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Introduction
- multiple challenges determine the needs for action today
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What determines the challenges of today? Wuppertal
Planetary boundaries make it very vivid and clear where we Institut
are already living (clearly) beyond our means today

CLIMATE CHANGE

= Planetary Boundary Concept
= set of nine indicators that
characterize stability and o
resilience of the Earth system mcri STRATOSPHERIC OZONE
-> ecological orientation

Increasing risk

= Concept published in 2009 by  (ooetauantied

Johan Rockstrom and 28
. . o i
international scientists *

. sa&eoperatingsp'aéé

‘ : ATMOSPHERIC

. y AEROSOL

= Crossing the thresholds (the "% LOADING
(Not yet quantified)

planetary boundaries) and
leaving the safe operating
space increases the risk of
triggering large-scale abrupt or
irreversible changes in our O ATERUSE
environment that may make it
impossible for humanity to live Stockholm Resilience Centre,

. BIOGEOC based on analysis in Persson et
as we know (and do) it today FLO al. 2022 and Steffen et al 2015,

OCEAN
ACIDIFICATION

Credit: Designed by Azote for

Sources: Rockstrom, J. et al. 2009. Planetary boundaries:exploring the safe operating space for humanity. Ecology and Society 14(2): 32.
[online] URL: http://www. ecologyandsociety.org/voli14/iss2/art32/ ;
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What determines the challenges of today?

) _ = Wuppertal
Planetary boundaries make it very vivid and clear where we Institut
are already living (clearly) beyond our means today
» Thethresholds are defined by Rockstrom et al. Climate change
(2009) as follows:
Land system Biogeochemical flows

= Climate change: CO,-concentration in the
atmosphere
< 350 ppm and/ or a maximum change of +1 W m-2in
radiative forcing

= QOcean acidification: mean surface seawater
saturation state with respect to aragonite = 80% of pre-
industrial levels

= Stratospheric ozone: <5% reduction in O3
concentration from pre-industrial level of 290 Dobson
Units

= Biogeochemical flows: limit industrial and agricultural
fixation of N, to 35 Tg N yr! and annual P inflow to
oceans not to exceed 10 times the natural background
weathering of P

= Global freshwater use: <4000 km3 yr1 of
consumptive use of runoff resources

» Land-system change: <15% of the ice-free land
surface under cropland

= Biosphere Integrity: loss of biological diversity -
annual rate of <10 extinctions per million species

= Chemical pollution: has not been determined by
Rockstrom et al. (2009) / see next slide

= Atmospheric aerosol loading: not yet quantified

change \ / (N and P cycles)

— Biosphere
Ocean

integrity Freshwater use

acidification B e U S 3

Atmospheric - \

aerosol loading ; Novel entities

o

Stratospheric ozone depletion

""" > Weak effect reducing the safe space of the affected factor, or complex effect with large uncertainties
—> As this factor moves away from its safe space, the safe space for the affected factor shrinks a little

=3 As this factor moves away from its safe space, the safe space for the affected factor shrinks a lot



What determines the challenges of today? Wuppertal
The ecological dimension is not sufficient to describe the Institut

boundaries and has to be combined with an appropriate
social foundation -> Doughnut Economics

The Doughnut’s dimensions (as of 2017)
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AcpCRTON Doughnut symbolizes the balance of good life  cusmuscnomisers

swanam restience cenve. TOI Mankind and the boundaries within which

based on analysis in Persson

et al. 2022 and Steffen et al a Safe and Just Space for humanlty eXIStS

2015.
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Example: Climate Change

- deep dive into a specific challenge that leads to massive
transformation needs in the energy and industry system
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Challenge Climate Change

: : : : : Wuppertal
Climate science community pretty sure that increasing Institut
greenhouse gas concentration in the atmosphere leads to
growing global temperature 4.0

(b)
420 _
410 g 207

E o
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S 390 2

5 5

S 380 o 1.0

© o

g e ! i i :
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350 Year
340
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Year
Figure 6. Globally averaged CO, mole fraction (a) and its growth

rate (b) from 1984 to 2020. Increases in successive annual means
are shown as shaded columns in (b). The red line in (a) is the

monthly mean with the seasonal variation removed; the blue dots Weltorganisation fr Meteorologe
and blue line in (a) depict the monthly averages. Observations Mehr Treibhausgas als je zuvor
from 139 stations were used for this analysis. Stand: 25.10.2021 12:19 Uhr

. . . Die Treibhausgaskonzentration in der Atmosphare hat 2020 einen neuen Hochststand
. T1\/ D. - b n P 3
Quelle: WMO GREENHOUSE GAS BULLETIN - The State of Greenhouse Gases in the Atmosphere erreicht. Auch die Corona-Pandemie konnte den Anstieg nicht stoppen. Die Hoffnungen

Based on Global Observations through 2020. 25 October 2021. ruhen nun auf der anstehenden Weltklimakonferenz.
https://library.wmo.int/index.php?lvl=notice display&id=21975#.YX MMgAxKII
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Challenge Climate Change Wuppertal
Global mean surface temperature increases significantly Institut
since beginning of industrialisation and can be associated

to human activities (anthropogenic origin)

i Change in global surface
2.0 temperature (annual average) as
observed and simulated using
human & natural and only
natural factors (both 1850-2020)

observed

1.9

( simulated e ¥k /|

human & g T 1

natural 5T |
£t -
'u =3 —
=
L ) —
.E L -
¥ ool i

simulated 1850 1900 1950 2000

natural only S LR A R

(solar &

volcanic)

-0.5
| |
1850 1900 1950 2000 2020
Bildschirmfoto Source: IPCC WG | Assessment Report 2021
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Challenge Climate Change Wuppertal
Long term temperature observation shows the fast increase Institut

and why the situation is so specific (hockey stick curve)

2.0 Change in global surface
Warming is unprecedented temperature (decadal average) as
in more than 2000 years reconstructed (1-2000) and

1.5 \ observed (1850-2020)

- Warmest multi-century
period in more than

‘/ 1 5
10 10 00,000 years L0 f
| observed A .
[= 350 -
= H
0.5 b i
= i
L 0.2 £ g
Em =
1850 1800, 1850 2000

reconstructed TTTTTTRTTTTTT TSI AT T TT T T T
-0.5
i | —
1 500 1000 1500 1850 2020
Bildschirmfoto Source: IPCC WG | Assessment Report 2021
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Challenge Climate Change

_ Wuppertal
Intergovernmental Panel on Climate Chance (IPCC) Institut
report 2021 confirms mankind origin and expect further
(significant temperature increase) Carbon e (G

140

120

« Thereis a great consensus amongst climate
scientists that

100

- Climate change is (,,unequivocal®)
anthropogenic origin

 Further increase of global mean tempera-
ture by 1.5°C until 2040 (compared to pre-
industrial level) can hardly be avoided

S5P1-2.6

« Assuming a continuous increase of GHG 2015 2050 2100
emissions (SSP3-7.0) temperature increase I VI By P
O 3 .
could be 2.6° in 2060 el el B Wy Pkt | Dt oo et e el Rt et et I W Fimt

.. ) e . &) <CC) | €O eCO | O e (°C0)
- Tipping points (“Kippelemente”) have not pa N - -

. . . . . SSP1-1.9 15 12t01.7 1.6 12020 14 10t018
been taken into consideration in this

. . . .. SSP1-2.6 15 12to 18 17 13t022 18 13t024
calculation (e.g. melting of Sibirian perma- p— - —— > — > ey
frOSt SOll)) but COUld further Speed up SSP3-7.0 15 1 12018 2 17t026 36 28t046
temperature increase SSP5-8.5 1,6/ 13tc19 24 19t03.0 44 33t05.7

« As a consequence weather extremes will
increase by number and intensity —
adaptation measures become crucial



Climate change challenge Wuppertal
International Climate Protection conference 2015 in Paris Institut

marks a cornerstone and determines level of ambition

/N, UNITED NaTiONS ¢
o ONFERENCE O
&%/  ENVIRONMENT AND DEVELOPME "

L0R21-Cw
Rio 1992 Kyoto 1997 Copenhagen 2009 Paris 2015 PARIS 201 5

» For the first time since 25 years international negotiations ended with a treaty which
comprises climate protection commitments of more than 190 countries — almost the
entire world (based on voluntary agreements - INDC: intended national determined
contribution)

* Major goal: limiting temperature increase in comparison to pre-industrial level
to well below (!) 2°C and if even possibleto 1,5°C

T

)

/
’
KAMPF GEGEN ERDERWlIIli

Durchbruch bei UN-Klimagipfel —

‘, tagesschau
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Climate Change challenge W al
Setting the scene for action and how to go forward |n:t'?3ﬁr 2

« Paris climate agreement (COP 21), Glasgow results (COP 26) and related
policy decisions at Global, European and German level set the scene for action
(GHG neutrality by 2050), but climate targets have to be seen in the broader
sustainability context of UN Sustainability Goals

@) BB GOALS

17 GOALS TO TRANSFORM OUR WORLD

310CT - 12 N0V 2021
GLASGOW

GOP26

IN PARTNERSHIP WITH ITALY

 Further and massive market penetration of renewable energies is
absolutely crucial. In addition direct electrification and indirect
electrification (via hydrogen or hydrogen based energy carriers/feedstocks for
industry) play a major role for all relevant sectors

* No blueprint available for GHG neutrality strategy - keeping the balance
between fast action (key for limiting climate change), reliability (key for
iInvestment security) and flexibility (key for reflection of uncertainties and
dynamics) required

08.04.2022 12



Climate change challenge W al
What are alongside clmate change the major challenges ,n:t'?t'fﬁr 2
for the energy system of the future

Safeguarding competitiveness (industry) and socially acceptability (society)
Security of energy supply

Environmental and climate friendliness (e.g. greenhouse gas neutrality 2050)
Social acceptance (overcoming NIMBY effect) and openness for participation

Just transition - careful handling of induced structural changes (intended as well as not
intended changes)

Transparent and open discussion between stakeholders (sociopolitical discourse)

Plane-
tary
Boun-
daries

Sustain-
ability
Triangle

Social
Respons
i-bility

Economi
c Vitality
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Climate change challenge

_ _ _ Wuppertal
Paris and Post-Paris phase created a big momentum for Institut
International climate policy and as a conseguence market
development of climate protection technologies

Future markets have to be ,,paris-compatible*

More and more ambitious mitigation targets at international level
result in more engagement in terms of technology development
and market penetration (also at companies level)

« results in higher implementation dynamic and possibility of
joining forces to overcome common
(technology/infrastructure) challenges

 results in more competition: the race is open; open question —
who will have the best chances to become a world champion
in the growing global climate technology markets

Todays energy and climate policy is an important pillar of
economic policy and can help to secure competitiveness and the
. standing of the country as attractive location for business and
sr vz ’ technology exporter

GLASGOW

PARIS 2015 |}[|P23

IN PARTNERSHIP WITH ITALY
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Climate Change

National German target and how GHG neutrality could be achieved
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German climate policy goals Wuppertal
Climate Protection Law from July 2021 defines GHG Institut
neutrality by 2045 as national target following a

groundbreaking judgement of the Federal Constitutional

Court (-> reauested a better protection of vouth)

Germany to achieve climate neutrality earlier

S X%
» Greenhouse gas emissions
—> By 2030: 65% less CO2 (current target 55 %)
—> By 2040: 88% less CO2

—> 2045: Climate neutrality (current target 2050) %Vﬁ[},
ay

* Permissible annual CO2 emissions for individual
sectors such as energy, industry, transport and
buildings to be reduced.

08.04.2022



German climate policy goals

. . . W tal
GHG neutrality by 2045 — even more ambitious as EU — resulting w ,n:t'?tzir 2
challenge: Where do we stand today and what can we expect for
the near future

reduction 35.7% (1990 -2019) and 41% (1990 - 2020)

Emission of greenhouse gases covered by the UN Framework Convention on dimate

Million tonnes of carbon dioxide equivalents GHG emissions in 2020 declined by almost 8 %, but
=

1.400 m increased in 2021 by 4.5% (Covid19 pandemic effect)

1,200 !’I
1,000 - —lllllll

800

600

400

200

greenhouse gas|
neutrality

0 | |
1990 1995 2000 2005 2010 2015 2019 pYE Target Target
2020**  2030***  2045***

M Energy Industry M Industry* M Transport M Households Commercial/ Institutional B Agriculture B Waste and Waste Water B Other Emissions*
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How GHG neutrality could be achieved
Wuppertal Institute study on behalf of Agora Energiewende

Institut

shows potential way along three major phases

Towards a Climate-Neutral Germany
by 2045

How Germany can reach its climate targets before 2050
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prognos Do Institut oM. Wuppertal

Pt Institut

Study ,,Towards a Climate-Neutral
Germany*“, jointly initiated by Agora
Energiewende, Agora Verkehrswende
and Stiftung Klimaneutralitat

Conducted by Prognos/ Oko-Institut/
Wuppertal Institut

Mission: Addressing the official German
government long-term target (climate
neutrality by 2045) but assumes 65%
reduction by 2030 as a consequence of
the higher EU-2030 target

Goal: Present a path towards climate
neutrality taking into account cost
efficiency and social acceptance.

Note: The extended version of the study is currently available in German, the executive summary is published in English.

08.04.2022
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How GHG neutrality could be achieved Wuppertal
There is no silver bullet technology/strategy for GHG Institut
mitigation — broad portfolio of options needed

Hydrogen /
synthetic
energy

Di carriers )
|_r(_act _ Biomass
electrification

E_nc_ergy Solar process
efficiency heat

Reduction of
final
customer
demand

CCS

Carbon Capture

Material
substitution CCU

Reduction of demand for

primary materials Circular Material

Economy efficiency

08.04.2022



_ _ Wuppertal
How GHG neutrality could be achieved Institut

Mix of options is needed in each sector for the three
major phases of transformation

Transoort Buildinas
14 million e-vehicles, Retrofit rate of 1.6% per year, 6 mil-
30% of trucks powered lion heat pumps, greater expansion
by electricity, more public of district heating networks

858 transit, bicycles, walking,
and rail

Agriculture

Reduction of fertilizer and livestock use,
fermentation of farm manure

207 (A
=
-72 == 438
-52 ”
-12 -5
Energy sector |

Coal phase-out in 2030,

approx 70% renewable

generation, decarboni- Industrv Waste

zation of district heating, Introduction of DRI, coal More landfill

use of H,. phase-out, H; use for steam. aeration
2018 2030

08.04.2022



How GHG neutrality could be achieved
Mix of options is needed in each sector for the three

major phases of transformation

Energy sector
100% renewable generation*,
replacement of fossil fuels with H,,
carbon-free generation of district

Wuppertal
Institut

Buildings

Retrofit rate of 1.75% per year,
with over 90% of the buildings
upgraded or new by 2050,

heating complete shift to carbon-neutral
heat production

Industry

H; and biomass for
high temperature heat,
H, for steel, chemical Transport
recycling, CCS for

Electrification of cars,
process emissions

carbon-free freight transport, Agriculture

expansion of public transit Reduction of fertilizers and livestock,
fermentation of farm manure,
energy effidency, 15% market share

of plant-based and synthetic milk
and meat alternatives

F—r—

94 | Waste

| SR — |

rept | 63

2030
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How GHG neutrality could be achieved Wuppertal
Mix of options is needed in each sector for the three Institut

major phases of transformation

Step 3 in detail - residual GHG emissions and their offsetting in 2045 Step 3

Residual emissions after 95% reduction Carbon offsets from negative emissions
in Mt CO.e in Mt COze
63 ‘65
Waste 60
. Green polymers
-50
Agriculture
-40 Industry
BECCS
Buildings =20
-eU BECCS
Industry process
emissions, waste 10 Energy
Energy sector DACCS
0

(waste incineration)
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How GHG neutrality could be achieved Wuppertal
Mix of options is needed in each sector for the three Institut
major phases of transformation

14 000

12000

10000

8000

6000

Primary energy consumption [PJ]

4000

2000

08.04.2022

s Energy efficiency plays an important role —
primary energy demand has to be halved

6458

7258
2045

B PtX I Renewable energy Non-renewable waste . Fossil gases

M Petroleum B Coal B Nuclear power M Power

Prognos, Oko-Institut, Wuppertal Institut 2021



How GHG neutrality could be achieved Wuppertal

Mix of options is needed in each sector for the three Institut
major phases of transformation Electricity demand
growth in all sectors
1200 =030 weemmond nearly doubles
H./C0.,  Production19 TWh H; 96 TWh H,,
20 Mt CO, DAC
1000
5,6 million heat pumps, 14 million heat pumps,
efficient electric appliances,  increased use for cooling

efficient lighting, decline and ventilation, efficient
in direct electric heating heat pumps, decline
of direct electric heating,
efficient appliances

[, ]
643 B3 14
600 ;6— E Heat pumps, Heat pumps,
S S 130 efficient lighting efficient lighting
129
400 25% of vehicle kilometers 80% of vehicle kilometers
e 175 ;( ; ) travelled in road freight travelled in road freight

800

Gross power consumption [TWh]

with batteries and with batteries and
overhead lines, overhead lines,
o5 74 14 million electric cars 36 million electric vehicles
s [l 251 S = Electrified process heat, Electrification of process
n electricity-based steam heat, CO, capture, electric-
u ;.n“ iy production, efficient ity-based steam produc-
0 =i cross-sectional technologies  tion in electric boilers
g Q 2 § 3 e and high-temperature
N N R ~ S Q heat pumps
W Industry B Transport M 8T1s B HH
District heat generation B Other forms of conversion I Electrolysis (H,) B DAC
I Storage Other losses B Power station consumption
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How GHG neutrality could be achieved

Renewable energy market penetration have to be

accelerated significantly

Annual renewable energy capacity
addition have to be doubled or

even tripled in comparison to
2018-2020 average

Net electricity generation and net imports Figure 8
1,000 . .
{ 50 per centincrease in generation 934
|
H
900 i 863
H
: 801
800 |
i
|
= H m
£ 700 '
£
- 61 614
£ 600
o 541
g
g so0 848
> m
] 546 675
£ 400
@
]
g 300
75
200
8 it
135 "H
12 24
1o 37 7 24
42
72 69 61
o il
2018 2025 2030 2035 2040 2045 2050
I Renewables M Hydrogen Other W Lignite
Il storage Natural gas B Hard coal B Nuclear power
Net imports
50
0 i (7= —— 16" | S |26 |

-50

Other energy sources for electricity generation: blast furnace gases, waste incineration, petroleum, other sources. Storage: generation from
battery storage and pump storage
Prognos (2020)
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Installed renewable capacity (GW) Renewable net electricity generation (TWh)

562 848
i Bioenergy m
512 771
% Hydropower ﬁ
431 675
i | 2: |
e 546
== 2 ]
268 435
-
179 306

70 Offshore wind 216 m

254
223
187
nz
e 56 B k
25 : 288
37
. 239 @ 270
130 Onshore wind
6 94 151
80

2018 2025 2030 2035 2040 2045 2050 2018 2025 2030 2035 2040 2045 2050

Needed average added capacity per year
Gross increase, for life spans of 25 years

Share of renewable energy
in gross electricity consumption

17% 38% ) 69% ’

I | 4.5 GW onshore wind 2010 2018 2030 2050

2021-2030

{
B | 1.7 GW offshore wind

Past years with greatest added Cumulative gross increase
capacity: from 2021 to 2030:
Photovoltaics: 8 GW (2010, 2012) Photovoltaics: 98 GW
Offshore wind: 2 GW (2015) Offshore wind: 17 GW
Onshore wind: 5 GW (2014, 2017) Onshore wind: 44 GW

* Includes electricity generation from renewable hydrogen together with stored and imported renewable electricity.
Prognos (2020)
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How GHG neutrality could be achieved Wuppertal
Hydrogen economy as central strategy element gaining Institut
more and more relevance after 2030

Due to limited national renewable

energy resources majority of
hydrogen has to be imported

Hydrogen demand Hydrogen generation
300 300 9
265 265 8
— 250 — 250
‘?E 223 -§ 223 7
= — = e
w 200 o 200 6 ]
2 = o)
n ) -
> > 5 \06
2 150 137 33 2 150 4 2
® ™ S
£ 100 . < 100 3 =
g 63 2 63 2
o 22 o
- 50 - 50 96
2 50 65 1
n o wn o n wn o n o wn
N m m < < n m m <t <
R & & R’ R S & & =& R
B Paper B Other metals B Imports Water electroylsis (domestic)
Basic chemicals Raw iron, steel
B Road freight B Mineral oil processing

B Electricity, district heating
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How GHG neutrality could be achieved Wuppertal
Germany will rely massively on hydrogen import — lesson Institut
learned from Russia’s aggression in Ukraine requires

from the very beginning a diversifies import mix

Transport Options

For international distribution

Requires technical development

For medium distances

Leverages NG infrastructure

For methanol end-uses

Leverages existing infrastructure

For ammonia end-uses

Leverages existing infrastructure

Binds hydrogen in liquids

7 A‘ \( il Extending the Binding/unbinding requires energy
: European Hydrogen

N H2 reforming in target country
(e}

R CO2 return to CCS via shipping

f——

578
08.04.2022 @Y ’

April 2021

Source: BloombergNEF (2020)
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Outlook and remaining challenges
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OUthOk Wuppertal
Implementation of transformation pathways to GHG neutrality is Institut
associated with manifold challenges but also substantial chances

Technological challenges (e.g. system integration of volatile renewable energy
sources)

Infrastructure challenge (further development of existing and build up of new
Infrastructures: H,, CO,)

Market challenge (further development of market design and incentive structures)
Resource challenge (substitution and/or recycling from critical/rare resources)
Stakeholder challenge (overcoming of persistant forces)

Policy and institutional challenge (integrative policy approach in the multi-level
system)

Societal challenge (social acceptance, participation, fair burden sharing, just
transition, empowerment of ,all“ consumers) -> sociopolitical discourse and
positive, motivating narrative necessary)

Innovation challenge (combination of technical and (!) social innovations to
system solutions)

Temporal challenge (consequent and durable shaping of transformation
processes over decades — how to keep track for decades)

08.04.2022 29



Outlook | | | | Wuppertal
Implementation of transformation pathways linked to clear win- Institut
win potentials for national economy and could create advan-

tages for positioning of companies on growing future marktes

* McKinsey expects substantial additional
iInvestment needs for implementation of
transformation path

» Total investment (for the period 2020 to
2045) are supposed to be around 5 BiIll.
EUR for a conventional path (including
necessary retrofits and replacement
iInvestments) and around 6 Bill. EUR for
a climate protection pathway

« Annual additional investments
associated with climate protection sum
up to 40 Mrd. EUR (ca. 1 % of GDP)

« Positive national economic impacts
expected due to triggering an
Innovation and investment dynamic -
> enables leadership chance in
growing climate technology markets Quelle: Me Kinsey 2021

08.04.2022
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Thank you for your attention!




