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Towards a Climate-Neutral Germany 2045 Agora o
Study on behalf of Agora Energiewende, Agora Verkehrswende — =9 Gy

and Stiftung Klimaneutralitat in Spring 2021

O i B 220 Towards a Climate-Neutral Germany 2045
extends the logic of Towards a Climate-Neutral

Towards a Climate-Neutral Germany

by 2045 Germany 2050

Mission: Model an ambitious Climate Neutrality

%\&&“\“"9““/“[ 7N 2045 target for all sectors
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Goal: Present a path towards climate neutrality
2045 taking into account costs and acceptancy

Published on 26 April 2021
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German constitutional court published its
decision on the Climate Law 2019 on 29 April
2021, stating it unconstitutional with regards to
prognos N the freedom of future generations
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www.agora-energiewende.de/projekte/klimaneutrales-deutschland-2045/



http://www.agora-energiewende.de/projekte/klimaneutrales-deutschland-2045/

Climate neutral Germany 2045 is a growth scenario:
1.3% economic growth p.a, industrial structure remains,
/5 Mrd. Euros additional investments p.a.

Key indicators of the Climate Neutrality 2045 scenario
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Germany can become climate neutral in 3 steps:
(1) reduction of ghg emissions by 65% until 2030,
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(2) -95% until 2045, and (3) CCS for remaining emissions

Measures in the climate neutrality 2050 scenario (KN2050) (GHG emissions in mio.

___Energy sector __Energy sector

858 ’\ Coal phase-out 2030, roughly 70% renewable electricity /
/J generation, decarbonized district heating, deployment of H, \’) with H,, carbon-free district heating

___Transport \

‘, (Q\\ 14 million electric cars, 30% of road freight kilometres
A" /) electric, more public transport, walking, cycling and rail

7y ___Industrie
| /lu Introduction of DRI, coal phase-out, ’ Industry
N -’ GRRISYMERR AR e Ortsam 1/‘ "\ H.and biomass for high-temperature heat, H. for steel,
v N B/ chemical recycling, CCS for process emissions
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<E@> Waste

___Agriculture E
\J Reduction of fertilizers and livestock, fermentation
\7/‘ of farm manure, energy efficiency E

__Buildings

/®\> Green retrofit rate 1.6% per year, 6 million
K ) heat pumps, faster expansion of district heating

- : 2030

2018

Prognos, Oko-Institut, Wuppertal-Institut (2021)

t CO2-eq.)

100% renewable generation*, replacement of fossil fuels

__Transport
/ﬁ'\ Electrification of cars, carbon-free freight transport,
\ ') expansion of public transit system

___Buildings

) or new by 2050, complete shift to carbon-neutral heat production

<ém\\ Retrofit rate of 1.75% per year, with over 90% of the buildings upgraded

___Agriculture
Reduction of fertilizers and livestock, fermentation of farm manure, energy efficiency,

y \
Kg ) 15% market share of plant-based and synthetic milk and meat alternatives

"o
Qm> Waste
T BECCS, DACCS, and green polymers
offset for residual emissions
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The five strategies for climate neutrality: Agora
Strategy 1. Renewables — by 2030, phase out coal & increase FEewente
renewables to > 70% share; by 2045 increase renewables 4-fold!

Power generation

Installed capacity 608 Net power generation in TWh
2 899
: (e Needed average added capacity per year
509 Bioenergy Gross increase, for life spans of 25 years
— 710 2021-2030
390 { .
2 594 Bl > 1.7 GW offshore wind

{
B | 4.5 GW onshore wind

268 435
Past years with greatest added
capacity:
179 306 Photovoltaics: 8 GW (2010, 2012)
—_— 60 70 Wind offshore Offshore wind: 2 GW (2015)
17 216 Onshore wind: 5 GW (2014, 2017)
25 145 . Cumulative gross increase
140 Wind onshore from 2021 to 2030:
= 80 104 Photovoltaics: 98 GW
Offshore wind: 17 GW
Onshore wind: 44 GW
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The five strategies for climate neutrality:

Strategy 2: Energy efficiency — primary energy consumption
will be halved by 2045, especially in the heating sector

Primary energy consumption
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The five strategies for climate neutrality:
Strategy 3: Electrification —in transport, heat and industry

electric cars, heat pumps, electric boilers replace oil and gas

Gross power consumption
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2030
Production 19 TWh H,

5,6 million heat pumps,
efficient electric
appliances, efficient
lighting, decline in direct
electric heating

Heat pumps,
efficient lighting

25% of vehicle kilometers
travelled in road freight with
batteries and overhead
lines, 14 million electric cars

Electrified process heat,
electricity-based steam
production, efficient
cross-sectional technolo-
gies

2045
96 TWh H,, 20 Mt CO, DAC

14 million heat pumps, increased
use for cooling and ventilation,

efficient heat pumps, decline
of direct electric heating,
efficient appliances

Heat pumps,
efficient lighting

80% of vehicle kilometers
travelled in road freight with
batteries and overhead lines,
36 million electric vehicles

Electrification of process heat,

CO: capture, electricity-based
steam production in electric
boilers and high-temperature
heat pumps
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The five strategies for climate neutrality
Strategy 4: Hydrogen — for safeguarding security of supply in
the energy system and to create a climate neutral industry

CO, free hydrogen production and consumption in Germany
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The five strategies for climate neutrality

Strategy 5: CCS - from 2030 onwards, the ramp-up of a CCS Energiewende QR
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Infrastructure (CO2 transport to Norway) will be required

CCS usage 2045

Residual emissions after 95% reduction

in Mt COze
63
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Carbon offsets from negative emissions

in Mt CO.e

-65

Green polymers

BECCS

BECCS

Energy
DACCS

Steel: BECCS

Gasification of wood chips on-site for high-
temperature heat as well as a carbon supplier
(metallurgical C demand).

Chemicals: BECCS

Gasification of wood chips on-site for steam
supply

Process-related
CO, from limestone deacidification

Process-related partial oxidation of carbon-
containing raw or auxiliary materials

Energetic utilization of residual materials
Use of alternative fuels (cement, lime)

Incineration of "residual" chemicals
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Germany can become climate neutral in 3 steps:
(1) reduction of ghg emissions by 65% until 2030,
(2) -95% until 2045, and (3) CCS for remaining emissions

Measures in the climate neutrality 2050 scenario (KN2050) (GHG emissions in mio. t CO2-eq.)

___Energy sector
/’) 100% renewable generation*, replacement of fossil fuels
\ /with H;, carbon-free district heating

___Transport

___Energy sector

858 ’\ Coal phase-out 2030, roughly 70% renewable electricity
/J generation, decarbonized district heating, deployment of H

/

,\\Transplort ; . . \ /ﬁ'\ Electrification of cars, carbon-free freight transport,
: (ﬁ' \ 14 million electric cars, 30% of road freight kilometres | \ '/ expansion of public transit system
A" /) electric, more public transport, walking, cycling and rail ~——
~— ___Buildings
o ___Industrie /@\ Retrofit rate of 1.75% per year, with over 90% of the buildings upgraded
| /l Introduction of DRI, coal phase-out, ’ Industry \ ) or new by 2050, complete shift to carbon-neutral heat production
\! bbb ) deployment of H, for steam % : , T
N\ ( ‘N) H. and biomass for high-temperature heat, H; for steel, Agriculture
v chemical recycling, CCS for process emissions P
~ \ = Y9 P /7\ Reduction of fertilizers and livestock, fermentation of farm manure, energy efficiency,
ﬁ - 438 K ) 15% market share of plant-based and synthetic milk and meat alternatives
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___Agriculture E
\J Reduction of fertilizers and livestock, fermentation
\7/‘ of farm manure, energy efficiency E
__Buildings ﬁ

<®\> Green retrofit rate 1.6% per year, 6 million
y

"o
Qm> Waste
T BECCS, DACCS, and green polymers
offset for residual emissions

78
|
]

heat pumps, faster expansion of district heating

- : 2030

2018
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Agora
Climate Neutral Germany 2045 and -65% greenhouse gas SIS
emissions by 2030 requires a policy mix to be adopted soon

A ,,Climate Action Now* Act

for the first 100 days of the new legislative period

Energy Buildings Industry Agriculture

4. Boost renewables 7. Policy mix with R ESEEes s - 15, Reduce livestock
5. Enact fossil fuel CO2-price, ambitious Efficiency - 16. Reduce fertiliser
phase-out standards, incentives Improvements - usage
6. Action plan for for renovation of 13- Green hydrogen ™ B AR/ 8 lele] ¢S
green district heating buildings and all- 14. Carbon Contracts [
grids inclusive rents for Difference

8. Industrialise

renovation and heat-

pump production

1. Climate Change Act as framework law 2. Increase carbon price
3. Make climate-related risks transparent to financial markets
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Electricity: Agora
Accelerate coal phase-out by 2030 and increase renewable I RIS
expansion rates to 70% RES share by 2030

Net power generation and net imports
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Transport:

Cars and trucks become electric, due to new mobility concepts

the number of cars after 2030 will be reduced

Amount of cars (left) and amount of trucks (right)
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Buildings: Agora
Heat pumps replace oil and gas heating in 1- and 2-family SETgesene
houses, green district heating supplies city centers

Buildings sector: final energy demand for heating by source
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00 78 53 n 463 B Environmental heat
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- 96 118 Solar thermal energy
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Industry:

Hydrogen, electrification and industrial biomass use replace
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coal and natural gas — industrial output remains constant

Final energy demand of manufacturing industry (and construction-related

transport)
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2045

2050

District heating
Electricity

Biomass
Hydrogen

Other fossil gases
Natural gas

Fuels

Oil products/waste
Lignite

Hard coal

%

Coal: phase-out (CHP by 2030, steel and
cement by 2040)

Natural gas: phase-out after 2030

Hydrogen: reducing agent and fuel for steam
generation

Biomass: use for BECCS in large plants (steel
/ chemical)

Electricity: efficient use in electrode boilers,
high-temperature heat pumps, and small and
medium-sized industrial furnaces

District heating: long-term use only for
temperatures < 100°C
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