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The ifeu

In , professors and students founded the AGU:

— 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 as a in

In , ifeu became a (limited liability company) with
non-profit status as of

At present, ifeu has a staff of 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

2 20 Jahre ifeu-Institut, M. Schmidt, U. Hopfner (Hrsg.), 1998, Heidelberg Nils Rettenmaier et al. ® 27.03.2019



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)
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Traffic and Transport

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

PlasticsEurope —€dana /PET\ (i DANONE
7 o ety D

D GRUNE &
« MR (PR
Europa
Soetcore Verband

Metallverpackungen

Organisations of Development ‘*’MVV Enetgie
cooperation _

In VQ'e’ﬁi CDG Saruty
Schools, Public Services, ASEW,

Internationale Weiterbildung

und Entwicklung gGmbH ’om Consumer Advice Centre

2
I Z RORLI Sxstin shon WORLDWIDE CONSULTAMTS
fur Internationale .
g Z:sammcnarbeit (61Z) GmbH Fou ndat|ons

®5 Nils Rettenmaier et al. ® 27.03.2019




Portrait of camelina and crambe

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 t,, hal yrt

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 t.,, hat yrt

®6 Photo credits: Christina Eynck and Debbie Puttick (Linnaeus Plant Sciences), Nils Rettenmaier et al. ® 27.03.2019
Robert van Loo and Rolf Blaauw (Wageningen UR)



Environmental management tools

criteria v
communication
management
risk
social aspects SocioEco-
Effiency
Analysis
economics
comprehensive material flow efficiency
environmental analysis analysis
aspects
single  environ- test on
mental aspects chemicals
subject of substance product produc- project  technology ~ Policies
study > material tion site plans
programs
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LCA overview: Purpose

LCA addresses

the environmental aspects and

consequences of releases)

disposal (i.e.

of a

(e.g. use of resources and the environmental

from raw material acquisition through
production, use, end-of-life treatment, recycling and final

)

(any good or service).

&

INTERNATIONAL
STAl

8

Source: ISO 14040
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LCA overview: The four (iterative) phases

Structure following ISO standards 14040 & 14044

Goal and scope definition

L]

Inventory analysis

| |

Impact assessment

P

Interpretation

Nils Rettenmaier et al.

27.03.2019



LCA overview: Scope

Resources

e.g.:

- natural gas
- crude oil

- lignite

- hard coal

- uranium

- water

- ores

- minerals

Environment

| Technosphere

A

y

Resource
extraction

Transport

Conversion

End-of-life

Releases

e.g.:

- co,
- SO,
- CH,
- NO,
- NH,
- N,O
- HCl
- €O
- CH,
- voC



LCA overview: Life cycle comparison

Fossil fuel Biofuel

w | o

Raw material
production

Transport

Processing

Utilisation

T

Credits
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Example: Rapeseed biodiesel vs. diesel

— Advantages for biodiesel Advantages for diesel —

Energy savings
Greenhouse effect
Acidification

Eutrophication

e 2%
. AN Summer smog

Rapeseed Ozone depletion

Human toxicity

-100 -50 0 50 100 150 200

Inhabitant equivalents per 100 ha and year

® 12 Source: IFEU 2017 Nils Rettenmaier et al. ® 27.03.2019



ifeu and LCA: 25+ years of experience

F + E-Vorhaben des Umweltbundesamtes
Nr. 104 08 508/02

Endbericht

Energie- und CO,-Bilanz von
Rapso6l und Rapsolester
im Vergleich
zu Dieselkraftstoff

ifeu — Institut fir Energie- und
Umweltforschung Heidelberg
Fachbereich ,,Verkehr und Umwelt*

Dezember 1991

First full life cycle assessment
on biodiesel in Europe
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Introduction

Camelina & crambe for bio-based products (COSMOQOS)
Camelina & crambe for biofuels

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.

LUSMUOS

ADDING VALUE TO CAMELINA AND CRAMBE OIL

15 Nils Rettenmaier et al. ® 27.03.2019
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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)

® 16 Nils Rettenmaier et al. ® 27.03.2019



COSMOS: Project structure

WP2
Oilseed breeding & genetics

Camelina, Crambe

- metabolic profiling

- gene mining

- metabolic engineering
- variety selection

varieties
adapted to
needs

WP3

Sustainable
cultivation strategies

selected oil- field trials optimized
seed varieties oilseeds

crop allocation

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

WP4 WP6

Oil extraction and separation (Bio)catalytic conversion & applications

Enzymatic/physical FA
separation /
purification

optimized oils I
C18 PUFA C18PUFA/ I
fractions esters I medium-chain FA

C18-C22 monoun- flavour & fragrance
saturated FA ingredients

olefin metathesis
fatty alcohols for
surfactants

lubricants
microbial FA

chain-size
reduction

oil pressing/

extraction polymer building high-performance

blocks plastics
A3 unsaturated A
MCFA selective

hydrogen-
ation

olefin metathesis
C18Ax mono-

WP5 unsaturated FA

Vegetative tissue and seed meal hydrogenation
valorisation by insects

medium-chain FA

supercritical

extraction
seed meals glucosinolates
insects insect oil

insect growth insect biorefinery

biopesticides

food/feed

WP7 Integrated assessment of sustainability
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COSMOS: Sustainability assessment ifeu

* incl. LCAand LC-EIA
Definitions and settings **incl. LCC & TEE & MA
*** incl. SLCA & SWOT
Technological . **x incl. politics & potentials
assessment
Environmental Economic Social Policy
assessment * assessment ** assessment *** assessment****

N ! l .

Integrated assessment
of sustainability

® 18 Source: IFEU, own compilation Nils Rettenmaier et al. ® 27.03.2019
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COSMOS: Simplified life cycle comparison

COSMOS Conventional products
Bio-products from palm kernel oil

Pesticides

e

Cultivation

Raw material

production
Raw material Tropical oil
11 ” 13
tomorrow Transport today”
Processing
( ProductA, B, C ... > Product(s) ProductX, Y, Z ...
Legend: !
@termediate) Process m — Utilisation
product

Marketable
product

(End of life)
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COSMOS: System overview

COSMOS: Crambe FZ3 Reference System

Crambe I Alternative
cultivation lg  landuse

Convent. ‘
products € Upstream
processes
<

Pressing, Alternative C1
1 ! Alternative C2 |
1 e e e e e e = Mineral
! 1 r (R fertilizer
1
1
| A csl
m ————— + = = P Black soldier | _ Black soldier),  _ _y| Juicingand | _ _ o (Blacksoldier)  _ _p" , oo Convent
r =+ — = p|_flyfarming fly extraction fly protein animal feed
T T

1 1 1 <+

1 Attemativeca ! T Attemative c5 A _»Glacfr SO_:diED_ - _»C oil

! ' ! 1 ol «4— Upstream
1

1

processes

1
1
| | processes
1 e >< Chitin )— - —>< Fertlizer Mineral <«
- 1 fertilizer
1
| 1
, 1 Mineral
, fertilizer
1
S - Bio- Convent.
1 est pesticides pesticides
1
Alterna-
e |Alternative E2
1 Erucic acid
Ecicacld from HEAR oil <+
v 4 Upstream

T Conventional

chemicals

fication »(  Glycerol

Crambe oi
ethyl ester

ath
distillation

PUFA > PUFA Soybean oil <+
A P _ethyl ester ethyl ester < Upstream

processes

Legend.

(Intermediate)
Product

Reference
system
Reference
product

Abbreviations

Convent.=
Conventional

Glucosinolates

PKO =
Palm kernel oil

CNO =
coconutoil

PUFA =
polyunsaturated
fatty acids

MCFA =

medium chain
fatty acids

PA11=
polyamide 11

can be used as substitutes for tropical oils

The press cake and the PUFA esters dominate

Only 5% of the harvested seeds or 10-20% of the oll

<+
Internal » Biofuel Conventional
olefins v fuel 4~ Upstream
processes
<+
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COSMOS: Normalised LCA results
for camelina, idle land, 2025

€ Advantages Camelina

Disadvantages >

-1 0 1

Inhabitant equivalents per hectare per year

@ Agriculture: diesel and others

E Transports and pre-treatment

O Credits: glycerol

@ Credits: cake as animal feed

@ Credits: lubricants

@ Credits: internal olefins and LCFE

O Agriculture: fertiliser

O Pressing, refining, GSL-extraction
O Conversion: SPD/HVCFE

O Credits: PUFA EE

B Credits: a-olefins

B Net result

Non-renewable energy use
Phosphate rock
Acidification
Eutrophication - marine
Eutrophication - freshwater
Particulate matter

Ozone depletion

Summer smog

O Agriculture: field emissions

O Conversion: transesterification

O Conversion: ethenolysis and hydrogenation

B Credits: medium chain FA esters
B Credits: saturated FA

IFEU 2019
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COSMOS: Normalised LCA results
for crambe, idle land, 2025

€ Advantages

Crambe

Disadvantages =

-1

0 1

Inhabitant equivalents per hectare per year

@ Agriculture: diesel and others

E Transports and pre-treatment

O Credits: glycerol

E Credits: cake as animal feed

B Credits: lubricants

@ Credits: internal olefins and LCFE

O Agriculture: fertiliser

O Pressing, refining, GSL-extraction
O Conversion: SPD/HVCFE

O Credits: PUFA EE

B Credits: a-olefins

B Net result

Non-renewable energy use
Phosphate rock
Acidification
Eutrophication - marine
Eutrophication - freshwater
Particulate matter

Ozone depletion

Summer smog

O Agriculture: field emissions

O Conversion: transesterification

O Conversion: ethenolysis and hydrogenation

@ Credits: medium chain FA esters
B Credits: saturated FA

IFEU 2019
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COSMOS: Normalised LCA results
for crambe, idle land, 2025

)

€ Advantages

Crambe

Disadvantages =

=

Non-renewable energy use
Phosphate rock
Acidification
Eutrophication - marine

Eutrophication - freshwater

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
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COSMOS: Greenhouse gas balance
without LUC

€ Advantages

Disadvantages =

e——— | |

Crambe | No LUC

2 Ak

Camelina | No LUC

@

ey

-1

-2 0 1 2
tCO,eq/halyr
@ Agriculture: diesel and others O Agriculture: fertiliser
@ Transports and pre-treatment O Pressing, refining, GSL-extraction

O Credits: glycerol
@ Credits: cake as animal feed O Credits: PUFA EE

B Credits: lubricants

O Conversion: SPD/HVCFE

B Credits: a-olefins

@ Credits: internal olefins and LCFE B Net result

O Agriculture: field emissions

O Conversion: transesterification

O Conversion: ethenolysis and hydrogenation
@ Credits: medium chain FA esters

B Credits: saturated FA

IFEU 2019
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ﬁ

without LUC

COSMOS: Greenhouse gas balance

€ Advantages

Disadvantages =

BT Se—

Crambe | No LUC

Camelina | No LUC

L e——

-2 -1 2
tCO,eq/halyr
@ Agriculture: diesel and others O Agriculture: fertiliser
@ Transports and pre-treatment O Pressing, refining, GSL-extraction
O Credits: glycerol O Conversion: SPD/HVCFE
@ Credits: cake as animal feed O Credits: PUFA EE

O Agriculture: field emissions
O Conversion: transesterification
O Conversion: ethenolysis and hydrogenation

@ Credits: medium chain FA esters

net additional GHG emissions

= Without the consideration of land use changes (LUC):

25

Nils Rettenmaier et al. 27.03.2019
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COSMOS: Greenhouse gas balance
with varying LUC

€ Advantages Disadvantages Idle land | No LUC
Marginal land | No LUC
aLUC/No LUC

aLucC

dLUC Cerrado

dLUC rain forest
Optimistic | dLUC
Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case internally optimised

-60 -40 -20 0 20 40 60

tCO,eq/halyr
@ Agriculture @ Agriculture: land use change cam/cra B Processing cam/cra
@ Credits: cake as animal feed @ Credits: BSF oil, chitin , frass O Credits: PUFA EE
@ Credits: medium chain FA esters B Credits: lubricants, a-olefins and saturated FA @ Credits: internal olefins and LCFE
m Net result IFEU 2019
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COSMOS: Greenhouse gas balance
with varying LUC

€ Advantagés Disad\)antages > Idle land | No LUC
Marginal land | No LUC
aLUC/No LUC

aLucC

dLUC Cerrado

dLUC rain forest
Optimistic |[dLUC
Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC
Worst case | dLUC

Worst case interally optimised

-60 -40 -20 0 20 40 60

tCO,eq/halyr
O Agriculture @ Agriculture: land use change cam/cra @ Processing camelina/crambe
@ Credits: cake as animal feed @ Credits: BSF oil, chitin , frass O Credits: PUFA EE
@ Credits: medium chain FA esters B Credits: lubricants, a-olefins and saturated FA @ Credits: internal olefins and LCFE
® Net result IFEU 2019
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COSMOS: Greenhouse gas balance
with varying LUC

€ Advantages Disadvantages = Idle land | No LUC

Marginal land | No LUC

Crambe _ 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

-60 -40 -20 0 20 40 60

tCO,eq/halyr
O Agriculture @ Agriculture: land use change cam/cra @ Processing camelina/crambe
@ Credits: cake as animal feed @ Credits: BSF oil, chitin , frass O Credits: PUFA EE
@ Credits: medium chain FA esters B Credits: lubricants, a-olefins and saturated FA @ Credits: internal olefins and LCFE
® Net result IFEU 2019
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COSMOS: Decreased European demand =
avoided tropical deforestation?

frr

1. Qil 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 The clearing of natural areas can be cheaper than the
decade and little deforestation optimised management of existing plantations.
Characterised by smallholder farmers with low The introduction of the RED in Europe may lead to a
fertilisation and old palm trees. = Possible future significantly lower demand for palm oil so that large
market growth can be met through optimised guantities of palm kernel oil could also lack, which
management of existing plantations might result in stronger expansions of coconut oil

plantations.
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COSMOS: Greenhouse gas balance .
with varying LUC ifeu
(1) (2)

(certified) good practise replaces previously given
production of biomass cultivation on the same

acreage, e.g. animal food

Europe:

expanding domestic i e " v
biomass production O lng S A

for biofuel

— >

INDIRECT INDUCTION
OF FOREST LOGGING

St

(4) (3)

the required area for animal food will be imported
animal food production increasingly,
is likely to be forest e.g. from tropical countries

Source: IFEU 2008
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COSMOS: Greenhouse gas balance
with varying LUC

€ Advantagés Disad\)antages > Idle land | No LUC
Marginal land | No LUC
aLUC/No LUC

aLucC

dLUC Cerrado

dLUC rain forest
Optimistic |[dLUC

Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC

Worst case | dLUC

Worst case interally optimised

-60 -40 -20 0 20 40 60

tCO,eq/halyr
O Agriculture @ Agriculture: land use change cam/cra @ Processing camelina/crambe
@ Credits: cake as animal feed @ Credits: BSF oil, chitin , frass O Credits: PUFA EE
@ Credits: medium chain FA esters B Credits: lubricants, a-olefins and saturated FA @ Credits: internal olefins and LCFE
® Net result IFEU 2019
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COSMOS: Greenhouse gas balance
with varying LUC

€ Advantagés Disad\)antages > Idle land | No LUC
Marginal land | No LUC
aLUC/No LUC

aLucC

dLUC Cerrado

dLUC rain forest
Optimistic |[dLUC
Grassland | dLUC/aLUC

Displaced rapeseed | aLUC

Displaced rapeseed | dLUC
Worst case | dLUC

Worst case interally optimised

-60 -40 -20 0 20 40 60

tCO,eq/halyr
O Agriculture @ Agriculture: land use change cam/cra @ Processing camelina/crambe
@ Credits: cake as animal feed @ Credits: BSF oil, chitin , frass O Credits: PUFA EE
@ Credits: medium chain FA esters B Credits: lubricants, a-olefins and saturated FA @ Credits: internal olefins and LCFE
® Net result IFEU 2019
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with varying LUC

COSMOS: Greenhouse gas balance

< &

)

€« Advantages

Crambe

Disadvantages =

Idle land | No LUC
Marginal land | No LUC
aLUC/No LUC

aLuC

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

33
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COSMOS: Do camelina and crambe
save rainforest?

e |n South East Asia: uncertain.
If so, the effect is not too pronounced.

® |In South America: probably yes.

® 34 Nils Rettenmaier et al. ® 27.03.2019
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Biodiesel from camelina and crambe:
Greenhouse gas balance without LUC

€ Advantages

Disadvantages =

@ Agriculture: diesel and others

O Agriculture: land use change cam/cra

O Conversion: transesterification

B Credits: fossil fuel

0 1
tCO,eq/halyr

O Agriculture: fertiliser
@ Transports and pre-treatment
O Credits: glycerol

B Net result

< &
I %G; Crambe biodiesel | No LUC
£ L
s > Camelina biodiesel | No LUC
3 4

O Agriculture: field emissions

O Pressing and refining

@ Credits: cake as animal feed

IFEU 2019
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Biodiesel from camelina:

Greenhouse gas balance with varying LUC """-s

Kok

€ Advéntages

Camelina biodiesel

‘Disadvan"[ages >

-30 -20

O Agriculture

-10 0 10 20 30
tCO,eq/halyr

@ Agriculture: land use change cam/cra

@ Credits: cake as animal feed B Credits: fossil fuel

40 50

@ Processing cam/cra

B Net result

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

IFEU 2019
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Biodiesel from camelina:
Normalised LCA results, idle land, 2025

€ Advantages Disadvantages =

Camelina biodiesel Non-renewable energy use
3 — 8.3

Phosphate rock

Acidification

Eutrophication - marine

. _ Eutrophication - freshwater
| Particulate matter

Ozone depletion

Summer smog

-1 0 1 2 3
Inhabitant equivalents per hectare per year

@ Agriculture: diesel and others O Agriculture: fertiliser O Agriculture: field emissions B Transports and pre-treatment
O Pressing and refining O Conversion: transesterification O Credits: glycerol @ Credits: cake as animal feed

m Credits: fossil fuel B Net result IFEU 2019



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

Non-renewable energy use

€ Advantages

Phosphate rock

Global warming | without LUC
Global warming | with LUC

Acidification
Eutrophication - marine
Eutrophication - freshwater
Particulate matter

Ozone depletion

Summer smog

|
|
|
|
|
i
|
Camelina bio-based products

Non-renewable energy use

€ Advantages

Phosphate rock

Global warming | without LUC
Global warming | with LUC

Disadvantages =

| — 8.3

Acidification
Eutrophication - marine
Eutrophication - freshwater
Particulate matter

Ozone depletion

Summer smog

Camelina biodiesel

4 -2

Inhabitant equivalents per hectare per year

0

4 6
IFEU 2019
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Conclusions

from camelina & crambe

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

Thereis a
, but it is uncertain.

from camelina & crambe the same pattern of

known from other biofuels
Due to substitution of petroleum-based products

...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

41
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Conclusions ﬁ

However, since LCA is not (yet) able to address
local environmental impacts, it needs to be a separate

For a comprehensive sustainability assessment,

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

42  * Kretschmer et al. (2012): Proceedings of the 20t EUBCE, Milan, Italy Nils Rettenmaier et al. ® 27.03.2019
** Keller et al. (2015): Applied Energy 154, 1072-1081, https://doi.org/10.1016/j.apenergy.2015.01.095
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