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Problemstellung — Eco-Design Paradoxon f g
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High

Low

Product knowledge/ Information
available to conduct sustainability
assessments

Possible sustainability
improvement

Research and

Concept
Eco-design paradox adapted from Poudelet et al. (2012)

development

Finished process

product

»

»

»

Die meisten
Nachhaltigkeitsauswirkungen werden
bereits in der Forschungs- und
Entwicklungsphase (F&E) festgelegt

Mangel an Kriterien, um geeignete
Nachhalt| eltsbewertun smethode
fur einen bestimmten Fall zu finden
(vrgl. Schimpf und Binzer, 2012)

Wenig Informationen uber die
Produkte und Prozesse sowie
Material- und Energiestrome sowie
deren Nachhaltigkeitsauswirkungen
(vrgl. Poudelet et al., 2012)



Ziel der Studie
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»

Unterstiitzung der friihzeitigen Integration
von Nachhaltigkeitsbewertungen in F&E-
Projekten

Erkennen von ,Nachhaltigkeitsbewertungsstufen™
(SAL) in Anlehnung an die Technology Readiness
Levels

Einteilung von verfiigbaren
Nachhaltigkeitsbewertungstools in
Anlehnung an TRL

Nachzulesen: Chebaeva, N., Lettner, M. et al.
2020. Dealing with the eco-design paradox in
research and development projects.: The concept
of sustainability assessment levels. Journal of
Cleaner Production

Research stage

actual system proven in operational environment

system complete and qualified

system prototype demonstration

technology demonstrated in relevant environment
technology validated in relevant environment
technology validated in lab

experimental proof of concept

technology concept formulated

basic principles observed

Technology Readiness Level (TRL) adapted from EC (2014)




Methodisches Vorgehen
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» Identifizierung und
Klassifizierung von 33
Nachhaltigkeitsbewertu
ngen

» Methodenbeschreibung
» Expertenbefragung

» Auswertung durch eine
Korrespondenz- und

Review and identification of sustainability methods and
tools via snowballing

Short description of identified methods and tools according
to eight characteristics

Assignment of identified methods and tools according to the
first possible Technology Readiness Level (TRL)

Cluster analysis to clarify the grouping process

Concept of SAL

Clusteranalyse
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Ergebnisse I f ;8
Sustainability Assessment Levels (SAL)

» Die Nachhaltigkeitsbewertung ist ein iterativer, dynamischer Prozess

» Strukturelle Rahmen sind erforderlich, um das Lebenszyklusdenken &
Nachhaltigkeit in interdisziplinaren Forschungskooperationen zu fordern

Table 3
Sustainability Assessment Methods (SAM) according to Sustainability Assessment Level (SAL) (*indicates supportive methods).
SAL Suggested sustainability assessment methods
SAL1(TRL 2-3, Checklists, Simplified checklists (e.g., Volvo's White, Grey and Black Lists, Philips Fast Five Awareness), Streamlining Life Cycle Costing,
Cluster 4} Streamlining Social Life Cycle Assessment, ABC analysis*, Outranking methods

SAL 2 (TRL 4, Cluster Streamlining/matrix LCA (Environmentally Responsible Product Assessment Matrix, MECO), Cost-Benefit Analysis, Cost-Benefit Matrices,

3) Environmental Risk Assessment*, Theme-base and accounting indicator frameworks, Hedonic pricing method, Market assessment (conventional ),

Vulnerability analysis

SAL 3 (TRL 5, Cluster Multi-objective decision methods#*, Product maternial intensity ( Ecological rucksack, MIPS), Diffusion assessment and growth curves models for new

2) technologies, nergy/Exergy/Energy analysis, Agent based modelling*
SAL 4 (TRL 6-7, Full Life Cycle Assessment, Life cycle costing, Social life cycle assessment, Multi-attribute utility methods, including indicators-normalization and
Cluster 1) weighting frameworks (e.g., HDI, ISEW), Material flow analysis and Substance flow analysis, Environmental footprint (inclL carbon, water, energy,

etc. footprints), Driving forces-pressures-state-impacts-responses reporting, Dynamic integrated driving forces-state-impacts-responses model,
WAR-algorithm, Experience curves for future performance assessment, Customer immersion*, Conceptual modelling/causal modelling/soft-
systems modelling/mental modelling, System dynamics*, Life Cycle Index




Ergebnisse II fh Y
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Sustainable Innovation Readiness Levels (SIRL) e

» SIRL 1: Stop and Go Levers
Q Trial & Error

QO Knock-out Kriterien

O Ampelsystem (z.B Toxizitat, Verfligbarkeit)

» SIRL 2: Sustainability and Diffusion Levers

O Okologische Hot-Spots &
Verbesserungspotential

O Stakeholder-integration
O Information-Asymmetrien*

Stop & Go Diffusion & Sustainability Optimisation & Efficiency
levers levers levers

Knowledge-based bioeconomy

Basic research

Commercialisation

Knowledge development Technology development Business development

Sustainable Innovations

» SIRL 3: Optimisation and Efficiency levers

O Optimierung
o Oko-Effizienz

*Lettner et al. 2020 Barriers and incentives for the use of lignin-based resins: Results of a comparative importance performance analysis. Journal of Cleaner Prodoction
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» LCA: Life Cycle Assessment, Life Cycle Analysis, Okobilanz




Ex-ante LCA
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LCA: Life Cycle Assessment, Life Cycle Analysis,
Okobilanz

“... ex-ante LCA (o refer to performing an
environmental life cycle assessment of a new
technology before it is commercially implemented
in order to guide R&D decisions to make this new
technology  environmentally  competitive as
compared to the incumbent technology mix.” [Van
der Giesenet al. 2020]

Ex-ante LCA noch nicht so genau wie eine
»vollstandige™ LCA.

r[

Basic I Lab ? Prototype ' Pilot ' Industry |
Concept |;| Research ||| System |, Scale : Scale |

Least Data

Emergent System
i.e. LCA of novel, undocumented process(es)
|

rca | [ wea | [ Lea
Results ! Results ! Results
| 1
- l

1
1
1
1 1
] ]
H : Least
- .
h Uncertainty
] 1
1
]
]

Established System
i.e. *classic” LCA I

Established process generates

inventory for LCA

LCA informs process design using secondary / proxy data

r

Hetherington et al. 2014

*L.CA results obtained for emergent
and established systems will differ.




T3
Beispiel Ex-ante LCA in F&E Projekt f P
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» Projektziel*: Neue Wertschopfungsketten flr einen nachwachsenden
Rohstoff/ Nebenprodukt zu finden

» Kollaboratives Forschungsprojekt Wirtschaft & Wissenschaft

» Neue Technologien & neue Produkte

» Nachzulesen: Lettner, M., Hesser F. (2021). Asking instead of telling —recommendations for
developing Life Cycle Assessment within technical R&D projects In. Progress in Life Cycle
Assessment 2019. Albrecht, S., Fischer, M., Leister, B, Schebek, L. (Eds.).

*H2020 Projekt SmartLi: https.//www.cbe.europa.euy/projects/smartli



Integration ex-ante LCA in F&E Projekt I
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i T T
LCA background Process pathways
’
lu;?n
I
| - Wissen (qualitativ) tber potentielle
(I - Prozesspfade gesammelt
I l_t__i_i_
l—-ibl Pretreatment 3 IL________ i i
L 7= Unsicherheiten entlang der Prozesspfade
e identifiziert
R
B b Zusammenhange von Projektpartnern
T ke iy - aufgezeigt
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» Mehr Wissen /hoheres TRL
reduziert Moglichkeiten fur
Prozesspfade, System besser
beschreibbar

» Neue Daten in Bewertungen
integrieren

» RegelmaBiges Feedback
nach Bewertungen
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Fazit ex-ante LCA in F&E Projekt f 18
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» Unterstutzung sein
O Bei niedrigem TRL sollen Informationen generiert werden

O Spielraum abstecken und Handlungsoptionen ausloten; nicht die Forschung
einschranken

» Flexibilitat leben
Q Iterationen nutzen
O Anpassbares Systemmodell — auf Anderungen reagieren
O Kombinierte Methoden (zB Szenarien, konomische Aspekte, etc.)

» Fragen stellen
O Gemeinsame Sprache entwickeln
O Gemeinsame Ziele definieren

O Feedback von Nachhaltigkeitsbewertung an die technische Entwicklung und vice
versa
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