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TransHyDE-Sys - Energy System Analysis with Different

=%
C B
Different transformation paths for up to five
different country clusters based on NECPs*

Perspectives

Stakeholder
Perspective e

l ‘/'I/'I:I
Industry-specific transformation paths
created by industry institutes

,Individual Transformation
Decisions”

*https://onlinelibrary.wiley.com/doi/full/10.1002/ente.202300951
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What can you expect from this presentation?

- How will the overall demand for
hydrogen in Germany and Europe
develop over time?

Stakeholder - Where is the future demand for
Perspective hydrogen by German industry
expected to be located?

,Individual Transformation - What industrial branches and processes
Decisions” drive this demand?
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The Industrial Transformation from the Stakeholder Perspective:

From Data Collection to Transformation Pathways

-

Industrial Branches &
Processes

~\

r

Collected Parameters
(Selection)

N

s

Use of Collected Data

\(

Chemical Industry

*  Ammonia: Steam Reforming
*  Ammonia: Power-to-Ammonia

Steel

Glass Ca.30

pI’OCGSSGS N
Paper total
Cement

General:

* List of European production sites

including production capacity per process.

Process:

* Energy Consumption per Energy Carrier
* Process-based Emissions

* Projection of production levels
Carbon Capture;

* Projection of TRL and usage in the branch

J

Creation of Transformation
Pathways based upon
production projections

Development of final energy
consumption (FEC) calculated
along these pathways

Regionalization of national
results to the NUTS-3 level
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Integrated Model Landscape for Joint Infrastructure Analysis

Energy System Model
ISAaR

- Regional Scope: EU27 + 3
(Norway, Switzerland and
United Kingdom)

- Joint description of hydrogen,
natural gas, and electricity
infrastructure

sa1biaug ajqemauay

Final Energy Consumption

40 film|
e

- Focus of this presentation:

O
[ rallay % ﬁo 1 Modeling results of the

industrial sector

Infrastructure
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Overall Results: Final Energy Consumption (FEC) of German Industry

Combined Energetic and Feedstock Consumption

FEC (Energetic + Feedstock) | Industry |

= Despite projected growth, transformation leads to a 15 %
[—

—— reduction of FEC — efficiency & new process routes
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78433 Strong growth in demand for electricity
- significant electrification in processes and heating
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/l; Early growth in biomass use — particularly for
4
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Industrial Hydrogen Demand | Regionalized Results | Germany

FEC (energetic + feedstock) normalized over area

2030 2545 Total Demand: 27 TWh 2030 | 160 TWh 2045

) ol 18 Demand Centers represent ca. 75 % of total
R R . .
industrial demand for hydrogen

» Top Three Demand Centers 2045
| R TR (specific demand by area):
e s : Duisburg (169 GWh/km?)
5 , 3 Ludwigshafen am Rhein (163 GWh/km?)

Salzgitter (51 GWh/km?)

Bedarfsdichte von Wasserstoff in GWh/km?
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Industrial Hydrogen Demand is dominated in Germany by the
Iron & Steel and Chemical Industries

FEC (Energetic + Feedstock) of H, by industry sector Direct Reduction replaces blast furnace route in the
DE | TWh .
steel industry
250 -
200 Cement & Lime, Glass: Share of fuel mix in kilns,
160 . . . . .
150 - -1 hybrid electrictrification of glass melting.
113 o1
100 4 43
69 - High-temperature process heat in non-ferrous metals,
>0 7 27 11 l food & tobacco, and paper.
2 -12. 714

2019 2025 2030 2035 2040 2045

Chemical processes on following slides
Food and Tobacco M Non-Ferrous Metals

Chemical Industry M Paper
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Demand for hydrogen in the chemical industry stems from Power-to-Ammonia

and -Methanol, Soda production, and integrated chemical parks

Energetic FEC H; per Process | Feedstock FEC of H, per Process |
Chemicals | DE | TWh Chemicals | DE | TWh
250 - 250 -
200 A 200 A
150 - 150 A
100 o 100 A

50 A 35 35 50 A

23 16 10
. 9 550 133 323 . 2 2 6 8 /6
2019 2025 2030 2035 2040 2045 2019 2025 2030 2035 2040 2045
Unspecific / Integrated Processes [l Soda Power-to-Ammonia Power-to-Methanol
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,Make or Buy?“
Upstream products represent potential hydrogen demand

Energetic FEC of H; per Process | Feedstock FEC of H; per Process |
Chemicals | DE | TWh Chemicals | DE | TWh
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Unspecific / Integrated Processes [l Soda Power-to-Ammonia Methanol-to-Olefins
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,Make or Buy“ for upstream products can be a large lever for
hydrogen demand

FEC (Energetic + Feedstock) of H, (+Methanol) Graph depicts additional hydrogen demand as
by industry sector | DE | TWh .
rco a feedstock for methanol synthesis
211 No change to energetic hydrogen use or
200 1 other branches
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47 Ise doubles
50 + 35 l .
0 U ﬂm 14
2019 2025 2030 2035 2040 2045 Overall industrial demand for hydrogen +32 %
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,Make or Buy?“

Hydrogen & Feedstock production represents a significant ,hidden“ demand for electricity

Elec. Demand per Process, H, Production (Energetic Use) | Elec. Demand per Process, H, and Synthesis for Methanol (MtO & MtA)
Chemicals | DE | TWh and Naphtha Feedstock (Elec. Steamcracker) | Chemicals | DE | TWh
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Development of FEC per Sector - EU 27+3
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Three Hypotheses to Take Away with You

Direct and indirect electrification are both key to the transformation of industry.

The Industrial Sector represents approx. 55 % of future demand for hydrogen in
Europe. German industry represents approx. 20 % of this demand.

The level of future final energy demand in Europe will depend in part on the
question of,make or buy” for hydrogen and hydrogen-based feedstocks.
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