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Approach for Sustainability Assessment ﬂ(IT
MCDA for Sustainability Assessment

® Multi Criteria Decision Analysis (MCDA) to support decision-making processes
® Comparison of alternatives based on relevant, often conflicting, criteria.

® Mathematical procedures to aggregate results from sub-problems

® Systematically determine the best choice for a decision maker

® Selection and weighting of criteria as key aspects

Common MCDA methods for criteria aggregation

WSM* Simple linear additive models simple computation, only basic estimations, -only
transparent single preference

TOPSIS** best alternative should have the shortest simple computation does not consider difference

(Euclidian) distance from the positive ideal between neg. & pos. values

solution while it has the longest distance from
the negative ideal solution

PROMETHEE*** construction of outranking relation to compare considers interdependency of complex method, computation (Guitouni and Martel 1998,
each pair of actions; criteria efforts high Wang et al. 2009)

* Weighted Sum Method ** Technique for Order Preference by Similarity to Ideal Solution *** Preference ranking organization method for enrichment evaluation
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' le A ment of fuel pr lon pathw
Life Cycle Assessment o uel p oduction pathways _\\J(IT
Examples from the reFuels project

® Comparison of potential environmental impacts of different fuel production
pathways

® Analysis of the effects of different process constellations and locations
® |dentification of hotspots and potentials

® Focus on Global Warming Potential (GWP), Fine Particulate Matter Formation, Fossil
Resource Scarcity

® Fuel production pathways

® Microstructured Fischer-Tropsch (FT) synthesis with CO, from Direct Air Capture
(DAC)

® Conventional Fischer-Tropsch (FT) synthesis with CO, from a cement plant
@ Biolig Dimethyl Ether (DME) fuel synthesis with CO, capture by biomass
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Fuel production processes
Examples from the reFuels project

® Microstructured Fischer-Tropsch (FT) synthesis

System boundary Credits for
by-products

Electricity generation
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Integrated according to Modelled according to Agora Plant size of synthesis and
C0O2 demand + Energiewende / wind power, ecoinvent / Data preparation modelled on
stoichiometrically anshore and offshore, 570 KWp from Syseet permissible weight of a 40-foot
calculated for results photovoltaics container
/ Fuel production and provision
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u Tropsch Product
@ con-

. . reverse ditioning
%r:(:ttjf;r » Water-Gas-
P Shift

Trans-
port

and pro-
vision

Modelled after Adjusted
distribution from ecoinvent data
other processes set

/

Process data from Vazquez et al. (2018)
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Fuel production processes ﬂ(".
Examples from the reFuels project

Karlsruhe Institute of Technology

® Conventional Fischer-Tropsch (FT) synthesis

System boundary Credits for
by-products

Electricity generation )
COy-Uptake : Plant construction Petrol + Oxygen
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Trans-
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vision
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Process data from Institute for Industrial Production (KIT-1IP)

/ (Andresh et al. 2021)
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Fuel production processes

Examples from the reFuels project

® Biolig DME petrol synthesis

System boundary

Credits for by-products
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Process data from Trippe (2013): Techno-6konomische Bewertung alternativer Verfahrenskonfigurationen zur Herstellung

von Biomass-to-Liquid (BtL) Kraftstoffen und Chemikalien

10 NET@KIT, 23. Méarz 2023

(Andresh et al. 2021)

Martina Haase



Approach for Sustainability Assessment

Sustainability Concept

'

Indicator-set based on Sustainability Concept

i

Definition of the System Boundaries and
Characterization of the Process Chain

! |

Modeling of Material and Energy Flows
(Raw Materials, Operating Materials, Wast.e Materials, Surveys, Interviews,
Energy Demands, Products, Emissions) Databases, Statistics

!

Life Cycle Inventory (LCI)

i

1

v ' v

Environmental Assessment Economic Assessment Social Assessment
(Life Cycle Assessment [E-LCA]) (Life Cycle Costing [LCC]) (Social Indicators)
.-
Assessment of Assessment of Assessment of
Environmental Impacts Economic Parameters Social Issues

Sustainability Assessment
(Multi Criteria Decision Analysis [MCDA])

Integrative Assessment of Overall Sustainability Performance

(Haase et al. 2022a, 2022b)

11 NET@KIT, 23. Méarz 2023

KIT

Karlsruhe Institute of Technology

® Decision Support Tool for MCDA
assisted sustainability assessment
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Life Cycle Impact Assessment ﬂ(".
Global Warming Potential of considered alternatives

Karlsruhe Institute of Technology

1.00E+00
Global Warming Potential durch Kraftstoffproduktion und —bereitstellung
8.00E-01 - kg co2 Aq [ MJ Kraftstoff
6.00E-01
4.00E-01
2.00E-01
0.00E+00 H .—.—
¢ o 3 * o .
-2.00E-01
-4.00E-01 \
@ ) N
SO St SN S ) e D @ N\ & @ & o D X 2 e O S S S S NP
N & Q $ S R\ & N\ & 9 S N & & N 9 N X Q & Loe) Q N . « B 2
600 0&\\ § & s o‘@\ «é\o Nl o%\\o N o*? o‘é\ &é\ ~<'>6& oé\o o«é\o & & Q*Q «\é\o 6§§ s bo@ fb@\? & o“g\\ o‘{\é\ .c'}‘® \fb\c & > \'\0%
OB @ o & F o S o & o RS SIS @ o & S & o @ o O 0 & RN PN > |
ST LF T T A IS T LTS T LIS T G
& & N & O & ® e & & & S & & & Q}'z’(\b\ qoo\ N & & ¢
& & & & & & &K & & & OQ@ & & & & s
4 Q? )
Power-bound load 90 % load Power-bound load 90 % load Fossil
Microstructured FT, CO, from DAC Conventional FT, CO, from cement plant Biolig references )

m Global warming potential through fuel production — kg CO, Aq | ® Global warming potential through transport by ship — kg CO, Aq kg CO, uptake, fossil
m kg CO, uptake Credit for by-products— kg CO, Ag m CO, emission through usage
& Sum

(Andresh et al. 2021)

12 NET@KIT, 23. Marz 2023 Martina Haase



Life Cycle Impact Assessment
ReCiPe 2016 Midpoint

Impact categories ReCiPe 2016 Midpoint  Unit

Fine particulate matter formation kg PM2,5 eq
Fossil resource scarcity kg oil eq
Freshwater ecotoxicity kg 1,4-DCB
Freshwater eutrophication kg P eq
Global warming kg CO2eq
Human carcinogenic toxicity kg 1,4-DCB
Human non-carcinogenic toxicity kg 1,4-DCB
lonizing radiation kBg Co-60 eq
Land use m2a crop eq
Marine ecotoxicity kg 1,4-DCB
Marine eutrophication kg N eq
Mineral resource scarcity kg Cu eq
Ozone formation, Human health kg NOx eq
Ozone formation, Terrestrial ecosystems kg NOx eq
Stratospheric ozone depletion kg CFC1leq
Terrestrial acidification kg SO2 eq
Terrestrial ecotoxicity kg 1,4-DCB
Water consumption m3
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Microstructured FT,
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Performance

MCDA for Sustainability Assessment
Exemplary results — TOPSIS*

® Equal weighting of criteria

=
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O Sustainability assessment

*Technique for Order Preference by Similarity to ideal Solution
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Takeaways ._\\J (IT

Karlsruhe Institute of Technology

® Presented fuel production processes show negative CO, equivalents
considering production and use of primary and by-products

® For sustainability assessment, economic, social and further environmental
Impacts need to be considered

® MCDA for integrative consideration of criteria

® Selection and weighting of criteria has a decisive influence on results
—> Integration of stakeholders
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