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INTRODUCTION 
 
 
 
 
This workshop was convened by the European Commission's Joint Research Centre, Institute 
of Energy Studies at Ispra, Italy, in co-operation with CONCAWE and EUCAR, the co-authors 
of the joint European well-to-wheels study [A3]. 
 
The second edition of the well-to-wheels study was released in May 2006 and is available on 
the JRC web site (http://ies.jrc.ec.europa.eu/WTW).This contains detailed evaluations of 
energy and GHG balances, costs and availability for a wide range of alternative fuel/vehicle 
pathways.  Compared with the first issue of the study, increased attention has been given to 
biofuel options, in view of the current high level of activity in this area. 
 
A high degree of confidence has been established in the figures for energy and GHG balance 
related to current and future biofuels.  Detailed estimates of cost and availability have also 
been made, using a careful methodology, and using the most accurate and reliable input data 
available.  In the course of the study, it became clear that the estimated figures for biomass 
and biofuel availability vary widely between different published studies.  Also, in our 
calculations, there were some input variables where little or no reliable information was 
available. 
 
Consequently, it was felt valuable to gain input and discussion from other expert groups, 
including authors of other recent studies, to compare information, test the reliability of the 
assumptions on the JEC study (JEC: JRC-EUCAR-CONCAWE), and find new information to 
reduce the existing areas of uncertainty.  Invitations to the workshop were issued with these 
objectives in mind.  More than 40 people attended the workshop, including representatives 
from the JRC, EUCAR and CONCAWE, the European Commission, and a wide range of 
experts from several European countries. 
 
The Meeting was chaired by Vincent Mahieu (JRC) and Robert Edwards (JRC), taking on the 
technical leadership of the discussion, assisted by Jean-Francois Larivé (CONCAWE), who 
are the authors of this part of the JEC study. 
 
These notes record the main outcomes of the discussions, and new information that was 
offered by the participants.   
 
The notes are structured in the same way as the agenda, covering the seven key areas 
where input data and methodology were to be evaluated. For each topic, there was an 
explanation by Robert Edwards of the JEC methodology, its rationale, and the areas where 
clarification was needed. This was followed by comments and discussion from the group.  For 
background information on the questions discussed, the JRC explanation slides are attached 
in the report. 
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OUTPUT SUMMARY 
 
 
 
 
There was a full and active participation by the attendees in the discussion, and several 
literature studies and new contacts identified that could help refine the estimates.  These will 
be very helpful in the ongoing work of the JEC study. 
   
Although some people were initially surprised by the availability and cost figures, there was 
very little disagreement when the input assumptions were examined. Differences between 
studies are mostly due to the different scenarios which were being studied: including or not 
including existing uses, time-frame, point on the cost-supply curve, use for biofuel or 
bioenergy/heat. In the case of biogas, the differences result from JEC study considering the 
whole WTW pathway (including distribution and use in the car) and not just biogas production. 
Advice from the experts was that obtaining definite figures in many areas of data uncertainty 
data would be very difficult. No-one could improve directly on the input data used in the JEC 
study, although there were helpful suggestions for literature to be followed up. There remain 
some areas, such as the impact of land use changes, which are very difficult to assess.   
 
Smaller scale follow-up meetings are envisaged to address specific topics: 
 

- JRC plans a workshop of invited experts on straw availability in October 2006 
 

- During 2007 (tentative) digestible wastes, wood. 
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1.  Soil Carbon Release.  
 
o Can we refine our estimates of the GHG payback time for biofuels crops grown on 

former grassland ?  
o Can we define some areas of EU where the soil carbon effects of expanding 

biofuels onto grazing land would be acceptable from the soil C point of view ? 
o What are the soil carbon implications of growing dedicated energy crops (wood 

farming, miscanthus, switch-grass…) on present GRASSLAND or conventional 
forestry land ? 
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o What proportion of the carbon in forest residuals would be sequestered in forest 
soils, if the residuals are NOT removed? 

Change from grassland to arable crops
gives a one-off, but large, increase in
carbon emissions. Depending on
conditions, JRC estimates it could take
17-111 years of biofuel production to
offset this emission [A3].  The wide
variation reflects the uncertainty in the
science.  However, considering that even
the lower limit gives a quite a long
payback time, the JEC team chose not to
consider converting grassland to grow
biofuels. 
If planted on arable land, SRF or
miscanthus are reported to increase soil
carbon. However, they will probably still
reduce soil carbon to some extent if
planted on grassland. ECCP assumes
equilibrium soil carbon stocks are similar
for grassland, forest and perennial crops.
However, recent data from Ispra soils
measurements show that 40yr-old poplar
plantations have soil carbon levels closer
to arable land than to that in nearby
natural forest. 
 
Brazil sugar cane (a perennial crop) is
claimed to increase soil carbon in the
pasture land onto which it is liable to
expand. 
 
Discussion 
It was clear from the discussion that this
is a challenging subject, and none of the
guests felt really expert in this area.
(several invited soil experts were absent
at a simultaneous but unannounced
ECCP meeting). 
 
NREL May have data on energy crops. 
US people working on soil. Maybe worth 
investigating. Shell (A. Voss) can help 
with references [A1][A4][C2][C3] 
 
Wageningen (Alterra) are the experts in 
EU.  

Cumulative CO2 release 
due to loss of soil C  
Cumulative CO2 release 
due to loss of soil C  

-  
 
 
 

 
 

 
 

 
 



 

 
Noted that permanent forest slowly sequesters some carbon (Ispra heard a figure of 20% of 
forest residuals end up sequestered).  The rest decomposes if not removed. This would have 
impact for forest residues (considered later) 
 
- METLA commented that there are GHG emissions at the beginning of composting 

process. Soil type also important. 
 
R Fritsche noted that residual wood removal is important for fire protection in southern areas.    
Recent workshop on this (Spain). 
 
Paul Hodson (DG TREN) noted the need for scientific facts to back up what should be done 
with grassland.  This has practical importance for the Biofuels Directive if 'certification' is 
introduced to encourage the most environmentally beneficial biofuels.  Need for information 
on imported products, for example palm oil, as well as EU produced biofuels.  He also asked 
what would happen if meat production moved to developing countries. 
 
Mr Fritsch noted the trend towards conservation goals in directing land use; there may be 
potential for a 'mid-way' approach where conservation can be combined with some energy 
extraction. 
 
The soil carbon release seems to be related to the initial ploughing of grassland, so methods 
that avoid ploughing could mitigate the impacts.  However, the overall impression of the 
discussion was to urge strong caution before bringing grassland (or forest) into biofuel 
production. 
 
Alterra (B Elbersen) explained that the term 'grassland' generally refers to long-term pasture, 
so carbon release effects need to be taken into account.  Short term leys are usually included 
in arable land. 
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2. Bio-energy Crops (SRF, switch grass, miscanthus, herbaceous) 
o What data is available on the current yield of bioenergy crops compared to cereals 

grown on the same land? 
o How much improvement in yield can we expect in the future? 
o In some regions water is the limiting factor. How can we deal with this? 
 
The JRC methodology compares yields of different energy crops with the yield of cereals from 
the same land. This is because yields vary enormously from area to area (e.g. factor 7 for 
fields sown with wheat in EU), and trials of SRF on different soils in Germany showed factor 
29 yield variation. This means that “average yields” are usually meaningless. However, the 
ratio between yields of various crops are much less variable and a better parameter to use. 
Since over 86% of EU arable land is currently used for cereals, cereals yields make a large 
and reliable basis. This is important because energy crops will tend to be grown on poorer 
soils than food crops (e.g. farmers set aside their less valuable land).   
This method was used in the estimates of availability of crops in JEC WTW analysis.  
Although there are many reports on the attainable yields of new energy crops, almost none of 
these states what cereal yield would be attained from the same land. More information is 
needed on yields for alternative crops (compared with cereals).  
In the JEC analysis, for short-rotation forestry the ratio of dry wood yield to conventional 
cereals yield was taken to be 1.57.  
Alterra provided information on grasses (see ref A5). This estimates energy crop yields under 
real farming conditions, for good medium and poor soils in different climate regions in EU. 
More work is needed to correlate this data with cereals yields. 
B. Kavalov offered to forward data from the US that may be helpful. Alterra noted that for any 
comparison to be meaningful, climate conditions need to be similar.  P Klintbom advised that 
the RENEW report included figures for individual countries [A6]- RE noted that the report 
does not give the cereal figures for comparison: PK will get these from the contractor. DG 
TREN commented that biomethane processes can use a wide variety of feed materials, and 
this could open up some new crop opportunities.  Overall there is a broad range of plant 
options available but R&D is needed to best match crop and climate / water availability.  By its 
nature, such work can take considerable time. 
NOTE: VIEWLS were not able to attend the meeting, but they use the same contractor and 
similar methodology to RENEW.  The approach is to look at available hectares, then choose 
suitable crops - opposite approach to JRC who looked at cereals as a reference, and then 
compared these with other crop yields. 
Alterra commented that water availability is a limiting factor in the south.  A project is under 
way in Spain to assess crop suitability and potential in these conditions.  L. Knur advised that 
in dry regions trees can be grown in areas where arable crops cannot (deeper roots). 
Brandenburg University has a study on Robinia yields versus water availability.  B. Kavalov 
mentioned a report from CRES (Greece) that calculated yields as a function of water supply - 
Alterra will send what is available. JF. Larivé noted that if irrigation is needed, the associated 
energy needs affect the WTW balance.  Reports on water availability are available (Alterra, P 
Boisen).   
A study of Prof Venturi (Univ Bologna) was briefly presented.  It discusses recent trends of 
increased temperatures and projects higher incidence of drought in Mediterranean areas.  
Alterra believe irrigation of energy crops is unsustainable, but a positive feature of dry 
climates is that the biomass requires less drying. 
A further study, from J. Fernandez, (Univ Madrid) discusses yields in Spain for different crops, 
with and without irrigiation, including Cynara (a thistle type crop that tolerates dry conditions). 
Mr Fritsche advised study of 'double cropping' where immature crops are harvested twice per 
year to increase biomass yield.  He believes biogas deserves more attention (because of its 
flexiblity with respect to feed material).  Biogas is also believed to give the highest yield per 
hectare, and residue can be returned to land to preserve fertility.    
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3. Forest Residuals 
 
o What are the ecological limitations on collecting forest residuals? 
o Should we ever take stumps? 
o Is it OK to cut whole trees for energy? 
o How much of the residuals outside Scandinavia could economically be brought to 

plants of 100- 200 MW scale? 
o Is it true that the wood industry uses all its waste already? 
o How can we deal with imports? 
 
The METLA study is considered as the major reference, and is the basis for the JEC study. 
METLA estimates forest residuals (branches, tops..) from felling for non-energy use, together 
with additional (“complimentary”) felling for energy use. 
- However, note that METLA estimate the total wood available for energy, including that 

already used.  JEC looks for the additional quantities that could be used economically for 
conversion to transport fuels. 

To assess wood residuals availability, JRC looked separately at: 
1-availability of forest residuals at pulp mills, where it can be converted to transport fuel by 
replacing the black liquor which is gasified.  
2- rest of wood availability from forestry, for which autonomous conversion plant would be 
needed to make transport fuels (e.g. Choren-type gasification and synthesis or wood to 
ethanol). 

 

Our assumptions on top of METLA
1. BIOFUELS VIA BLACK LIQUOR GASIFICATION
• Forest residuals (or complimentary fellings) replace black liquor which is 

gasified for electricity or biofuels production.
• Comparing 2012 black liquor production country-by-country with METLA 

availability shows extra feedstock supply could cover up to ~90% EU black 
liquor production, without imports.

• [METLA 2004] and [Lundmark 2005] cost-supply curves in Finland and 
Sweden 

• about 2.8 €/GJ for this supply volume

= 325 PJ/year available for Black liquor routes to biofuels or electricity, at about 
2.8 Eur/GJ wood (spreadsheet) 

METLA says EU total 1008 PJ/year of forest residuals + complimentary fellings

2. SO 683 PJ LEFT OVER FOR AUTONOMOUS PLANTS

• METLA says cheaper in Poland …and other New Member States(?)
• much more expensive in France  …and other EU15 states (?)

– Need a price like farmed wood, about 4.1 €/GJ to collect most of the residues
• Dispersed: maybe 30% (??) available at the large plants needed to 

make liquid fuel synthesis economic (130 MW)
• MUCH MORE AVAILABLE AT SMALL-SCALE PLANTS FOR HEATING OR 

CO-GENERATION

The JEC study links availability to cost of residuals. In Finland there is the world’s largest 
power station fired with forest residuals collected in association with wood felling for a nearby 
pulp mill. They report a delivered cost of €2.8/GJ for forest residues, and METLA and 
[Lundmark 2005] costings confirm that 90% of the forest residues required for the 
replacement of EU black liquor could be obtained at this price.  
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JEC assume that 30% of the remaining forest residuals could be brought to large plants (and 
hence converted to transport fuels).  This is based on a study for straw - wood transport likely 
to be more difficult.  
 
Antti Asikainen outlined the METLA study [A7]: 
 

There is energy potential in branches and roots that are not currently used for saw-
wood or pulp production. In addition, annual growth exceeds annual cut, so more 
trees can be felled. EU felling residues were estimated to total 173 Mm3 annually, of 
which 63 Mm3 would be technically available. In addition 9 Mm3 stumps out of a total 
of 78 Mm3 could be collected. Assuming 25% of the excess growth in commercial 
forests could be cut for energy, METLA arrive at a yearly total wood-for-energy of 140 
Mm3 (= 56 Mtonnes oven-dry-wood = 280 TWh = 24 Mtoe). 
 These figures include current use, but do not include traditional firewood or 
industrial/secondary wood.  Resources are not evenly distributed.  Retaining some 
net growth may be desirable for ecological reasons. 
Current costs of wood are in the range € 15-30/m3 (figures for Finland, Poland).  
Costs are influenced by competing markets - an interesting chart of cost versus 
availability for wood chips is included in the presentation.  Large installations in 
Finland pay € 20-22/m3,= € 50-55 /dry tonne = €  2.8-3 /GJ) but need a subsidy to 
survive.  Finland and Poland can also find supplies at this cost, but in NL and France 
prices are higher.  Key factors are labour costs and distance for transport. 
A critical factor in how much residual wood can be removed is the nitrogen balance of 
the soil (most important for northern areas, but it varies even within countries).  If 
branches and needles are left, balance is OK, otherwise there is a short term shortfall 
(made up longer term by rainfall).  Recycled ash can be used in some cases to 
restore nutrients to the soil, however Finland expect that a relatively small percentage 
will be recycled in this way.  Fly ash should not be recycled because of potential 
heavy metal content, but grate ash is OK. 
 
 

Lisa Knur (Eberswalde) noted that a certain amount of dead wood was needed for nature 
protection.  On the other hand, leaving the residues in the forest could encourage insect pests 
and also forest fires; however METLA commented that this is not a problem with residuals left 
on the ground; where piles of biomass are stored, spring gathering should be avoided, 
otherwise it is not a problem - he felt that stumps might be more of a risk.  Mr Fritsche warned 
that care needs to be taken; some exploitation may not be ecologically sound. 
Choren noted that all the residues could be handled in a gasification process (no problem with 
high ash contents i.e. up to 3-5%).  For cellulose to ethanol, some initial sorting might be 
needed (current focus of this process is corn stover, but Sweden are reported to be looking at 
sawdust). 
 
The question of whether roots/stumps should be taken is complex, as it increases the risks for 
soil erosion and can release soil C. Some stumps come from non-forestry sources (e.g. road 
construction) or to prevent root rot transfer.  Initial soil disturbance is significant, but after 1 
year no different from normal soil preparation.  In Germany, removal of roots is not allowed in 
'certified' stands.  Finland considers there are limitations in natural forest but it should be OK 
in SRF.  Soil type is a factor - light soils are easier to handle, need to avoid pebbles soil in the 
recovered wood. One can leave some of the material for nutrient, but this is more expensive. 
There is not a lot gained by extracting the whole tree. 
Whether whole trees will be cut for energy depends on the circumstances.  METLA's estimate 
that 25% of trees could be harvested in this way is purely judgmental.  There are ecological 
issues: root removal, gradient on soil (erosion), dead wood. 
 
Price will govern: harvesting roundwood is more costly but it is typically worth 30 €/m3 versus 
10 €/m3 for energy-quality wood. Quality of wood is important, e.g. pine is not good material 
for pulp.  Much of forest is in small parcels, hence not easily available. 
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How much residue outside Nordic countries could be brought to market: a 200MW wood to 
fuel plant needs 0.5 Mt/a of wood.  Pre-treatment (pyrolysis) could help transport to a central 
plant, but the cost of doing this makes it unlikely.  The wood can be gasified directly, so there 
is not much gain. 
 
A. Voss offered information on how much wood industry waste is already used. [C4, C5] 
Distinction needs to be made by what already goes to the wood mill (which is all used) versus 
what additional material could be gathered if needed.  L Knur advised that mills use bark for 
heat and have fixed contracts with fibre-board industry for other residues.  Choren advised 
that in Germany, all residues are used, application depends on price; particle board industry 
is struggling - however more resource exists in Eastern countries.  From Russia is a realistic 
possibility also from Ukraine, Bielorussia. 
 
NOTE: 'Residue' is a definition: e.g. bark separated in forest is a residue, but if it is separated 
in the plant it is classed as sawmill waste. 
 
Question raised around imports: are they ecological; are they sustainable?  
 
 METLA considered that this was not so much an issue, it was more a security of supply 
question.  It is cheaper to import from Russia than use local product.  Choren believes that 
imports will continue to be important, but from a broader country base.  They commented that 
at bio power plants in NL, 60-70% of the biomass is imported from outside Europe.   
 
Will subsidies or high oil prices help? Survey of smallholders in NL showed they were not 
interested in engaging because of very limited economic benefits. 
 
Forestry Stewardship Council (FSC) labels were discussed.  The conclusion was that even if 
they are used is, the FSC requirements are not sufficient to assure sustainability. 
Where are residuals being produced in EU?  EEA already have a good GIS database on 
which one could build. However, this is not yet published in their reports [A2]. 
Small-scale heating or CHP plants could utilize more of the potential resource than biofuel 
plant, but there is an issue of pollutant emissions from small scale installations.  
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4. Straw and other Agricultural Waste 
o In practice, how much reserve of supply would a large waste-consuming plant 

require, to ensure security-of-feedstock-supplies? 
o How much waste is available besides cereal straw? 
o Is there any justification for considering wastes which are used for animal feed? 
 

JRC [A9] starts with grain yield 
then predicts straw availability from 
grain/straw ratio.  Problem is that 
resources are dispersed.  JRC 
looks at the potential to reproduce 
an 'Ely' type straw power plant (38 
MWe, 130 MWth).  Based on straw 
availability at a competitive price, 
up to 67 Ely clones could be built 
(France and UK have biggest 
opportunities).  Calculation 
assumes a 50% reserve of straw 
availability to assure supplies: the 
existing Ely plant has a larger 
reserve. These plants would use 
about 30% of the available straw 
capacity (much is already used e.g. 
for cattle rearing).  If smaller plants 
could be made cost-effective, more 
of the straw could be used.  By 
comparison, a BTL plant would 
have to be big, so opportunities 
more limited. 

wheat & barley production
(1000 tonnes/region, year 2003)

Straw production (1000 tonnes/region)

straw/grain = from 0.62 to 0.94
based on grain yield

source:  Eurostat NewCronos 2003

++

Straw inventory
Actual production Environmental constraints   Competitive use   Availability for energy

 Renewable Energies Unit

ESTIMATE OF STRAW AVAILABILITY 

Edwards, Suri, Huld and Dallemand, European Biomass Conf. Paris 2005

total straw per grid cell (5x5 km)total straw per region (tons)

Straw inventory
Actual production    Competitive use    Environmental constraints Availability for energy 3/3

Assumptions:
• yearly consumption 200 000 ton + 50% reserve
• transport distance up to 50km

Technology options
Ely power station    Economics/Optimization     Suitability maps     Localization

EU could host 67 “Ely clones” (38MW)
FR:  28         CZ:  1
UK:  15         IT:    1
DK:    7         SE:  1
DE:    6         SK:  1
ES:    5
PL:    2

Total capacity: 2.5 GW
Straw energy utilized: 230 PJ (LHV thermal)
(out of a total available 820PJ)

 Renewable Energies Unit

= 130 MW 
thermal

Straw available for energy

up to 

BUT… straw-collection logistics needs to 
be assessed for each potential location

Mr Fritsche advised that a 
dedicated straw power plant is not 
viable, and co-firing is a more 
promising approach.  Also, logistics 
may not be such a problem: e.g. in 
USA material is transported long 
distance; large plants can import.  
A. Voss advised to distinguish 
those processes that need a 
dedicated feedstock versus those 
that are more flexible (this affects 
the amount of reserve that is 
needed). 
Regarding other wastes, P. Boisen 
advised that 25 Swedish cities have 
biogas plants using a range of 
feedstocks - in principle any waste 
can be used.  D. Rickeard asked 
about waste oils for biodiesel 
production (e.g. cooking oils, fish 
oils etc).  Hydrogenation processes 
may overcome product quality 
concerns of these resources.  
Longer term, there may be interest 
in using wastes that are suitable for 
animal food.  Choren have been 
approached by RME plants who 
believe the market for animal feed 
may become saturated. 

Biofuels WS proceedings 11 



 

 
5. Agricultural Crop Potential, Prices, Market / Imports Effects 
o How much crops could be grown on rotational and voluntary set-aside land ? 
o Are there better estimates for the market flexibility of cereals and oilseeds ? 
o How much do transportation and shipping costs influence the calculations ? 
o What are the rotational and land-suitability limits on rapeseed, and other oilseed, 

production in EU (for e.g. 10% increase in price?) ? 
o How will yields increase beyond 2012 ? 
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• Our “business as usual” baseline =

DG-AGRI’s “prospects for agricultural markets in the EU” July 2005
+ 

effects of sugar reform

– Sugar beet converted to cereals production according to EU average 
yields

Note: in baseline 
- almost half EU oilseeds are imported
- main surplus is cereals (exports)
- other agricultural production roughly in balance

“max. EU conventional biofuels” scenario

Compared to baseline:
• no change in arable area
• same food and animal feed consumption
• same imports

Sources of crops for conventional biofuels:
I cereals surplus in DG-AGRI projection
II additional production on set-aside
III (use of “C” sugar beet)

•Table 5.2.3-1 Upper limit of 
conventional biofuels production 
from EU crops in 2012, with set-
aside abolished.

ACE(1) Ethanol Biodiesel
Mt/a Mt/a PJ/a PJ/a PJ/a

I D iverted baseline cereal exports:
   From land released by sugar reform 9.3
   Fom improved yields 14.9
II Maximum extra cereal from set-asides(2) 22.9
Total spare cereals 47.1
    To feed-wheat for ethanol 22.4 25.4 376 202
    To oil seeds 24.7
Equivalent o il seeds(3)

    Rapeseed 19.8 12.5 298 174
    Sunflower 4.9 3.4 80 50
III Ethanol from"C" sugar beet 8.0 31 16
Existing crops for energy in baseline(4)

    Rapeseed 5.6 133 78
Cereals 1.5 22 12
Total 230 302
Gasoline/diesel market coverage 5.75% 3.4%
Total road fuel market coverage
(1)Average Cereals Equivalent (our measure of arable capacity)
(2)Excluding b iofuels already grown on set-asides
(3)Assumes 80/20 rape/sunflower
(4) i.e. in the baseline scenario, including those grown on set-aside

4.2%

Crop

 The JRC analysis for JEC WTW study is based 
on the 2010 scenario from DG AGRI [A8], and 
assumes no change in arable land area, same 
food, animal feed production and import volumes 
as today.  The potential additional biofuel 
production comes from the cereals surplus, set-
aside land and the use of non-quota sugar beet.  
For today's biofuels, JRC calculate that 4.2% of the 
road fuel energy could be made from biofuels in 
this way.  Enough ethanol can be produced to meet 
the 5.75% indicative target, but oil seeds are 
limited, so that the maximum FAME production is 
estimated at around 3.4%. 
 
Wolfgang Munch (DG AGRI) expanded on the 
background to the 2010 scenario.  The scenario 
takes account of expected GDP and population 
increases and yield progressions.  
He noted that growth in yields has recently been 
slowed by environmental requirements such as 
fertiliser limits. Real agricultural prices have 
declined since the 1980s, and this also impacts 
yields. 



 

Supply flexibility (how much supply increases in response to a demand increase) is more 
important than demand flexibility - but there is a wide range of figures and more precision is 
needed.  The impact of increased biofuel production on cereal prices is expected to be small, 
because there is a large global market.  For oil seeds, precise estimates are difficult, but the 
price increase could be limited to around 10% provided imports are allowed to contribute to 
the total demand.  
 

Regarding the estimates for biodiesel potential, Mr Munch cautioned that even meeting the 
3.4% figure for FAME is optimistic, since it relies on frequent rotation of rape seed to achieve 
these volumes, pushing the agronomic limit of 1 in 3 or 1 in 2 crops.  Such rotations are 
already happening in practice, but the recommended limit to avoid environmental problems is 
1 in 4. If this were applied, the potential production would be lower. Rapeseed is restricted to 
northern Europe, with a total potential of 1-2 Mha. France believes is can expand by around 
1 Mha, but Germany is already close to its limits of production.  The north and west of Poland 
also has capacity to expand production.  RE advised that the realistic scenario given the 
present trading rules  is that most of the additional amounts of oil seeds needed will come 
from imports.  EBB’s estimate of potential production seemed at first rather higher than these 
figures, but on examination were not very different once figures were converted from tonnes 
of seed to tonnes of oil.  Mr Munch commented that rape seed yields are currently rising 
faster than cereal yields. 
 

P. Hodson (DGTREN) noted that the current EN14214 specification favours rapeseed oil only, 
and encouraged changing this to broaden the range of oils that can be used.  However, DG-
TREN is concerned that imports should not be produced in an environmentally harmful way 
(this will be addressed in the Biofuels Directive Review).  DG-TREN's policy is not necessarily 
to maximise European production, and imports are seen as part of the total picture. 
 
EBB commented that about 60-70% rapeseed oil is needed to meet EN14214.  In 2005, 
about 13% of the rapeseed demand came from imports (1.6Mt).  RE noted that there is also 
substitution from the food market which will be back-filled by imports, so the effective 
proportion of imports will be higher. Almost half EU food-oils are already imported. 
Mr Heinz (DG-TREN) asked if biofuels increased rural employment.  JRC replied that the 
answer depends on whether the biofuels crops are produced in replacement of food crops 
(reducing cereals exports) or on former set-aside land. In the former case the benefits would 
be caused only by the changes in crop prices, paid by the consumer. DG-AGRI stated that 
the effect is small, since the amount of labour needed does not vary much between different 
crops.  Secondary effects might be more important.  If farm incomes increase this could feed 
back into the broader economy.  Also there could be some impact if set-aside land is brought 
back into production. 
 
The development of yields after 2012 is an important question.  If yields increase, less land is 
needed to meet food needs, so more is available for energy crops. Studies often extrapolate 
yield increases. Since the rate of yield increase is generally slowing with time, the result 
depends on the length of the extrapolation period. For example German groups [A4] assume 
increases of 1.5 to 3% per year in different EU countries.  IEA use a generic figure of 0.8%pa 
whilst JRC follows DG-AGRI, who believes 1.5% is possible for oils seeds, lower (about 
0.6%) for cereals. 
 
A. Voss asked how yield affects the WTW figures.  RE advised that geographically, higher 
yield fields generally need more fertiliser, so the effects broadly cancel out.  However, DG 
AGRI commented that part of future yield improvement would come from better seed varieties 
with shorter production cycles and better pest resistance - this would give small incremental 
WTW gains over time.  
 

Mr Munch noted that it was necessary to look at the whole crop rotation.  How this is covered 
in the JEC study (e.g. increased cereal yield following an oil seed crop) is explained in the 
WTT report.  Berian Elbersen (Alterra) called for the overall situation to be considered: 
demand for energy crops would lead to intensification of agriculture.  EBB commented that 
energy crop production was no more energy intensive than food production. 
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6. By-products Issues  
o How much DDGS can the EU animal feed market absorb ? 
o How much oilseed cake can the EU animal feed market absorb ? 
o What would be the effect on prices if the biofuels directive targets are met ? 
o What about alternative uses ? 
o How much does exporting it cost ? 
o What are the effects of the Blair House agreement ? 
o What would happen to the extra glycerine production ? 
o What price would raw glycerine reach ? 
 
 
The JEC study takes account of by-product impacts using a substitution methodology 
(allocation techniques, by their nature, cannot provide reliable estimates).  Animal feed 
(DDGS from ethanol production, oilseed cake from biodiesel production) is a major by-product 
and must be properly accounted to understand WTW energy/GHG effects and costs.  Meeting 
the 5.75% indicative target with conventional biofuels would generate enough by-products to 
supply approximately all the requirements for EU protein feed, if that were possible from the 
point of view of animal nutrition. The extra production would be equivalent to about 15% of the 
world oilseed cake market, so there would be a large decrease in price. 
 
T. Gameson (Abengoa) noted that renewable electricity is another potential use for by-
products, and demand for this could impact prices.  In some cases the by-products can be the 
most valuable product.  There was no disagreement with this overall evaluation. 
Exports could provide an outlet for surplus production, provided the markets are open.  
Abengoa noted that DDGS is transported over long distances in Spain, so export should be 
no problem (provided the DDGS is properly dried).  P. Boisen noted that the flexibility of 
biogas pathways offer a further outlet, but others were not convinced the cost would be 
justified.  METLA estimated that the value for energy use is around €50/tonne, based on an 
LHV of 16 MJ/kg, and by comparison with prices currently paid for wood. This is lower than 
present animal feed prices, but more than is paid for digestible waste. 
 
JRC referred to the Blair House Agreement which is intended to protect US soya bean 
growers against subsidised oil-seed cake produced on set-aside.  The agreement limits 
subsidized production on set-aside land but does not mention subsidized consumption of the 
oil. At present biodiesel prices it is not necessary to subsidize rapeseed production. Therefore 
it would appear that the agreement does not prevent expansion of EU rapeseed production 
for biodiesel. 
 
Glycerine is an economically valuable by-product of FAME production.  Where it is used to 
substitute synthetic glycerine it also makes a good contribution to the WTW balance, since 
synthetic glycerine requires 18 times its own energy to produce.  However, biodiesel-glycerine 
is less pure, and purification costs €80/tonne.  Synthetic glycerine production is now virtually 
stopped, and if biofuel production increases there will be a large excess.  Over 2005, 
glycerine prices fell from €200/tonne to €130/tonne, however the market is naturally volatile, 
and too much should not be read into these figures. 
 
The JEC study considers that substitution of synthetic glycerine is no longer a realistic 
scenario, Furthermore, vegetable glycerine is produced as a fixed ratio by-product of soap 
and detergent production. Therefore it cannot be replaced either. The study therefore 
considers two alternative options: as process chemical feed (largest GHG benefit) and as 
animal feed (smallest GHG benefit).  EBB mentioned a process to convert glycerine into a 
gasoline component (as an ether).  However this is still at the laboratory stage.  
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Dr. Angelika Voss (Shell Global Solutions International BV ) reported after the workshop: 

 

HOUSTON (ICIS news)--Breakthrough technology to convert natural glycerine into
propylene glycol could be a commercial reality this year, research leader Galen
Suppes said on Thursday.   

Natural glycerine is a substantially cheaper feedstock than petroleum. High oil
prices have driven the price of propylene glycol and other petroleum derivatives
for industrial uses to above $1/pound while natural glycerine prices range from
the low-30s to mid 40-s cents/pound, according to global chemical market
intelligence service ICIS pricing. 

Suppes, a professor at the University of Missouri, said the conversion rate is
about 75% efficient in mass yields - a high rate for most chemical processes -
with water as the only unavoidable by-product. 

He said the natural glycerine feedstock could be of either vegetable or tallow
origin. Suppes said the process technology might be used at existing glycerine
refineries if they have hydrogen on site. 

 The process makes propylene glycol that is bio-based, non-toxic, and from
renewable sources. The propylene glycol market is estimated at 150m pounds/year
globally, much of which is demand for antifreeze. 

On Tuesday the Soap and Detergent Association and the National Biodiesel Board
gave Suppes and his University of Missouri research team the 2006 Glycerine
Innovation Award. It was the first time the two groups cosponsored the award. 
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7. Compressed Biogas: Manure and Organic Waste 
o What is the reference scenario (what happens without compost biogas) ? 
o Is economical compressed biogas production capacity limited by the availability of 

organic waste accelerators ? 
o Is it economically viable to produce biogas from crops ? 
o How much animal manure in EU is produced in areas of high animal population 

density; suitable for large economic compressed-biogas plants ? 
o Would these plants be connected to the NG grid ? 
 

Biogas from waste pathways have been 
included in the 2006 update of the JEC 
study.  The pathway chosen was the one 
with are the cheapest production 
methods.  The study considers a large 
plant of the size found in Denmark using 
80% slurry (liquid manure) which should 
be available free for collection. Such a 
large, optimum plant requires the output 
from 8000 cows or 50,000 pigs, so can 
only be considered in areas with high 
animal concentrations. In order to be 
economic plants also require about 20% 
high- yield organic waste such as 
slaughterhouse waste, for which the 
biogas plants charge a gate fee. 

• We chose the cheapest 
way to make compressed 
biogas at the moment

• It came out more expensive 
than conventional biofuels, 
but not in GHG terms

• We estimated the potential 
supply which matches 
those costs

co
st

supply

Points for discussion:
1. Our costing assumptions
2. Our availability assumptions for that cost
3. Different points on the cost-supply curve.

Our approach to biogas cost-and-availability

However, the availability of organic waste is limiting the expansion of biogas capacity in 
Denmark. The existing plants are competing for it, and are therefore operating on the edge of 
profitability.  
Even this cheapest route is expensive in terms of transport fuel replacement, although 
because of the high WTW GHG reductions, the cost per tonne of CO2eq avoided is similar to 
conventional biofuels (around €150/tonne CO2eq).  These figures assume free manure and 
organic waste 'accelerator'.   
EU biogas availability under these conditions is limited to very roughly 200 PJ/a. It would be 
possible to utilize a higher proportion of EU manure for biogas by using dry manure, produced 
in lower geographical concentrations, and therefore in smaller plants. However, this would be 
more expensive on the cost-supply curve. The same applies to biogas from purpose-grown 
energy crops. 
 
With feedstock free, capital investment is the major contribution to the total cost.  R Edwards 
commented that purpose-grown feedstocks at e.g. animal feed prices would double the cost 
of biogas production (not including compression and distribution costs). Nevertheless, 
pathways using purpose grown biomass are also of interest and will be included in future JEC 
study work.  Reference was made to Austrian data [C6]. 
 
Mr Heinz (DG-TREN) asked about the scope to improve the efficiency of purification and 
compression.  JF. Larivé advised that the technology is well established and it is the plant 
itself that is the critical item.  P. Boisen quoted a purification cost of € 0.10-0.15/m3 for a large 
facility.  It was suggested to look at experience in Germany where both manure and other 
materials have been used for biogas production [B1](e.g. Wuppertal). R Edwards commented 
that some German figures were amongst those considered in the JEC study (they roughly 
agreed with Danish and Swedish ones for the same scale).  Alterra referred to a recent 
conference where information on this topic was presented. 
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A representative of the European Compost Network described progress in this area.  A 
European Directive requires local authorities to segregate Municipal Solid Waste (MSW).  
Mixing MSW with manure slurry eases the digestion process, but MSW can be used in large 
biogas plants without mixing.   
P. Boisen was surprised at the cost figures, stating that it was cheaper to produce 
biomethane than ethanol. JF Larivé clarified that the JEC study does not contradict this 
statement: the biogas only becomes more expensive than bioethanol when you take into 
account the higher costs of compression and distribution of biomethane as a transport fuel. 
To this the WTW study adds the extra cost of cars. 
 
 
The JRC cost calculations are the “steady-state” of the distribution infrastructure for a 
scenario where 5% of the transport fuel is provided by the new fuel (biogas in this case).  
Hence the costs for fuel infrastructure assume about 20% of stations provide compressed 
gas. It was also noted that the JEC study uses a rate of return of 8%, typical of minimum 
acceptable in the private sector, corresponding to an annual capital charge of 12% of the 
invested capital (assuming no tax).  
 
 
D. Rickeard summarized the WTW conclusions: producing biogas from waste provided very 
high GHG avoidance.; however using compressed gas as fuel for the general vehicle 
population was not very attractive, and the cost figures reflected that.  Regulatory measures 
that encouraged biogas production per se rather than insisting on its use in vehicles would be 
more appropriate, but beyond the scope of the study.  
The reference scenario was discussed.  At present manure is put onto fields as fertiliser, but 
the quantity is restricted in some countries for environmental reasons.  In the case of wet 
slurry there is a large associated methane emission to atmosphere that is avoided if the slurry 
can be used for biogas production.  An advantage of biogas production is that the residues 
after digestion can still be used as fertiliser.   
 
 
Klaus Gröll of European Compost Network explained that at present most MSW, goes to 
landfill.  For the future, the Waste Directive requires no more than 35% of waste to go to 
landfill.  In this situation the best reference system for biogas production from MSW is not 
clear.  One may need to include composting and incineration as alternative references.  The 
cost of composting MSW is about €20/tonne (for a large plant in East Germany) to €80/wet 
tonne. 
 
 
Composting is essentially aerobic digestion; if performed correctly little or no methane should 
be emitted (although this sometimes happens, due to poor control of the process).  
Mr Heinz (DG-TREN) expressed interest in new energy crops as a source of biogas, referring 
to the 'double cropping' concept mentioned by Mr Fritsche.  P. Boisen commented that 
compared with waste products, crops materials do not need pre-cleaning. 
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Abstract 
 
The second edition of the well-to-wheels study was released in May 2006 and is available on the JRC 
web site (http://ies.jrc.ec.europa.eu/WTW). This contains detailed evaluations of energy and GHG 
balances, costs and availability for a wide range of alternative fuel/vehicle pathways.  Compared with 
the first issue of the study, increased attention has been given to biofuel options. 
 
In the course of the study, it became clear that the estimated figures for biomass and biofuel availability 
vary widely between different published studies.  Also, in our calculations, there were some input 
variables where little or no reliable information was available. 
 
Consequently, it was felt valuable to gain input and discussion from other expert groups, including 
authors of other recent studies, to compare information, test the reliability of the assumptions on the 
JEC study (JEC: JRC-EUCAR-CONCAWE), and find new information to reduce the existing areas of 
uncertainty.  Invitations to the workshop were issued with these objectives in mind.  More than 40 
people attended the workshop, including representatives from the JRC, EUCAR and CONCAWE, the 
European Commission, and a wide range of experts from several European countries. 
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The mission of the JRC is to provide customer-driven scientific and technical support for the conception, 
development, implementation and monitoring of EU policies. As a service of the European Commission, the 
JRC functions as a reference centre of science and technology for the Union. Close to the policy-making 
process, it serves the common interest of the Member States, while being independent of special interests, 
whether private or national. 
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