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Agenda

KSG

... what have we done?
... how did we do it?
... what does a greenhouse gas neutral strategy look like?

... what conclusions can be drawn?
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Scenario definition and assumptions

Greenhouse gas-neutral scenario by 2045 ("net zero")
Digressions on various topics, e.g.. KSG
LULUCEF emissions sink
Expansion of renewable energies
Hydrogen import price

Defossilization of the chemical industry

Basic assumptions and framework conditions

Greenhouse gas reduction targets from 2030 in accordance with the Climate Protection Act
(KSG).

GHG emissions from agriculture cannot be completely avoided

Phase-out of nuclear energy and coal-fired power generation in accordance with the AtG
and KVBG

Annual GDP growth of 1.2%, moderately rising energy prices, etc.

LULUCF: Land use, Land-use change and Forestry =~ GHG: Greenhouse gases AtG: Atomic Energy Act KVBG: Coal-fired Power Generation Termination Act

IJ JULICH

Forschungszentrum

KSG: Climate Protection Act

Member of the Helmholtz Association IEK-3: Techno-Economic Systems Analysis



Energie-
potenziale ®

Approach, models, methods rb
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Method (cost minimization) Versorgung  * =

2. Optimized H,-infrastructure analysis

Cost-optimal scenario
Result under the set boundary conditions

"Omniscient planner"

NESTOR: National Energy System with SecTOR Coupling
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The ETHOS / NESTOR model

Special features & characteristics

Framework data, targets
(import energy prices, GHG targets, etc.)

Integrated energy system model 5 -

;

=S

T

Demands
(transport services, goods production, etc.)

iege

N

Techno-economic input data
(costs, efficiencies, inventories, etc.)
I

Method

Cost optimization

National energy supply

Detailed implementation of:

Energy supply, industry, buildings
and transport

PtX Technologies

Energy storage

CO, capture & storage

About 1300 techniques
Hourly resolution

/ | \ " L : .
/ | 4 ‘ v * Ky \ AII mitigation measures are in competition
M with each other"

2020 2030 2040 2045
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Greenhouse gas neutrality can only be achieved
with permanent geological CO, Storage
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Energy m CCS Cement Industry ® |ndustry
® Building ® Transportation = Waste
Agriculture ® Geological CO, storage « Biological CO, storage
KSG
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01 Annual geological CO, storage demand without LULUCF measures in 2045

Industry
Carbon Capture
Industry
57MtCO.
by Direct-air-captu S
g Permanent
Agriculture 5 geological storage
§°§“ COz2
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Others

LULUCF: Land use, Land-use change and Forestry.
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01 Annual geologic CO ,storage requirements with LULUCF measures in 2045.

Industry
Carbon Capture

Industry

Agriculture

Others

21.8 Mt CO=
by Direct-air-cap

15.2 Mt CO2
by Bioenergy-carbon-cap

40 Mt CO2
by LULUCF y
and forestry) 9

Compensation

Permanent
geological storage

40 Mt COzeq

Vl—\/

Negative emissions
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2 Hydrogen is an important building block for
the success of the energy transition
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» Invest in salt caverns and pipelines promptly
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02 Hydrogen demand
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o 2 Hydrogen production in 2045

1,4 Mt,/a
46 TWh/a
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m Electrolysis = Import (pipeline) = Import (ship)
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Greenhouse gas neutrality causes a decrease in the
energy import dependency

Importquota
4% 79%  70%  55%  44%  22%
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*incl. non-energetic demand
** AGEB: energy balance 2019, hitps:/fag-energiebilanzen de/7-0-Bilanzen-1990-2016.htmix
KSG2045

» Greater independence from energy price risks
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03 Energy imports in 2045

Digressions
\
[ |
Import quota*
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Sector coupling doubles electricity consumptionin
Germany
1400
g 1200
£
§ 1000
£ 800 665 TWh
a
S 600
o
2
£ 400
S 200
i
0
2020 2030 2035 2040 2045
m Buildings & TSC ¥ Industry E Transport
Electrolysis Heatpump & PtH mDAC
KSG

@) JULICH
Member of the Helmholtz Association IEK-3: Techno-Economic Systems Analysis 14 J

Forschungszentrum



Power generation
1,400

04

=
N
o
S

1,000

800 i

/

400

91% _-~
»”
/
U
/
/
7
/
» 63%
600 —- ;

/
, .
y)
/
/

Electricity generation in TWh

200

E B =

2020

2025

2030 2035 2040 2045

100%

90%

80%

70%

60%

50%

40%

30%

RE share

= \\V/ind (offshore)

“=Wind (onshore)
PV (open field)
PV (rooftop)

= Biomass

s Hydro power

== Hydrogen

e Gases

mmm Nuclear energy

mmm Coal

mmm Other

-+- RE-Share

Member of the Helmholtz Association

IEK-3: Techno-Economic Systems Analysis

JULICH

Forschungszentrum

J



0 4 Installed generation capacity
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The pace of renewables expansion must be
accelerated
800
700
z 600 -
© 500 Onshore
2 400
[+]
S 300 o
S 05 ~
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= today” 2030 2045
PV =Wind (Onshore) = Wind (Offshore)
* hitps:/iwww bundesnetzagentur. de/DE/Sachgebiete/ElektrizitastundGas/start. html
KSG2045

» Shorten and simplify approval and planning procedures...
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o 5 Excursus on wind and PV expansion rates

in GW/a Maximum expansion rates in Expansion rates required over
the last 10 years!l the next 25 years
Wind-Onshore 4,9 6,3
Wind Offshore 2,3 2,6
PV 9,0 15,8
1000 600
| 500
c
> I -244 GW L S 400 +118 TWh y
S~ 500 1 S < 300
< >
%% S 2 200
o c E-E 100
2g O 52 O
< Max: hist. 100 29 Max_. hist. 100
g expansion rates KSG2045 _§ expansion rates KSG2045
PV = Wind (Onshore) m Wind (Offshore) T m Electrolysis = Import (ship) = Import (pipeline)
® Bioenergy ® Hydrogen

[1] BMWi Information Portal Renewable Energies. Renewable Energies Working Group - Statistics
https://www.erneuerbare-energien.de/EE/Navigation/DE/Home/home.html
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Default
potential

364 GW
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Potential analysis wind power onshore

\ Including forests
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Optimization result
KSG2045
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Only 59% of the analyzed potential for onshore wind (364 GW) is utilized
Even excluding the forest areas, there would be enough wind energy potential
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Greenhouse gas neutrality by 2045 is technically
and economically feasible

Cost of mitigation: @ 132 €#CO,

2020-2045
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For comparison:
Expenditure on fossil fuel imports’

' Coal, natural gas, oil
2 Gross Domestic Product

100

KSG2045

» Prerequisite: Transformation is tackled promtly in all sectors
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Annual additional costs for greenhouse gas neutrality®

@ 273 €CO,,
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mm |[ndustry

mmm Building

= Transportation

—e—Total system costs

1) Compared to BaU scenario
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'IOO Scenario KSG2045 - at a glance
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Thank you for your attention!
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Institute for Energy and Climate Research
Techno-Economic Systems Analysis (IEK-3)
Julich Research Center

www.fz-juelich.de

For further questions about the study, please contact:

Prof. Dr. Detlef Stolten Dr. Peter Markewitz

+49(0)2461 61 5147 +49(0)2461 61 6119

d.stolten@fz-juelich.de p.markewitz@fz-juelich.de
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On this page you will find our
study to dowload and
further information:

Dr. Leander Kotzur
+49(0)2461 61 6689
l.kotzur@fz-juelich.de
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