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The ifeu 

• In 1971, professors and students founded the AGU:  

Working Group on Environmental Protection at the University of 
Heidelberg 

– Focus on current environmental policy issues, including a report 
about a proposed nuclear power plant in Wyhl. 

• The need for independent environmental research led to the 
foundation of ifeu as a non-profit organisation in 1978. 

• In 1992, ifeu became a GmbH (limited liability company) with 
non-profit status as of 1999. 

• At present, ifeu has a staff of about 60 scientists who work as 
an interdisciplinary team with a broad variety of expertise on 
current environmental topics. 

• The institute is committed to the goal of a sustainable society. 

 
20 Jahre ifeu-Institut, M. Schmidt, U. Höpfner (Hrsg.), 1998, Heidelberg 
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ifeu’s Areas of Work 

● Waste Management and Resource Conservation 

● Environmental Education 

● Energy (and Renewable Energies) 

● Industry and Products 

● Food and Biomass 

● Sustainability  

● Life Cycle Assessment (LCA) 

● Risk Assessment 

● Environmental Impact Analysis (EIA)  

● Strategic Environmental Assessment (SEA) 

● Traffic and Transport 

● …. and many others 
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ifeu’s Clients (selection) 

World Bank, UNEP, FAO, etc. 
 

European Union 
 

Departments of Federal, State and Local 
Governments 
 

Federal Ministry Department 
(Environment, Economy, 
Transport)      

State Departments 

Non-governmental Organisations 

Transport and Logistic Service Providers 
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Organisations of Development 
cooperation 
 

Schools, Public Services, ASEW, 
Consumer Advice Centre 
 

Foundations 

  Companies 
 

Industrial Associations 

ifeu’s Clients (selection) 
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Portrait of camelina and crambe 

Photo credits: Christina Eynck and Debbie Puttick (Linnaeus Plant Sciences),  
Robert van Loo and Rolf Blaauw (Wageningen UR) 

Camelina: 
Name(s): camelina, gold-of-pleasure, false flax 

(Camelina sativa (L.) CRANTZ) 

Family: Brassicaceae 

Fruit: Capsule (seeds in pods) 

Yield in 2025: 1.2 | 2.4 | 4.4 tFM ha-1 yr-1 

Crambe: 
Name(s): crambe  

(Crambe abyssinica HOCHST. EX R.E.FR.) 

Family: Brassicaceae 

Fruit: Capsule (seeds in hull) 

Yield in 2025: 1.8 | 3.0 | 4.4 tFM ha-1 yr-1 
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Environmental management tools 

Source: IFEU, own compilation 
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LCA overview: Purpose 

LCA addresses 

● the environmental aspects and potential environmental 
impacts (e.g. use of resources and the environmental 
consequences of releases)  

● throughout the life cycle from raw material acquisition through 
production, use, end-of-life treatment, recycling and final 
disposal (i.e. cradle-to-grave) 

● of a product (any good or service). 

 

 

 

Source: ISO 14040 
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Goal and scope definition 

Inventory analysis 

Impact assessment 

Interpretation 

LCA overview: The four (iterative) phases 

Structure following ISO standards 14040 & 14044 

Goal and scope definition 
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Releases 
 
e.g.: 
  

-  CO2 

-  SO2 

-  CH4 

-  NOX 

-  NH3 

-  N2O 

-  HCl 

-  CO 

-  C6H6 

-  VOC 

Resources 
 
 
e.g.:  
 

- natural gas 

- crude oil 

- lignite  

- hard coal 

- uranium 

- water 

- ores 

- minerals 

 

LCA overview: Scope 

Resource 
extraction 

Use 

Transport 

Conversion 

Incineration End-of-life 

Environment 

Technosphere 
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LCA overview: Life cycle comparison 

Resource 

extraction

BiofuelFossil fuel

Fertiliser

Fuel Pesticides

Agriculture

Co-products

Credits

Fallow 

maintenance

Equivalent 

products

Raw material 

production

Utilisation

Transport

Processing
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Example: Rapeseed biodiesel vs. diesel 

Source: IFEU 2017 

Rapeseed 

←   Advantages for biodiesel Advantages for diesel  → 

-100 -50 0 50 100 150 200

Energy savings

Greenhouse effect

Acidification

Eutrophication

Summer smog

Ozone depletion

Human toxicity

Inhabitant equivalents per 100 ha and year
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1991 

First full life cycle assessment  

on biodiesel in Europe 

ifeu and LCA: 25+ years of experience 
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Agenda 

❶ Introduction 

❷ Camelina & crambe for bio-based products (COSMOS)  

❸ Camelina & crambe for biofuels 

❹ Conclusions 
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Camelina & crambe Oil crops as Sources for 
Medium-chain Oils for Specialty oleochemicals 

Main aim of the COSMOS project 

To reduce Europe’s dependence on imported tropical oils 
(palm kernel, coconut, castor) as sources for medium-
chain-length oleochemical surfactants, lubricants, 
polymers and other high-value products, by turning 
camelina and crambe into profitable oilseed crops. 
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COSMOS: Partners, budget and duration 

18 partners in 9 countries

Budget: € 10.8 million

4.5 years (03/2015 – 08/2019) 



Nils Rettenmaier et al. 17 27.03.2019 

COSMOS: Project structure 

WP6
(Bio)catalytic conversion & applications

WP5
Vegetative tissue and seed meal 

valorisation by insects

WP7    Integrated assessment of sustainability

WP3
Sustainable 

cultivation strategies

WP4
Oil extraction and separation

WP2
Oilseed breeding & genetics

WP1    Management

WP8    Dissemination , exploitation and IP management

field trials

- metabolic profiling
- gene mining

- metabolic engineering
- variety selection

oil pressing/ 
extraction

Enzymatic/physical FA 
separation /
purification

olefin metathesis

- crop allocation
- best crop management
- large field tests
- business plans for raw
material supply chains

selective 
hydrogen-
ation

insect biorefinery

microbial FA 
chain-size 
reduction

insect growth

supercritical 
extraction

hydrogenation

olefin metathesis

optimized oils

seed meals

C18 PUFA 
fractions

glucosinolates

C18-C22 monoun-
saturated FA

flavour & fragrance 
ingredients

polymer building 
blocks

biopesticides

high-performance 
plastics

Camelina, Crambe

selected oil-
seed varieties

optimized
oilseeds

crop residues

insects insect oil

medium-chain FA lubricants 

insect proteins

Δ3 unsaturated 
MCFA

food/feed

food/feed

varieties 
adapted to  

needs

C18 PUFA /  
esters

fatty alcohols for 
surfactants

C18Δx mono-
unsaturated FA

medium-chain FA
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COSMOS: Sustainability assessment  

Source: IFEU, own compilation 

Integrated assessment 

of sustainability 

Definitions and settings 

Environmental 

assessment * 

Technological 

assessment 

Social 

assessment *** 

* incl. LCA and LC-EIA 

** incl. LCC & TEE & MA  

*** incl. sLCA & SWOT 

**** incl. politics & potentials 

Policy 

assessment**** 
Economic 

assessment ** 
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COSMOS: Simplified life cycle comparison 

COSMOS 

Bio - products 

Fertiliser Diesel 

Pesticides 

Cultivation 
Raw material  
production 

Transport 

Camelina & crambe Raw material 

Product A, B, C … Product(s) 

Utilisation 

Processing 

(Intermediate) 

product 
Process 

Marketable  
product 

Reference  
product 

Legend: 

(End of life) 

Product X, Y, Z … 

Utilisation 

(End of life) 

Conventional products 

from  palm kernel oil 

Cultivation 

Tropical oil 

Fertiliser Diesel 

Pesticides 

“ tomorrow ” “ today ” 



COSMOS: System overview 

Crambe

cultivation

Alternative 

land use

Pressing,

refining

Seeds

Transesteri-

fication

Crambe

oil

COSMOS: Crambe

Crambe oil 

ethyl ester

C14 MCFA

ester

Ester from 
palm/animal fats

Poly α-olefins*

Glycerol

C14 ester from 

PKO/CNO

Ethenolysis

Saturated

FA ester

α-Olefins

C10:1 D9

MCFA ester

Diacid

ester

Internal 

olefins

α-Olefins α-Olefins*

Lubricants

Biofuel

Conventional

chemicals

Conventional

fuel

Reference System

Press cake Animal feed
Soy meal 

and soy oil

Upstream 

processes

Upstream 

processes

Upstream 

processes

Upstream 

processes

Short path 

distillation

PUFA

ethyl ester

PUFA

ethyl ester

Soybean oil

ethyl ester

Acrylonitrile treatment**, 

hydrogenation 

PA-11 from

castor oil

C11 amino 

ester
PA-11

C10 MCFA

ester

C10 ester from 

PKO/CNO

C14:1 D13 

MCFA ester

Saturated

FA ester

Unconverted 

FA residues

Upstream 

processes

Abbreviations:

Convent. =

Conventional

GSL =

Glucosinolates

PKO =

Palm kernel oil

CNO =

coconut oil

PUFA = 

polyunsaturated 

fatty acids

MCFA =

medium chain

fatty acids

PA 11 =

polyamide 11

FA =

fatty acids

Alternatives in bold are 

main scenarios.

* From ethylene from 

fossil resources

** Usually, conversion to 

PA-11 and PUFA separation 

require methyl and ethyl 

esters, respectively. This 

conflict is still to be 

resolved. Energy require-

ments are approximated by 

an additional transesterifi-

cation process.

Alternative C1

Alternative C3

Alternative A1

Extraction

Cake without

GSL

GSL
Bio-

pesticides
Convent.

pesticides

Alternative A2

Upstream 

processes

Hulls
Fertilizer/

bioenergy

Convent.

products

Hydrogenation

Hydrogenation

Fertilizer
Mineral

fertilizer

Alternative C2

Hydrolysis Erucic acid
Erucic acid 

from HEAR oil

Alternative E2
Alterna-

tive E1

Reference

system

Legend:

Process

Marketable

product

(Intermediate) 

Product

Reference 

product

Animal feed
Convent. 

animal feed

Black soldier

fly farming

Black soldier

fly 

Juicing and 

extraction

Black soldier 

fly protein

Black soldier

fly oil
Oil PKO/CNO oilAlternative C4

Chitin Fertilizer
Mineral

fertilizer

Insect

frass
Fertilizer

Mineral

fertilizer

Alternative H2 / H3

Alternative H1

Polymerisation

Alternative C5

Erucic and 

oleic acid

ethyl ester
 Only 5% of the harvested seeds or 10-20% of the oil  

can be used as substitutes for tropical oils  

 The press cake and the PUFA esters dominate  



COSMOS: Normalised LCA results  
for camelina, idle land, 2025 

-3 -2 -1 0 1 2 3

Non-renewable energy use

Phosphate rock

Acidification

Eutrophication - marine

Eutrophication - freshwater

Particulate matter

Ozone depletion

Summer smog

Inhabitant equivalents per hectare per year

 Agriculture: diesel and others  Agriculture: fertiliser  Agriculture: field emissions

 Transports and pre-treatment  Pressing, refining, GSL-extraction  Conversion: transesterification

 Credits: glycerol  Conversion: SPD/HVCFE  Conversion: ethenolysis and hydrogenation

 Credits: cake as animal feed  Credits: PUFA EE  Credits: medium chain FA esters

 Credits: lubricants Credits: α-olefins  Credits: saturated FA

 Credits: internal olefins and LCFE  Net result

Disadvantages Advantages

IFEU 2019

Camelina

→ 4.8



COSMOS: Normalised LCA results  
for crambe, idle land, 2025 

-3 -2 -1 0 1 2 3

Non-renewable energy use

Phosphate rock

Acidification

Eutrophication - marine

Eutrophication - freshwater

Particulate matter

Ozone depletion

Summer smog

Inhabitant equivalents per hectare per year

 Agriculture: diesel and others  Agriculture: fertiliser  Agriculture: field emissions

 Transports and pre-treatment  Pressing, refining, GSL-extraction  Conversion: transesterification

 Credits: glycerol  Conversion: SPD/HVCFE  Conversion: ethenolysis and hydrogenation

 Credits: cake as animal feed  Credits: PUFA EE  Credits: medium chain FA esters

 Credits: lubricants Credits: α-olefins  Credits: saturated FA

 Credits: internal olefins and LCFE  Net result

Disadvantages Advantages

IFEU 2019

Crambe

→ 6.2



COSMOS: Normalised LCA results  
for crambe, idle land, 2025 

-3 -2 -1 0 1 2 3

Non-renewable energy use

Phosphate rock

Acidification

Eutrophication - marine

Eutrophication - freshwater

Particulate matter

Ozone depletion

Summer smog

Inhabitant equivalents per hectare per year

 Agriculture: diesel and others  Agriculture: fertiliser  Agriculture: field emissions

 Transports and pre-treatment  Pressing, refining, GSL-extraction  Conversion: transesterification

 Credits: glycerol  Conversion: SPD/HVCFE  Conversion: ethenolysis and hydrogenation

 Credits: cake as animal feed  Credits: PUFA EE  Credits: medium chain FA esters

 Credits: lubricants Credits: α-olefins  Credits: saturated FA

 Credits: internal olefins and LCFE  Net result

Disadvantages Advantages

IFEU 2019

Crambe

→ 6.2

 Largest burdens due to fertilisers (green and orange bars) 

 Largest credits for press cake and (in the case of camelina) 

PUFA esters 

 Minor significance of transports (Asia → Europe), technical 

processing, etc. compared to the fertiliser-related impacts 

 LCA results (for all shown impact categories) tend to be 

disadvantageous for both camelina and crambe 



Nils Rettenmaier et al. 24 27.03.2019 

COSMOS: Greenhouse gas balance  
without LUC 

-2 -1 0 1 2 3 4

Crambe | No LUC

Camelina | No LUC

t CO2 eq / ha / yr

 Agriculture: diesel and others  Agriculture: fertiliser  Agriculture: field emissions

 Transports and pre-treatment  Pressing, refining, GSL-extraction  Conversion: transesterification

 Credits: glycerol  Conversion: SPD/HVCFE  Conversion: ethenolysis and hydrogenation

 Credits: cake as animal feed  Credits: PUFA EE  Credits: medium chain FA esters

 Credits: lubricants Credits: α-olefins  Credits: saturated FA

 Credits: internal olefins and LCFE  Net result

Disadvantages  Advantages

IFEU 2019
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COSMOS: Greenhouse gas balance  
without LUC 

-2 -1 0 1 2 3 4

Crambe | No LUC

Camelina | No LUC

t CO2 eq / ha / yr

 Agriculture: diesel and others  Agriculture: fertiliser  Agriculture: field emissions

 Transports and pre-treatment  Pressing, refining, GSL-extraction  Conversion: transesterification

 Credits: glycerol  Conversion: SPD/HVCFE  Conversion: ethenolysis and hydrogenation

 Credits: cake as animal feed  Credits: PUFA EE  Credits: medium chain FA esters

 Credits: lubricants Credits: α-olefins  Credits: saturated FA

 Credits: internal olefins and LCFE  Net result

Disadvantages  Advantages

IFEU 2019 Without the consideration of land use changes (LUC):  

net additional GHG emissions 
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COSMOS: Greenhouse gas balance  
with varying LUC 

-60 -40 -20 0 20 40 60

Idle land | No LUC

Marginal land | No LUC

aLUC/No LUC

aLUC

dLUC Cerrado

dLUC rain forest

Optimistic | dLUC

Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case internally optimised

t CO2 eq / ha / yr

 Agriculture  Agriculture: land use change cam/cra  Processing cam/cra

 Credits: cake as animal feed  Credits: BSF oil, chitin , frass  Credits: PUFA EE

 Credits: medium chain FA esters Credits: lubricants, α-olefins and saturated FA  Credits: internal olefins and LCFE

 Net result

Disadvantages  Advantages

IFEU 2019

Camelina
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COSMOS: Greenhouse gas balance  
with varying LUC 

-60 -40 -20 0 20 40 60

Idle land | No LUC

Marginal land | No LUC

aLUC/No LUC

aLUC

dLUC Cerrado

dLUC rain forest

Optimistic |dLUC

Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case interally optimised

t CO2 eq / ha / yr

 Agriculture  Agriculture: land use change cam/cra  Processing camelina/crambe

 Credits: cake as animal feed  Credits: BSF oil, chitin , frass  Credits: PUFA EE

 Credits: medium chain FA esters Credits: lubricants, α-olefins and saturated FA  Credits: internal olefins and LCFE

 Net result

Disadvantages  Advantages

IFEU 2019

Crambe
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COSMOS: Greenhouse gas balance  
with varying LUC 

-60 -40 -20 0 20 40 60

Idle land | No LUC

Marginal land | No LUC

aLUC/No LUC

aLUC

dLUC Cerrado

dLUC rain forest

Optimistic |dLUC

Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case interally optimised

t CO2 eq / ha / yr

 Agriculture  Agriculture: land use change cam/cra  Processing camelina/crambe

 Credits: cake as animal feed  Credits: BSF oil, chitin , frass  Credits: PUFA EE

 Credits: medium chain FA esters Credits: lubricants, α-olefins and saturated FA  Credits: internal olefins and LCFE

 Net result

Disadvantages  Advantages

IFEU 2019

Crambe
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COSMOS: Decreased European demand =  
avoided tropical deforestation? 

1. Oil palm plantations are not impacted, but rather coconut palm plantations. 

 Palm kernel oil makes up only 15% of an oil palm plantation’s turnover. 

 Plans for expansions of oil palm plantation are thus largely independent of palm 
kernel oil demand and prices. 

 Given a balanced product equation, impacts on coconut palm plantations are 
plausible because the market applications are similar. 

2. Decreased coconut oil production does not necessarily avoid deforestation. 

  Deforestation is not avoided  Deforestation is avoided 

Little growth of the coconut oil market in the last 

decade and little deforestation 

The clearing of natural areas can be cheaper than the 

optimised management of existing plantations. 

Characterised by smallholder farmers with low 

fertilisation and old palm trees.  Possible future 

market growth can be met through optimised 

management of existing plantations 

The introduction of the RED in Europe may lead to a 

significantly lower demand for palm oil so that large 

quantities of palm kernel oil could also lack, which 

might result in stronger expansions of coconut oil 

plantations. 

… … 



COSMOS: Greenhouse gas balance  
with varying LUC 
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COSMOS: Greenhouse gas balance 
with varying LUC 

-60 -40 -20 0 20 40 60

Idle land | No LUC

Marginal land | No LUC

aLUC/No LUC

aLUC

dLUC Cerrado

dLUC rain forest

Optimistic |dLUC

Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case interally optimised

t CO2 eq / ha / yr

 Agriculture  Agriculture: land use change cam/cra  Processing camelina/crambe

 Credits: cake as animal feed  Credits: BSF oil, chitin , frass  Credits: PUFA EE

 Credits: medium chain FA esters Credits: lubricants, α-olefins and saturated FA  Credits: internal olefins and LCFE

 Net result

Disadvantages  Advantages

IFEU 2019

Crambe
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COSMOS: Greenhouse gas balance  
with varying LUC 

-60 -40 -20 0 20 40 60

Idle land | No LUC

Marginal land | No LUC

aLUC/No LUC

aLUC

dLUC Cerrado

dLUC rain forest

Optimistic |dLUC

Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case interally optimised

t CO2 eq / ha / yr

 Agriculture  Agriculture: land use change cam/cra  Processing camelina/crambe

 Credits: cake as animal feed  Credits: BSF oil, chitin , frass  Credits: PUFA EE

 Credits: medium chain FA esters Credits: lubricants, α-olefins and saturated FA  Credits: internal olefins and LCFE

 Net result

Disadvantages  Advantages

IFEU 2019

Crambe
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COSMOS: Greenhouse gas balance  
with varying LUC 

-60 -40 -20 0 20 40 60

Idle land | No LUC

Marginal land | No LUC

aLUC/No LUC

aLUC

dLUC Cerrado

dLUC rain forest

Optimistic |dLUC

Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case interally optimised

t CO2 eq / ha / yr

 Agriculture  Agriculture: land use change cam/cra  Processing camelina/crambe

 Credits: cake as animal feed  Credits: BSF oil, chitin , frass  Credits: PUFA EE

 Credits: medium chain FA esters Credits: lubricants, α-olefins and saturated FA  Credits: internal olefins and LCFE

 Net result

Disadvantages  Advantages

IFEU 2019

Crambe

 Greenhouse gas (GHG) balance strongly influenced by 

land use change (LUC) effects 

 No objective/’true’ results possible 

 Significant potential for considerable GHG savings at low 

risks for net additional GHG emissions provided that 

disadvantageous LUC effects are avoided, especially by 

 additional introduction of camelina and crambe into crop 

rotations without displacement of other crops 

 cultivation on marginal sites in EU with still fair yields 
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COSMOS: Do camelina and crambe  
save rainforest? 

● In South East Asia: uncertain.  
If so, the effect is not too pronounced. 

● In South America: probably yes.  
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Agenda 

❶ Introduction 

❷ Camelina & crambe for bio-based products (COSMOS)  

❸ Camelina & crambe for biofuels 

❹ Conclusions 
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Biodiesel from camelina and crambe: 
Greenhouse gas balance without LUC 

-4 -3 -2 -1 0 1 2 3 4

Crambe biodiesel | No LUC

Camelina biodiesel | No LUC

t CO2 eq / ha / yr

 Agriculture: diesel and others  Agriculture: fertiliser  Agriculture: field emissions

 Agriculture: land use change cam/cra  Transports and pre-treatment  Pressing and refining

 Conversion: transesterification  Credits: glycerol  Credits: cake as animal feed

 Credits: fossil fuel  Net result

Disadvantages  Advantages

IFEU 2019
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Biodiesel from camelina:  
Greenhouse gas balance with varying LUC 

-30 -20 -10 0 10 20 30 40 50 60

Idle land | No LUC

Marginal land | No LUC

aLUC | USA

aLUC | BRA

dLUC Cerrado

dLUC rain forest

Optimistic | dLUC

Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case internally optimised

t CO2 eq / ha / yr

 Agriculture  Agriculture: land use change cam/cra  Processing cam/cra

 Credits: cake as animal feed  Credits: fossil fuel  Net result

Disadvantages  Advantages

IFEU 2019

Camelina biodiesel
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Biodiesel from camelina:  
Normalised LCA results, idle land, 2025 

-1 0 1 2 3

Non-renewable energy use

Phosphate rock

Acidification

Eutrophication - marine

Eutrophication - freshwater

Particulate matter

Ozone depletion

Summer smog

Inhabitant equivalents per hectare per year

 Agriculture: diesel and others  Agriculture: fertiliser  Agriculture: field emissions  Transports and pre-treatment

 Pressing and refining  Conversion: transesterification  Credits: glycerol  Credits: cake as animal feed

 Credits: fossil fuel  Net result

Disadvantages Advantages

IFEU 2019

Camelina biodiesel

→ 8.3
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Camelina for bio-based products  
and biodiesel, normalised LCA results 

-6 -4 -2 0 2 4 6

Non-renewable energy use

Phosphate rock

Global warming | without LUC

Global warming | with LUC

Acidification

Eutrophication - marine

Eutrophication - freshwater

Particulate matter

Ozone depletion

Summer smog

Disadvantages Advantages

IFEU 2019

Camelina bio-based products

Inhabitant equivalents per hectare per year

-6 -4 -2 0 2 4 6
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Conclusions 

1. Bio-based products from camelina & crambe tend to show environmental 

disadvantages compared to conventional equivalent products 

 due to substitution of bio-based products from perennial crops / leguminous 
crops. These are tough nuts to crack! 

 There is a significant potential for advantages regarding GHG emission savings 
and land use impacts on biodiversity, but it is uncertain. 

2. Biofuels from camelina & crambe show the same pattern of environ-

mental advantages & disadvantages known from other biofuels 

 Due to substitution of petroleum-based products 

3. Domestic camelina & crambe can reduce pressure on rainforests…  

 …through avoidance of protein feed and palm oil imports (rather than  
   palm kernel oil or coconut oil) 

 …if the corresponding value chains are established in an efficient manner 

 …if they are cultivated without displacement of other crops 
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Conclusions 

4. LCA is a very suitable tool. However, since LCA is not (yet) able to address 

local environmental impacts, it needs to be supplemented by a separate 

life cycle environmental impact assessment (LC-EIA)*. 

5. For a comprehensive sustainability assessment, economic and social 

aspects such as job creation, impacts on indigenous people etc. need to 

be taken into account, too, e.g. by an integrated life cycle sustainability 

assessment (ILCSA)**. 

 Social aspects and other arguments such as reduced import dependency 
might speak in favour of the COSMOS system 

*   Kretschmer et al. (2012): Proceedings of the 20th EUBCE, Milan, Italy 
** Keller et al. (2015):  Applied Energy 154, 1072–1081, https://doi.org/10.1016/j.apenergy.2015.01.095 
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