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Challenges in European energy strategy

Climate risk and geopolitical crises drive the
urgency for transformation:

» Decarbonizing the energy supply systems across
sectors

» Providing security of energy supply

How can the system be transformed to reach
these goals?

« What it the optimal timing for switching to hydrogen
and green energy carriers?

« How can electrolyzers be ramped up efficiently for
increasing demand of hydrogen?

« What are the implications for power grids and pipeline
networks and their respective topology?
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Compliance with EU energy and climate targets

All scenarios will be aligned with the Union’s 2030 targets for energy and climate and its 2050 climate
neutrality objective and will include a carbon budget assessment.

2030 targets 2050 targets

* 55% GHG reduction (compared to 1990) * Net-zero emissions
* Energy efficiency first principle is reflected with 11.7%

* Offshore targets -- MS non-
reduction final energy demand binding agreements
resulting in a upper limit of 8873 TWh (763 Mtoe)

* 42.5% RES share
* Offshore targets -- MS non-binding agreements
» Specific targets for transport or industry sector according

to the provisional agreements in March, 2023

Tab. 1 - Strategic choices in the European clean hydrogen value chain

* Push for renewables

» Promotes a “Hydrogen Valley” approach to facilitate local integration and

‘ 40 GW growth

European Union

= By 20246 GW electrolyzers, 1 MtH,
» By 2030°40 GW electrolyzers, 10 MtH,
* 2030-2050: large-scale deployment across all hard-to-abate sectors

. 10 GW

Germany

= Push for renewables

» Emphasis on imports of hydrogen (low-carbon hydrogen not excluded)

3 MtH, » £8bn of public budget has already been allocated to 62 pre-selected projects
» Up to €3.4bn to build refuelling stations
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European power and gas infrastructure

* One model region per country

* Increased spatial resolution

* Integration of high res power grid

* Integration of high res gas network
* Integration of LNG terminals

* Power and gas network with LNG
terminals and gas power plants

\> European infrastructure modelling requires
high spatial and temporal resolution
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Modelling toolchain

-

o—
ScIGRID

bdw/GridKit

GridKit is an power grid extraction toolkit
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Topology reduction
for networks
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Calculation of EEZs

* Area allocation based on
coastlines or points

REMix

o Renewable Energy Mix
Open source publication

* Source code release
» Python API and PyPI release

Model development

* Infrastructure repurposing

* Improved model formulation
* PIPS-IPM++ for pathways
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4 Renewable energy
potentials and feed-in
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* Annual energy
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+ Spatial allocation
of technologies

* Hourly interactions
between technologies
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Target years, myopic and perfect foresight A#y
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Limited foresight can lead to lock-in effects
« Short term investments into fossil power plants

« Exceeding the allowed carbon budget

Manuel Wetzel, Computing transformation pathways towards a climate neutral energy system, 03.07.2024




Drivers of model complexity

Scaling from 18 to 488 model regions
disp: Only economic dispatch
expRE: Only investment in VRESs

expAll: Investment in VRES,
generators, grid and storage

Key driver for model performance:
* Number of investment decisions

* Size of the optimization problem

Wall-clock time in s

Required RAM in GB
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Flops for Cholesky factorisation

Number of dense columns
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Solver performance for REMix model instances
DLR

PIPS-IPM++

Barrier methods for commercial solvers show 100004
scaling behaviour with optima at 8 - 16 threads
With increasing problem size either R
« Available shared memory is insufficient

« Time to compute disproportionately long

time to solution[sec]

100+

-y . . - -o— New solver
Decomposition and distributed memory necessary & Now slver reduced

o i

~&— commercial Solver 4 adjusted

10 T T L) T T T T T T T
1 2 4 8 16 32 64 128 256 512
#Threads (comm. solvers) / #MPI| tasks (New solver)
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PIPS-IPM++ workflow overview

math. solver call optimization results
formulation =,
minc - x s Lo | — il N
A-x<b = N
= Ay 2\§\\

W4

— #* —

l
ﬁ--
l
1) 1) [ 1 [ [T

block structure split and parallel solve merge optimization
distribute results
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Understanding the block structure

DLR
Investment decisions for
- Powerplants
Dispatch
limitation
- Storage
Balancing
equations
- Transport network
Power  Storage  Transport

_ " o

— — —
Storage level Charge / Storage level
(previous block) Discharge (active block)
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Different types of decomposition
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Regional decomp. Temporal decomp.
spatial temporal
Global annual con- | 1
= straint, e.g. CO2 limit
‘s Regional annual con- b B
Z  straint, e.g. CO2 limit
o SSEN
O Storage level b-ps-n L . :
o Large number of linking elements  Most promising with up to 8760 blocks
Transmission limit [-t-pr
o Powerplant capacity b-pe Horizon decomp. Horizon + temporal decomp.
< Storage capacity b - ps . :
'E  Transmission capac- l-pr [-pr ‘.-I‘
> Lo W
ity !
Power flow [t pr
~l-pr ~b((Lem)ps+pe) K N | L R 5
Total (2t +1) +1-pr e

Limited number of blocks High synergy between decomposition

Manuel Wetzel, Computing transformation pathways towards a climate neutral energy system, 03.07.2024




Solver configuration for PIPS
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PIPS configuration depends on problem: Economic dispatch Capacity expansion
* Complex capacity expansion problems } ; o
perform better with less blocks, dispatch ~ £" ” _E g° .-
. o g0 ¢ o g
problems benefit from more blocks 5 § 50 6000
gv - 3" =
c c 5000
* More compute nodes reduce the S . °0 % 2 -
required wall-clock time but increase - - 3000
. 44 44
the overall resource consumption number of blocks number of blocks
* Further assessments for different
problem types planned later on N N E
] Q K
é é 1500 &
N— Y S
S o S 1250 ¢
g g% P
: :
c E c E é
72 96 144 192 72 96 144 192
number of blocks number of blocks
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REMIX results — scenario overview
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GW
Global Carbon Budget
340-400 GT CO,=67% chance or better of meeting 1.5°C Targets 800
Forecast
i 50%-65% REDUCTION : ZERO BY 2040 i O Renewables
50 ! BY 2030 : : dedicated to H2
H 500 production
g @ Onshore wind
g W 340GT i o oo i
ow : @ Concentrating
nzn:' o 400 GT : 400 solar power
= :
9o 600 GT i © PV distributed
; ) systems
= : © PV utility-scale
E 200 - systems
- ® Geothermal
v © Bioenergy
2020 2025 2030 2035 2040 2045 2050 @ Ocean
© Architecture 2030. All Rights Reserved. 0 @ Hydro
Data Sources: UN IPCC ARG 20112016 2017-2022 2023-2028 2023-2028
Main case Accelerated
case
CO2 budget allocation [EARenewables 2023
+ target: linear reduction from 2025 to 2050 (myopic foresight) Limitation of VRE capacity expansion rates for Europe + national
* budget: model can allocate the available budget (perfect foresight) « no-limit: No limitation of expansion rates
» REO: Baseline increasing to 2x per 5 years
CO2 budget amount + RE+: Baseline increasing to 3x per 5 years
* Variation between 5 Gt, 10 Gt, 15 Gt « RE++: Baseline increasing to 5x per 5 years

Manuel Wetzel, Computing transformation pathways towards a climate neutral energy system, 03.07.2024




0:>>._. ul uoizelauab puim a10Ysyo [enuuy umL E%o_uﬁwcwm pUlM 2104540 [EnUUY

[=1 o [=] o (=

o
-
(@)

o

o

w
|

1400
-1200
-100

Offshore wind

UML Ul uoijelsauab puim aloysuo [enuuy
o o (=3 o

-500
0

o o o
m
|

Onshore wind

UML ul uoizesauab diejjonoioyd jenuuy

UYM.L ul uoneiauab siejjonojoyd |enuuy
o o o

o (=] o o o o o
n o n o n o o o (=3 o o
m — n 0 ©o < o~
' ! N N !

-1200
-1000

m o~ ~ —
|

ty production sites

ICI

Electr

Photovoltaics

Its —

YL ul uoijessuab Jamod Je|os palesjuaduod [enuuy UML Ul uonesauab Jamod Je|jos paleijuaduod |enuuy
o o (=] o o o o o o o o

(=1 o o o (=] [=] o o
Tl = ~ o < m ~ —
' | | N .

-800
- 500

o (=1 o
m ~
I

inary resu

1M

Concentrated solar

Prel

Manuel Wetzel, Computing transformation pathways towards a climate neutral energy system, 03.07.2024

2035
2050



Preliminary results — Hydrogen and methane sites

Variable renewable energy Hydrogen production Methane production DLR
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Preliminary results — Temporal technology correlation
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Onshore and offshore wind
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Preliminary results — Network topology (H2 scenario) A#y
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Methane network capacities 2025 - 2035 Hydrogen network capacities 2030 - 2050
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* Remaining gas network mainly focused on * Initial hydrogen network focused on the North Sea area
pipeline corridors for imports and gas rigs and Southern Europe
* Evolutionary development towards a highly meshed grid
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Computational challenges
DLR

Performance for medium sized problem Performance for large scale problem
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* Similar sized blocks to achieve load * Significant time spent in updating of barrier bounds
balancing across all parallel processes
* Exceedingly high memory demand of 4 x 800 GB
* Full utilization of all compute nodes
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