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Introduction
- multiple challenges determine the needs for action today
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Sources: Rockström, 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/vol14/iss2/art32/ ;   

Credit: Designed by Azote for 

Stockholm Resilience Centre, 

based on analysis in Persson et 

al. 2022 and Steffen et al 2015.

What determines the challenges of today?

Planetary boundaries make it very vivid and clear where we 

are already living (clearly) beyond our means today

 Planetary Boundary Concept 

= set of nine indicators that 

characterize stability and 

resilience of the Earth system 

-> ecological orientation

 Concept published in 2009 by 

Johan Rockström and 28 

international scientists

 Crossing the thresholds (the 

planetary boundaries) and 

leaving the safe operating 

space increases the risk of 

triggering large-scale abrupt or 

irreversible changes in our 

environment that may make it 

impossible for humanity to live 

as we know (and do) it today



 The thresholds are defined by Rockström et al. 

(2009) as follows:

 Climate change: CO2-concentration in the 

atmosphere 

< 350 ppm and/ or a maximum change of +1 W m-2 in 

radiative forcing 

 Ocean 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 N2 to 35 Tg N yr-1 and annual P inflow to 

oceans not to exceed 10 times the natural background 

weathering of P 

 Global freshwater use: <4000 km3 yr-1 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 

Rockström et al. (2009) / see next slide

 Atmospheric aerosol loading: not yet quantified
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Sources: Rockström, 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/vol14/iss2/art32/ ;  Steffen, W. et al. 2015. 

Steffen, W., K. Richardson, J. Rockström, S.E. Cornell, et.al. 2015. Planetary 

boundaries: Guiding human development on a changing planet. Science 347: 

736, 1259855.

What determines the challenges of today?

Planetary boundaries make it very vivid and clear where we 

are already living (clearly) beyond our means today
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The Doughnut’s dimensions (as of 2017)

Social Foundation

The 12 dimensions of the 

social foundation are 

derived from the social 

priorities agreed in the 

Sustainable Development 

Goals (UN, 2015)

Ecological Ceiling

The 9 dimensions of the 

ecological ceiling are the 

nine planetary boundaries 

defined by Earth-system 

scientists (Steffen et al., 

2015)

Credit: Designed by Azote for 

Stockholm Resilience Centre, 

based on analysis in Persson 

et al. 2022 and Steffen et al 

2015.

What determines the challenges of today?

The ecological dimension is not sufficient to describe the

boundaries and has to be combined with an appropriate

social foundation -> Doughnut Economics

Doughnut symbolizes the balance of good life 

for mankind and the boundaries within which 

a safe and just space for humanity exists



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

Climate science community pretty sure that increasing 

greenhouse gas concentration in the atmosphere leads to 

growing global temperature

708.04.2022

Quelle: WMO GREENHOUSE GAS BULLETIN - The State of Greenhouse Gases in the Atmosphere

Based on Global Observations through 2020. 25 October 2021. 

https://library.wmo.int/index.php?lvl=notice_display&id=21975#.YX_MMqAxklI

Bildquelle: 

dpa.

https://library.wmo.int/index.php?lvl=notice_display&id=21975#.YX_MMqAxklI


Challenge Climate Change

Global mean surface temperature increases significantly 

since beginning of industrialisation and can be associated 

to human activities (anthropogenic origin)

808.04.2022

Change in global surface

temperature (annual average) as

observed and simulated using

human & natural and only

natural factors (both 1850-2020) 

Source: IPCC WG I Assessment Report 2021



Challenge Climate Change

Long term temperature observation shows the fast increase 

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

908.04.2022

Source: IPCC WG I Assessment Report 2021

Change in global surface

temperature (decadal average) as

reconstructed (1-2000) and

observed (1850-2020) 



• There is a great consensus amongst climate

scientists that

• 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

• Assuming a continuous increase of GHG 

emissions (SSP3-7.0) temperature increase 

could be 2.6° in 2060

• Tipping points (“Kippelemente”) have not 

been taken into consideration in this 

calculation (e.g. melting of Sibirian perma-

frost soil), but could further speed up 

temperature increase

• As a consequence weather extremes will 

increase by number and intensity –

adaptation measures become crucial

Challenge Climate Change

Intergovernmental Panel on Climate Chance (IPCC) 

report 2021 confirms mankind origin and expect further 

(significant temperature increase)

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. Contribution of Working 

Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change[Masson-Delmotte, V., P. Zhai, 

A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, 

J.B.R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R. Yu and B. Zhou (eds.)]. Cambridge University Press. In Press



• 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 possible to 1,5°C

Rio 1992 Kyoto 1997 Copenhagen 2009 Paris 2015

08.04.2022

Climate change challenge

International Climate Protection conference 2015 in Paris 

marks a cornerstone and determines level of ambition



Climate Change challenge

Setting the scene for action and how to go forward

08.04.2022

• 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

• 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 

investment security) and flexibility (key for reflection of uncertainties and 

dynamics) required
12
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• 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

Social
Respons

i-bility

Sustain-

ability
Triangle

Economi
c Vitality

Climate change challenge

What are alongside clmate change the major challenges

for the energy system of the future

08.04.2022 13



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 
technology exporter
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 Warenkorb

Sie haben noch keine Artikel in Ihrem

Warenkorb.

 Kundenbewertungen

 Willkommen zurück!  

eMail-Adresse:

Passwort:

Passwort vergessen?

 Mehr über...

 Footer

 Impressum

 AGB

 Datenschutzerklärung

 Widerrufsbelehrung

 Zahlung und Versand

 Kontakt

 Informationen

 Newsarchiv

 Alle Produkte

 Sitemap

 Händleranfragen

 Europameiserschaft 2016

 Bewertungen

Bewerten Sie diesen

Artikel!

 Neue Artikel

 

Kreuzritter Templer Kreuz Fahne /

Flagge 90x150 cm 

8,68 EUR

inkl. 16 % UST zzgl.Versandkosten

 Partner  

Fahnen-Fanwelt

Fahnen-Nostalgieshop

Flaggen.online

 

  

  

 Kategorien

 Fussball EM 2020

 Fahnen Zubehör

 Fahnen 27 x 40 cm

 Fahnen 60 x 90 cm

 Fahnen 90 x 150 cm

 Fahnen 150 x 250 cm
 -   Nationalflaggen
 -   D Bundesländer & Region
 -   Historisch
 -   Piraten
 -   Sonstige

 Bundesliga Fanartikel

 Fahnen Aufkleber

 Aufkleber Sets

 Autofahnen

 Flaggen Pins

 Pins / Anstecknadeln

 Aufnäher

 Baseball Caps

 Blechschilder

 Magnet Sets

 Magnete

 Fahnenketten

 Historisch

 Deutschland Ecke

 USA & Kanada Ecke

 DDR Ecke

 Österreich Ecke

 Schweiz Ecke

 Piraten Ecke

 Jack Daniels Ecke

 Nationalflaggen

 Oster Fahnen

 Halloween / Hexen

 Erkennungsmarken

 Weihnachtsfahnen

 US Route 66

 Harley Davidson

 Fussball WM 2018

 Fussball EM 2016

 Shopsiegel

 Bestseller  

01. Deutschland Sondermotiv

Fahne / Flagge XXL 150x250

cm

15,50 EUR

inkl. 16 % UST

zzgl.Versandkosten

02. Europa Fahne / Flagge

150x250 cm XXL

Europa Fahne / Flagge 150x250 cm XXL

Preis:

15,50 EUR

inkl. 16 % UST zzgl.Versandkosten

Art.Nr.: D0602 

Artikeldatenblatt drucken  

Lieferzeit: 3-4 Tage

Fahnengröße: 150x250 cm Die Fahne hat einen

doppelt umnähten Rand und ist mit 3 Metallösen

zum hissen der Fahne ausgestattet.

Die Europa Fahne ist beidseitig bedruckt.

Natürlich ist die Fahne Wetter und Uv-beständig.

An der Seite wo sich die Metallösen zum hissen

befinden ist ein zusätzlicher weißer Saum

eingearbeitet, dass für die sehr gute Qualität der

Fahne spricht.

Fahnen Seil oder Fahnen Karabinerhaken

bekommen Sie hier:

Fahnen Zubehör
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Diesen Artikel haben wir am Mittwoch, 21. September 2011 in unseren Katalog aufgenommen. 

Kunden, welche diesen Artikel kauften, haben auch folgende Artikel gekauft:

Niedersachsen Fahne / Flagge 90x150 cm

Preis: 7,70 EUR

Deutschland 16 Bundesländer Fahne / Flagge 90x150 cm

Preis: 7,70 EUR

Dänemark Fahne / Flagge 90x150 cm

Preis: 7,70 EUR

Schweden Fahne / Flagge 90x150 cm

Preis: 7,70 EUR

Norwegen Fahne / Flagge 90x150 cm

Preis: 7,70 EUR

Bayern Fahnen & Wappen Aufkleber Set (8-teilig)
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 Warenkorb

Sie haben noch keine Artikel in Ihrem

Warenkorb.

 Zuletzt angesehen  

 

Europa Fahne / Flagge 150x250 cm

XXL 

15,50 EUR

inkl. 16 % UST zzgl.Versandkosten

Mehr auf Ihrer privaten Seite

Sonstige

 Kundenbewertungen

 Willkommen zurück!  

eMail-Adresse:

Passwort:

Passwort vergessen?

 Mehr über...

 Footer

 Impressum

 AGB

 Datenschutzerklärung

 Widerrufsbelehrung

 Zahlung und Versand

 Kontakt

 Informationen

 Newsarchiv

 Alle Produkte

 Sitemap

 Händleranfragen

 Europameiserschaft 2016

 Bewertungen

Bewerten Sie diesen

Artikel!

 Neue Artikel

 

Totenkopf Skull Deutschland Fahne

/ Flagge 90x150 cm 

8,68 EUR

inkl. 16 % UST zzgl.Versandkosten

 

  

  

 Kategorien

 Fussball EM 2020

 Fahnen Zubehör

 Fahnen 27 x 40 cm

 Fahnen 60 x 90 cm

 Fahnen 90 x 150 cm

 Fahnen 150 x 250 cm

 Bundesliga Fanartikel

 Fahnen Aufkleber

 Aufkleber Sets

 Autofahnen

 Flaggen Pins

 Pins / Anstecknadeln

 Aufnäher

 Baseball Caps

 Blechschilder

 Magnet Sets

 Magnete

 Fahnenketten

 Historisch

 Deutschland Ecke

 USA & Kanada Ecke

 DDR Ecke

 Österreich Ecke

 Schweiz Ecke

 Piraten Ecke

 Jack Daniels Ecke

 Nationalflaggen
 -   Afrika
 -   Asien
 -   Australien / Ozeanien
 -   Europa
 -   Nord / Süd Amerika

 Oster Fahnen

 Halloween / Hexen

 Erkennungsmarken

 Weihnachtsfahnen

 US Route 66

 Harley Davidson

 Fussball WM 2018

 Fussball EM 2016

 Shopsiegel

 Bestseller  

01. USA Fahne / Flagge 90x150

cm

7,70 EUR

inkl. 16 % UST

zzgl.Versandkosten

02. Kanada Fahne / Flagge 90x150

cm

7,70 EUR

USA Fahne / Flagge 90x150 cm

Preis:

7,70 EUR

inkl. 16 % UST zzgl.Versandkosten

Art.Nr.: LF035 

Artikeldatenblatt drucken  

Lieferzeit: 3-4 Tage

USA

Die USA Fahne hat einen doppelt umnähten Rand

ist mit 2 Metallösen zum hissen der Fahne

ausgestattet und hat eine größe von 90x150 cm.

An der Seite wo sich die beiden Metallösen zum

hissen befinden ist ein zusätzlicher weißer Saum

eingearbeitet, dass für die sehr gute Qualität der

Fahne spricht.

Die Flagge kann bis 30° C gewaschen werden.

Bügeln ist mit geringer Temperatur (synthetisches

Gewebe) möglich.

 

Produktbeschreibung:

Fahnen Größe ca. 90 x 150 cm. 

Wetterfester Polyesterstoff.

Doppel umnähter Saum. 

2 eingearbeitete Metallösen.

Ösenseite ist verstärkt. 

Beidseitig bedruckt.

Fahnen Seil oder Fahnen Karabinerhaken

bekommen Sie hier:

Fahnen Zubehör

Tipp:Sie wollen die Fahne nicht am Masten sondern

im Zimmer, Haus oder Balkon aufhängen, dann

schauen Sie sich doch mal unsere praktischen

HOLDclips zum befestigen der Fahne an.

1

Diesen Artikel haben wir am Dienstag, 28. November 2006 in unseren Katalog aufgenommen. 

Kunden, welche diesen Artikel kauften, haben auch folgende Artikel gekauft:

Route 66 Road Trip Blechpostkarte 10 x 14 cm

Preis: 2,43 EUR

Route 66 Old Trails Road Blechpostkarte 10 x 14 cm

Preis: 2,43 EUR

Climate change challenge

Paris and Post-Paris phase created a big momentum for 

international climate policy and as a consequence market 

development of climate protection technologies

08.04.2022 14



Climate Change 
National German target and how GHG neutrality could be achieved

08.04.2022 15
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Quelle: BMU 2021

German climate policy goals

Climate Protection Law from July 2021 defines GHG 

neutrality by 2045 as national target following a 

groundbreaking judgement of the Federal Constitutional 

Court (-> requested a better protection of youth)



Greenhouse gas emissions total

Treibhausgase gesamt
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2020**
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2030***
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2045***

Energy Industry Industry* Transport Households Commercial/ Institutional Agriculture Waste and Waste Water Other Emissions*

greenhouse gas 

neutrality

Source: German Environment Agency, National Inventory Reports for the German 

Greenhouse Gas Inventory 1990 to 2019 (as of 12/2020) and Previous-Year-

Estimate (PYE) for 2020 (Press-Info 07/2021 from 15.03.2021)

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

Million tonnes of carbon dioxide equivalents

Target Target

Emissions by UN reporting category, without land use, land use change and forestry

* Industry: Energy and process-related emissions from industry (1.A.2 & 2);

Other Emissions: Other combustion (rest of CRF 1.A.4, 1.A.5 military) & fugitive emissions from fuels (1.B)

** PYE: Previous-Year-Estimate  for 2020

PYE

*** Targets 2030 and 2045: according to the revision of the Federal Climate Protection Act (KSG) as of 12.05.2021

German climate policy goals
GHG neutrality by 2045 – even more ambitious as EU – resulting 

challenge: Where do we stand today and what can we expect for 

the near future

08.04.2022 17

But how to achieve greenhouse gas neutrality?

?

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

GHG emissions in 2020 declined by almost 8 %, but 

increased in 2021 by 4.5% (Covid19 pandemic effect)



→ Study „Towards a Climate-Neutral 

Germany“, jointly initiated by Agora 

Energiewende, Agora Verkehrswende

and Stiftung Klimaneutralität

→ Conducted by Prognos/ Öko-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.

How GHG neutrality could be achieved 

Wuppertal Institute study on behalf of Agora Energiewende

shows potential way along three major phases

08.04.2022



Quelle: 

How GHG neutrality could be achieved

There is no silver bullet technology/strategy for GHG 

mitigation – broad portfolio of options needed

08.04.2022

Hydrogen / 
synthetic 
energy
carriers

Biomass

Solar process 
heat

CCS

CCU

Material 
efficiency

Circular 
Economy

Material 
substitution

Reduction of 
final 

customer 
demand

Energy 
efficiency

Direct 
electrification

Climate neutral energy 

sources / feedstocks

Carbon Capture

Reduction of demand for 

primary materials

Energy 

efficiency
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Prognos, Öko-Institut, Wuppertal Institut 2021

Step 1

How GHG neutrality could be achieved 

Mix of options is needed in each sector for the three 

major phases of transformation



08.04.2022

Step 2

How GHG neutrality could be achieved 

Mix of options is needed in each sector for the three 

major phases of transformation
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Step 3

How GHG neutrality could be achieved 

Mix of options is needed in each sector for the three 

major phases of transformation
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Prognos, Öko-Institut, Wuppertal Institut 2021

How GHG neutrality could be achieved 

Mix of options is needed in each sector for the three 

major phases of transformation

Energy efficiency plays an important role –

primary energy demand has to be halved



08.04.2022 Prognos, Öko-Institut, Wuppertal Institut 2021

Electricity demand

growth in all sectors

and nearly doubles

How GHG neutrality could be achieved 

Mix of options is needed in each sector for the three 

major phases of transformation



How GHG neutrality could be achieved 

Renewable energy market penetration have to be 

accelerated significantly

08.04.2022 25

Annual renewable energy capacity 

addition have to be doubled or 

even tripled in comparison to 

2018-2020 average  



08.04.2022 PowerPoint Leervorlage

Prognos, Öko-Institut, Wuppertal Institut 2021

How GHG neutrality could be achieved 

Hydrogen economy as central strategy element gaining 

more and more relevance after 2030
Due to limited national renewable

energy resources majority of

hydrogen has to be imported



Source: thyssenkrupp Green Hydrogen (2020)

Source: BloombergNEF (2020)
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How GHG neutrality could be achieved 

Germany will rely massively on hydrogen import – lesson 

learned from Russia’s aggression in Ukraine requires 

from the very beginning a diversifies import mix

Extending the

European Hydrogen Backbone grows to 

4 0,000 km covering 21 countries

April 2021

European Hydrogen

Backbone



Outlook and remaining challenges
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• Technological challenges (e.g. system integration of volatile renewable energy 

sources)

• Infrastructure challenge (further development of existing and build up of new 

infrastructures: H2, CO2)

• 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)

Outlook

Implementation of transformation pathways to GHG neutrality is

associated with manifold challenges but also substantial chances

08.04.2022 29



Quelle: Mc Kinsey 2021
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Net-Zero 
Deutschland 
Chancen und Herausforderungen auf dem Weg zur 
Klimaneutralität bis 2045

• McKinsey expects substantial additional 

investment needs for implementation of 

transformation path 

• Total investment (for the period 2020 to 

2045) are supposed to be around 5 Bill. 

EUR for a conventional path (including 

necessary retrofits and replacement 

investments) 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

Outlook

Implementation of transformation pathways linked to clear win-

win potentials for national economy and could create advan-

tages for positioning of companies on growing future marktes



Thank you for your attention!


