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Who we are - What we do

IFEU - Institute for Energy and Environmental 
Research Heidelberg, since 1978

• Independent scientific research institute

• organised as a private non profit company with  
currently about 40 employees

• Research / consulting on environmental aspects of
- Energy (including Renewable Energy)
- Transport
- Waste Management
- Life Cycle Analyses 
- Environmental Impact Assessment
- Renewable Resources
- Environmental Education



TREMOD: Transport Emission Model

• Modelling emissions of road vehicles, trains, ships  and airplanes

• Official database of the German Ministries for emis sion reporting 

Life cycle analyses (LCA) and technology impact 
assessments since 1990:

• Biofuels (all biofuels, all applications)

• Alternative transportation modes

• Renewable Energy

• Waste to energy

Who we are - What we do



Who we are - What we do

IFEU - Institute for Energy and Environmental 
Research Heidelberg, since 1978 

• Our clients (on biofuel studies)
- World Bank
- UNEP, GTZ etc. 
- European Commission
- National and regional Ministries
- Associations (national and international)
- Local authorities
- WWF, Greenpeace etc.
- Companies (DaimlerChrysler, German Telekom, etc.)
- Foundations (German Foundation on Environment, Briti sh   

Foundation on Transport etc.)



Biofuel comparisons

Diesel oil – passenger car / HDVRME

Diesel oil – passenger car / HDVSME

Diesel oil – passenger car / HDVRapeseed oil

Diesel oil – passenger car / HDVBio-DME

Gasoline (M5/M10) – passenger carBiomethanol

Gasoline (E5/E100) – passenger carEtOH (sugar beet)

MTBE as an additive in gasolineETBE (sugar beet)

Biofuel Fossil fuel



Environmental advantages and disadvantages:

+
• CO2 neutral
• Save energetic resources
• Not toxic

• Less transport
• etc.

–
• Land use
• Eutrophication of surface water
• Water pollution by pesticides

• Energy intensive production
• etc.

Total: 
positive or negative

?

Biofuels



Goal and scope definition

Inventory analysis

Impact assessment

Interpretation

ISO 14040-43

Life Cycle Analysis (LCA)



Goal and Scope Definition

Resource 
extraction

BiofuelFossil fuel

Fertiliser

Fuel Pesticides

Agriculture

Co-products

Credits

Fallow 
maintenance

Equivalent 
products

Raw material 
production

Utilisation

Transport

Processing



Outputs

e.g.:

- CO2

- SO2

- CH4

- NOX

- NH3

- N2O
- HCl
- CO
- C6H6

- VOC

Inputs

e.g.: 

- natural gas
- crude oil
- brown coal 
- hard coal
- uranium
- water

LCA: Inventory Analysis

Resource 
extraction

BiofuelFossil fuel

Fertiliser

Fuel Pesticides

Agriculture
Raw material 
production

Utilisation

Transport

Processing



Life Cycle Inventory (LCI)

-394ngTCDD-3.987kgCO2 (fossile)

1kgCH4

2mgBenzo(a)pyrene0kgClay

-30gBenzene0kgRock salt

29gFormaldehyde811kgPotassium

-362gDust8kgSulphur

-405gDiesel particulate126kgRaw phosphate

-2kgNMHC45kgLimestone

2kgCO7MJWater

4kgNH3-74MJUrane

-10gHCl-148MJLignite

5kgNOx313MJHard coal

2kgSO25.697MJNatural gas

5kgN2O-62.279MJCrude oil

per ha*aper ha*a

Rape seed
oil

UnitInventory
parameters

Rape seed
oil

UnitInventory
parameters



Goal and scope definition

Inventory analysis

Impact assessment

Interpretation

ISO 14040-43

Life Cycle Analysis (LCA)



Substances (LCI)

Nitrogen oxide, carbon monoxide, hydrochloric acid, diesel 
particulate, dust, ammonia, benzene, benzo-a-pyrene, 
sulphur dioxide, Dioxines (TCDD), …

Human and eco 
toxicity

Hydrocarbons, nitrogen oxides, carbon monoxide, HCCs, 
…

Ethene equivalentsSummer smog

Nitrogen oxides, ammonia, phosphate, nitratePO4 equivalentsEutrophication

Sulphur dioxide, hydrochloric acid, nitrogen oxide, 
ammonia, hydrofluoric acid, …

SO2 equivalentsAcidification

Nitrous oxide , HCFCs, CFCs, halons, methyl bromide, …Ozone depletion

Carbon dioxide, nitrous oxide, methane, HCFCs, CFCs, 
methyl bromide, …

CO2 equivalents Greenhouse effect

Crude oil, natural gas, coal, uranium ore , …

Limestone, clay, metal ores, rock salt, pyrite, …

Cumulated finite 
energy demand
Mineral resources 

Resource demand

ParameterImpact category

Impact Assessment



RME vs. diesel

Crude oil 
extraction

Utilisation

RME

Utilisation

Diesel fuel

Fertiliser

Fuel Pesticides

Rape seed 
cultivation

Glycerine

conventional 
products

Credits

Glycerine

Transport Oil pressing

Refining
Trans-

esterification

Rape seed 
meal

Soy meal

Fallow 
maintenance

Agricultural 
products



LCA: Impact Assessment

Diesel particulatesHuman- and Ecotoxicity

SO2 equivalentsAcidification

PO4 equivalentsEutrophication

Cumulative energy 
demand (non-renew.)Resource demand

CO2 equivalentsGreenhouse effect

Nitrous oxideOzone depletion

ParameterImpact category

Nitrogen oxideHuman- and Ecotoxicity

NOT CONSIDERED:  Impact of land use on biodiversity  and ecosystems !!!



RME vs. diesel

Resource demand

-60 -40 -20 0 20 40 60

[MJ CED / kg diesel or diesel eq.]

Credits

RME

Diesel

Expenditures

Balance
(RME minus diesel)

Contribution in favour of 
RME

Contribution in favour of 
diesel

Machine work Reference system Production
Material inputs Soy bean meal (agric.) Utilisation
Oil pressing Soy bean meal (transp.)
Transesterification Glycerine
Utilisation

RME Credits Diesel

Source: IFEU 2006



RME vs. diesel

Greenhouse effect

-4 -2 0 2 4

Machine work
Reference system Production

Material inputs
Soy bean meal (agric.) Utilisation

Oil pressing
Soy bean meal (transp.)

Transesterification
Glycerine

Utilisation

RME Credits Diesel

RME

Diesel

Balance
(RME minus diesel)

[kg CO2 eq. / kg diesel or diesel eq.]

Credits Expenditures

Contribution in favour of 
RME

Contribution in favour of 
diesel

Agricultural system



RME vs. diesel

Ozone depletion

-4 -2 0 2 4 6 8 10

Production
Utilisation

Diesel

RME

Diesel

Balance
(RME minus diesel)

[g N2O / kg diesel or diesel eq.]

Credits Expenditures

Contribution 
in favour of 
RME

Contribution in favour of 
diesel

Machine work
Reference system

Material inputs
Soy bean meal (agric.)

Oil pressing
Soy bean meal (transp.)

Transesterification
Glycerine

Utilisation

RME Credits

Agricultural system



RME vs. diesel

higher NO X emissions
risk : eutrophication of surface 

waters

Eutrophication

lower emissions of greenhouse 
gases

Greenhouse effect

more N 2O emissionsOzone depletion

higher acidificationAcidification

consumption of mineral 
resources

savings of finite energy resourcesResource demand

risk : pollution of surface waters 
by pesticides

risk : pollution of ground water 
by nitrate

lower SO 2 emissions
lower diesel particle emissions in 

urban areas
less pollution of oceans due to 

extraction and transport of 
crude oil

risk : less pollution by oil spillage 
after accidents

risk : less toxicity / better 
biodegradability

Human- and 
ecotoxicity

Advantages for RME Disadvantages for RME



LCA: Interpretation

very importantDiesel particulatesHuman- and Ecotoxicity

medium relevanceSO2 equivalentsAcidification

medium relevancePO4 equivalentsEutrophication

important
Cumulative energy demand 
(non-renew.)Resource demand

very importantCO2 equivalentsGreenhouse effect

(very) importantNitrous oxideOzone depletion

Ecological 
significance

ParameterImpact category

medium relevanceNitrogen oxideHuman- and Ecotoxicity



Biofuels vs. fossil fuels

––––++Whole crop wheat

+/ ––––++RME

+/ ––+/ ––++SME

+/ ––––++Rapeseed oil

––––++Cocksfoot

––––++Biogas (rape seed meal)

––––++Biogas (silage corn)

––––++Giant reed

––––++Willow

+–––++Coppice (poplar)

––––++Miscanthus

–+++/ –++Bio-DME

+–++/ –++Biomethanol

–

–

Ozone 
depletion

+––++EtOH (sugar beet)

+––++ETBE (sugar beet)

Biofuel
Resource 
demand

Greenhouse 
effect

Acidifi-
cation

Photo 
smog

Eutro-
phication

+  Advantage for biofuel     – Advantage for fossil fuel     +/– Insignificant or ambiguous



Results: Biofuels vs. fossil fuels

1. All biofuels listed hold ecological advantages as  
well as disadvantages in comparison with fossil 
fuels

2. In nearly all cases biofuels reveal advantages 
with respect to both saving non-renewable 
energy carriers and greenhouse effect

3. Likewise, in most cases biofuels exhibit 
disadvantages in respect of acidification and 
eutrophication

4. In the categories photo smog, ozone depletion 
and human and ecotoxicity the results are non-
uniform



Results: Biofuels vs. fossil fuels

5. An objective decision for or against a 
particular fuel cannot be made . However, based 
on a subjective value system a decision is 
possible. 

If, for example, energy saving and greenhouse 
effect is given the highest priority, all of the 
biofuels studied perform better than the 
alternative fossil fuels



Biofuels vs. fossil fuels

Biofuels vs. biofuels

Biofuels vs. fossil fuels

Biofuels vs. biofuels

Comparisons



Energy and greenhouse gases

Result:

Not all LCA studies can be regarded to 

be representative: for this reason, 

deduction of bandwidths necessary



Deduction of bandwidths

-75 -50 -25 0 25 50 75 100Agriculture
Conversion
Byproduct
Provision fossil
Usage fossil
biogenous - fossil

Pimentel 2003

TU München 2003 (w/o alloc.)

USDA 2002

Graboski 2002

Levelton 2000

Wang 1999

GM 2001

TU München 2003 (w/ alloc.)
GJ/ha

-75 -50 -25 0 25 50 75 100

GJ/ha

N fertilizer
Human work

No byproducts

Ethanol from corn

This study

min    max

expenditures
fossil fuel

credits

result = balance



Deduction of bandwidths

-75 -50 -25 0 25 50 75 100

Agriculture
Conversion
Byproduct
Total biogenous
Provision fossil
Usage fossil
biogenous - fossil GJ/ha

-125 -100 -75 -50 -25 0 25 50 75 100

GJ/ha

ETSU 1996

(S&T)2 2003

Levington 2000 (1

IFEU 2002

Elsayed 2003

Levington 2000 (2

(1
Straw is ploughed in

(2
Straw is taken in

-125 -100

Yield 27 dt/ha

Basis data

No byproducts

Straw credit

Ethanol from wheat

This study

min    max



CO2 balance of biofuels

-25 -20 -15 -10 -5 0 5 10

Biodiesel oil palm (natural forest)

Biodiesel oil palm (plantations)

Biodiesel sunflowers

Biodiesel rapeseed

Biodiesel canola

Biodiesel coconuts

Biodiesel soy beans

Vegetable oil rapeseed

Vegetable oil sunflowers

t saved greenhouse gases (as CO 2 equivalents) / (ha*a)

¬¬¬¬ Advantages for biofuel Disadvantages ®®®®1st generation
biofuels



Cutting of tropical forests



Oil palm plantation through 
cutting of tropical forests



Oil palm plantation 
substituting tropical forest



Oil palm plantation instead 
of existing plantations



Oil palm plantation instead 
of existing plantations



CO2 balance of biofuels

-25 -20 -15 -10 -5 0 5 10

Biodiesel oil palm (natural forest)

Biodiesel oil palm (plantations)

Biodiesel sunflowers

Biodiesel rapeseed

Biodiesel canola

Biodiesel coconuts

Biodiesel soy beans

Vegetable oil rapeseed

Vegetable oil sunflowers

EtOH sugar cane

EtOH sugar beets

EtOH wheat

EtOH corn

EtOH potatoes

ETBE sugar beets

ETBE wheat

ETBE potatoes

EtOH lignocellulose

BTL wheat / SRF

¬¬¬¬ Advantages for biofuel
1st generation
biofuels

2nd generation
biofuels

Disadvantages ®®®®

Goal conflict: 
Tropical forest

t saved greenhouse gases (as CO 2 equivalents) / (ha*a)

Limited
technical
potentials

Source: IFEU 2006



Biofuels from residues

-150 -125 -100 -75 -50 -25 0 25

EtOH molasses

EtOH lignocellulose

ETBE lignocellulose

Biodiesel animal grease

Biodiesel used cooking oil

MTBE lignocellulose

DME lignocellulose

BTL residues

Biogas residues

GH2 gasification lignocellulose

GH2 fermentation residues

LH2 gasification lignocellulose

g saved CO 2 equivalents / MJ fuel

-1,5 -1,25 -1 -0,75 -0,5 -0,25 0 0,25

MJ saved Primary energy / MJ fuel

Greenhouse effect
Primary energy

¬¬¬¬ Advantages for biofuel

Source: IFEU 2006



• Environmental assessment

� Biofuels have environmental advantages and 
disadvantages compared to fossil fuels, but at 
least: all biofuels save fossil energy and 
greenhouse gases.

Key findings & conclusions
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from 2006:
estimate
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from 2006:
estimate

CO2 savings in Germany

Cumulated savings of greenhouse gases
through first generation biofuels in Germany

Equals to the average yearly CO 2 emissions:

• of about 1.5 million inhabitants in Germany or

• from 26 000 million kWh of German power production

But:

Tax losses add up to ca. 3800 million € !



• Environmental assessment

� Biofuels have environmental advantages and 
disadvantages compared to fossil fuels, but at 
least: all biofuels save fossil energy and 
greenhouse gases.

Key findings & conclusions

� 2nd generation biofuels have great potentials to 
save greenhouse gases.

� Ethanol from sugar cane (good CO 2 balance) 
and biodiesel from palm oil (fair to negative CO 2
balance) must be discussed in the context of 
tropical rain forest cuttings.



• Sustainable potentials

� Because of competition for land and competition in 
the usage of biomass the potentials for energy 
crops are limited.

� If energy crops are used for biofuels, biggest 
greenhouse gas savings are associated with high 
yield crops like SRF or sugar beet.

� Lignocellulose has by far the biggest sustainable 
mass potential (energy crops and residues) and 
therefore the second generation biofuels, too. This  
comes along additionally with very effective 
greenhouse gas savings.

Key findings & conclusions



• Sustainable development

� There is a great potential for biofuels for 
transportation 
which should be developed in accordance 
with other goals towards a sustainable
development
including alternative use of biomass for 
electricity and heat generation, and for 
industry and chemistry.

Key findings & conclusions



Sven Gärtner 

Nils Rettenmaier

Dr. Guido Reinhardt

Horst Fehrenbach

Contact details:

guido.reinhardt@ifeu.de
+ 49 – 6221– 4767– 0 / - 31

Contact details:

horst.fehrenbach@ifeu.de
+ 49 – 6221– 4767– 0 / - 16 Sources, reports

etc. see:

www.ifeu.de

The IFEU biofuel team

Thank you for your attention


