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= Spatially resolved analysis of infrastructures Features of this work:
(generation + transmission) often neglected in = Integrated energy system model: Greenhouse gas
energy system studies neutral Germany 2045
= Research question: = Transmission infrastructures with the focus on
= How would the spatial distribution of generation hydrogen
and transmission infrastructures develop in an = Transformation pathways (2020-2045) with and
' ' ? : : : :
energy system taking hydrogen into account: without inheritance of infrastructure components
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Methodology: Model Coupling
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[1] Kullmann F, Markewitz P, Kotzur L, Stolten D. The value of recycling for low-carbon energy systems - A case study of

Germany's energy transition. Energy. 2022;256:124660. doi:10.1016/j.energy.2022.124660. ‘ °e
[2] GroR T. Multiregionales Energiesystemmodell mit Fokus auf Infrastrukturen: RWTH Aachen University; 2023. J U L I C H
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Methodology: Model Coupling
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Scheme of the Model Coupling Between the Singe- and Multi-Region Model
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[1] Figure adapted from: Busch T, Grof3 T, Linf3en J, Stolten D. The Role of Liquid Hydrogen in Integrated Energy Systems—
A Case Study for Germany. International Journal of Hydrogen Energy. 2023 (under review).
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Spatial Distribution of Electricity Production in a Highly == e T Twa

— Wind offshore - H reelectrification
Resolved Energy System Model 320 TWha 38 TWh/s
(rooftop) Biomass
187 TWh/a 4.5 TWh/a
Installed Capacit . . s otia ) ey
P y Electricity production jgfh::ih’ 2 1.7 TWhia
800 o 2045 91 Twhya
700 ] .
600 — Scenario:
> — KSG45 [1]
=~ 500
— | |
2 400 B
§ 300 = m H, reelectrification
O 200 — = E Biomass
100 Hydro power
0 - — — — ® Wind (offshore)
2020 2025 2030 2035 2040 2045 Wind (onshore)
Electricity Production PV (open field)
1400 — PV (rooftop)
m Mineral oil
« 1200 I neratol 250 TWh/a
—§ 1000 — Biogas
T 800 i . Methane ' 125 TWh/a
% 600 — = | N.ucllear energy ‘ 62 TWh/a
g 400 — H |ignite
O H00 - ® Hard coal
, B =
2020 2025 2030 2035 2040 2045 80 Voronoi regions based on high-

voltage electricity transmission grid

[1] Stolten D, Markewitz P, Schéb T, Kullmann F, Kotzur, L. et al. New targets using old pathways?: Strategies for a

greenhouse gas neutral energy supply by 2045.
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Wind Onshore: Placement in the North and North-East  [s %indgnshore st v
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[1] Risch S, Maier R, Du J, Pflugradt N, Stenzel P, Kotzur L, Stolten D. Potentials of Renewable Energy Sources in Germany
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Placement of Electrolyzers Close to Favourable Renewable Energy
Production Sites (Mainly Wind Energy) in the North
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Placement of Electrolyzers Close to Favourable Renewable Energy
Production Sites (Mainly Wind Energy) in the North
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Supply and Demand of Hydrogen do not Fall Together Highlighting the
Importance of Transmission Infrastructures
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Endogenous Optimization of a Hydrogen Transportation Network based on
Supply and Demand
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production as L ,
‘r"'*‘. : 3 ‘ N

% the main H,
' source

. 45 TWhy/a

.
[ ]
[ ]
L]
e
oo
Ry G
< withdrawal

180 TWh/a
GH, import as 90 TWh/a
the main H,
source 45 TWh/a
B feed in Border line between supply form the
B vithdrawal North and supply from the South
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Endogenous Optimization of a Hydrogen Transportation Network based on
Supply and Demand
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Hydrogen Pipeline Grid 2045
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Development of the GH, Pipeline Grid Network in an Energy System Model
with inheritance

Germany
Greenhouse gas neutral
transformation 2020-2045
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Development of the GH, Pipeline Grid Network in an Energy System Model

with Inheritance
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Development of the GH, Pipeline Grid Network in an Energy System Model

without Inheritance
Germany 2L N Bl 25GWwW
g s AT . i € —

Greenhouse gas neutral 17 GW
transformation 2020-2045
8.3 GW

Inheritance
_/.‘{ Ji w/' A%
w} 2025 - 2030
51N
: : B added pipelines - At
2020 - 2025 2030 - 2035 Bl removed pipelines 2040 - 2045
Member of the Helmholtz Association IEK-3: Techno-economic Systems Analysis 17 J Forschungszentrum



Import Limits in One Region Evoke the Construction of New Import Routes
— Old Connection Becomes Obsolete

2040 = 2045
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Key Takeaways

= The spatial distribution of renewable energy sources is
predominantly determined by favourable production sites
(high full load hours) if there are suitable transport networks

= Hydrogen is provided by imports from southern Germany and
domestic production mainly by wind-powered electrolyzes in
northern Germany

= This shows the importance of considering transmission
infrastructures and integrated energy system planning

= The inheritance of infrastructures in myopic energy system
models is a prerequisite for coherent transformation pathways
and a more realistic expansion of infrastructures

= However, single year optimizations without inheritance can
show alternative solutions with cost optimal results in
intermediate years
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Thank you for your attention!
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