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Who we are — What we do

o ifeu — Institute for Energy and Environmental Research Heidelberg

¢ Independent scientific research institute since 1978
e Organised as a private non profit company
e Currently about 80 employees

Renewable Resources Environmental Impact Assessment

Life Cycle Assessment Waste Management Transport

Environmental Education Energy



Who we are — What we do

Biomass and food: core topics

Research / consulting on environmental aspects of
— transport biofuels
— biomass-based electricity and heat
— biorefinery systems
— bio-based materials
— agricultural goods and food

— cultivation systems (conventional agriculture, organic
farming, etc.)

Biomass potentials and scenario development
Technologies / technology comparisons

Integrated life cycle sustainability assessment
(environment + economy + society + policy + ...)
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ifeu and LCA: 25+ years of experience

First full life cycle assessment
F + E-Vorhaben des Umweltbundesamtes On bIOdIeseI In EurOpe

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

5 Nils Rettenmaier ® 07.04.2020



ifeu and LCA: All types of biomass

Sven Gartner

Gunnar Hienz Forschungsbey

Heiko Keller

Maria Mller-Lindenlauf Nachwachsende Rohs Guido Reinhardt

e Vs Sven Gartner r
Identifizierung vorte e A
e B »-Factory M
gung from perennial g S

- - KM Miller-Simann”, G.
Gesamtokologische H Maria Miller-Lindenlay

THEME KBBE.2013.3.2-02 KBBE.2013.3.2-02
Institute for Encrgy|
Kaskadennutzung voi

The CO; algae biorefinery

Umweltauswirkungen st

A Froject full title:
Holznutzungssysteme im|

"THE MICRO ALGAE BIOREFINERY"
Okologische Optimig
regional erzeugter L¢

Project acronym:

. : D-FACTORY
Energie- und Klimag

Deliverable 7.5

* Institut fir umweltgerechte | )
*Instirut fiar Energie- und Uy Final report;

Férderkenng Environmental assessment of

Das Vorhaben wurde im Rahmen des Fard) ¥ e \
cherung® (BWPLUS) am Forschungszeny 75
Wirttemberg zefordert. v

This work was supporied by the Eurof]
OPTIMA ("Optimization of Perennial Grag
74l 289642). This report was prepared as pd
onTasks7.1,72and 74"

Dunaliella-based algae biorefinery concepts

Heiko Keller, Sven Gartner, Guido Reinhardt, Nils Rettenmaier

Heidelberg, Januar 2013

Heidelberg 2009

= Wood, fibre crops, energy crops, food crops, algae, ...
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Selected current projects on bio-based products

H2020 project MAGIC Biotumen, oleochemicals,

\ M ]
Magl (GA number 727698) insulation material, adhesives
IINanO H2020 project NanoTextSurf Membranes, protective textiles,
TextSUrf (GA number ) friction pads, abrasive materials
_ BBI-JU project UNRAVEL bio-polymers, insulation foams
U%RQ\;EL (GA number 792004) (polyurethane), bitumen
g i n|9F |, nia H2020 project SinFonia Fluoropolymers
P ‘ (GA number 814418)
s BBI-JU project VAMOS Bioresin, purified lactic acid (LA),
vamos (GA number 837771) PLA/fibre composite materials
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Outline

LCA methodology in a nutshell

Selected examples of LCAs for bio-based products

Lessons learnt and conclusions
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LCA overview: ISO 14040 & 14044

INTERNATIONAL ISO
STANDARD 14040

Environmental management — Lifs cycle
assessment — Principles and framework

UMY (FOVBMETY — AKvEe & (Ve N de — Friecver
L

INTERNATIONAL ISO
STANDARD 14044

Environmental management — Life cycle
assessment — Requirements and
guidelines

Management environnemental — Analyse o Cycle 08 vie — Exigences
et lgn=s drectices

Reference number
190 1404320052)

€150 2005

e 13
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LCA overview

LCA addresses

the environmental aspects and

(e.g. use of resources and the environmental
consequences of releases)

from raw material acquisition through
production, use, end-of-life treatment, recycling and final
disposal (i.e. )

of a (any good or service).
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LCA overview: EN 16760 for bio-based products

DEUTSCHE NORM Februar 2016

DIN EN 16760

=
Z

ICS 13.020.60

Biobasierte Produkte -
Okobilanzen;
Deutsche Fassung EN 16760:2015

Bio-based products -
Life Cycle Assessment;
German version EN 16760:2015

Produits biosourcés -
Analyse du cycle de vie;
Version allemande EN 16760:2015
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Selected examples

Okologische
Innovationspolitik -
Mehr Ressourcen-
effizienz und Klima-

schutz durch nachhaltige
stoffliche Nutzungen von
Biomasse

Duration
07/2010 - 03/2013

Commissioned by
German Federal Envi-
ronment Agency (UBA)

Methodology

° Screening LCAs based on ISO 14040 and 14044

°* 9 midpoint impact categories (LCIA: CML)
° Comparative assessment: bio vs. fossil

°  Normalisation: EU inhabitant equivalents

Selected case studies
1,3-propanediol Wood fibre insulation
Polylactide (PLA) Hemp fibre composite

Packaging paper Cascading use of wood
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Selected examples

Methodology
Screening LCAs based on ISO 14040 and 14044

ﬁ@‘*

10 midpoint impact categories (LCIA: ReCiPe)
L1|\/I | Phosphate footprint + Land use footprint by

ADDING VALUE TO CAMELINA AND CRAMBE OIL

Consequential modelling

Comparative assessment: bio vs. (bio+fossil)

Duration

Normalisation: EU inhabitant equivalents
03/2015 — 08/2019 G

Funded by .
European Union’s Investigated products

H2020 programme Speciality oleochemicals from Camelina and

Crambe (substituting tropical oil crops)
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Example: Packaging paper

Karton (Ref. Fossil-PE)
Substitution, 50%

84>

Bio-PE (Ref.

Fossil-PE)
Substitution, 50%

Humantoxizitat: Feinstaub (PM10)
Naturraumbeanspruchung

Ozonabbau

Klimawan del

Priméarenergiebedarf (nicht-erneuerbar)

Terrestrische Eutrophierung
Aquatische Eutrophierung
Sommersmog

Humantoxizitat: Feinstaub (PM10)

Naturraumbeanspruchung

Environmental impacts

All selected bio-based products
show

compared to their conventional
equivalents.

This from
many life cycle assessments for
bioenergy carriers / biofuels.

Ozonabbau
€Advantages Disadvantages=>
e e of the compara-
EDW / 1 Mio. Stiick M M
tive life cycle assessment,
22 Source: Rettenmaier, N. et al. (2014): Lebenszyklusanalysen fiir ausgewahlte bio- Nils Rettenmaier ® 07.04.2020

basierte Produkte. Available at:


https://bit.ly/3e3eMkD

Example: Speciality oleochemicals

€ Advantages Disadvantages = Non-renewable energy use
‘ : Climate change

Acidification
Eutrophication - marine

Eutrophication - freshwater

Particulate matter

© Courtesy of Linnaeus
Plant Sciences Ozone depletion

I Summer smog
I | Frosohte footprint
E— Land use footpin

€ Advantages Disadvantages Non-renewable energy use
‘ ‘ Climate change

Acidification

Eutrophication - marine

Eutrophication - freshwater

Particulate matter

E. N. van Loo,
; Wageningen UR Ozone depletion

| Summer smog

Phosphate footprint

[ — Land use footprint

-3 -2 -1 0 1 2 3 4 5 6
Inhabitant equivalents per hectare per ©IFEU 2019
® 23 Source: Reinhardt, G., Rettenmaier, N., Wagner, T. (2019): Final report on environmen- Nils Rettenmaier ® 07.04.2020

tal assessment of the COSMOS value chains. Available at: http://www.ifeu.de/cosmos



http://www.ifeu.de/cosmos

Example: 6 case studies

Life cycle comparison

Functional unit

1000 kg 1,3-propanediol
(PDO)

vs. fossil PDO
vs. PS, 1000 clamshells for
PP and PET 500 ml goods
vs. foil packaging Packaging for 500 g
from petro-LDPE / spaghetti

VS.
rock wool or polystyrene

1 m2 insulation surface
with a specific heat
transfer coefficient

VS.
glass fibre or ABS (acrylo-
nitrile butadiene styrene)

1 pc. Car door interior
lining

products instead of con-
vent. reference products

1 m roof beam, 1 m2
shelf space, 1 kWh
electricity, 1 MJ heat

Methodological issues

It is
for all bio-
based products

However,

after conversion to a uniform
reference unit (e.g. area)

For each LCA,

(more complex than for
bioenergy carriers).
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basierte Produkte. Available at:


https://bit.ly/3e3eMkD

Example: PLA clamshells
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Result-determining processes

° Depending on the respective bio-
based product and the impact
category considered:

Production of the biomass

Expenses for the envisaged bhio-
based product

Environmental impacts associated
with the conventional reference
product

Use phase and the type of co-
product use

End-of-life (recovery and/or
disposal) of the bio-based products
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Source: Rettenmaier, N. et al. (2014): Lebenszyklusanalysen fiir ausgewahlte bio-

basierte Produkte. Available at: https://bit.ly/3e3eMkD
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https://bit.ly/3e3eMkD

Example: Speciality oleochemicals

€ Advantagés INHYTT] Disadvantages & | Non-renewable energy use
| .:-]]m Climate change
Acidification

Eutrophication - marine

© Courtesy ofLinﬁaeus I:_ I | | Eutrophication - freshwater

Plant Sciences

Particulate matter
Ozone depletion

Summer smog

Phosphate footprint

Land use footprint

-3 -2 -1 0 1 2 3
Inhabitant equivalents per hectare per year
@ Agriculture: diesel and others O Agriculture: fertiliser O Agriculture: field emissions
@ Transports and pre-treatment O Pressing, refining, glucosinolates extraction O Conversion: transesterification
O Credits: glycerol O Conversion: short path distillation/HVCFE O Conversion: ethenolysis and hydrogenation
@ Credits: cake as animal feed O Credits: polyunsaturated fatty acid esters E Credits: medium chain fatty acid esters
m Credits: lubricants | Credits: a-olefins B Credits: saturated fatty acids
@ Credits: internal olefins and long chain fatty esters B Net result © IFEU 2019
26  Source: Reinhardt, G., Rettenmaier, N., Wagner, T. (2019): Final report on environmen- Nils Rettenmaier ® 07.04.2020

tal assessment of the COSMOS value chains. Available at:


http://www.ifeu.de/cosmos

Lessons learnt from LCAs for bio-based products

Suitability of the chosen method

Life cycle assessments (LCA) are a suitable and recognised instrument
for quantifying the environmental impacts of bio-based products.
* Carbon footprint alone is not sufficient (—address all environmental impacts!)

* Local environmental impacts to be addressed (e.g. by supplementary LC-EIA)

However, a transfer of the results for the products investigated here
to other bio-based products is not permitted, as the results may vary
considerably in individual cases.

LCAs for bio-based products can hardly be standardised (in contrast to
LCAs for bioenergy), as the use and end-of-life phases can be very different.

For this reason, curtailed assessments of the bio-based life cycle (e.g.
cradle-to-gate balances) are strongly discouraged.
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Concluding remarks

Overall assessment and recommendations for decision makers

, just because biomass is a renewable resource.

* Interms of environmental impacts, they are on a par with bioenergy carriers.

From a perspective, it would make sense to steer
biomass towards industrial use in the future and to emphasise the

With the expansion of industrial use of biomass, an already

prevailing (including indirect effects)
is to be expected.

 Mandatory sustainability criteria for biomass irrespective of its later use
(bioenergy, bio-based products, food/feed) are needed.
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Thank you very much for your attention!

Nils Rettenmaier
nils.rettenmaier@ifeu.de

Downloads
www.ifeu.de
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