











Comparison with other studies

4. Comparison with other studies

A recent German study investigated some of the BTL-pathways also investigated here [26]. The ap-
proach used in that LCA is quite different from the modelling taken here because allocation problems
are tackled with the approach of system expansion. This means a credit with an alternative product is
given for those by-products not used in the system [26]. Also the basic concepts used for the model-
ling, such as background data or impact assessment, are not necessarily the same.

The study concludes that BTL-fuels from short-rotation wood are an environmental benefit with regard
to the category indicators climate change and use of abiotic resources, but that there are disadvan-
tages with regard to several other category indicators. For the comparison of different types of conver-
sion concepts, it also concludes that the conversion efficiency is quite important. The authors do not
see any clear preference for one of the conversion concepts, as there are still different lines of devel-
opment within the conversion concepts. The approach how by-products, mainly electricity and heat,
are tackled is also quite important for the conclusions from this study [26].

The results of the study for the BTL-fuel production [9] concerning the emissions of greenhouse gases
are quite different compared to a recent study published by EUCAR, CONCAWE and JRC [27]. We
compare here the WTT emissions calculated by [27] with the figures calculated in the RENEW LCA
and they are considerable lower (Fig. 4.1). The RENEW LCI study, which forms the basis for the
evaluation in the previous chapters, give CO,-eq emissions between 20 - 60 g per MJ of fuel delivered
to the tank [9] while the WTW-study [27] calculated about 5 g CO,-eq/MJ. The green area in Fig. 4.1
shows the range of results of BTL-fuel production, which has been calculated in RENEW [9]. Below
one sees the results of [27] of comparable synthetic fuels made from wood.
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Fig. 4.1 Comparison of well-to-tank results in the RENEW LCA [9] with results from the CONCAWE study [27]

The differences were discussed with the responsible authors. The following main differences were
identified:

e Higher nitrogen input in [9] for the short-rotation wood production (2.5 g vs. 5-6 g/kg DS). This results in
about 50% higher N>O emissions during biomass growing of the data used here compared to [27].

e  Only low direct emissions of CH4 and N2O are assumed for conversion plant in the Concawe study, be-
cause of data gaps. This reduces the greenhouse gas emissions by about 10-20%
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Comparison with other studies

e Infrastructure was not considered in the Concawe study. Infrastructure in agriculture and fuel conversion
contributes about 10-20% to the total greenhouse gas emissions in our study

e  Credits for electricity production with biomass power plant are granted in the Concawe study while our
study makes an allocation. This is mainly relevant for the ICFB-D and thus for the highest cumulative
greenhouse gas emissions.

A former study of the Choren process (cEF-D) investigated the use of residual wood in several scenar-
ios [28]. The study showed also a reduction potential for acidification, eutrophication and summer
smog. The investigations made in our study show that such a reduction can only be achieved with the
use of residuals or wastes as an input to the conversion process, but not with biomass from agriculture
or intensive forestry. Thus, the results of the former study of the Choren process can not be general-
ized due to the specific type of biomass used investigated as an input.

The German “Fachagentur fiir nachwachsende Rohstoffe - FNR” published some information regard-
ing the environmental performance of BTL-fuels I They claim a CO,-reduction of more than 90% and
calculated a fuel yield of more than 4000 litres (3400 kg/ha) for BTL-fuels. It is not explained how
these figures were calculated. The fuel yield is much higher than the best yield according to the data
used for this study. Here we calculated 1800 kg of oil equivalent per hectare for the best BTL-process
using short-rotation wood [9]. The maximum CO,-reduction according to the evaluations in our report
is only 60%. For the calculation of such reduction potentials differences due to different scopes of the
study also have to be considered (see |JAnnexe: Reduction Potential Methodology). Especially the high
fuel yield per hectare on the FNR homepage was cited in other publications and should be interpreted
with considerable care.

° http://www.btl-plattform.dd, retrieved 23.1.2007.
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Discussion and conclusions

5. Discussion and conclusions

The use of biofuels is mainly promoted for the reason of reducing greenhouse gas emissions and the
use of scarce non-renewable resources e.g. crude oil. The possible implementation of BTL-fuel pro-
duction processes would help to achieve this goal. The emissions of greenhouse gases due to trans-
port services can be reduced by about 60% with the best BTL-processes using short-rotation wood or
straw as a biomass input. This is comparable to other types of biofuels made from agricultural biomass
resources. With forest wood, reductions up to 69% are possible.

On the other side, there are severe disadvantages from an environmental point of view if fuels are
produced from agricultural biomass. The introduction of BTL-fuels made from energy crops would
further increase environmental problems mainly caused due to today’s agricultural practice. Emissions
of substances contributing to eutrophication and acidification are much higher than these of transport
services based on fossil fuels. Only one BTL-fuel shows about the same acidification potentials as the
fossil fuel car, while all others have higher emissions. Further process improvements are necessary in
order to overcome the disadvantage at least regarding acidification. But, the pressure on land and
water resource is increased considerable due to the increased production of all BTL-fuels. This would
be especially relevant if set-aside land is transformed to intensively used agricultural area. Until now
many BTL-fuels produced from energy crops would have higher overall environmental impacts than
fossil fuels.

The use of BTL-fuels is more preferable from an environmental point if wood residues can be used
[28] or if wood stems from forestry instead of short-rotation plantations.

These findings are in line with several former life cycle assessment studies on biofuels [2, 26, 29].
Differences compared to so-called well-to-wheel studies (see JAnnexe: Reduction Potential Methodol-|
bay]for further explanations) can mainly be explained by data gaps and different assumptions on the
biomass production.

The BTL concepts investigated in this study are modelled for self-sufficient energy supply of the con-
version plant and the aim to achieve high fuel yields per hectare. There might be several other ways of
development, which are not considered in detail. One possible line of development is the co-
production of BTL-fuels together with electricity, heat and feedstock for the petrochemical industry.
With such a concept the achievable fuel yields would be lower, but the overall energetic efficiency
could be higher. It would also be possible to use other energy carriers than biomass in the conversion
plant. One such concept is the use of hydrogen produced e.g. from renewable electricity. This would
allow higher fuel yields but therefore considerable supplies of clean electricity would be necessary.

So far all data for the conversion processes are based on modelling and not on commercial plants.
The environmental impacts of BTL-fuels must be reevaluated if BTL-fuels are introduced to the mar-
ket. To quantify the real environmental impacts it is necessary to know the type of biomass used and
key figures of the conversion plant, in particular the conversion efficiency, amount and revenues of by-
products, emissions and wastes.

Due to the variety of conversion concepts and possible biomass resources it is not possible to make
generally valid statements concerning the overall environmental impacts of BTL-fuels compared to
other types of renewable or fossil fuels.

Some aspects are not covered in the modelling of this LCA. An important aspect is the impact of land
transformation on the carbon stock in soils. First publications claim that such land use changes might
be well relevant in the assessment of greenhouse gas emissions. Another aspect is the release of N,O
emissions due to the use of fertilizers in agriculture. New research work claims that these emissions
might be higher than modelled until today.

10 «“Schlechtes Zeugnis fiir viele Biotreibstoffe”. Neue Zurcher Zeitung, 13.2.2008.
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Abbreviations

6. Abbreviations

a annum (year)

BTL biomass-to-liquid fuel including FT-fuel, methanol and DME produced from synthesis gas
cEF-D Centralized Entrained Flow Gasification

CFB circulating fluidized bed

CFB-D Centralized Autothermal Circulating Fluidized Bed Gasification

CFBR Circulating-Fluidized-Bed-Reactor

CH Switzerland

CTL coal to liquid

dEF-D Decentralized Entrained Flow Gasification

DME dimethylether

E-1 Exponential description of figures. The information 1.2E-2 has to be read as 1.2 * 107 =0.012
EI’99 Eco-indicator 99 (H,A)

FT Fischer-Tropsch (synthesis)

GWP global warming potential

GHG greenhouse gases

GTL (natural) gas-to-liquid

HHV higher (upper) heating value

ICFB-D  Allothermal Circulating Fluidized Bed Gasification
ISO International Organization for Standardization
LCA life cycle assessment

LCI life cycle inventory analysis

LCIA life cycle impact assessment

LHV lower heating value

LPG liquid petroleum gas

LTV low temperature gasifier

PM particulate matter

Pt points, i.e. Eco-indicator 99 (H,A) or ecological scarcity 2006

RENEW  Renewable Fuels for Advanced Powertrains

RER Country code for Europe
SNG synthetic natural gas
UBP Umweltbelastungspunkte (unit of ecological scarcity impact assessment method)
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7. Glossary

first generation fuels The term is used by some authors for biofuel options like biogas, plant oil methyl
ethers and ethanol. They are directly produced from a biomass resource by a physi-
cal, chemical or biological process like oil pressing, chemical reaction, fermentation
or anaerobic digestion. Another criteria is that these processes allow only a fraction
of the processed biomass to be used for fuel production. Sometimes the term refers
also to the biofuels being presently on the market. The term is not clearly defined
and thus not used in this report.

second generation fuels Synthetic biofuels are sometimes termed as “second generation” or “advanced” fuels
(in contrast to the above mentioned “first generation”). This term is also used for fu-
els made from biomass resources, which are not edible and are thus not competitive
to food production. A third definition of “second generation” fuels refers to the use
of lignin, cellulose or hemi-cellulose parts of the plants as a raw material. Beside the
synthetic fuels also ethanol production by advanced enzymes and yeasts can be re-
ferred to. Quite often the term is used in a context of claiming “second generation”
to be better than “first generation”. Due to the unclear definition of this term we do
not use it in this report.

synthetic fuels For the production of synthetic fuels first a synthesis gas is produced from biomass
or another resource by means of gasification. In a second stage a synthetic fuel is
produced out of this gas. A typical process therefore is the Fischer-Tropsch synthe-
sis. In principle several types of biomass including wood and cellulose or lignin con-
taining plants can be used as a raw material. Also the use of many non-edible plants
would be possible. The same type of process can also be used with fossil resources,
e.g. for the production of GTL (gas-to-liquid) using natural gas or coal-to-liquid
(CTL).

Different types of synthetic fuels can be produced in this type of processes. The
most common ones made from biomass are:

e BTL: biomass-to-liquid. A synthetic fuel with similar fuel properties as
conventional diesel

e SNG: synthetic natural gas. A possible replacement of natural gas

e DME: dimethylether. A fuel with similar properties as LPG (liquid pe-
troleum gas)

e cthanol

e methanol

SunFuel, SunDiesel Brand names for BTL-fuels produced by the company Choren and supported by
Volkswagen and DaimlerChrysleIrlII

1 http://www.volkswagenag.com/vwzg/vwcom/content/de/innovation/fuel and propulsion/|

broduction/gutting the sun_into_your fuel tank.html
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Annexe: Reduction Potential Methodology

9. Annexe: Reduction Potential Methodology

9.1. INTRODUCTION

This chapter explains why the scope of the so-called "well-to-wheel" assessments matters. It provides
reasons why the product system of an assessment of the reduction potential of biofuels as compared
to fossil fuel needs to be complete regarding capital equipment and infrastructure. The chapter starts
with an explanation of the difference in result presentation (relative versus absolute differences). It
provides five different product system definitions starting with the one used in the LCA study for fuel
production [30].

9.2, QUESTION TO BE ADDRESSED

The question asked for is “What is the reduction potential in % with respect to environmental impacts if
we use BTL-fuel instead of fossil fuel”.

There are two possible ways to answer this question:
1. Using BTL-diesel reduces the environmental impacts by X% compared to fossil fuel.

2. Using a specific amount (e.g. 1 MJ or 1 kg) of BTL-diesel reduces the environmental impacts by Y kg (or
another appropriate unit) compared to fossil fuel.

Depending on the type of answer intended it is quite crucial how system boundaries of the analysis
are defined. This is explained with an example. As most people might be more comfortable with
money than with the environment, the fictive example is based on prices.

9.3. EXAMPLE: HOW DO SYSTEM BOUNDARIES DEFINE THE ANSWER?

Here we present a fictive example for the price of driving with a given amount of fuel. In this example
production of the BTL-fuel is much more expensive than the use of diesel. All other price factors such
as distribution, taxes and fixed costs of the car are assumed to be the same. But, the basic principles
apply also for all environmental indicators investigated over the life cycle.

Tab. 9.1 Fictive example for price split up of BTL and diesel
BTL Diesel curr_1u|ative cumul_ative

cost increase | absolute increase
fuel production € 0.60 | € 0.30 100%| € 0.30
fuel distribution € 0.50 | € 0.50 38%| € 0.30
fuel taxes € 0.70 | € 0.70 20%| € 0.30
costs of the car incl. maintenance € 0.50 | € 0.50 15%]| € 0.30
taxes, car € 0.50 | € 0.50 12%| € 0.30
total € 2.80 | € 2.50 12%| € 0.30

Fig. 9.1]shows the shares of costs of this example.
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Fig. 9.1 Fictive example of price composition

shows the answers to the two questions asked before. The difference is quite obvious. The
absolute difference in price is always 30 cents per amount of fuel consumed regardless of the system
boundaries taken (answer to question 2). But in relative terms the difference is quite dramatic (answer
to question 1). If we only look at the production of the fuel, the price is twice as high as for fossil fuel.
But, there is considerably less difference to conventional fuel if we take car driving as the functional
unit. In the latter case, the price increase is only 12%.
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cradle to:  fuel production fuel distribution fuel taxes costs of the car incl. taxes, car
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Fig. 9.2 Increase of costs depending on system boundaries and type of interpretation

The example shows that the exclusion of certain parts of the life cycle has severe implications on the
overall answer if the answer is provided in the form of percent increase or decrease.
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The same effect occurs, if we define the product system and use environmental impacts instead of
costs. In this case both increase and decrease of certain types of environmental impacts may occur.
The scope of the product system will define a large part of the answer and is thus quite important.

9.4. DEFINITIONS TO BE MADE

The message given with the answers to questions 1 and 2 might be quite different depending on the
underlying assumptions. Considering only fuel production gives a totally different message than con-
sidering the whole life cycle, including car manufacturing, road construction and maintenance. These
differences need to be known when discussing system boundaries of the environmental assessment.

System boundaries are important discussing “environmental reduction potentials” due to the use of
biofuels. A clear and unified definition is required for the environmental assessment as well as for a
price assessment.

The definition must describe what really has been done. If the definition is well-to-wheel for instance, it
includes everything from well to wheel. It cannot exclude certain parts of this life cycle that is required
to fulfil the function of this product system. This would be quite confusing and it would not be sound
from a scientific point of view.

The definition of the system boundaries must define the following issues:
e  Which parts of the system are included in and which parts are excluded from the analysis?
e What is a suitable name to describe the limitations in an appropriate way?

e  Which indicators are used to describe the system?

The following list specifies names and the corresponding system delimitation that might be used. All
systems start from the well (the cradle):

From well to:

tank this is the product system of the LCA for BTL-fuel production [30], it includes the
biomass and fuel production and distribution to the filling station. All necessary in-
frastructure of these processes is included in the inventory,

powertrain well-to-tank plus combustion emissions before the catalyst plus construction and

maintenance of fuel tank and powertrain,

end of tail pipe well-to-tank plus emissions measured at the tail pipe (after the catalyst), plus con-
struction and maintenance of fuel tank, powertrain, catalyst and full exhaust gas
system,

wheel well-to-tank plus emissions measured at the tail pipe (after the catalyst), tyre and
breaks abrasive emissions, plus construction and maintenance of fuel tank, power-
train, catalyst and full exhaust gas system, plus manufacture of all other parts of
the car incl. maintenance and disposal,

Please note that many so called well-to-wheel study only include fuel produc-
tion and combustion without taking into account the production of the car
and wheels!

grave well-to-wheel plus tyre and breaks abrasive emissions, plus construction and main-
tenance of streets, thus the full transport service per passenger or per km driven
with a car/truck.

In this study we explicitly use only the cradle to grave approach that investigates the full life cycle of
transporting passengers with cars.
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10. Annexe: life cycle inventory data (confidential)

Author: Niels Jungbluth, ESU-services Ltd., Uster
Validation: Rolf Frischknecht, ESU-services Ltd., Uster
Last changes: 2008

This annexe contains data, which are partly directly derived from the ecoinvent data v2.0 [11]. The
conditions of use do not allow a direct publication. Thus, the data are shown in this annexe. The an-
nexe can be made available to ecoinvent members only. Please contact the authors in case you need
these data. A proof of an ecoinvent data v2.0 membership is necessary.

Tab. 10.1 Unit process raw data of passenger transport devices for the fuel combustion and other emissions due
to operation. The last four columns show the basic literature data and the EU limit

Tab. 10.2 Unit process raw data of passenger transport services with BTL-fuels
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