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Sector coupling and a cost-optimised energy system

In Germany, fossil fuels dominate today:! Three ways how the energy transition can be achieved by 2050 with renewable energies (RE):
P : Expansion of gas
Power generation 5 Electrification & grid . . .
, } 100 % RE ST infrastructure for "green
Transport .
0o O (29 % share of final energy &g hattery:!ﬁ?:;:: E.g. fUE_' cell
consumptian) vehicles
e.g. local district
- Heat heating sytems . bail
- (a4 % share of final energy 100 % RE e.g. heat pumps - L
consumption)
Electricity > N
Fossil fuels @ 0
Renewable energies Sector-autonomous . ' .
Nuclear Energy energy system Sector coupling Sector coupling
"Green” gas : Electricity "Green" gas
' Source: AGEB 2018 Other transformation

The path for a cost optimised energy transition lies

somewhere in the combination of these three paths.
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P
@ ENERGY SYSTEM 2050

Towards a decarbonised Europe

The future vision of Europe in two scenarios

7

@ ENERGY SYSTEM 2050

N~ Towards a decarbonised Europe

EU Green Deal CO, reduction targets
-3a%™ by 2030 and -100% by 2050

Cost-optimised energy system considering the
sectors electricity, heat, industry and transport

Global Markets

Optimistic hydrogen import price
from outside Europe
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More pessimistic hydrogen import price
from outside Europe

*compared to 1390 levels
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Development of the European hydrogen system: ( EneRGY sYsTEM 2050

Two pathways, one Target

Energy Resilient EL

84 &/MWh import price incl.
transport

2040

~ - Global Markets

a9 E/MWh import price incl.
MlTTELSTAND Facilitator transpnrt
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Electrification boosts electricity demand (@ ENERGY SYSTEM
ELECTRICITY DEMAND EL27 ELECTRICITY DEMAND GERMANY
m Conventional ~ MPower-to-Heat  WE-Mobility =~ ®New Industry Applications Power-to-X  mStorages
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PV and wind dominate power generation

RENEWABLE CAPACITY ELZ7
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~a-fold increase

ou: 2136w

pV- ere: 286250 4%1

~|7 8-fold increase
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@ ENERGY SYSTEM 2050

A=’ Towards a decarbonised Europe

Grid expansion in GW ﬂ@(y}\ﬂ\; -
Generation - = b

‘ 100 TWh Gross Electricity Consumption

O 100 TWh

® 20TWh
O 10 TWh
Wind Onshore
i ffe
Mg reors Capacity (NTC) £
Hydro :E‘v -
Photovoltaics W 20GW -
5 G/

Thermal Plants




The big picture

How could Germany's

climate-neutral energy
system ook like in

20507
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A=’ Towards a decarbonised Europe

CH4
CHP
FCEV
FT
HP
ICE
PtG
RH
V2G

Methane (fossil or synthetic)
Combined Heat and Power
Fuel Cell Electric Vehide
Fischer-Tropsch product
Heat Pump

Internal Combustion Engine
Power-to-Gas

Resistive Heater
Vehicle-to-Grid
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The blg piCture (_, ) ENERGY SYSTEM 2050

Towards a decarbonised Europe

CH4 Methane (fossil or synthetic)
CHP Combined Heat and Power
FCEV  Fuel Cell Elecric Vehide

Variable Renewable Energy

FT Fischer-Tropsch product
HP Heat Pump

ICE Internal Combustion Engine
PtG Power-to-Gas

RH Resistive Heater

V2G Vehicle-to-Grid

How could Germany's

Electric
14 136

climate-neutral energy

system look like in
20507
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The blg piCture @ ENERGY SYSTEM 2050

A=’ Towards a decarbonised Europe

CH4 Methane (fossil or synthetic)
CHP Combined Heat and Power
FCEV  Fuel Cell Elecric Vehide

FT Fischer-Tropsch product
HP Heat Pump

ICE Internal Combustion Engine
PtG Power-to-Gas

RH Resistive Heater

V2G Vehicle-to-Grid

How could Germany's

climate-neutral energy
system ook like in

20507

O™ Gas™*

Heat

Transport™
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C ENERGY SYSTEM 2050

Towards a decarbonised Europe

The big picture

CH4 Methane (fossil or synthetic)
CHP Combined Heat and Power
FCEV  Fuel Cell Elecric Vehide

Variable Renewable

FT Fischer-Tropsch product
HP Heat Pump

ICE Internal Combustion Engine
PtG Power-to-Gas

RH Resistive Heater

V2G Vehicle-to-Grid

How could Germany's
climate-neutral energy
system look like in

*The trade also contains transit flows
across non-EU27 regions like Switzerland
and UK, e. g. power transmitted from
Germany to ltaly via Switzerdand is
accounted twice. First as export, then as
impaort.

**The emission reduction of intemational
transport is outside the scope of this study
and has been only taken partially into
account. Therefare, all fossil based fuel
demand ofthe intemational transportis not
shown.

O™ Gas™*
13 114

20507

== Even in a fully decarbonized energy
system, small amounts of fossil energy
carriers are used. Their emissions are fully
captured by existing Carbon Capture
technologies or encountered with negative
emissions.

H,~Import 317 TWh without
international transport

***+* Industry” contains energetic as well as
feedstock usage. Fossil feedstock is not
represented in this chart as its respective

- CO; content is not released into the
atmosphere. Hence, all fossil based
feedstock flows are excluded.

Storage
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imbalances between inputs and outputs

may oCCur.
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The energy transition reduces demand ({© ENERGY SYSTEM 2050

for gas and oll

m Oil
EU-demand oil and gas [TWh/y]
W Syn. Oil
5500
5000 H,
4500 B Gas
4000
3500 % QOil for Feedstock & int. Transp.
3000 7 Gas for Feedstock & int. Transp.
2500
i
2000 -120% -63% Dil-demand: 1,488 TWh
y/% %/ 0 incl. int tional t t
1000 _ _ -83% incl. international transpor
500 % % e
0 — Gas-demand: 347 TWh - 1,166 TWh incl.
2020 ERE 2050  GM 2050 2020 ERE 2050  GM 2050 international transport

Qil Gases

By 2030, there will be a need to import high-quality, green energy carriers. Which path Europe and Germany will take depends on
the price of importable hydrogen and synthetic oils and gases.
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Further development of the power grid necessary

Gross electricity trade EL27:

= G600

Power grid interconncetion capacity EU27:
2.8 increase in power grid
interconncetion capacity

TOow

200 e
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— >700 (extremely high)
— 500-699 (very high)
— 100-499 (high)
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/) ENERGY SYSTEM
@

Overload energy, GWh

30-99 (intermediate)
1-30 (low)

Germany

State border
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Central Europe: e
Overload energy in (n-1) case in the TYNDP 2020 based
reference grid, GM scenario, 2050 \
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Thank you for your attention!

Jonas Lotze

Project Manager

Strategic brid Development @ ENERGY SYSTEM =000
TransnetBW bmbH Download the Study Report at:
T+43 711 21828 3381 https://www.eneraysystemZ0a0.net/

i.lotzel@transnetbw.de
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Terms and conditions for using

presentations:

Copyrights:

This document is protected by copyright. Complete or partial duplication, any transmission to
a third party or any other use of this presentation is only permitted after obtaining explicit
consent from TransnetBW GmbH.

Liability:
This document was prepared with great care. However, TransnetBW GmbH cannot be held
liable for the information contained therein being up to date, accurate and complete.
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Backup & additional information
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The energy system model of TransnetBW (© ENERGY SYSTEM

INPLIT:
mﬁ Energy consumption
EEE Cost assumptions
nﬂﬂ] Availabilities
@ Grid restrictions
I‘ Current installed capacity

. Political developments
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OUTPUT:
L o :
[\ N Optimized generation
Grid expansion requirements
Energy flows between regions
Consumption and generation

CO, emissions

EEE  Systemcosts

Objective function:
Minimisation of system costs per year
and region

Hydrogen imports
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Comparison of fuels — assumed production (@ ENERGY sYsTEM

and transport cost

Global Demand Global Trading Production Cost Transport Cost
(TWh/y) (TWh/y) (E/MWh) (E/MWh)

e-Methane 8,090 4,100-5,700 37-8l 4-15

e-FTL 12,650 8,200-9.400 a-112 3-10

e-Ammaonia 3,840 800-1,460 45-87 7-19

e-Methanal 12,180 5,500-8,300 50-102 4-13

e-HZ 2.060-2.900 79-5l [0-49
§,640

e-LOHC 500-1,300 Za-al §-20

Scenario input: For detailed calculation of the hydrogen import cost
from non-EU countries see Energy System 2050 study, table 11,
page 112.
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turopean GUZ-Reduction pathway ( EneRoY sYsTEM

CO2-EMISSIONS [GT/Y]

4.5
B Heating 4.0
3.5
Electricity
3.0 Emissions of COZ must be reduced from 1990 (3.7
M Industry Lit/y) to net zero by 2030, according to the ELU
25 Green Deal. CCS (Carbon Capture and Storage) will be
Transport 20 used in the industrial sector to reduce C0Z emissions,
- particularly beginning in 2030. Direct air capture
B Total Emissions  '° (DAC) will also be a part of the energy system by
- I 20a0.
7 DAC |
0.5
7 Industry CC 0
-0.5

1990 2020 2030 2040 2050
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Hydrogen as basis for industry and fuels for the transport sector ( EneRGY sYsTEM 2050

H,-DEMAND [TWh]
2000

1600

1200

A=’ Towards a decarbonised Europe

EUROPE

W Transport

B Syn. Fuels/Gases

B Industry

GERMANY

800
- . l
0
ERE GM ERE GM ERE GM

% Federal Ministry
for Economic Affairs
and Climate Action

MITTELSTAND

ENERGY SOLUTIONS
MADE IN GERMANY

‘ eclareon

H,-DEMAND [TWh]

400
300
200
100
0 -
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2030 2050
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Excursus: hydrogen for grid stability

The HydrogREenBoost-project

Objective of the concept:
H, STORAGE TANK AND COMPRESSOR

S 5 Sl Higher utilisation and grid stabilisation
produces hydrogen

TURBINE
d.\,\/_ Pt SRy Possible areas of implementation:
/\p S > Requlating power (pos./neg.)
s > Reactive power
> Black start capacity
> Redispatch (curative/preventive)
> brid/capacity reserve

BATTERY
stores energy

Link HydrogREenBoost-project
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https://www.transnetbw.de/de/unternehmen/portraet/innovationen/hydrogreenboost

