips) instead of SRC, SWG (switch grass bales) instead of MISC

Figure 40: Biomass costs at 1st GP for energy crops

Overall, the results show that annual crops (Whole Cereal Crops) generally have the highest
production costs (6 to 7 €/GJ in the 2020 scenario) due to annual set-up costs, intensive
cultivation, and relatively high handling costs. Perennial herbaceous crops like miscanthus
have lower costs (5 to 6 €/GJ) since annualised set-up costs are lower, cultivation is less
intensive, but handling costs remain relatively high. The lowest production costs are achieved
for SRC e.g. willow (3 to 4 €/GJ in 2020), since costs for set-up and handling are relatively
low. However, the largest changes at the farm level are required. Vice versa, WCC with the
highest production costs require the smallest changes at the farm level.
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Agricultural and forestry residues costs

Biomass costs at 1st GP were calculated for supply chains defined in Figure 41. The cost
structure of supply chains is analysed as the costs of separate operations in the chain, e.g.
baling, collecting, transportation, etc. For each of the operations main cost components were
estimated, i.e. investment-related costs, labour costs, fuel costs and other operation and
maintenance costs. Based on this a sensitivity analysis was performed in order to estimate
provision costs for future scenarios S1 and S2.

Figure 41: Cost calculation approach of the residue biomass provision up to the 1st GP

Cereal straw is bundled to large rectangular bales, which are collected and delivered by
tractors and trailers to the storage at the 1st GP. The road transport distance is 15 km. Storage
is organised in a stack on hard ground and under a portable roof construction and lasts on
average six months.
Forestry residues (logging residues and thinning wood) in form of branches, tops of trees and
low-diameter stems are collected at the felling site by a harvester or forwarder and transported
maximum 1 km to a roadside storage. The uncomminuted material is stored there for several
months. At the time of delivery it is chipped and loaded into truck containers. In NORTH a
bundling option is also included.
Depending on the scenario and European region, the costs per GJ (lower heating value) of
biomass at the 1st GP vary between 2.20 to 3.90 € for straw, 1.30 to 3.20 € for logging
residues and 2.40 to 7.50 € for thinning wood. For forestry residues (i.e. thinning wood and
logging residues) costs are dominated by the cutting and forwarding to road site. The costs for
the supply of straw are primarily influenced by the expenditures for compensating fertiliser
(nitrogen, phosphate and potassium bound in the straw), baling and storage.
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Biomass costs at 1st GP - STRAW [€/GJ].
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Figure 42: Biomass costs at 1st GP for straw bales
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Figure 43: Biomass costs at 1st GP for logging residues
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Biomass costs at 1st GP - THINNING WOOD [€/GJ]
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Figure 44: Biomass costs at 1 GP for thinning wood

Exemplary sensitivity analysis

The costs of biomass provision at the 1st GP are influenced by the region-specific potentials.
High biomass availability (i.e. high yields, large fields and little concurring use) leads to
significant cost reductions due to more efficient use of harvesting and handling machinery,
reduction in transport distances as well as more efficient overall organization and
administration of the supply chain.

Straw provision costs at 1st GP [€/GJ]

An exemplary sensitivity analysis was performed for straw provision cost to the 1st GP for SP
(Figure 45). The base-case costs are relevant for high straw availability, where machinery can
be used efficiently. Low biomass availability/low region-specific potentials (e.g. fragmented
fields and mosaic land use pattern) makes the supply costs higher due to decreased annual
usage of machineries and increased distance to the 1st GP. The changes in cost structure for
NORTH are presented in Figure 46.
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2,50
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Changes in annual machinery usage in relation to base case

Figure 45: Straw provision costs at 1st GP vs. different level of annual machinery usage with reference to
base case, SP, NORTH
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Straw provision costs [€/GJ]
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Figure 46: Structure of straw provision costs at 1st GP vs. different level of annual machinery usage with
reference to base case, SP, NORTH

The cultivation costs of different energy crops vary between the regions depending on the
yield and cost level of the region. Table 24 shows a cost matrix for willow, including only the
cost of cultivation. The cost level of 100 % refers to NORTH. The cost of cultivation
generally differs more between regions in comparison to the production cost, which also
includes the costs of land and of risk. The cost of land equalises the production costs between
different regions, assuming it is estimated as the opportunity cost based on e.g. cereal
production. When applying this method, regions with low costs of cultivation generally also
have high costs of land due to high net gross margins of cereal production.
Table 24: Example of cost matrix for willow. Costs are in EUR per GJ today with different cost level and
yield level (excluding land cost and risk compensation). The base case for the Northern region is
represented by 100% and 9 td/ha.
Yield level,[ td / hectare]
Cost
level (%)
5
6
7
8
9
10
11
12
13
14
60
70
80
90
100
110
120
130

3.4
4.0
4.6
5.2
5.8
6.5
7.1
7.7

3.0
3.6
4.1
4.6
5.2
5.7
6.3
6.9

2.7
3.2
3.7
4.2
4.7
5.2
5.7
6.2

2.5
3.0
3.4
3.9
4.3
4.8
5.3
5.8

2.4
2.8
3.2
3.6
4.1
4.5
4.9
5.4

2.3
2.6
3.0
3.4
3.9
4.3
4.7
5.1

2.1
2.5
2.9
3.3
3.7
4.1
4.5
4.9

2.1
2.4
2.8
3.1
3.5
3.9
4.3
4.7

2.0
2.3
2.7
3.0
3.4
3.7
4.1
4.5

1.9
2.3
2.6
2.9
3.3
3.6
4.0
4.4

Figure 47 shows the breakdown of the production costs of the perennial crops willow and reed
canary grass (RCG) for today––assuming small and large areas of production––and for the
future. In comparison, willow has higher costs for set-up and hobbits, but lower costs of
handling.
The cost of cultivation associated with perennial energy crops is expected to decrease as the
production volumes of these crops increase. The cost reductions can be attributed to increased
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competition between companies involved in perennial energy crops, decreased distances
between fields containing these crops, and decreased costs of organisation, consultation and
brokerage. The fixed costs of special machinery will also decrease per hectare due to a higher
degree of utilization of the machinery and increased competition between different
contractors. In general, larger cost reductions will be possible for SRC crops, such as willow,
compared to herbaceous crops, such as RCG, due to the difficulty in achieving further cost
reductions in the handling of bales (Figure 47).
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Figure 47: Breakdown of the production costs of Reed Canary grass (RCG) and willow at 1st GP for today
(2005), assuming small or large areas of production, and for the future assuming a large area production,
NORTH

7.4

Biomass provision costs from the 1st gathering point to the BtL plant

Within this section the methodology is briefly described followed by the presentation of the
main results in form of the total biomass provision costs at BtL plant gate (cf. Figure 38).
Moreover, for the provision costs from the 1st GP to the BtL plant exemplary sensitivity
results are summarised. For details please refer to21.
Methodology in brief

In the cost calculation, plant specific levels are included for the different steps of biomass
provision to BtL production. The main principle of the model is shown in Figure 48. Relevant
costs of each level are summarised to total biomass supply costs (given in €/GJLHV). Total
costs of the BtL plant concepts will be compared by (i) biomass production and provision to
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the 1st GP (i.e. biomass costs at 1st GP), (ii) storage, (iii) transport, (iv) cargo handling,
(v) pyrolysis, (vi) container for bimodal transportation as well as (vii) storage and pretreatment of the biomass freight at the BtL plant site.
Level: provision including pyrolysis
Level: direct provision to BtL plant
Biomass costs at 1 st
GP (ECBREC /LUND )

Level: 1st gathering point
lo
o
t
n
o
ia
t
lu
c
la
C

€/a

€/a

Costs storage
€/GJ

€/GJ

Costs cargo loading
Costs transport

BtL plant

Biomass demand [MWth]
Annual load [h]
Biomass assortment LHV [MJ/kg]

Total biomass
provision costs

€/GJ

© IE Leipzig, 2007

Figure 48: Calculation model – biomass provision cost at BtL plant

For the calculation of the provision costs from the 1st GP to BtL plant, basically the following
assumptions were made:
• For the calculation of transport distances the average area specific biomass potential of
whole countries were used (2 to 30 GJ/(ha a)) representing the European regions. In some
NUTS II provinces of the EC, where BtL plants will be favourably installed, densities can
be 10- to 100-times higher1 2.
•

Logging residues and thinning wood are supplied together as wood chips in containers,
respective biomass potential densities are added and biomass costs at 1st GP calculated
according to the relative share. Forestry residues are chipped at road site (relevant to costs
at 1st GP) and loaded to the container. SRC are provided as wood chips, miscanthus,
triticale and straw in form of bales.

•

Concerning pyrolysis, only the costs for provision of biomass to the pyrolysis plant and
the supply of pyrolysis slurry to the plant are taken into account. The specific capital
investment and O&M costs for the pyrolysis plant are counted among the calculation of
the total biomass conversion costs.

•

The final biomass treatment is done at the BtL plants with regard to the different
requirements of the specific concepts (cf. Table 27),

•

The biomass input to be considered at BtL plant is 50 MWth biomass input for the
TUV/BKG concept, five pyrolysis plants of each 100 MWth biomass input for pyrolysis
(i.e. approx. 432 MWth of pyrolysis slurry at the BtL plant) as well as 500 MWth biomass
input for the other BtL plants.

For the future scenario S1 an overall state of the art in all member states is assumed, a
significant modification of the biomass provision chains is not expected (e.g. a doubling of
transportation fuel costs is only of minor influence to the total supply costs and thus to the
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BtL production costs). For the scenario S2 it is assumed that BtL is used as transportation
fuel.
Energy crops provision costs

Total provision costs of energy crops are significantly higher than for residues (Figure 49,
Figure 51). They increase with BtL plant capacity due to logistical costs. In countries with
little infrastructure (Greece), or low area specific potential (Switzerland, Ireland) leading to
long transport distances, logistical costs dominate at the 1st GP. They increase also when
pyrolysis is applied and losses due to the pyrolysis conversion efficiency are added to the
storage losses. Due to the increased energy density of pyrolysis slurry compared to the direct
supply, overall transport costs can be slightly reduced (although the bulk of the costs incur for
straw provision free pyrolysis plant) while cargo handling costs increase.
The most favourable biomass cost alternatives at BtL plant gate in the EU regions (according
to the RENEW frame conditions) are shown in Figure 50. However, even in best cases total
biomass supply costs for energy crops (basically short rotation coppice (SRC), in UK+IR also
whole cereal crop (WCC) and miscanthus (MISC)) of more than 5 €/GJ (approx. 86 to 94 €/td)
can accumulate using the average densities of whole countries. With the 10- to 100-times
higher NUTS 2 biomass densities, provision costs are expected to be lower than 4 €/GJ in fair
provinces, even for 500 MW plant size. A respective approximation is done in the conclusions
(chapter Cost Assessment9.5).
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Figure 49: Total provision costs at BtL plant for road transport of energy crops (SRC, MIS, WCC) in SP
using whole country averages and respective area specific biomass potentials. (LHVSRC 18.8 GJ/td;LHVMIS
18.4 GJ/td; LHVWCC 17.2 GJ/td) 50 – 50 MW plant size; 500 – 500 MW plant size; 500P – central 500 MW
plant with remote pyrolysis.

120

RENEW final report - Economic Assessment

Figure 50: Total provision costs at BtL plant – most favourable cost alternatives using average whole
country biomass densities (LHVSRC 18.8 GJ/td;LHVMIS 18.4 GJ/td; LHVWCC 17.2 GJ/td; 50 – 50 MW plant
size; 500 – 500 MW plant size; 500P – central 500 MW plant with remote pyrolysis).

Agricultural and forestry residues provision costs

The variation of total provision costs for agricultural (straw) and forestry residues (wood
chips and bundles) is between 3 and 21 €/GJLHV (Figure 51) using average densities for whole
countries and thus lower than for energy crops. Basically the same tendencies are valid for the
different regions, as already discussed above for the energy crops.
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Figure 51: Total provision costs at BtL plant for road transport of residues wood chips/bundles or straw
in SP using average biomass densities of the studied countries. (LHVWC/WB 19.0 GJ/td; LHVSTR 17.2 GJ/td;
50 – 50 MW plant size; 500 – 500 MW plant size; 500P – central 500 MW plant with remote pyrolysis)

Additionally the market price of wood industry by-products in the respective countries is
presented in21. Commonly, the by-products are utilised at the place of origin for material or
energy purposes in wood industry. Hence, the prices are in the range of 3.0 to 10.3 €/GJ for
wood chips and of 1.5 to 2.2 €/GJ for sawdust, but entail no big logistical efforts.
Concluding this cost evaluation, the most favourable biomass cost alternatives at BtL plant
gate in the studied countries using average densities for whole countries are straw in WEST,
EAST and SOUTH as well as wood chips or bundles in NORTH, ALPINE and UK+IR
(Figure 52). In best cases, total biomass provision costs may be as low as 3 €/GJ for a 50 MW
plant and 4.1 €/GJ for a 500 MW plant. The 10- to 100-times higher biomass densities of
good NUTS 2 regions (Fig. 23) allow cost reductions for logistics (see Figure 53, Figure 54).
A respective approximation is carried out in the conclusions (chapter Cost Assessment9.5).
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Figure 52: Total provision costs at BtL plant – most favourable cost alternatives using average whole
country biomass densities (wood chips/bundles, straw) (LHVWC/WB 19.0 GJ/td; LHVSTR 17.2 GJ/td; 50 – 50
MW plant size; 500 – 500 MW plant size; 500P – central 500 MW plant with remote pyrolysis)

Exemplary sensitivity analysis
Direct biomass provision versus provision including pyrolysis

The concept with local, decentral pyrolysis (dEF-D) was compared to one with centralised
pyrolysis (cEF-D) and thus direct biomass provision for total biomass feedstock costs. This
was done for different plant capacities using straw or wood chips in Germany in the SP
scenario (Table 25). It can be seen that for very long distance transport due to the very high
biomass demand of plants larger than 5000 MW the decentral pyrolysis would be in favour of
central pyrolysis. In cases of very high logistical costs (e.g. in Switzerland, see Figure 51) the
breakeven will be at a smaller plant capacity.
Table 25: Total biomass supply costs for direct provision in comparison to supply costs including
pyrolysis. (example Germany, SP)

Total biomass supply costs [€/GJ]
BtL plant size

500 MWth

1,000 MWth

2,000 MWth

5,000 MWth

Direct supply (road-rail-road)
Straw

5.5

5.7

6.0

6.6

Wood chips

8.5

9.0

9.5

10.6

Supply including pyrolysis (road-pyrolysis-rail-road)
Slurry from straw

6.2

6.3

6.4

6.7

Slurry from wood chips

9.9

9.9

10.1

10.2
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Biomass provision costs from 1st GP to BtL plant versus region specific biomass
potentials

Biomass logistics costs from the 1st GP to the BtL plant correlate with transport distances,
which depend among others on area specific potentials. Sensitivity analyses were carried out
for the example of road transport to a 500 MWth BtL plant in the future scenario S1 (Figure
53). No significant cost differences were observed for the SP scenario. The graphs allow the
reader to estimate the supply costs from the 1st GP to the BtL production plant for e.g.
densities of the NUTS II provinces given in chapter 4. The cost reduction is limited since the
basic frame conditions (i.e. infrastructure network, specific payload per means of transport
and thus the number of e.g. semi trailers, cargo handling and storage demand) will be in most
cases the same. However, in some highly favourable provinces the area-specific potential is so
high that the 1st GP may be identical to the BtL plant, eliminating these costs completely.

Straw provision costs from 1st GP to BtL plant
(excl. biomass costs 1st GP) road transport, S1 [€/GJ]

The results for straw or any other herbaceous biomass transported in form of rectangular bales
are shown in Figure 53. Higher costs in SOUTH are due to comparably low payload of straw
transport vehicles21. The results for willow or any woody biomass transported as wood chips
are shown in Figure 54.

24
22

WEST (Germany)
EAST (Poland)
NORTH (Sweden)
ALPINE (Switzerland)
SOUTH (Greece)
UK+IR (Ireland)

Average area specific
potentials of the reference
countries used for cost
assessment

20
18
16
14
12

Area specific potentials of the most
favourable provinces as determined
in biomass potential assessment

10
8
6
4
2
0
3

6

9

12

15

18

21

24

27
30
Area specific biomass potential (per total land area, [GJ/ha*a])
Figure 53: Provision costs of road transport of rectangular bales of e.g. straw vs. area specific potentials in
S1; Shaded areas show area specific potentials (i) according to cost assessment RENEW boundary
conditions and (ii) density of 16 up to 32 GJ/(ha*a) corresponding to NUTS II provinces of the best
category as shown in chapter 4. (LHVSTR 17.2 GJ/td)
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Wood chip provision costs from 1st GP to BtL plant
(excl. biomass costs 1st GP) road transport, S1 [€/GJ]
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Figure 54: Provision costs of road transport of wood chips (e.g. willow) vs. area or region specific
potentials in S1. Shaded areas show area specific potentials according to (i) cost assessment RENEW
boundary conditions and (ii) density of 28 to 48 GJ/(ha*a) corresponding to NUTS II provinces of the best
category as shown in chapter 4. (LHVSRC 18.8 GJ/td)

7.5

BtL production costs

Within this section the methodology is briefly described followed by the presentation of the
basic results in form of the total BtL production costs (cf. Figure 38). Moreover, results are
summarised for exemplary sensitivity. For details please refer to22.
Methodology & frame conditions

An application oriented calculation model has been developed for the cost assessment. The
calculation sequence follows the commonly accepted guidelines VDI 2067 and VDI 6025.
Figure 55 shows the calculation procedure of this model.
The annuities of the different costs and revenues can be calculated as well as the specific fuel
production costs by including the annual production. This allows an assessment of the
different concepts by annuity and fuel production costs.
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investment costs plant and
periphery
⎠ equity and leverage
⎠ interest rate
⎠ consideration period
⎠ lifetime
⎠ etc.
⎠

-

⎠
⎠
⎠
⎠
⎠

⎠

biomass related costs
specific biomass demand
full load hours
auxiliaries
residues (quality and
disposal costs)
etc.

⎠
⎠

⎠
⎠

Consumption-related
costs

Capital-related costs

+

manpower
costs of servicing and
operation
insurance
etc.

⎠
⎠
⎠
⎠

Operation-related and
other costs

Revenue
Annual total revenue [€/a] of
period 0

Annual total costs [€/a] of period 0
rate of inflation
(cost specific)
annual fuel production (plant
equivalent [lDE /a])

© IE Leipzig , 2007

main product (fuel)
by-products (e.g. naphtha)
specific market prices
etc.

Calculation model acc. VDI 2067 and VDI 6025

Fuel costs [€/lDE]
average costs of all periods

Annuity [€/a]
Average profit/loss of all periods

Figure 55: Model for cost calculation of BtL production costs

Several relevant framework parameters are compiled and grouped in Table 26. Table 27 gives
an overview of the calculated concepts.
Table 26: Overview of framework parameters, listed for various cost categories. (TCI – Total Capital
Investment)
Cost parameter
Capital-related costs
Investment costs
Installation factor (additional costs to install single
components = TCI)
Maintenance factor
Scale factor R (for TCI)
Consumption-related costs
Specific biomass costs
Full load hours
Natural gas
Crude oil
Electrical power
Oxygen
Operation-related costs
Average specific personnel costs
Personnel costs (if no manpower demand given)
Costs for service and operation
Other costs
Insurance
Administration
Contingencies
Others
Revenues for by-products
Compensation for naphtha
Compensation for electricity
Compensation for heat
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Assumed frame conditions
concept specific (on base 2004)
1,54 (500 MWth); 1,66 (50 MWth)
included at servicing cost
0,7
As calculation free plant gate (see above)
8.000 h/a
40 €/MWh
500 €/tOE (60 $/barrel)
0,08 €/m³ i. N.
50.000 €/a*employee
0,5 % p. a. (of investment costs)
3 % p. a. (of investment costs)
1 % p. a. (of TCI)
0,5 % p. a. (of TCI)
1 % p. a. (of TCI)
0,75 % p. a. (of TCI)
400 €/t
60 €/MWhel
(30 €/MWhth)
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Table 27: BtL concepts – basic characteristics
Concept
Scenario SP
willow
straw
miscantus
Biomass input
power [MW]
Pretreatment
- mech. / thermal

cEF-D
MF
SS
SP
eq.SP
eq.SP

dEF-D
MF
SS

SP

BLEF-DME
MF
SS
SP
eq.SP

EF-E
MF
SS
SP
eq.SP

CFB-D
MF
SS
SP
eq.SP
eq.SP

eq.SP

ICFB-D
MF
SS
eq.SS
eq.SS

500
drying

- thermochemical
- location

drying

carbonisation

pyrolysis

plant

decentral

drying
residue: black liquor
(pulp mill)*

500

50
drying + pelletising

drying

torrefaction
plant

EF

Gasification

CFB-E
MF
SS
eq.SP

SP

chemical quench**

CFB
quench

autothermal

conventional physical absorbtion:

Gas cleaning /
conditioning

SBCR, Co

Destillation,
Hydrocracking

Upgrading
Plant product

FT-Diesel

Data provision by

dedicated technologies

Rectisol

Selexol
TFBR, Co

Synthesis

UET

LEGEND
General
c
d
BL

central
decentral
Black Liquor

Scenario
SP
MF
SS
eq.

starting point
maximum biofuel
self sufficient
equal

FZK

Biomass input
willow
straw
miscantus
Gasification
EF
CFB
ICFB

Selexol
MeOH, DME

no information

Destillation

Destillation

DME

Ethanol

CHEMREC

ABENGOA

Synthesis
TFBR
SBCR
MeOH, DME
Fe, Co

TFBR, Fe

*
**

SBCR, Fe

no information
Destillation

external upgrading (refinery)
FT-raw-product

Ethanol
TUV

CUTEC

Turbular Fixed Bed Reactor
Slurry Bubble Column Reactor
Methanol, DME Reactor
Ferrum - Iron, Cobalt

Entrained Flow
Circulating Fluidized Bed
Internally CFB

allothermal
conventional
physical absorbtion:
Selexol

BtL output
DME
E
FT-D / D

ABENGOA

Dimethylether
Ethanol
Fischer-Tropsch Diesel
Fischer-Tropsch raw-product

no explicit thermochemical
conversion step: residue of pulp mill
temperature reduction via injection of char
(primarily endothermal gasification reactions)

Investment costs

Relative shares of system components on TCI [%]

The method of study estimation with an accuracy of ± 20 to 30 % was used for investment
cost estimation. It is based on literature and survey data and considers scaling and installation
factors (cf. Table 26). The costs are related to 2004. In Figure 56 the total capital investments
(TCI) for the system components of the different BtL concepts with SP technology are
compared, e.g. biomass treatment, gasification or fuel synthesis. Additionally, the ratio of TCI
to fuel production of the BtL plant is given.
100%
80%
Utilities
Product treatment

60%

Synthesis
Gas cleaning + conditioning

40%

Gasification
Biomass treatment

20%
0%
1,626
€/kW

1,885
€/kW

725
€/kW

2,879
€/kW

2,247
€/kW

5,082
€/kW

2,015
€/kW

cEF-D

dEF-D

BLEFDME

EF-E

CFB-D

ICFB-D

CFB-E

Figure 56: Relative shares of system components on total capital investment for the BtL concepts (2004
base)

Accordingly, the substitution of 4 % of the diesel fuel demand in the EU in 2020 would
require approximately 49 large-scale BtL plants, calling for a TCI of 15 to 21 bn € under the
current frame conditions.
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Total BtL production costs based on reference biomass assortments

The above calculated average biomass costs of the reference countries were used for the
calculation of total BtL production costs (Table 28). They were calculated for SP technologies
and biomass provision cost in SP and S1 scenario (cf. Figure 50, Figure 52 and D 5.3.6).
Thus, costs are given for the studied countries (approx. 16 to 63 €/GJBtL) and not for plant sites
in favourable provinces where biomass feedstock costs may be lower.
Table 28: Concept specific total BtL production costs using SP technology and SP and S1 biomass costs as
calculated above.
BLEFCFB-E
EF-E
cEF-D
dEF-D
CFB-D
ICFB-Da
DME
SP-SCENARIO
Biomass costs – most favourable cost alternatives [€/GJ], region
SRC (willow/eucalipthus)
7.8
7.8
7.0
7.8
7.8
7.8
SOUTH
SOUTH
EAST
SOUTH
SOUTH
SOUTH
STR (straw)
4.5
4.4
4.5
EAST
EAST
EAST
MIS (miscanthus)
7.0
EAST
Total BtL production costs [€/GJ]
based on SRC
34.0
52.4
62.5
21.0
58.5
71.3
based on STR
24.6
39.8
39.3
based on MIS
63.2
S1-SCENARIO
Biomass costs – most favourable cost alternatives [€/GJ], region
SRC (willow/eucalipthus)
5.1
5.1
4.5
5.1
5.1
5.1
EAST
EAST
EAST
EAST
EAST
EAST
STR (straw)
5.0
5.1
5.0
EAST
EAST
EAST
MIS (miscanthus)
7.0
EAST
Total BtL production costs [€/GJ]
based on SRC
26.5
41.2
30.0
16.1
40.9
45.9
based on STR
26.0
42.3
41.5
based on MIS
63.4
a

b

plant size 50 MWth (plant size of other concepts 500 MWth, except dEF-D with 500 MWth pyrolysis)
(1 €/lDE= 1 €/l / 0.0357 GJ/lDE=28 €/GJ)

The relative contribution of the different cost categories of biomass, operation-related,
consumption-related and capital-related differs between the technical concepts. Figure 57
gives an overview of the example of SP technology with S1 biomass costs.
It is striking that the provision costs of biomass are the main influencing factor, making
conversion efficiency most important. Next are the capital-related costs, making full load
hours and availability of the plant highly important.
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Relative comparison of conversion costs
(i.e. excl. revenues), SP technology, biomass costs S1 [%]

100%
90%
80%

Biomass costs at BtL plant
(example 5.1 €/GJ)

70%

Operation-related and other costs

60%
50%

Other consumption-related costs

40%

Capital-related costs

30%
20%
10%
0%
cEF-D

dEF-D

CFB-D ICFB-D

BLEFDME

CFB-E

EF-E

Figure 57: Relative contribution of cost categories to BtL production costs in region EAST

Exemplary sensitivity analysis
Biomass costs

Figure 58 shows BtL production costs which were calculated for biomass provision costs in a
range of 1 to 12 €/GJBiomass for SP technology (TCI base: 2004). For all concepts, an
electricity price of 0.06 €/kWh, both for electricity input and output, was assumed. This
calculation is in accordance with the RENEW deliverable 5.3.7 “Conversion Costs
Calculation”22. In addition, for the ICFB-D concept it was assumed that the electricity output
could be sold with a revenue of 0.15 €/GJ, i.e. special local conditions, as they are presently
valid in Austria. In Figure 58 this case (ICFB-D*) is marked by a spotted line. Due to higher
revenues, BtL production costs are reduced by app. 20 €/GJFuel.
Generally, BtL concepts with a high biomass conversion efficiency (e.g. BLEF-DME, cEF-D)
will be able to produce BtL at favourable costs at a broader level of total biomass supply
costs; for example to produce BtL at a cost level of approx. 30 €/GJ biomass supply costs for
the concept cEF-D can be in a range of up to 6 €/GJ, for the concept CFB-D biomass should
not cost more than 3 €/GJ. Additionally some aspects need to be taken into account, such as
(i) the BLEF-DME concept offers significant advantage for a specific niche application (e.g. a
higher conversion efficiency of the DME synthesis compared to e.g. FT-synthesis, the
utilisation of process heat in the pulp mill and the saved TCI for a new recovery boiler in the
mill, and lower TCI for new recovery boiler in the paper mill) and (ii) the EF-E concept is
based on a gross data base and thus less efficiency.
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100
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Total BtL production costs, SP technology [€/GJ].
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dEF-D
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Figure 58: Relation of biomass costs and total BtL production costs (28 €/GJ = 1 €/lDE). The dashed red
line corresponds to ICFB-D with current Austrian revenues for renewable power generation of
0.15 €/kWhel. All full lines are calculated with 0.06 €/kWhel.

Changing biomass provision costs lead to changes of the relative contribution of cost
categories to the total conversion costs. This is shown in Figure 59.
Relative comparison of concept specific BtL
production costs for cEF-D for different biomass
provision costs (excl. revenues) [%]

100%
90%
80%
70%

Biomass costs

60%

Operation-related costs
and other costs

50%
40%

Other consumptionrelated costs

30%

Capital-related costs

20%
10%
0%
0

2

4

6

8

10

12

Biomass provision costs [€/GJ]

Figure 59: Influence of biomass provision costs to the relative structure of cost categories on the example
cEF-D.
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Economy of scale

Total BtL production costs [€/GJ]

Up-scaling of plants increases the logistical costs due to longer transport distances. On the
other hand the TCI per KW installed power is reduced due to effects of the economy of scale.
The latter is the dominating process, so total BtL production costs will decrease. Thus,
increasing biomass provision costs can be compensated by the benefits of the economy of
scale. In Figure 60 the influence of the economy of scale on the production costs of the cEF-D
and dEF-D concept are exemplarily calculated; the correlation is valid for the SP and S1
scenario.

500 MW 1 GW

2 GW 500 MW 1 GW

STR

2 GW 500 MW 1 GW

WC

2 GW 500 MW 1 GW

slurry from STR

cEF-D

2 GW

slurry from WC
dEF-D

Figure 60: Effect of up-scaling – cEF-D versus dEF-D, SP, WEST

External hydrogen provision

In case of external hydrogen provision, the price of electricity for hydrogen electrolysis has a
significant influence on the BtL production cost. Table 29 gives an overview of this
correlation, using the cEF-D concept with standard biomass (SRC). Base case stands for cEFD, SP, WEST.
Table 29: Relation of price for electricity for hydrogen electrolysis and BtL production costs
Price of electricity for hydrogen electrolysis
Base case
[€ct/kWhel]
[€/GJ]
5
7
12
Increase in total BtL
production costs
compared to base case

39.4
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+ 12,1 %

+ 32,6 %

+ 84,8 %
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7.6

Conclusions

In the RENEW project, cost assessment was carried out for several European reference
countries along the BtL supply chain, i.e. (i) biomass production and provision costs to the
1st GP, (ii) biomass provision costs from the 1st GP to the BtL plant; (iii) biomass conversion
costs. For the cost efficient production of BtL fuels, the feedstock costs free BtL plant are one
of the most important factors. The main conclusions are described in the following:
•

Energy crops production costs show the perspective to decrease in future.

•

Total biomass provision costs (i.e. biomass costs at the 1st GP as well as supply costs
from 1st GP to BtL plant) are in regions with high biomass potential dominated by the
biomass production costs. In these favourable regions, costs are in the range of 3 to
5 €/GJ. Costs may further decrease due to direct supply from field side to the plant (not
studied in RENEW)

•

Sweden and Finland have utilized large quantities of forest residues for several decades.
Although the available resources are claimed to be to a large extent utilized, the price of
wood chips at the user’s site has been steady. During recent years the price in Sweden has
been as low as 3.3 €/GJ (2006) and is at 3.9 €/GJ in the first part of 2007. Similar price
levels exist in Finland and Austria, and this might be generalised for all European
countries once an efficient supply system is established.

•

In SP scenario straw is cheaper than forest residues, with the exception of Sweden and
Switzerland.

•

In the majority of the European regions, willow or eucalyptus are the most promising
energy crops in terms of provision costs, in UK+IR also miscanthus and whole crop
cereals are relevant.

•

The production costs of the final BtL fuel will be in the range of 21 to 25 €/GJ (0.75 €/lDE
to 0.89 €/lDE) for the most advanced concepts under favourable RENEW conditions. If
most favourable existing prices for wood to supply a 500 MW size plant is taken into
account (i.e. Sweden, 3.9 €/GJ), BtL fuel can be produced in most advanced processes for
14 to 23 €/GJ (0.5 €/lDE to 0.82 €/lDE). Conversion costs strongly depend on biomass
costs and hence on the biomass conversion efficiency of a concept. Economically
favourable are plants with high conversion efficiency or process integration (e.g. BLEFDME) and the conversion of residues e.g. straw.
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8.

Market implementation

8.1

Introduction

The European Union depends on the import of energy carriers––in particular of fossil oil––to
secure the heat, electricity and fuel supply. The rising prices for these goods are an economic
but also a political challenge. Besides, the use of fossil fuels contributes to global warming.
With the ratification of the Kyoto protocol the EC committed to reduce the emission of
greenhouse gases (GHG) by about 30 % till 2020 as compared to 1990. The substitution of
fossil by renewable energy sources offers a solution for both problems.
The European transport sector, and within it most importantly road transport, is heavily
dependant on oil and responsible for about one fifth of the European GHG emissions.
Increasing the efficiency, securing and diversifying the energy supply for transport in an
environmentally sound way is a key policy of the EU. The introduction of transportation fuels
from renewable sources would contribute to the EU policy objectives, GHG reduction and
increased security of oil supply.
Additionally, the production of biofuels supports the transition of the European agricultural
subsidy scheme and increases the local/regional added value in the usually disadvantaged
rural regions. Accordingly, the European biofuel industry has boomed since 2003, when the
political frame conditions especially for bioethanol and biodiesel were improved. The lignocellulose based BtL fuels studied here are distinguished from these first generation (food
based) biofuels by several environmental advantages like yield efficiency, GHG reduction,
and substitution potential, and thus belong to the 2nd generation biofuels.
To rapidly achieve the goals, a broad market implementation needs to be initiated by national
and European politicians to stimulate investments in 2nd generation biofuels. Presently, there
is no coherent political concept for their implementation and integration into the fuel market.
The following proposal for a market implementation strategy is based on results of the
RENEW project and is intended to pave the way to an increased use of BtL fuels in Europe.
8.2

Challenges and measures

Biodiesel and bioethanol belonging to first generation biofuels are mature and well
established on the market. Advanced biofuels of the second generation like BtL fuels are still
in the early stage of research and development or pilot projects. Still there are many
challenges and risks which have to be overcome for successful market consolidation, i. e. a
competitiveness of biofuels in comparison to fossil transportation fuels without political
support. In the following important challenges are discussed and respective ideas and
solutions for measures are presented. However, this list may not be exhaustive, neither in
terms of challenges, nor in terms of measures.
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Economic challenges
Energy prices

The economic advantageousness of BtL facilities is highly dependent on energy prices: The
biomass feedstock contributes to 35 - 60 % of the costs, and the price for fossil fuel is the
main determinant of the revenues. Both prices are highly volatile (see Figure 61, Figure 62,
Figure 63), and their development is a major uncertainty regarding the economic efficiency of
BtL production. However, although there is a correlation between the prices for fossil energy
sources and biomass, the market is still evolving.

Figure 61: Oil price development (BP Statistical Review of World Energy 2007) 23

Figure 62: Development of wheat and oil price
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Figure 63: Price development of different biomasses as examples for the volatility of prices24.

An uncertainty on the revenue side is the prices for marketable by-products of the FT-process,
like wax chemicals as produced by Sasol or naphtha. The price of naphtha having a share of
20 -30 % of the FT raw product will roughly follow the oil price as it is a very large market
and the situation is not comparable to glycerine as side product of the biodiesel production.
CAPEX risk

CAPEX (CAPital EXpenditure) is connected with risks for any investor. But investments in
BtL plants bear a higher risk than either investments in traditional technologies or other
renewable energy facilities for different reasons:
•

The construction of BtL facilities needs higher investment sums than investments in other
renewable energy facilities as for technological and economic reasons the commercial
plant size will be larger than for most existing renewable energy production facility.

•

The cost calculation regarding BtL plants is more difficult than for plants in traditional
sectors because there are no industrial precedents up to now (“level of detail” influences
the cost estimation significantly).

•

Because of the lack of precedents, external investors and insurance companies will be
very cautious and will ask for first class security. Because of the big volumes, financing
will probably need to be managed by consortiums.

•

Construction of several large-scale BtL plants within a short period or in parallel could
cause a significant increase in the demand for appropriate facilities, equipment etc.,
driving up costs. Additionally, the world market price for many construction materials
(e.g. steel) has been increasing continually over recent years. Both factors could lead to
rising prices for BtL technology components. A similar effect could be observed in some
fields of the chemical industry (see Figure 64).
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Figure 64: Development of TCI for chemical plants and machinery according to Kölbel-Schulze-Index 25 .

Political frame conditions
As at the moment most biofuels are not competitive on a free market, their economic
advantageousness depends highly on political support and reliable long-term stable political
frame conditions. In some countries there are biofuel incentives (e.g. the German law on
biofuel quotas BioKraftQuG), but their time horizon is limited and not sufficient for the
development, construction and operation of BtL plants. The economic challenge needs to be
softened by different political measures which must be sustainable and reliable in the long
term to be effective.
Possible measures
Quota / Fixed prices
Fixed prices and obligatory admixture analogous to the feed-in tariffs for electricity e.g. in
Germany (Erneuerbare-Energien-Gesetz 26 ) would erase the economic risk on the revenue
side of BtL production. The most important properties of such a “biofuel feed-in-tariff” would
be:
•

guaranteed tariff for produced fuel for a (pre-)defined period of time

•

declining tariff depending on the plant construction date

•

no subsidy as tariffs are paid by the consumer

•

defined standards concerning fuel properties, quality and sustainability needed

The time and tariff guarantee assures the initial kick-off, the degression element reflects the
technological progress (leading to decreasing costs), and good standards avoid unsustainable
developments.
A biofuel quota is the obligation to use a certain share of biofuels. Type, origin, GHG
avoidance and sustainability have to be defined in order to prevent simply the cheapest fuel
getting into the market, which may not result in GHG avoidance. Such a comparatively
simple approach would offer no influence on the amount of avoided GHG and on the
substitution of fossil fuel. As due to the production process some fuels made from biomass
emit more GHG than fossil fuel, this approach would put the political intention at jeopardy––
unless the quota system is based on a sustainability assessment. A sustainability-related
counting system similar to the sustainability-related taxation systems described in the next
paragraph may be an appropriate approach. Thus, inside the general quota, market
mechanisms decide on the preferred fuel.
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The advantage of a dedicated BTL quota compared to just an overall biofuel quota or a
taxation system is that an intermediate protection of new and promising fuels is granted. This
enables the long term off-take of limited amounts of BTL for stable conditions and thus helps
to overcome market entry barriers for new products with high investment risk in first-of-akind technology.

Sustainability-related taxation system
Taxes have not only a fiscal function, but are also a steering instrument. A sustainabilitydependent taxation system would internalise hitherto external costs of environmentally
harmful technologies. Different fuels have different environmental impacts and, accordingly,
each fuel of fossil or biogenic origin would be specifically taxed according to its CO2
emission avoidance, production sustainability, et cetera. A respective proposal was elaborated
by Volkswagen (see Figure 65).

Figure 65: Draft proposal of Volkswagen for the taxation of biofuels

According to this taxation system, all fuels will be classified into one of e.g. 6 classes
representing a certain “grade” of sustainability. A conventional fossil fuel would be classified
as SI 5 in Figure 65, and the full mineral oil tax would be charged. Depending on its
sustainability class, biofuels may receive a corresponding tax reduction. In the best case of a
very sustainably produced biofuel with very low emission of GHG, the fuel would be
classified as SI 0 and receive the full tax exemption. The fuels need to be classified by
independent auditors or will be considered as fossil fuel. Whether the number of classes is 6,
10 or only 3 is not that important. Really important are two points: i) well-to-tank
classification based on sustainability performance and ii) a stable income for the government
from the mineral oil tax is a prerequisite, due to the importance of the mineral oil tax for the
total revenue of a state. It contributes in e.g. Germany to about 10 % of the total revenue from
taxes. To keep the income stable may be achieved by fixing the total amount of mineral oil
tax in dependence on total fuel consumption and determining the tax-level of the
sustainability classes according to their market volume on a regular basis. That means, with
an increasing share of biofuels of a certain SI class their taxation will increase. This is based
on the assumption that a higher share will mean a higher maturity and lower production costs.
However, it is of utmost importance that this adjustment will be predetermined in dependence
on clear market facts (e.g. amount of fuel in the market) and NOT based on arbitrary political
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decisions. Only in a predetermined system potential can investors calculate with stable
boundary conditions.
The signal to potential investors is to clearly favour plants for sustainable production.
However, the system is technology open and allows room for improving the sustainability
level of existing plants by e.g. using more sustainable biomass feedstock or delivering side
products such as e.g. process heat to other applications or district heating.
The important benefits of such a taxation system are, that it:
• is technology neutral, i.e. offers the same opportunities for 1st and 2nd generation biofuels
•

is market driven and not a market intervention based on “non-market” aspects

•

gives long-term security for investments

•

could be a basis for taxation harmonisation in EU

On the other hand, such a system does not consider how to implement innovative and
promising biofuels which in an early stage of development and market implementation
generally suffer from higher production costs. The reasons for that are higher specific
investment and operating costs (beginning of a learning curve), a lower reliability, and not yet
optimized conversion chains. An incentive system just based on GHG difference entails high
risks for the BtL sales price, as it depends on the difference to the price of fossil fuel and
competing biofuels such as e.g. imported palm oil based biodiesel and the respective CO2
reduction ratio. Thus such a system may not lead to a rapid BtL market implementation.
Financing large-scale demonstration projects
For the entrepreneur ready to invest in large-scale BtL production facilities, but taking into
account the considerable technical and commercial risks, costs are one of the main barriers
preventing an accelerated market implementation of BtL. Financing needs have to be
addressed by all stakeholders as a prerequisite to any technical development.

Organisations willing to accept greater risks of investment should be rewarded by initial
grants. It is essential that a new process allows profitable operation in the long term, but
appropriate mechanisms for supporting risk in the initial stages of development associated
with large-scale installations are also required.
One such instrument may be a special fund for investments in first-of-a-kind industrial
projects with high risk. Such a fund would provide a low interest rate loan as well as a
guarantee covering at least part of the financial risk. During a first deployment phase, a fiscal
incentive would be simultaneously provided in order to compensate the difference between
the actual production cost and a reference production cost. This fiscal incentive has to be
provided for a sufficient transitional period to ensure that technology can compete on level
terms in the market place.
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Biomass supply challenges

The supply of biomass in sufficient amounts is a prerequisite for a commercial BtL
production in large-scale plants. The sustainable biomass production is a challenge for several
parties –– from farmers to politics.
Security of supply
Synthetic biofuels can be generated from very different input sources, such as wood or straw
of all kinds. Additionally, demolition wood, organic waste or non-renewable industrial byproducts can be used; however, the potentials mainly result from biogenic raw materials.
Regarding agricultural raw materials it must be assured that the food production is not
affected by an energy use (“priority of alimentation”).
Sustainability of supply
A significantly increasing energetic use of biomass has some sustainability risks:
•

unsustainable agricultural methods or harvest regimes

•

natural habitat and landscape destruction

•

decreasing resources and water pollution

•

soil degradation or water scarcity

•

loss of biodiversity

•

uncertain impact if genetically modified crops are cultivated

•

import of unsustainably grown, harvested or transported biomass

Competitiveness of supply
Different crops may be grown on a field, some of which are energy crops. Biofuel feedstock
production must be profitable for farmers. In the first years of cultivation farmers will not
have an income, but only expenses for the cultivation. Additionally it requires a new
“thinking” on the part of farmers: They would no longer have the opportunity to decide what
to grow every year. That is what they are doing at the moment in order to maximise their
income, and for good reasons.
Possible measures

Bioenergy use leads to an increasing demand for agricultural products, to which energy crops
belong. The direct effect is that farmers and agricultural companies may produce biomass and
diversify their entrepreneurial activity. This indirectly leads to increasing prices for other
agricultural products as their supply is reduced. Therefore these stakeholders will be affected
positively by an increased production of biofuels, softening the actual shift of European
agricultural policy towards less subsidisation. This holds true also for forestry. However, it
has to be assured that the wood use is not excessive in order to keep forestry sustainable.
The most effective measures to ensure a sufficient supply of input material for the BtL
production are the following:
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Incentives for the cultivation of energy crops
The cultivation of energy crops is fundamental for the commercial production of BtL. In order
to ensure a sufficient and sustainable supply of biomass, dedicated energy crops need to be
included in subsidisation schemes without increasing the total budget. Perennial crops as e.g.
willow, poplar or miscanthus plantations have a lifetime of about 20 years. However, the
establishment of a plantation is expensive and in the case of willow and poplar it takes several
years until the first harvest is possible, and therefore the first cash flows. Therefore strong and
long-term reliable incentives are necessary.

Subsidies in form of a one-time set-up incentive or in form of a fixed payment per hectare and
year or per ton are possible. However, long-term maintenance and management of the
plantation and a local end user have to be ensured. Several countries apply this scheme, e.g.
Ireland, with a set-up incentive of up to 1450 €/ha willow or miscanthus plantation and
80 €/ha for the first 3 years on top of the EU energy crop scheme.
Tax incentives
Different tax incentive systems are under research 27 . Three tax measures have been
established concerning costs connected to equipment and labour of RES ventures:
•

The income tax credit: a certain percentage of the equipment costs and possibly of the
labour costs can be reimbursed to the energy crop grower. If the credit exceeds the
original tax, the difference is covered.

•

The income tax reduction: same as above but the reimbursement may not exceed the
income tax

•

The tax allowance: a certain percentage of the equipment costs and possibly the labour
costs can be deducted from the net taxable income (tax base).

The choice as to which tax system is the most effective could be made by monitoring the four
European countries in which the preferential tax measures have already been introduced and
the case studies in two more countries in Eastern Europe.
Establishment of a sustainability assessment system
The energy production from biomass seems to be environmentally sound per se, as biomass
emits only such amounts of CO2 in the combustion as it binds while growing. But
environmental soundness is more than just GHG and “the lack of an effective governance
system may turn bio-energy into a threat instead of an opportunity” 28 .

Against this background an effective system for the governance–or at least guidance–of the
bioenergy market as a whole and the markets for feedstock and products of the biofuel
industry in particular has to be developed and implemented. Basing mainly on the Forest
Stewardship Council (FSC), a proposal with a two-pillar structure consisting of a Bio-Energy
Labelling Organisation and an UN Agreement on Bio-Energy was elaborated28. A
sustainability assessment system for energy crops was also published by WWF 29 .
Whether or not one of these proposals is realised–in order to secure an environmentally sound
production and use of biofuels, an appropriate system for market guidance has to be
implemented as soon as possible.
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Research on energy crops and cultivation techniques
As the usable agricultural area is limited, high yields per hectare have to be established. As
more and more land of lower qualities might be cultivated, the breeding of frugal, but highyielding crops grown on poor soil with little water is an important task. Also R&D on
cultivation technologies is required as well as dissemination and training of the farmers for
proper implementation. This may be combined with information on national and European
financial aid and support schemes.
Multifunctional energy crop plantations
A powerful way of creating niche areas for growing energy crops is to capitalise on
environmental benefits in addition to the crop production. The potential for using energy
plantations in drinking water protection areas, for erosion protection, restoration of polluted
water or sewage treatment, i.e. as multifunctional energy plantations, is considerable. Using
multi-functional energy plantations as a prime mover for energy crops requires, however, that
the value of the environmental services can be monetized and transferred to the energy crop
producer.
Technological challenges

The large-scale production of BtL will (like all new technologies) probably be tainted with
some technological challenges, which may be softened to initiate private engagement.
Reliability and performance
In the chapter Technical Assessment it is pointed out that none of the different concepts for
BtL production is a “proven technology” or may be bought off-the-shelf. Some of the
concepts show a promising maturity, justifying the development of a first industrial
demonstration project in 500 MW-range together with (industrial) monitoring. Others need
further development and demonstration in pilot scale (< 10 MW-range), or may require
intermediate scale-up steps to the 50 MW range.

There are no reliable experiences with large-scale plants for the production of BtL. In the
operation of the first BtL plants, some technical problems or technological weaknesses might
be identified. In the early stage of operation, the full load operating hours per year will
probably be below standard petrochemical facilities. Thus, lower yields and higher
expenditures for maintenance and repairs have to be expected. This is especially true for the
biomass gasification technology, as operating facilities have a size of only up to 100 MWth so
far.
Staff recruitment
For both the R&D in new technologies and the production process, highly qualified staff–
researchers, engineers and skilled workers–are needed. Yet, in view of the lack of qualified
engineers in many European countries this could become a serious problem.
Possible measures
Support for pioneers
The technical challenges can only be overcome with the help of sufficient experience. In order
to collect such experience it is necessary to motivate private investors to go ahead. Therefore,
support for the 1st pre-commercial demo plants (~ 50 MWth) and for the 1st commercial demo
plants (some hundred MWth) of each advanced technology is essential. This support could be
given in the form of e. g. loan guarantees or direct investment subsidies. Direct subsidies help
to create a viable business case considering the higher costs of a first-of-a-kind investment
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and the lower reliability. If no loan guaranties are provided, an exorbitant high return on
equity has to be assured in order to get the funding e.g. from risk capital entities that have to
be convinced. Effective access to loan guaranties helps to speed up the market
implementation of new technologies such as BTL significantly
Having analyzed the existing support tools, it has to be stated that in contrast to programs in
the US, nowhere in Europe are tools or programmes available which are capable of funding
such a multi-million-Euro project as required.
Support for complementary R&D
Once demo-plants are erected and first practical experiences are gained, complementary R&D
for e.g. broadening the biomass spectrum, amelioration of gas composition or testing of
process stability would help to improve the demo-plant and enhance the further development
of BtL plants. European and/or national institutions and programmes, respectively, may be
considered for this support.
Enhanced education efforts
Both universities and companies have to boost their efforts to qualify personnel, especially
engineers in technologies necessary for plant construction and operation including the
biomass supply. Additionally, qualified technological education and permanent off- and onthe-job training of skilled workers and engineers is necessary.
BtL market challenges

In the long term, BtL fuels will have to compete on the international fuel markets. This should
be prepared in the medium term by the introduction of appropriate frame conditions.
Competition with other alternative fuels
There is a multitude of biofuels of the first and second generation with rather different
characteristics concerning potential, production technology, distribution & usage (see chapter
6 - Suitability). Also the specific frame conditions of certain concepts or plants influence the
results significantly. Each biofuel, respectively each conversion path, competes on the
biomass side and on the consumer side. From the emission characteristics FT-diesel and DME
are superior to plant-oil based biodiesel and even to conventional fuels, but they are more
expensive in their production.
Compatibility with existing infrastructure
FT-diesel offers a wide range of blends to conventional fuel, ethanol is already blended with
gasoline, but DME requires a dedicated distribution infrastructure. The availability of
distribution systems for the different biofuels may determine the most advantageous use.
Possible measures

BtL fuels are best supported in competition with other renewable fuels by the sustainabilitybased taxation-, quota- or tariff-measures discussed above.
Short-term BtL quota for 1st plants
A secure demand side would be helpful to overcome the expected start-up problems.
Correspondingly, the implementation of a temporary system of commitments and incentives
to help synthetic biofuels to enter the markets might be considered: A quota of 1 m tons diesel
per year for a feed-in tariff of 1 €/l until 2020 or an adequate non-fulfilment penalty would
secure the start-up of the first 5 plants of 500 MWth. However, it has to be mentioned that
there are dissenting opinions of the mineral oil industry and the plant developers on this topic.
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Information campaign
The market position of BtL fuels could be improved by communicating their environmental
advantages, e. g. their significantly lower CO2 emissions compared to both fossil and other
renewable fuels.
Establishment of a distribution infrastructure
For DME, which is not compatible with the European fuel market, a dedicated infrastructure
would allow the potential of this fuel to be fully exploited. Otherwise it is restricted to fleet
applications.
8.3

Market implementation plan

The presented (and some potential additional) measures can be implemented independently.
Nearly all measures affect each other, so no time should be lost arguing about the right order;
we must kick-start into the biofuel future.
sustainable
biomass
production

business
sphere

employment in
rural areas

development
construction
and improvement of
demo-plants
risk capital
for demo-plants

biomass
production
subsidies

sustainability based
quota-, tax- and
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PR

political
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loan guarantees
for 1st plants

direct investments
to 1st plants

Figure 66: Different measures needed for the biofuel future

General approach for market implementation

Summarising the status quo and the challenges and options of synthetic biofuels for market
implementation, one argumentation is as follows:
1.
2.
3.
4.

Synthetic biofuels are an attractive option for the transport sector.
The production of synthetic biofuels is linked to technical uncertainties and much higher
costs in comparison to fossil fuels, and slightly higher costs compared to biodiesel and
bioethanol, esp. if the latter are based on imports.
The higher costs are justified by higher environmental benefits; in terms of GHG,
competition with food production, and in terms of yield per hectare, i.e. less land
necessary.
Certifiable environmental advantages are the basis for more sustainable support schemes
compared to the existing ones. It can be expected that production will increase very fast if
new players enter the market. However, the financial risks for the first plants need to be
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5.

reduced as much as possible in order to get business started. This calls for support
schemes which are as reliable and long-term as possible. Only such a long-time reliability
can initiate private investments, as very high amounts of money have to be tied up for a
rather long time. Therefore support schemes should include clear targets and benchmarks,
e. g. for expected costs, fuel qualities and environmental effects as well.
Even knowing that the specific support of synthetic biofuels needs to be embedded into
an overall bioenergy strategy and harmonised with support schemes for bio-heat, bioelectricity and biomass for material utilisation as well, it should be clear that biomass is
the only available renewable energy carrier for the transport sector; while both power and
heat may be provided by various renewable energy sources such as solar, wind,
geothermal.

Development of a road map

By 2020 Europe may host up to 50 large-scale BtL facilities supplying 4 % of diesel
consumption. This technically feasible vision can only become reality, if several
preconditions are fulfilled. This development of BtL production capacities in the EU 25 until
2020 is sketched with the necessary measures in Figure 67.
Year 2008:
• sustainability criteria: Development of sustainability criteria for the production of
biomass and biofuels as started under the biofuel directive and in certain countries. This
has to be developed from the very beginning, since every support scheme should be based
on a sustainability assessment!
•

support scheme assessment: Elaboration/Calculations of a suitable sustainability based
support scheme for biofuels by a consortium of stakeholders including the petroleum-,
biofuel- and car-industry, politics and NGOs to evaluate the overall economic effects
(how much has to be spent, what is the effect on society / national economy) in order to
be able to decide for the most effective measure.

•

cultivation incentives: To ensure the availability of appropriate amounts of feedstock in
2015, energy crops such as e.g. short rotation wood plantations must be established in
2010, as the growth of the plants until harvesting takes 4 to 5 years. Hence, incentives for
the cultivation of short rotation coppices would have to be installed in 2008/2009!

•

targets: Definition of binding targets for BtL in the market in 2020, e.g. 1 m t/a for EU 28

Year 2010:
•

loan guarantee: Establishment of loan guarantees for the first 3 large-scale plants
(≥ 500MW) to ensure low interest rates for a leveraged financing.

•

direct incentives: Agreement on direct incentives for first 3 large-scale plants (≥ 500MW)
to cope with the special CAPEX risk.

•

support system establishment: Establishment of commonly agreed long-term sustainable
support system for BtL (taxation-, quota-, tariff-system) to be valid for BtL amounts
exceeding the short term target of 1 m t/a.

•

R&D: Appropriate R&D efforts must be continued in the years to come, as proposed by
the Biofuel Technology Platform

•

harmonisation: Harmonisation of bioenergy targets and support schemes for heat, power
and fuels to embed the market implementation of BtL fuels to an overall bioenergy
strategy in the EU.
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After the start of the large-scale industrial production of BtL fuels, the R&D efforts have to be
continued to improve the efficiency for further decrease of costs. This includes ongoing R&D
support of demonstration plants within FP7 or national based programmes in 2008.
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Figure 67: Chronological order of some measures as part of a market implementation strategy
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9.

Final Conclusions and recommendations

9.1

Biomass

The European residue and energy crop biomass potential was assessed under the frame
conditions of unaffected food, animal fodder and fibre production. This means
•

that energy crops were considered to be grown only on surplus land, including fallow
land and/or land released due to increased production efficiency,

•

that the straw used e.g. for animal bedding and fodder was subtracted from the total
production and

•

that no wood needed for the wood processing industry is used for bioenergy generation.

It was revealed that today there is a potential of approximately 4 EJ or 95 million tons oil
equivalent (Mtoe) per year. In 2020 the potential will be between 4.7 EJ/a (112 Mtoe) and 7.2
EJ/a (172 Mtoe), depending primarily on the development of agriculture towards an extensive
or an intensive production, respectively. The main differences between the scenarios are the
degree of fertilization and machinery use, and thus the energy consumption needed for the
agricultural production. The main reason for an increase of the potential until 2020 is the
expected production efficiency gain in the eastern European member states, freeing land for
energy crop cultivation, and the assumed yield increase of the by then well-established shortrotation coppice (SRC) plantations.
Today, energy crops contribute to about a third of the European biomass potential (Figure 68,
blue bar). This is more a calculated share, as the production of energy crops on fallow land
came up only recently. In fact, there are just several 10 000 ha of the highly productive lignocellulosic energy crop plantations (e.g. willow, poplar, Miscanthus), which is equivalent to
less than 1 % of the fallow land or less than 0.1 % of the arable land. Once established these
perennial crop plantations are very cost and energy efficient due to the long lifetime of up to
22 years and low fertilizer input compared to annual starch or oil crops like wheat or rape.
The violet bars in Figure 68 show the overwhelming potential of SRC if broadly introduced
on fallow land.
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Figure 68: Energy crop potential in European countries for different scenarios. Blue bars – 2004; red bars
– 2020 max fuel with intensive agriculture; yellow bars – 2020 self sufficient with extensive agriculture.
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In contrast to the little developed SRC-plantations, forest and agricultural residues are
physically present today. Thinning wood, logging residues, straw of cereals, maize and oil
seeds are left to rot in the forest, ploughed under or increasingly used for energetic purposes.
Forest residues have a share of 20 % of the total biomass potential and are abundant in
Sweden, Finland, Germany and France (Figure 69). There are two reasons for the
comparatively high potentials of Germany and France compared to Sweden and Finland:
France and Germany benefit from a warmer climate and a high wood balance, which is the
difference between growth and felling. Sweden and Finland in contrast today already have a
very advanced and efficient system of forest management and biomass utilisation, leaving
little space for any additional potential.
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Figure 69: Potential of forestry wood and wood industry by-products (cumulated) in European countries.
Blue bars – 2004; red bars – 2020 maximal fuel production scenario; yellow bars – 2020 self sufficient
scenario (extensive production).

With a share of 45 % the agricultural straw-like residues currently dominate the European
biomass potential. Figure 70 shows the area-specific straw potential (a density) available for
energetic use per year and hectare of surface on a province resolution. Shown in green are
regions with a high share of cereal production on the land use as in south-western to north
eastern France, in the lowlands of the river Po (Italy), in the Danube provinces (Hungary), in
the eastern lowlands of Bulgaria and Romania and in western Poland and eastern Germany.
Regions with soil or climate conditions being less favourable for cereal production and–to a
smaller extent–regions with a high demand for straw for cattle rearing (straw needed for
fodder and bedding) are shown in yellow to red. An exception to that are areas with low
resolution like e.g. the United Kingdom: on the whole it has an area-specific potential of straw
similar to Poland, which has provinces with high and low density. Similarly, the high straw
densities of e.g. the East Anglian cereal belt are diluted by the Scotch highlands due to
averaging. This also holds true for the Scandinavian and Baltic states.
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Figure 70: Today’s agricultural residues (straw) potential in GJ/year*ha of total land surface.

The unique RENEW approach was to show the energy density (potential divided by land
surface) on a province resolution, instead of the low average of whole countries. This allows
an approximation of the catchment area of a bioenergy plant, and the identification of
promising plant sites due to the large influence of logistics on the economic and
environmental success of a BtL-plant. For example, a 500 MW BtL-plant has a demand of
approx. 16 PJ or 1 m tons dry biomass per year. A straw energy density of 16 to 32
GJ/ha*year translates to a catchment area with a radius of 40 to 55 km around the plant site.
The total straw energy of provinces in this highest category amounts to 380 PJ when using the
background data. So, principally there is enough biomass available for the first 23 BtL 500
MW plants, if forest residues are also considered. However, site studies are absolutely
necessary to take into account the local conditions and might come to increased or reduced
potentials.
From a biomass potential point of view, the first BtL-plants should be built in areas of high
bioenergy potential density to keep the transport distances and thereby the costs and
environmental burden low. As presently the highest potentials are achieved with residues, first
BtL plants should be constructed in Sweden, France and East Germany / West Poland, and
should use forestry or agricultural residues.
Energy crops have the highest potential in future scenarios, combined area-specific potentials
up to 60 GJ/ha*a are reached (catchment area radius of 30 km!) allowing to further reduce the
catchment area and to improve the security of biomass supply. Thus, it is of utmost
importance that farmers are encouraged to grow energy crops, i.e. long-term stable
frameworks (see chapter Market Implementation).
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9.2

Technical Assessment

In the Technical Assessment the different concepts and strategies for the production of
synthetic diesel, DME and ethanol were compared to each other to identify advantages and
drawbacks of the individual concepts. Two important aspects are the efficiency of the fuel
production and the maturity of the concept. With regard to the maturity an industrial
evaluation is shown in Table 30.
Table 30: Results of industrial maturity evaluation
cEF-D

BLEF-DME

ICFB-D
(SP)

dEF-D

CFB-D

EF-E

CFB-E

ICFB-D
(MF)

Scale up steps
Mass balances
(start / end run)
Cat.
provider
contacted

1
β: existing
Σ: progress

1

1

(1)

2

no gasifier

no gasifier

2

available

-

-

-

-

-

-

1

3

(1)

-

-

-

-

(1)

CAPEX / OPEX

available

available

available

-

-

available
β: existing
Σ: progress
β: existing
Σ: progress
test data +
mass
balances

available

-

-

-

simulation
level
-

simulation
level
-

-

available

-

-

-

-

-

-

-

-

-

-

-

mass
balances

mass
balances

mass
balances

mass
balances

mass
balances

Concept

Plot plan
Water flow plan
HSE studies
Modelling
quality

(test data
+) mass
balances

partly
available
test data +
mass
balances

-

Today (SP), the most advanced complete concepts for fuel production are the black liquor
gasification concept with a DME synthesis (BLEF-DME) and the centralised entrained flow
gasification with a Fischer-Tropsch (FT) diesel synthesis (cEF-D) with an energetic efficiency
of 69 % and 54 % respectively. Both also score high regarding maturity as detailed
engineering was carried out. In the case of cEF-D, a respective demo-plant is currently in the
commissioning phase (see chapter 5 – Production pathways).
The internally circulating fluidised bed with FT-diesel synthesis (ICFB-D) concept is a trigeneration concept for heat, power and fuel with a share of 45 %, 15 % and 25 %
respectively, and thus producing only half of the fuel of other concepts. It is considered
mature due to several years of operation of the gasifier in the CHP on which this concept is
based. However, the following steps of gas cleaning and the synthesis itself are on a
laboratory scale and still suffer low fuel production efficiency.
The decentralised pyrolysis for entrained flow gasification and FT-diesel synthesis (dEF-D
concept) is developed step-wise, resulting in a lower maturity and efficiency: In RENEW, the
preparation of pyrolysis slurry and its gasification was demonstrated on pilot scale. Designs
for the following steps up to the fuel are in preparation. The situation is similar for the
concept considering a circulating fluidised bed with FT-diesel synthesis (CFB-D), whereby
the building blocks are present on lab-scale but further work is needed for their connection
and optimisation. The concepts for synthetic ethanol production via entrained flow
gasification (EF-E) or via circulating fluidised bed (CFB-E) are mostly paper-based and need
the most effort to reach demo-level.
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Some things can be concluded in general:
•

The integration of fuel production to other processes increases the overall efficiency. In
case of integration into a pulp mill, the recycling of spent cooking liquor is coupled to
fuel production. In case of connecting a small scale BtL plant to a district heating system,
larger parts of the process heat can be used.

•

From a technical point of view all concepts are flexible in terms of biomass feedstock or
the type of fuel produced. However, for practical reasons of different storage,
conditioning and transport systems for the various types of biomass, commercial BtLplants will probably be adapted to 5 - 6 biomass types at maximum. And, of course, only
one synthesis unit will be chosen, depending on the market conditions either FT-fuel,
DME, ethanol, or SNG

•

There is a trade-off between overall energy efficiency (including heat and power) and
fuel yield. Just for technical reasons and without considering economic reasons it may be
concluded that if heat, power and fuel are to be produced, the present ICFB-D concept
might be the best choice (efficiency 80%); if a big amount of diesel should be produced,
the cEF-D concept might be a good choice (efficiency 54%); if looking for highest yields
for FT-diesel, external hydrogen will lead to a doubling of the yield––but at the expense
of a considerable decrease in overall energy efficiency, which decreases to 25% - 30%

From a technology point of view, demonstration of the most advanced BtL concepts is of
utmost importance. A suitable scale for demonstration would be in the range of 50 MW, e.g.
approximately 15 000 t FT fuel/a. Plants of this size would allow to prove the efficiency of
the whole chain from the field to the tank. Due to highest maturities the BLEF-DME and the
c-EFD concept are most advanced, one especially in terms of integration, the other especially
in terms of the whole chain (from biomass to fuel). Both are ready for a demonstration in that
scale right now. Complementing research activities would gain detailed process knowledge of
these plants and would subsequently enhance the upscaling process to large-scale plants with
a capacity of e.g. 200 000 tons per year. Demonstration of these full-scale BtL facilities is a
must for paving the way to broad market implementation.
In the case of the less mature concepts, research on gas conditioning and–as long as FTcatalysts are not commercially available–on synthesis is recommended.
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9.3

Suitability

From detailed experiments with the available FT-diesel and FT-naphtha fuel samples a draft
FT BtL-specification was derived. However, not every important property could be evaluated
in these experiments. Additionally, the properties listed for future powertrains are less mature,
since the future engine concept is not yet fully developed. First experiments indicate strongly
that kerosene (future BtL 100) or naphtha (BtL naphtha 100) type fuel might be appropriate
choices. Here it has to be stated clearly that a kerosene type fuel has disadvantages for the
production, as both the remaining higher and lower fuel cut have limited properties not fitting
to the market.
Table 31: Draft specification for BTL fuels

conventional engines (Diesel)

BTL 100

BTL as 20%
Blending
component

future powertrains
(homogeneous
combustion) 5
future BTL
100

BTL naphta
100

Parameters
5% recovered at
95% recovered at
%-n-paraffin/iso-paraffin
Olefine
Aromatics
Sulfur
Oxygen content

°C
°C

170
320

mass %
mass %
ppm
mass %

<1
<1
<5

170
160
350 3
250
cannot be derived form RENEW results
<1
<1
<1
<1
<5
<5
cannot be derived form RENEW results

50
160
<1
<1
<5

Characteristics
Cetan no.
CFPP
Flash point
Density
H/C
Lower heating value
Lubricity
Others

°C
°C
g/ml
mol/mol
MJ/kg
um

> 60
< -22
> 55
0,76
>2
44,8
< 460 2
EN 590

> 60
< -17 4
> 50
> 0.76
>2
44,8
< 460 2
EN 590

< 50 / >65 1
< -22
> 55
0,74
>2
44,6
< 460 2
EN 590

< 45
< -23
0,70
>2
44,3
< 460 2
-

1: from engine demands < 50 is required, modern Co-based low temperature FT units do offer > 65 as a standard
product; see further comments in text
2: can only be achieved with additives
3: influence on engine emission have not been proven and might change the recommendation
4: probably lower
5: very preliminary because of early stage of engine development

Besides the specific investigations of FT derived fuels, a thorough fuel evaluation in terms of
suitability was conducted.
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Table 32: Suitability assessment matrix for the RENEW fuels.
Assessment Criteria

Compared
to

Emission reduction potential
Fuel consumption reduction potential
Suitability with modern aftertreatment technologies
Suitability for advanced combustion process
Drivability
Cold start, cold weather behaviour
Hot weather behavior
Deposit formation, sludge information
Compatibility with materials
Compatibility with polymer materials
Corrosion behavior
Lubricity and abrasion
Storage properties
Energy density
Payload
Cruising range
Infrastructure aspects
Suitable for blends with conventional fuels
Additional infrastructure necessary
Dedicated vehicles necessary or reasonable
Environmental and safety aspects
Biodegradability
Flammability , risk of explosion
Toxicity

conv. Fuel
conv. Fuel
conv. Fuel
conv. Fuel

☺☺

conv. Fuel
conv. Fuel
conv. Fuel

☺☺
☺
☺

UET BTL

☺☺

conv. Fuel
conv. Fuel
conv. Fuel

UET BTL
– naphtha
☺☺
☺
N.A.
☺☺

Ethanol

DME

SNG

☺

☺☺
☺
☺
☺

☺

not tested

☺
not tested
not tested

☺
☺
☺

not tested
☺
☺

☺
not tested

conv. Fuel
conv. Fuel
conv. Fuel
Other
alternative
fuels

☺☺
no
no

yes
yes

conv. Fuel
conv. Fuel
conv. Fuel

☺
no
no

yes
yes

yes
possible

☺

gaseous

gaseous

☺

☺

☺

All RENEW fuels exhibit considerably improved emission behaviour. This is particularly
pronounced and important for the synthetic diesel fuels BtL and DME. They exhibit at least
the same fuel consumption as conventional fuels when compared on an energetic base. With
adapted engines the improved combustion process can also lead to better efficiency and thus
reduced fuel consumption.
Most of the fuels are compatible with modern after-treatment technologies. For ethanol cold
start hydrocarbon emissions and for methane the methane slip require improvements.
Synthetic BtL naphtha may be advantageous for future combustion processes like HCCI.
However the requirements for these future engines are not clear at the moment. As a gaseous
fuel, DME could also be advantageous in homogenous diesel combustion. This is known from
literature but was not tested in den RENEW project.
The RENEW fuels show a comparable drivability. Problems with ethanol in cold and hot
weather conditions can be overcome by known technologies. The high cetane number of the
FT-fuels supports cold start. It is essential, however, that the low temperature flow properties
(CFPP, CP) are be improved by appropriate upgrading technologies and/or additives. The
RENEW fuels will have no problems with material compatibility. Lubricity of DME and FTBtL has however to be improved by additives. The RENEW fuels differ considerably in their
storage properties. Gaseous fuels like methane and to a certain extent also DME (like LPG)
have disadvantages with payload and cruising range. This restricts the application to fleets or
niche markets. The liquid fuels like FT-BtL and ethanol have the advantage that they can be
used as blending components for conventional fuel. This makes market introduction much
easier. Furthermore, FT-BtL can be used in unmodified vehicles. DME and methane need a
new additional distribution infrastructure and specially equipped vehicles. Methane can be
used in bivalent cars, where the conventional fuel can stand in for the gaseous fuel when no
gas fuel station is in reach. DME vehicles will however be dedicated vehicles, so that a
sufficiently dense distribution infrastructure is essential. Thus DME will probably start in fleet
applications (busses, city distribution traffic). From a suitability point of view, all RENEW
fuels have advantages in environmental and safety aspects compared to conventional diesel or
gasoline––with the exception of the gaseous fuels, which exhibit a higher flammability and
explosion risk. With regard to synthetic fuels derived from biomass, BtL-FT fuels might be a
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favourable solution for passenger cars and heavy duty vehicles, whereby BtL-DME might be
good solutions for fleet applications, i.e. delivery and heavy duty trucks.
9.4

Life cycle Assessment

The LCA analysis in RENEW was conducted pursuant to ISO 14040/44 and focused on
Fischer-Tropsch hydrocarbons and Dimethylether as BtL fuels. The ethanol production could
not be considered due to lack of data. The LCA was performed on a well-to-tank (WtT) basis,
because the focus of RENEW is the production process of 2nd generation BtL fuels.
Accordance of the well-to-tank LCA with ISO 14040/44 was approved by a critical review
performed by three independent reviewers.
For the interpretation of the results the following issues have to be considered:
1) The investigated processes show varying maturity levels.
2) Some of the processes are optimized for producing multiple products such as heat,
electricity and fuels.
3) The processes for the biomass production reflect the technology situation of today.

The WtT LCA analysis includes the production of biomass, transports to the production plant,
conversion processes and fuel distribution to the filling station. Several relevant category
indicators were assessed. Table 33 shows the environmental impacts of all BtL processes on a
relative scale. The process with the lowest impact is set as reference (100%).
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Additionally a subjective ranking was performed as follows:
Process with lowest environmental impact: 100% – 115%
Process with low environmental impact:
116% – 150%
Process with high environmental impact: 151% – 250%
Process with highest environmental impact: >251%
Table 33: Results of the Life-Cycle Assessment of different BtL-production concepts
Biomass Input
Process

Process Code
Developer
Product
Category indicator
Cumulative energy
demand [MJ]
Abiotic depletion
[Kg Sb Eq.]
Global Warming
[Kg CO2-Eq.]
Photochemical oxidation [Kg C2H4
Eq.]
Acification
[Kg SO2 Eq.]
Eutrophication
[Kg PO4 Eq.]

Miscanthus
Allothermal
CFB
ICFB-D
TUV
BtL-FT

Straw*
Central
Allothermal
CFB
CFB-D
CUTEC
BtL-FT

Straw*
Straw*
Decentral Central
EF
EF

dEF-D
FZK
BtL-FT

cEF-D
UET
BtL-FT

Wood
Central
Allothermal
CFB
CFB-D
CUTEC
BtL-FT

Wood
Allothermal
CFB

Wood Wood
Central EF of Black
EF
Liquor
to
DME

ICFB-D cEF-D BLEF-DME
TUV
UET
CHEMREC
BtL-FT BtL-FT BtL-DME

252%

186%

147%

115%

169%

263%

128%

100%

255%

260%

155%

121%

165%

257%

128%

100%

226%

252%

128%

104%

171%

224%

116%

100%

244%

361%

258%

100%

292%

245%

104%

141%

256%

192%

190%

100%

181%

289%

130%

133%

453%

207%

162%

106%

176%

300%

117%

100%

*The

environmental impact of straw production was allocated on the basis of economic value, thus 90% of the
environmental impact is allocated to the grain.
Reading guide:
CFB: Circulating Fluidized Bed Gasification
EF: Entrained Flow Gasification
BtL-FT: Biomass-to-Liquid Fischer-Tropsch hydrocarbons
BtL-DME: Biomass-to-Liquid Dimethylether
Cumulative energy demand: Indicator for the total energy demand.
Abiotic depletion: Indicator for the use of non-renewable resources (mainly energy resources)
Global warming: Indicator for the emission of greenhouse gases.
Photochemical oxidation: Indicator for the emission of substances contributing to the formation of summer smog (e.g. ozone)
Acidification: Indicator for the emission of substances contributing to acidification of water and soil.
Eutrophication: Indicator for the emission of substances contributing to eutrophication of rivers, lakes etc.

Figure 71 shows the contribution of the biomass-to-biofuel conversion process and the
biomass production to the overall environmental profile. For the Global Warming Potential
(GWP) the latter is between 55% to 75%; the average of all biomass feedstocks assessed here
is about 70%. It also shows a major relevance for Acidification Potential (AP), Eutrophication
Potential (EP), Abiotic Depletion (ADP) and Cumulative Energy Demand (CED). In contrast,
the Photochemical Oxidation Potential (POCP) is clearly dominated by the conversion
processes. This shows that the environmental profile of BtL production is dominated by the
biomass production and the herewith linked processes such as fertilizer production etc. Only
for the category Photochemical Oxidation Potential is the conversion process more important
than the biomass production. The reason for this is that the conversion process has higher
emissions in hydrocarbons/nitrogen oxides than the biomass production.
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Share of biomass production and provision
on total conversion process impacts

100%

80%
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Conversion process average
Biomass (Average*)

60%

Biomass (MAX)

MIN

Biomass (MIN)

40%

* of all investigated biofuels
20%

0%
GWP

POCP

AP

EP

ADP

CED

Figure 71: Share of biomass (production and supply) and conversion processes (incl. fuel distribution) in
total results

Besides the biomass input, the efficiency of the biomass-to-biofuel conversion of the
respective production route (conversion process) has a crucial influence on the environmental
performance of the biofuels. The processes with a high conversion rate in Table 34 also show
a good environmental profile in Table 33.
Table 34: Energy-based conversion rates biomass-to-biofuel
Biomass Input
Process

Wood
Central
EF

Straw*
Central
EF

cEF-D
UET
BtL-FT

Wood
Central
Allothermal
CFB
CFB-D
CUTEC
BtL-FT

Straw*
Central
Allothermal
CFB
CFB-D
CUTEC
BtL-FT

Process Code
cEF-D
Developer
UET
Product
BtL-FT
biomass
input
499
[MW]
conversion
rate
biomass to all
53%
liquids [energy]
all liquid products
22.5
(diesel,
naphtha,
DME) [tOE/h]

Straw*
Wood
Decentral AlloEF
thermal
CFB

Miscanthus
Allothermal
CFB

Wood
EF of Black
Liquor
to
DME

dEF-D
FZK
BtL-FT

ICFB-D
TUV
BtL-FT

BLEF-DME
CHEMREC
BtL-DME

462

485

463

455

52

50

500

57%

40%

38%

45%

26%

26%

69%

22.3

16.6

15.0

17.5

1.1

1.1

29.0

ICFB-D
TUV
BtL-FT

tOE: tonnes oil equivalent with 42.6 MJ/kg

One of the main drivers for BtL is climate protection and the herewith linked potential to
reduce greenhouse gases. Therefore it is interesting to get a deeper insight into those
emissions which determine the global warming potential of the BtL-production. The results of
this analysis are shown in Figure 72.
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UET, wood to BtL-fuel

TUV, wood to BtL-fuel

CUTEC, wood to BtL-fuel

FZK, straw to BtL-fuel

CUTEC, straw to BtL-fuel

TUV, miscanthus to BtL-fuel
0%

10%

20%

30%

40%

50%

60%

Carbon dioxide, fossil

Dinitrogen monoxide

Methane, fossil

Remaining flows

70%

80%

90%

100%

Methane, biogenic

Figure 72: Emissions contributing to the Global Warming Potential of the BtL-production.

Three substances are relevant for the global warming potential of the BtL-production: Carbon
dioxide (CO2), Dinitrogen monoxide (N2O) and Methane (CH4). The surprising result is that
the emission of N2O contributes to the overall global warming potential in a range of 12-35%.
N2O emissions are directly linked to fertilizer production and usage. The respective
agricultural processes, including the estimated emission of N2O per kg N-fertilizer, were
modelled with literature data representing the situation today. These findings are of great
uncertainty and a sensitivity analysis showed that the N2O emission can vary by a factor of 2,
depending on the model. However it shows that fertilizer use needs to be closely monitored
and that the models need to be further developed.
The main conclusions which can be drawn from the well-to-tank LCA of BtL-production can
be summarized as follows:
•

The environmental performance of BtL production is determined by the biomass
production, except for the category summer smog which is determined by the conversion
process itself

•

The estimated N2O emissions linked to fertilizer production and usage are contributing to
the global warming potential of BtL production in the range of 12-35%.

•

Environmental improvement potentials for BtL production are:
-

Improved technology of biomass production with reduced fertilizer application and
increased biomass yields.
Increased energy efficiencies for the conversion processes.
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9.5

Cost Assessment

For the cost assessment a three step approach was chosen: costs for biomass production, to
which costs for biomass transport to the plant and costs for conversion to the fuel were added.
The data were calculated for Sweden, Poland, Germany, Greece, Switzerland and Ireland,
representing the European regions North, East, West, South, Alps and UK&Ireland.
Today, costs for the short rotation coppice (SRC) willow are in the range of 4.3 to 5.8 €/GJ,
and for the annual whole crop Triticale in the range of 5.3 to 7.1 €/GJ, depending on the
region. For comparison, costs for residues are on average 3.4 €/GJ for straw, 2.4 €/GJ for
logging residues and about 5 €/GJ for thinning wood.
The residue costs include in case of straw the fertilizer value of minerals bound in the straw,
baling and 15 km road transport. In case of forest residues, transport to a forest road and
chipping is included (logging residues). In case of thinning wood, the expensive extraction of
the stems from the stand is the additional main cost contributor.
The energy crop production costs are composed of direct costs like ploughing, seeding,
fertilisation, harvesting, 30 km road transport and indirect costs for land and risk. The cost for
land bases on the revenues of growing alternative crops like e.g. cereals, but does not take into
account national or European subsidies. Costs for risk are related to growing a new crop (no
experience), needing new machinery (planting, fertilisation, harvesting; owe or subcontract?)
and determining the use of a field for up to 20 years without knowing the yield and revenue
development over the lifetime of the plantation (annual/perennial crops). These indirect costs
can make up to a quarter of the today’s total cost as shown in Figure 73. This is particularly
true for the most promising SRC like willow, which requires a great amount of new knowhow and the comparatively highest degree of different machinery, which is a high risk. On the
other hand it offers high biomass yields (average of 10.5 t dry mass) combined with low
fertilizer and pesticide input and little machinery use, making it highly efficient compared to
annual crops. Once planted, willow is harvested 5 to 7 times in an up to 22-year lifetime. The
25 % indirect costs of SRC can be reduced by incentives for the establishment of plantations
(on hectare base), for crop production (on yield base) and by offering long-term contracts for
the biomass.
The figure also shows that cost reductions of 10 % are expected for large-scale cultivation,
considering field area and farm size, and of 35 % in 2020 on a large-scale as compared to the
average of today. For the future scenario it is assumed that improvement of the seedlings and
cultivation techniques will lead to higher yields and reduced fertilizer need and pest
susceptibility; also a better usage of machinery is considered due to the closer proximity of
fields. Thus, costs for SRC would be in a range of 3.3 to 3.8 €/GJ.
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Figure 73: Example of cost breakdown for two energy crops, reed canary grass and willow, calculated
under the RENEW frame conditions for NORTH (Sweden)

Biomass logistical costs depend on the transport distance, road infrastructure and lorry
payload. Thus, the density of the biomass potential which integrates the crop yield per ha of a
field and the number of fields in an area has a strong influence. This dependency is shown in
Figure 74 exemplarily for straw.
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Straw provision costs from 1st GP to BtL plant
(excl. biomass costs 1st GP) road transport, S1 [€/GJ]

24
WEST (Germany)
EAST (Poland)
NORTH (Sweden)
ALPINE (Switzerland)
SOUTH (Greece)
UK+IR (Ireland)
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18
16
14
12

Area specific potentials of the most
favourable provinces as determined
in biomass potential assessment
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8
6
4
2
0
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15
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24

27
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Area specific biomass potential (per total land area, [GJ/ha*a])
Figure 74: Dependency of straw road supply costs (y-axis) and biomass energy density per land surface (xaxis) as calculated for representative countries of the respective regions. Energy densities of best NUTS II
provinces are indicated by grey shading.

Average national data are shown, which are not necessarily representative for NUTS II
provinces of high biomass density or other countries of the region. Greece, as example for
southern countries, is peaking out due to lack of infrastructure and low truck payload, facts
probably not representing the circumstances in e.g. the well-developed valley of Po (northern
Italy). All other countries studied are more or less similar. As presently only several 10 000 ha
of SRC exists, first BtL plants would utilise residues until energy crop plantations are
established around the plant site. For residues, energy densities in the best provinces are from
16 - 32 GJ biomass per hectare and year. According to the boundary conditions defined for
the RENEW project, this makes an intermediate storage necessary––adding about 1 € costs of
logistics per GJ to the feedstock costs. A cost saving alternative would be storage beside the
field as practised in Canada or direct supply to the BtL plant.
Energy crop production is today and also in the future more expensive than using residues
(otherwise wasted), but the yield per ha is higher and less scattered in the area. Once highyielding ligno-cellulosic energy crops are commonly cultivated some years after the start up
of a BtL plant (or generally in 2020) densities of 50 GJ/ha*year are exceeded in some
provinces. This corresponds to 30 km road transport and lowers the costs of logistics, securing
a cheap and stable biomass supply as shown in Figure 75. Today, direct supply is only
possible for plants with a demand as low as for the ICFB-D concept.
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Figure 75: Development of biomass composition and costs provided to BtL plant of 500 MW in different
European regions.

Generally, the evaluation of future scenarios shows that the differences in terms of costs for
SRC diminish over Europe, due to the fact that an equalizing development of applied
agricultural technology and labour costs can be expected. In particular, it can be stated that the
biomass costs expected for 2020 roughly fit to a publication of the Swedish Energy Agency
with an average of 129 SEK per MWh or 3.9 €/GJ of wood chips in 2007. In RENEW costs
from 5.7 to 8.2 €/GJ were calculated for Sweden and Finland. However, in RENEW the
additional biomass potential was calculated. These countries with a 20-year-long
development of biomass use have today highly industrialised systems; they therefore have
only a small additional potential and only appear to be unsuitable. In fact Sweden is a
benchmark, showing how effective and well biomass may be used in European countries once
respective systems and infrastructure are established. In this sense the actual Swedish 3.9 €/GJ
is in good agreement with the projected costs of 3.3 to 3.8 € per GJ wood chips in European
countries in 2020 projected by the RENEW project as shown in Figure 75.
The conversion costs are determined by the costs for biomass followed by capital costs for the
BtL plant (Figure 76). Operation related costs and other consumption related costs are of
minor importance. Thus, the efficiency of the biomass conversion to BtL fuel is of utmost
importance.
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Relative comparison of conversion costs
(i.e. excl. revenues), SP technology, biomass costs S1 [%]
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Figure 76: BtL specific production costs for region EAST

However, it has to be stated clearly, that the calculated TCI (Total Cost of Investment) for the
conversion costs bases on values from early 2004. That means that the steep increase in TCI,
which could be observed from 2004 until now, 2007, has not been taken into account. It is a
considerable increase, averaging 8 % per year as Figure 77 shows clearly.

Figure 77: Development of TCI of chemical plants and machinery according to Kölbel/Schulze-Index25

The last step in the cost assessment is the combination of biomass supply costs and biomass
conversion costs. Figure 78 shows the relation of BtL production costs to the biomass supply
costs. Obviously the technically most advanced concepts (c-EFD, BLEF-DME, see above) are
also the concepts leading to the lowest BtL production costs for biomass of today (3.8 to 7
€/GJ) and in future (3.3 to 3.8 €/GJ). However, even a small scale trigeneration concept (here:
ICFB-D) might be economically feasible, if the heat and electricity were to receive a special
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funding (as for instance presently in Austria). With this, it could be an interesting niche
solution for small and local markets. In the SP scenario the lowest biomass supply costs vary
between 3.8 €/GJ and 7 €/GJ. The lowest biomass cost leads to BtL production costs between
14 €/GJ and up to 23 €/GJ (0.5 €/lDE to 0.82 €/lDE) for the most economic concepts.

Total BtL production costs, SP technology [€/GJ].
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BLEF-DME
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Figure 78: Influence of the biomass costs on the BtL production costs of the studied BtL-concepts. The
lines for ICFB-D represent BtL production costs with standard (dashed line) and with today’s Austrian
biomass power revenue (full line). The biomass cost range is indicated by the grey shading; straw tends to
be cheaper than chipped forest residues, the green shading shows the expected SRC costs in S1 (2020); the
dashed vertical line is the 2007 price for wood chips in Sweden (3.9 €/GJ). 1 €/lDE equal to 28 €/GJDE

RENEW final report - Final Conclusions and recommendations

163

9.6

Market implementation

Advanced biofuels of the second generation like BtL fuels are in a rather early stage of
development. Therefore many challenges and risks exist, which have to be overcome for
successful market consolidation, i.e. competitiveness to fossil fuels without political support.
Based on the above-mentioned conclusions and recommendations, a proposal for a market
implementation strategy was elaborated. In Figure 79 the essential steps of the strategy are
shown, representing the suitable measures for the four main challenges that currently exist for
BtL, i.e.
•

economic competitiveness,

•

assurance of biomass supply,

•

risk incorporated with new technology and

•

risk of BtL market.

Moreover, the development of BtL production capacity under optimal conditions in EU25 is
shown until 2020, representing a substitution potential of 4 % of the expected diesel demand
in 2020. Implementation calls for the following essential steps which would best be integrated
to an overall bioenergy strategy, i.e. last step harmonisation:
•

elaboration of sustainability criteria for biomass and BtL production, since all support
schemes should be judged in terms of their sustainability

•

support scheme assessment, i.e. calculation of different long-term support measures
(quota system, taxation system) based on sustainability criteria for synthetic biofuels by a
consortium of stakeholders (mineral oil, biofuel, car industry, politics) to evaluate the
overall economic effects, to address ultimately the least expensive measure.

•

cultivation incentives for SRC, which have to be established in 2008/2009 and need up to
5 years until the first harvest and cash-flow, respectively. 1 m tons or 100 000 ha SRC are
needed per BtL plant!

•

definition of short-term targets for synthetic biofuels in 2020 in the frame of the EU
biofuel directive, e.g. 1 m t BtL/a.

•

direct investment subsidies as well as loan guarantees for the first three large-scale
(> 500 MW) plants have to be established

•

establishment of a reliable long-term support scheme based on results of step 2, e.g.
sustainability related taxation system
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Figure 79: Roadmap for a market implementation strategy
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9.7

Overall recommendations

There are multiple opportunities for BtL production in Europe. Taking into account the prior
mentioned recommendations of the different assessments (biomass, technology, suitability,
ecology), the best regions for first industrial scale BtL plants of the cEF-D or––improving a
paper mill––the BLEF-DME concept would be West Poland and Sweden. Among the
concepts the most efficient and mature were chosen, as were the ones with lowest costs
among the countries studied in cost assessment.
Poland is favourable due to the low costs at which the necessary amounts of biomass are
available. The costs add up to 4.1 - 4.4 €/GJ for forestry residues and straw respectively,
which are supposed to be the main feedstock for the first BtL plants. In the long-term
perspective, Poland offers high densities of SRC plantations from the biomass potential point
of view (up to 48 GJ/ha a) at comparatively low costs (5.1 €/GJ). According to Figure 78, the
e.g. cEF-D concept would presently produce BtL-FT-diesel for 24 €/GJ, which is equal to
0.86 €/lDE, or for 22 €/GJ by using SRC in the future, i.e. 0.93 €/lDE. However, intense SRC
cultivation would exceed a regional biomass density of 50 GJ/ha*a allowing direct supply to
the BtL plant. Hence, SRC total supply costs are reduced to the biomass costs at 1st gathering
point, i.e. 3.4 €/GJ. Taking this into consideration, BtL costs of 22 €/GJ, i.e. 0.79 €/lDE, might
be possible in the future. That means that SRC are not only the most advantageous biomass in
terms of potential availability, but they are also very cost-effective.
Sweden offers a well established forestry industry which presently enables the delivery of
forest residues at rather low costs, i.e. 3.9 €/GJ. Figure 78 shows that the e.g. BLEF-DME
concept would have production costs of 14 €/GJ, i.e. 0.50 €/lDE. Biomass costs in this range
were calculated under RENEW future conditions (S1) for all European regions, so the
production costs for this technology will not change much in the future unless technology
becomes cheaper. But this is true also for the c-EFD and the other concepts.
For the future, it can be expected that highly efficient ligno-cellulosic biomass utilisation
systems like in Sweden and Finland will be established all over Europe, leading to
diminishing differences in biomass supply costs of 3.5 to 4 €/GJ, This will increase the
potential number of suitable locations for BtL production in 2020. However, site-specific
studies of biomass availability and respective prices are required as well as studies for
integration possibilities to e.g. refineries, pulp&paper mills and heating grids prior to any
decision on the BtL plant locations.
Besides these recommendations for the first large-scale commercial BtL plants, RENEW has
elaborated some key areas where more R&D work has to be done:
•

local studies on biomass production, supply and respective costs

•

studies on the socio-economic effects of new biomass plantation, e.g. SRC

•

technology related R&D work in terms of integration of BtL plants to refineries,
pulp&paper mills, heating grids

•

for less mature concepts, research on gas conditioning and–as long as FT-catalysts are not
commercially available–on synthesis is recommended.
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