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HySeasIII Project

ÅCombine fuel cells with batteries to 
test with typical loads of a Roll-on/Roll-
off passenger ferry (RoPax), which 
would operate in the 7 km route 
Kirkwall/Shapinsay(Scotland)

ÅConstructing and testing a powertrain 
on land with 600kW fuel cell power 
and 720 kWh Li-ion battery packs

ÅDLR contributes to the project with the 
market potential, environmental, 
economic and job-creation potential of 
the future implementation of this 
alternative propulsion system

ÅHowsustainablecouldthis propulsion
systembe?
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Methodology
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ÅLife Cycle Sustainability
Assessment (LCSA) considers
the triple bottom of
sustainability

ÅHowto concilethe different 
dimensions?

ÅA multi-criteria decision
assessmentmethodcanhelp
to considermultiple 
indicatorsat the same time
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Methodology

Source: based on Geldermann and Lerche (2014)

Definition of goaland 
purposeof the technology

assessment

Determination of
technologyoptions

Determination of
dimensions, criteria and 

indicators

Determination of criteria
values

Determination preferences
and valuefunctions

Integration and aggregation
for a completeassessment

SensitivityAnalysis

Preparationof complete
assessmentfor
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Possible data input
Å Life Cycle Sustainability

Assessment (LCA, LCC, 
sLCA)

Å Technical literature
Å Surveys, Interviews
Å Technoeconomicmodels

Relevant Stakeholders
Å Vendors/users
Å Civilsociety
Å Industry
Å Executive/Legislative
Å Inhabitants
Å etc.

ÅOurapproachtakesinputsfrom
methodologiessuch asLCA, LCC and s-
LCA 

ÅIn this particularcase, we aggregatedthe
resultsusingthe multi-criteriadecision
analysisof TOPSIS (Techniquefor Order 
Preference bySimilarityto Ideal Solution)
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Multi -Dimensional Assessment
ÅGoal: Environmental and economicassessmentof a RoPaxferry

ÅScope: shipconstruction, energysupply(hydrogen, diesel, electricity) duringthe usephase

ÅCradleto usephase(end-of-life not included)

ÅFunctionalunit: 1 km of shipoperationconsideringa lifetime of 30 years

LCA:

ÅImpact assessmentmethod: ILCD 2018

ÅBackground database: ecoinvent3.7.1, cut-off 

ÅHydrogen consideredproducedwith electricityfrom wind energy, battery rechargewith grid

LCC: 

ÅShipconstructionpricewith assumptionsfor mainpropulsionsystemcomponents; hydrogen costscalculatedwith
CAPEX, OPEX and discountingrate; Diesel priceaccordingto international pricesfor marine dieseloil. 

ÅPersonal costswerenot includedin the study

ÅDiscountingrate of 3.5%

Sources of data: 

Project HySeasIII, LCAs of other authors, ecoinvent3.7.1
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Assessed Alternatives and Life Cycle Phases
Hydrogen Fuel Celland 

BatteryElectric RoPaxFerry
600 kWh Fuel Cells
600 kg H2 on-board storage
720 kWh Li-ion batteries
H2 producedwith wind 
power
Chargingelectricityfrom
grid

Diesel BatteryElectric 
RoPaxFerry

600 kW Diesel Engines
720 kWh Li-ion batteries

Electric generator
Chargingelectricityfrom

grid

Diesel Electric RoPaxFerry

600 kW Diesel Engine
Electric generator

Modified from TRILLOS, Juan Camilo Gomez, et al. Life cycle assessment of a hydrogen and fuel cell ropax ferry prototype. In: Progress in Life Cycle 

Assessment 2019. Springer, Cham, 2021. S. 5-23.
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Results of Life Cycle Assessment

Source: own plot

Source: own plot

Climate Change per km Comparisonof Impacts Normalizedto the highestresult
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Results of Life Cycle Costing

Power train and replacementsof
batteriesand fuel cellsareconsiderably
higherthan the onesof the traditional 
alternatives employingonly internal 
combustionengines

Hydrogen productioncostdepends
heavilyon the electricityprice

Consideringan electricitypricefor
hydrogen productionof 10 cent/kWh, 
the levelizedcostper km arealmost
90% highercomparedto the diesel
electricalternative

Source: own plot

H2 Fuel Celland battery electricship
Diesel 
Battery
Electric

Diesel 
Electric

Levelized Cost per km
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Results of Multi-Criteria Decision Analysis

Weights

Environmental Dimension EconomicDimension

0.5 0.5

Levelizedcostper km

0.5

I1 I2 I3 I16Χ

0.031 0.031

TOPSIS steps

1. Normalization

2. Weighting

3. Ideal and anti-ideal solution

4. Calculatethe distancefor
eachalternative to the ideal 
actionand anti-ideal action

5. Calculatethe relative 
closenesscoefficientof each
alternative

Source: own plot
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Results of Multi-Criteria Decision Analysis

ÅClosenesscoefficientin TOPSIS 
measureshow closeone
alternative is to theαƛŘŜŀƭά 
solution(the closer, the better)

ÅThe hydrogen fuel celland 
battery alternative iscloserto
the ideal solutionwhenthe
weightof the economical
dimensionis reducedto less
than 0.2

ÅThe resultsdependheavilyon 
the weightswe assignto the
indicators

Source: own plot
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Conclusions

LCA

ÅOneof the maindriversfor the adoptionof hydrogen for shippingis the reductionof
climatechangeeffects. The alternative developedunderHySeasIII hasa lower climate
changeimpactcomparedto the dieselelectricor dieselbatteryelectricalternatives.

ÅHowever, this alternative hashigherimpactsin the categoriesfreshwatereutrophication, 
mineralsand metals, carcinogeniceffects, non-carcinogeniceffects, freshwatertoxicity
and dissipatedwater; theseimpactsarerelatedto the sourcingof materialsfor
renewableenergyproduction, batteriesand fuelscells.

LCC

ÅThe costof hydrogen ishighlysensitive to the priceof the electricityusedfor its
production.

ÅHydrogen priceisan important costcomponentfor the hydrogen fuel celland battery
ship.



Funded by the European Unionôs Horizon 2020 
research and innovation programme under grant
agreement no: 769417 

Conclusions

MCDA

ÅMCDA methodscanbea wayto selectonealternative basedon several(morethan two) 
indicators.

ÅHowever, thesemethodsrequirein mostof the casesweightsand in the particularcase
of TOPSIS there isa normalizationstepthat canleadto different resultsdependingon 
how the resultsarenormalized.

ÅA weighthigherthan 80% hasto begivento the environmental indicatorsaltogetherto
favourthe hydrogen fuel celland batteryalternative in comparisonwith the other
alternatives. 

Outlook

ÅA higherlevelof detail isexpectedafter designsand propulsionsystemtest is finalized. 

ÅSocialperspectiveisyet to beaddedto the analysis(future work)
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Thank you for your time!

Juan Camilo Gómez Trillos
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Phone: 49-441 99906-247 

Mail: juan.gomeztrillos@dlr.de
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LCSA Methodology

MCDA

Full Aggregation Approach

Outranking Approach

Goal, Aspiration or reference-level approach

Integrated systems

Analytic hierarchy process

Analytic network process

MACBETH

PROMETHEE

ELECTRE

TOPSIS

Goal Programming

Data Envelopment Analysis

Multi-method platforms

ÅThereareseveralframeworksand 
mathematicalMCDA methods.

ÅEachonehasa particularapplication
accordingto the needs. 

ÅHowever, the methodsarealso proneto
errors.

Source: own plot based on the classification of Ishizaka and Nemery (2013) 
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TOPSIS Steps

1. Normalization

2. Weighting

3. Ideal and anti-ideal solution

4. Calculatethe distancefor eachalternative to the ideal actionand anti-ideal action

5. Calculatethe relative closenesscoefficientof eachalternative
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Normalization methods

Distributive normalization:

ὶ
ὼ

В ὼ

Ideal normalization:

for max: ὶ , for min: ὶ
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Results of Life Cycle Assessment

Most important
contributionsarerelated
to the electricityfor
battery chargingand the
hydrogen supply

Supply of hydrogen hasan 
important impactin 
freshwaterecotoxicityand 
carcinogeniceffects, 
mainlyrelatedto the
constructionof wind 
turbinesfor the electricity
usedfor electrolysis

Source: own plot

Contribution Analysis - Hydrogen and fuel cell ferry with Li-ion batteries
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Results of Multi-Criteria Decision Analysis

ÅClosenesscoefficientin TOPSIS 
measureshow closeone
alternative is to theαƛŘŜŀƭά 
solution(the closer, the better)

ÅThe hydrogen fuel celland 
battery alternative isscoredas
the last of the 3 alternatives

Source: own plot

Closeness Coefficient for the Different Alternatives


