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INTRODUCTION



Hydrogen: A key part of future Energy Systems

4 Komal Mallesh Chougule, Institute of Network Energy Systems, DLR 11.06.2023

Fossil Fuel Production Renewable Energy Hydrogen Applications

The Future of Hydrogen (iea.blob.core.windows.net)

Potential Pathways for producing hydrogen and hydrogen based 

Products

Green Hydrogen Produced?

Green hydrogen production landscape poster Vector Image (vectorstock.com)

https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://www.vectorstock.com/royalty-free-vector/green-hydrogen-production-landscape-poster-vector-42974668
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Background and Motivation

This work:

• Environmental impact assessment of hydrogen 

production by electrolysis.

• Analysis includes fuel production phase with 

compression and liquefaction.

Assessment of Hydrogen fuel for sustainable transport sector

• Transport is one of the sectors considered as „hard-to-abate“ with 

respect to its climate impact.

• For eg. World yearly CO2 emissions in 2021: 37,123 million tonnes; 

therefore, shipping releases 2.5 – 3% of world CO2 emissions.1

• New solutions need to be found to reach the goals of the Paris 

Agreement of 2016.

The topic of LCA 

for marine fuels is

getting more and 

more relevance

1Source: IMO Fourth GHG Study



DLR: Projects 

Matrose
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Neofuels

▪ Focused alternative fuels

▪ Hydrogen (H2) , Ammonia (NH3) , Methanol (CH3OH) , Fischer-Tropsch fuels (mix of hydrocarbons, 

often alkanes with formula (CnH2n+2)

Komal Mallesh Chougule, Institute of Network Energy Systems, DLR 11.06.2023

Assessment of different production 

routes of synthetic fuels with regard 

to sustainable indicators using 

existing lifecycle-based methods

Assessment of maritime fuels 

(H2 , NH3, Syn CH4) using 

LCA(Life cycle assessment) 

and LCC(Life cycle cost) to 

quantify the environmental and 

economic effects at their 

production and use phase 
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Case Study : Environmental Assessment of   
Electrolysis Technologies
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Methodology:  Life Cycle Assessment (LCA) – DIN EN ISO 
14040 & 14044

“LCA is a tool for examining the total environmental impact of a product through 

every step of its life” 

Life Cycle assessment



Hydrogen Production: Alkaline(AEL) & Proton Exchange 
Membrane Electrolysis (PEMEL)
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Proton exchange membrane Electrolysis (PEMEL)

Alkaline Electrolysis (AEL)

Specification AEL PEM

Electrolyte 25-30% KOH 

aqueous solution

Solid Polymer

Operating 

Temperature(◦C)

60 - 80 50 – 80 

Pressure (bar) 2–35 15–40

Efficiency (%) 50 -78 50 - 83

Technology readiness 

Level (TRL)

9 8

Electrodes and catalysts an: Ni, Fe

cat: Ni/Ni-Co + Pt

an: Ti + 

Ti/RuO2 , IrO2 

cat: Ti + Pt

Development status Mature Commercialized

An overview of water electrolysis technologies for green hydrogen production -

ScienceDirect

Modeling alkaline water electrolysis for power-to-x applications: A scheduling approach -

ScienceDirect

https://www.sciencedirect.com/science/article/pii/S2352484722020625
https://www.sciencedirect.com/science/article/pii/S036031992034725X


Case Study: Methodology Overview
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Goal of our study Compare the environmental Impacts of Alkaline (AEL) 

and Proton Exchange membrane (PEMEL) electrolysis

using different datasets by Life cycle assessment

Temporal Boundaries 2020 - 2050

Location Germany, Denmark and Spain

Software and Database Activity Browser & Ecoinvent Database 3.9.1

Impact assessment method Environmental Footprint 3.1

Functional Unit 1 kg of LH2 (LHV)

Environmental Impacts Global warming potential, Acidification , Eutrophication, 

Land use, Ecotoxicity, Human Toxicity

Goal and scope definition of the Lifecylce Assessment (LCA)



System Boundary : Well-to-gate
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Figure 1: Schematic overview of hydrogen supply chain used in this study (Well to Gate). Source: Own plot
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Life Cycle Inventories: Assumed Hydrogen Supply Chain

PV

Wind

PV

Wind

PV

Wind

Alkaline Electrolyser (Van 

der Giesen et al 2014) –

Scenario 1

Alkaline Electrolyser (Koj 

et al 2017) – Scenario 2

PEM Electrolyser 

(Delpierre et al  (2021) –

Scenario 4

Compression 25 

bar

(Van der Giesen 

et al 2014)

Liquefaction

(Malik Sajawal

Akhtar et al 2021)

Electricity Source Electrolysis technology 

(and datasets)

Compression Liquefaction

1
 k

g
 L

iq
u
id

 H
y
d
ro

g
e
n

Countries Electrolysis, Compression and Liquefaction LCI data

PEM Electrolyser (Wulf et 

al  (2018) – Scenario 3

Figure 3:  Hydrogen supply chain for selected countries and LCI datasets. Own plot 



Assumptions considered from Literature Sources 
Scenario 1 : 

AEL (Van der 

Giesen)

Scenario 2: 

AEL (Koj)

Scenario 3: 

PEM(Delp)

Scenario 4 : 

PEM (Wulf)

Efficiency (%) 58 66 60 66

Functional unit 1 MJ of fuel 1 kg of hydrogen 1 kg of hydrogen 1 kg of hydrogen

Lifetime (years) 

stack

10 10 30 8

Data age 2014 2017 2021 2018

System boundary Cradle to Gate Cradle to Gate Cradle to Gate Cradle to Gate

Software Cmlca version 5.2 Gabi Openlca Umberto

Impact 

assessment 

method

- ILCD ILCD CML

Secondary

database

Ecoinvent 2.2 Ecoinvent 3.1 Ecoinvent 3.4 Ecoinvent 3.1

Compression & 

Liquefaction

Included Not included Not included Not included
13
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Results: 

Hydrogen Production (Electrolysis) + Compression (25bar) + Liquefaction



Results: Life Cycle Assessment – contribution analysis
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Results of LCA – Climate change
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Figure 2 : Impacts of production the production (AEL), 

compression and liquefaction of hydrogen for different 

electricity sources, locations and using two different LCI 

sources for electrolysis. 

Figure 3 : Impacts of production the production (PEM), 

compression and liquefaction of hydrogen for different 

electricity sources, locations and using two different LCI 

sources for electrolysis. 
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Results of LCA – Other impact categories
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Conclusion

Environmental Assessment:

▪ The potential of environmental impact of Hydrogen fuel from renewables such as PV and wind to reduce climate 

impact of transportation sector has been assessed.

▪ In Hydrogen production, source of Electricity played a key role in significant reduction of GWP.

▪ Environmental impacts during production depend greatly on location, influenced by the site-specific renewable 

potential, as the chosen electricity production technology (wind vs. PV) has vastly different life cycles and 

environmental effects.

▪ Within the scenarios the impacts from Spain are lower than Germany and Denmark due to the higher solar 

resource in that selected location.
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Outlook

▪ Consider the environmental impacts from transport and distribution of hydrogen.

▪ As, a part of project hydrogen is used for the production of ammonia production by Haber-Bosch 

process and methanol production.

▪ Together with environmental impacts the economic costs are should be taken into consideration.
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Electricity data from ecoinvent 3.9.1
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Figure 4: Renewable Energy dataset availability in the database ecoinvent 3.9.1. Green means a 

dataset is available and red unavailable. 
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LCA Results: Comparison of Alkaline Electrolysis (AEL) 
Datasets, Locations and Electricity Sources 

Figure 5: Comparison of the impacts of production the production (AEL), compression and liquefaction of hydrogen for different electricity

sources, locations and using two different LCI sources for electrolysis. Source: own plot with LCI Data taken from (van der Giesen et al 2014) 

and (Koj et al 2017)
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LCA Results: Comparison of Proton Exchange Membrane 
(PEMEL), Locations and Electricity Sources 

Figure 6: Comparison of the impacts of production the production (PEMEL), compression and liquefaction of hydrogen for different electricity

sources, locations and using two different LCI sources for electrolysis. Source: own plot with LCI Data taken from (Delpierre et al 2021) and Wulf 

et al 2017)
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LCA Results: Comparison AEL and PEMEL
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Figure 7: Comparison of the Impacts of production the production (AEL + PEMEL) compression and liquefaction of hydrogen for different 

electricity sources, locations. Source: own plot with LCI Data taken from (Koj et al 2017), (Delpierre et al 2021) 


