Realizing sector coupling In
Europe and beyond: the future
role of electricity and gas grids
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Background ‘#7
DLR

Modelling robust pathways to a sustainable, economic and

secure energy system

* Improving energy system models and data

= Comprehensively modelling sector coupling and flexibility
» Deriving policy recommendations for the implementation




Modelling framework

E Energy demand Energy resources Infrastructure data  Technology data

REMix energy system optimisation framework

Minimisation of .. Scixj Xajxjzb; Viet.m AMGAMS CO, targets, domestic
system costs jen j=n v Xj20 @ python’ supply shares, ...

§

Model scope B %

mm \ ;x ll Scenarlo

i

:l
=

Energy conversion Load balancing Infrastructures System operation Scenario variants

lllllllllllll

i

aa§§§§

§3-I

ot

8 E
£l
¥

o —

£/ —-
HUR |

Integrated optimization of capacities and dispatch of all technologies

X1wa/Asajon-1|p/wod genib//:sdny

O
gS]
@D
S
n
@)
c
-
o
@D
-
©
®
Q
n
®
=
n
®
e
~+
N
o
N
W
@)
=

DLR



Model set-up
, N DLR

Model scope
Exogenous

f B
Power sector

- Renewable energy potentials and timeseries

- Power demand not linked to sector coupling

> Hydroelectric plants and pumped storage

L ° Existing and planned power grids (HVAC/HVDC)

rTransport sector

« Electricity demand for BEVs
= Hydrogen demand for FCEVs

O

p
Residential and commercial heating
- Heat demand per technology group and sector
> Potentials for district and town heating

(Industry
o Electricity and heat demand
_© Non-energetic gas demand

p
Gas infrastructure
» Cross border pipeline capacities
2 Existing cavern storages
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Scenario set-up
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Climate neutral energy
system in 2050

i = All energy carriers are produced in » Energy partnerships ensure imports
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Results on system costs

= N w o wu
o o (=] o o
o o o o o

Annual system cost in billion EUR

o

oo INNIN N

to.o [N

s.o AN -

System costs by 3% lower in

European Partnership scenarios

{

soo [N .
0o.0 I NN

~N

7400 | I I I

o
o
~
i

L]
Grid expansion limit in TWkm

Wetzel et al. 2023

Further grid expansion

reduces costs by up to 16%

Highest variations for nuclear,

wind offshore, CSP, fuel imports

Concentrated solar power
Electricity infrastructure
Hydroelectricity

Heat sector

Gas infrastructure
Nuclear energy

Onshore wind
Photovoltaic

Imports world market
Offshore wind

Offshore wind
Photovoltaic

Onshore wind
Concentrated solar power
Hydroelectricity
Electrolyzer

Biogas production
Imports world market
Heatpumps

Lithium ion batteries
Nuclear energy
Hydrogen infrastructure
Heat supply (CH4)
Methanizer and DAC
Electricity infrastructure
Electrical boiler

Power plants (CH4)
Power plants (H2)
Methane infrastructure

Heat supply (H2)
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Annual system cost per technology in bn. EUR
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Results on spatial allocation of renewables
Broad distribution of
onshore wind and PV
Spatial concentration
of offshore wind, CSP
and hydrogen
production
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Results on large-scale grid infrastructure

b)

i wu =] ~
(=] o o (=]

JJ 8 wv (=] ~ [e2] N dl
o o o o o o o
Netto hydrogen transport in GW

Netto hydrogen transport in GW

1
N
o

Network structure heavily dependent on energy policy, with some trends,

e.g. central Europe being a major importer from the peripheral regions
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Results on flexibility and green hydrogen imports ‘#7
DLR
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Key insights ‘#7
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= Partial repurposing of gas infrastructures to H, is favourable

» Hydrogen corridors from renewable rich regions to demand centres

= Fully decarbonized energy system profits from H, in the power sector

» Pipeline imports of green H, to Europe, e.g. from MENA are promising

» Electrolyzers should be considered part of the energy system, not industry



Relation to other REMix modelling results 4#7
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Role of sector coupling is much driven by regional energy system characteristics
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providing seasonal
balancing
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In a nutshell 4#7
DLR

Using the flexibility in sector coupling is cheaper than electricity storage

= Cost reduction is highest for long-term storage and pipelines for hydrogen, as well as flexible heat supply

» Demand side management of sector coupling loads notably reduce peak loads

» Load balancing focus shifts from heat to hydrogen with stronger emission reduction

Often, there is more than one technology option

» The numerous options available are partly complementary and partly competing

» Regional power generation and grid infrastructure matters




Outlook ‘#7
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Move to transformation pathway optimization

Increase spatial detalil
* Increase sectoral coverage

Look beyond cost minimization

Gas turbine

( H2 turb. retrofit

Gas network
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