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1. Motivation for the study
Future hydrogen production locations worldwide

Global Hydrogen Production Projects

2,259 mapped projects with valid coordinates; Cancelled, Decomissioned, and On hold statuses excluded
Equal Earth projection; source: IEA 2026 - Hydrogen Production Projects Database
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1. Motivation
Goal & Research Question

Goal:

enhance the representation of hydrogen distribution in a prospective LCA framework
(premise) to investigate future environmental impacts

Research Question:

* How does more explicit modelling of hydrogen distribution technologies change the future
environmental impacts across regional hydrogen markets?

IER Universitat Stuttgart 24.09.2026 4



2. Methodology

Hydrogen distribution mode depends on:
* Transport distance
* Size of the offtaker

* Costs for delivery
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premise — prospective environmental impact assessment

Python tool for prospective database creation
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2. Methodology
Approach to modelling H2 distribution in premise

IAM = low spatial resolution = hydrogen distribution is not explicitly modelled
- Develop methodology to determine distribution modes and their shares

— Sectors: Steel, Cement, Chemicals, Transport, ,Other industries” (e.g. Paper, Glass, ...)
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2. Methodology
Distribution options overview

Conversion processes Transport processes Reconversion processes Reference product of delivery
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2. Methodology

Hydrogen distribution decision tree

On Final Energy Level

Hydrogen end | steel Cement Chemicals Heating
use sector Other (Glass, Paper)

On Secondary Energy Level

Yes
Is synfuel sector?
No
Yes
Is heating
sector?
No
Demand per Yes
consumerand ~ X> 1kt
year
Demand per Yes
consumerand X > 5kt
year
Demand per Yes
consumer and X > 50 kt No
year No
Requires high Yes
purity? No
RN S— —Y S v A—
CGH2 CGH2 ~
80 % — 25% i Direct use of
_ | | J No NH3, MeCH,
20% |LH2truck 25% LH2fruck 20 % LH2 truck l | SAFetc. )
v ‘ On-Site
CGH2 CGH2 CGH2 CGH2 CGH2 production
50 % pipeline 80 % pipeline 70% pipeline 80 % pipeline 100 % pipeline ; '
NH3 ship " Onsite |
30 % + cracking 20 % \producticn_,

IER Universitat Stuttgart

24.09.2026



2. Methodology

H2 demand nodes at the example of the steel and transport sector (REMIND <1.5 °C)

Hydrogen demand per steel plant and number of steel plants per region
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3. Results

New representation of the hydrogen sector
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2. Methodology
Scope of the pLCA study

Scope: Cradle-to-delivery Gate LCA following 1ISO 14040/44

Functional unit: 1 kg of hydrogen, gaseous, low pressure, for ,specific sector”

Time horizon: 2030, 2050

Scenarios:

<1.5°C REMIND SSP1-PkBudg650
IMAGE SSP1-VLLO
MESSAGE SSP1-VL
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3. Results

Transport shares per IAM and hydrogen market for 2030 in Europe

Hydrogen supply and transport shares in European IAM regions
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3. Results

Difference in env impacts compared to status quo (Europe)

Environmental impacts relative to the generic hydrogen market (= 1) for Europe
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3. Results

Comparison of regions across hydrogen markets for the steel sector - 2030

REMIND - SSP1-PkBudg650 (<1.5 °C) — 2030
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3. Results

Trade-offs across hydrogen markets for the steel sector — 2030 to 2050
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4. Discussion
Insights and limitations

» Hydrogen only shows up in deep defossilization scenarios
» Implementing hydrogen distribution options enhances the full picture of the hydrogen sector

» Conversion and reconversion of hydrogen for distribution should be kept as low as possible >
Liquefaction, heat supply for NH3 cracking = analyse full process chain

» Higher losses of NH3 route leads to increased env. impacts: Cracking recovery rate

Limitations:
* |AM’s initially don‘t have H2 distribution or cross border trade = secondary energy level changes
* Exact shares are hard to foresee = spatial modelling of H2 infrastructure needed

* Distribution options: rail, barge for GH2 and LH2 + other carriers: LOHC
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Discussion
In your opinion ....

» Which feature would you implement in premise?

» Which sector needs higher detail of representation?
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Share of hydrogen supply

3. Results
Comparison of regions across hydrogen markets for the steel sector (2030)
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Backup: IMAGE 1.5 °C
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Backup: IMAGE 1.5 °C

Transport, conversion, and reconversion by market
IMAGE - SSP1-VLLO (<1.5 °C) — 2030
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1. Motivation
Status quo of the Hydrogen sector in premise

* Hydrogen production technologies

* For every region, regional markets are
created containing technology specific
shares of hydrogen production based on
IAM scenarios.

* Generic pipeline transport (500 km)
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2. Methodology
Literature Review on H2 transport

* Regional study with majority of H2 being transported by pipeline and GH2 and LH2 trucks
used for short distances (Parolin et al 2022)

* Pipeline widely associated with the lowest costs up to 2.500 km = switch towards ships
(LOHC < NH3 in terms of TRL) (IEA 2019 & Sterner et al 2025)

* Stepwise transition from trucks to pipeline > H2 distribution modes are complementary
(Reul’ et al 2019)

 Large scale offtakers (e.g. BASF) have their own on-site H2 production

* Up to 10 Mt of hydrogen shall be imported to Europe by 2030 (EU 2024)

* DRI of iron to steel can use lower purity hydrogen = possibility for H2 from NH3 cracking

(Busch et al 2025)

- Choosing the transport mode depends the scale of hydrogen demand
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2. Methodology
Building plant archetypes

Genenc for Steel and Cement

Regional production volume by sector

Mtfa
Final energy use of hydrogen in that sector
Typical plant size and availability of that planlw hﬂlumber of plants to be supplied by hydrogen in
Output/a and dfa v that region per sectar
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2. Methodology
H2 demand nodes at the example of the steel and cement sector (REMIND <1.5 °C)
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