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Green hydrogen in a future energy system

1. Background




% Hydrogen Demand Projections %fUE

Global hydrogen demand by sector

Units: MtH,/yr
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https://www.dnv.com/news/hydrogen-at-risk-of-being-the-great-missed-opportunity-of-the-energy-transition-226628

1. Are hydrogen costs below 2 €,,,,/kgy, realistic in the future?

2. Which regions are most favorable for a hydrogen supply to Germany?

3. Whatis the influence of the implementation of salt caverns as a hydrogen storage?

4. Is the domestic production potential enough for a self-sufficient hydrogen supply in Germany?
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Modelling & Assumptions

2. System Definition
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https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=overview
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Costs and Potentials

3. Results
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Hydrogen Production Cost*

Pressure Tank Scenario Salt Cavern Scenario

H>-Production cost [€2020/kgn2]

H>-Production cost [€2020/kgn2]

Based on: Sens et al. 2022; *includes the costs for the electricity generation, electrolyzer, compressor and storage systems for a hourly constant onsite hydrogen supply
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https://www.sciencedirect.com/science/article/abs/pii/S0196890422005386?dgcid=author

Pressure Tank Scenario Salt Cavern Scenario

. n . 8
F'm - N ¥ N

2.

In the case of a pressure tank use:

»  Lowest hydrogen production cost reached in Africa and parts of Western Asia due to high solar radiation
combined with low seasonal fluctuation leading to low needed electricity generation and storage capacities

»  Similar costs can be reached for costal locations (with high mean wind speeds) in Europe due to a hybrid
photovoltaics wind power electricity generation system, covering the seasonal fluctuations of the solar radiation
and wind speed each

» In countries like Italy or Spain hydrogen production costs are relatively high due to the high seasonal fluctuation of
the solar radiation, even so the LCOE of photovoltaics are low, combined with low wind speeds, leading to high
electricity generation and storage capacites

In the case of a salt cavern use:

»  Hydrogen production cost decrease significantly, especially in regions with a high seasonality of the solar radiation
and wind speed, due to cheaper storage possibilities and therefore less excess electricity

»  Many regions obtain low and very similar costs

_B

Based on: Sens et al. 2022; *includes the costs for the electricity generation, electrolyzer, compressor and storage systems for a hourly constant onsite hydrogen supply
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https://www.sciencedirect.com/science/article/abs/pii/S0196890422005386?dgcid=author

Pressure Tank Scenario

H>-Supply cost to Germany [€2020/kgn2]

Salt Cavern Scenario

H>-Supply cost to Germany [€2020/kgn2]

Based on: Sens et al. 2022; *includes the hydrogen production and transportation costs per pipeline
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https://www.sciencedirect.com/science/article/abs/pii/S0196890422005386?dgcid=author

Salt Cavern Scenario

€2020/kgn2]

€2020/kgn2]

In the case of a pressure tank use, locations in Western Sahara and Algeria obtain the lowest hydrogen supply cost to
Germany. In Europe only costal locations around the North Sea reach similar cost level.

For the use of salt caverns the hydrogen supply costs to Germany are for many costal locations in Northern Europe
(including offshore locations in the North Sea) at the same cost level as the best locations in Africa.

H>-Supply

H>-Supply

w
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Based on: Sens et al. 2022; *includes the hydrogen production and transportation costs per pipeline
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https://www.sciencedirect.com/science/article/abs/pii/S0196890422005386?dgcid=author

Hydrogen Supply Potential
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Based on: Sens et al. 2022
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https://www.sciencedirect.com/science/article/abs/pii/S0196890422005386?dgcid=author

Hydrogen Supply Potential
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https://www.sciencedirect.com/science/article/abs/pii/S0196890422005386?dgcid=author

Hydrogen Supply Potential = I\/E
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https://www.sciencedirect.com/science/article/abs/pii/S0196890422005386?dgcid=author

Pressure Tank Scenario
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Salt Cavern Scenario
Primary energy demand
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Assuming additional space demand for further technologies (e.g. domestic electricity power generation for direct use) the
sustainable hydrogen supply potential in Germany seems to be not self sufficient. However, additional hydrogen imports at low
costs could be even realized from other European regions.
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4. Key Conclusions




Are hydrogen costs below 2 €,,,,/kg,, realistic in the future?

»  Hydrogen production cost of 2 €,,,,/kg,, can be reached in the best locations (e.g. Western
Sahara) in 2035. However, taking a subsequent transport to Germany into account costs are at
likely to be around 3 €,,,,/kg,

Which regions are most favorable for a hydrogen supply to Germany?

» Locations in Western Sahara, Central Algeria and at the North Sea (Onshore and Offshore) show
the lowest hydrogen supply costs to Germany

What is the influence of the implementation of salt caverns as a hydrogen storage?

»  The use of salt caverns leads especially in regions with a high seasonality of the solar radiation and
low wind speeds (e.g. Italy) to a significant reduction of the hydrogen production costs up to 50%

Is the domestic production potential enough for a self-sufficient hydrogen supply in Germany?

» Considering the demand for the “additional” direct electricity use a self-sufficient hydrogen supply in
Germany seems questionable and imports are likely

21



T g— e g

Thank you for your Attention!

(D LU L L AR ARY AR DURE LU R LR R LR L E D LR L TR S

Questions and Discussion

lllﬂll'l HEHA e ==

ALy

Hamburg University of Technology ( )
Institute of Environmental Technology and Energy Economics ()
EiBendorfer Str. 40, D-21073 Hamburg

Lucas Sens | lucas.sens@tuhh.de

in


https://www.tuhh.de/tuhh/startseite.html
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https://www.linkedin.com/in/lucas-sens-2947b5105/

