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The Key Challenges of Energ
Pollution, and Climate Transformation
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Mobile Phones Charging
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Lack of Decent Work and Employment
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The World is at Crossroads
Great acceleration benefited many but increased
Inequalities and dangers of tipping elements

< Since 1800 global economy increased 100-fold,
energy 50 times and CO, 30 times

< Temperature increased to 1.5°C and about 8
million die due to indoor and regional air pollution

< Many suffering famine, war, and conquest

< Achievement of 2030 Agenda and Paris
Agreement would bring multiple co-benefits for

_ people and the planet
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Global Average Temperature

(compared to the average 1850-1900)

Broecker, 1975: Present cooling
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Figure 7-8. CO, emissions, atmospheric CO, concentration, and temperature change
for 30 TWyr/yr solar and nuclear strategy. Source: Niehaus and Williams (1979).
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Daily Sea Surface Temperature
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https://climatereanalyzer.org/clim/t2_daily/

Vienna Land-Surface Temperatures 14 July 2023

At 22:27 CEST recorded by NASA's Ecostress instrument which is carried on the International Space Station
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SURFACE AIR TEMPERATURE ANOMALY -+ 2023
Reference period: 1991-2020 « Data: ERAS « Credit: C3S/ECMWF

Surface air temperature anomaly for 2023 relative to the average for the 1991 2020 reference period. Data source: ERAS. Credit:

C3S/ECMWEF.
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16 Earth System Tipping Elements
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How to Survive the Anthropocene — with a Little Help of [IASA

Anthropocene Earth System Dynamics
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Six Major Transformations (TWI12050.0rg

Human Capacity &
Demography
Education, Health, Ageing,
Labor Markets, Gender,
Inequalities

Digital Revolution
Artificial Intelligence, Big
Data, Biotech, Nanotech,

Autonomous Systems

SDGs:

== H - s i
Smart Cities Prosperity Consumption & Th I’J’L‘ff.aibi:e‘
. . By - o the Sustai e
Decent Housing, e Social Inclusion joagen. e isn Production Dl Rt Goals
Mobility, Sustainable " Sustainability s s € Resource Use, Circular nn

The World In 2050 initiative

Infrastructure, Pollution “ : Economy, Sufficiency,

Pollution

o vk bt b
Svbet it cedon

=0l

Decarbonization &
Energy

Energy Access, Efficiency,
Electrification, Decent Services

Food, Biosphere & Water
Sustainable Intensification,
Biodiversity, Forests, Oceans,

Healthy Diets, Nutrients




%,

.
TWI2050= =

The World in 2050 4885/

The European Green Deal

Mobilising research
and fostering innovation

Transforming the
EU’s economy for a
sustainable future for a toxic-free environment

A zero pollution ambition

Increasing the EU’s Climate
ambition for 2030 and 2050

——— ' \

/
Supplying clean, affordable Preserving and restoring
and secure energy The ecosystems and biodiversity
I

European 1

Mobilising industry Green From ‘Farm to Fork’: a fair,

for a clean and circular economy Deal healthy and environmentally
friendly food system

Building and renovating in an Accelerating the shift to
energy and resource efficient way sustainable and smart mobility

Leave no one behind

Financing the transition (Just Transition)

The EU as a A European
global leader Climate Pact
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Scientific
Advice
Mechanism

to the European Commission




Scientific opinions

PP Lewet Geoup nf Scentfic Advsors
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Informing European Commission policy making with

Scientific Evidence

The Group of Chief Scientific Advisors 2015-2019

Cybersecurity

Towards a

Sustainable Food

New techniques in
Agricultural
Biotechnology

g Lol Groug of Sciontfic Adsors

Scientific Advice
Mechanism (SAM)

Adaptation to
Health Effects of
Climate Change in Europe

Scientific Advice
Mechanism (SAM)

Food from the

Improving
pandemic preparedness
and management

Scientific Advice
Mechanism (SAM)
Novel

carbon capture
and utilisation

technologies

Biodegradability of Plastics

in the Open Environment

Plant Protection
Products

Scientific Advice
Mechanism (SAM)
A Systemic Approach to
the Energy Transition
in Europe

Environmental and Health Risks of

-

to European Policy in a Complex World

Scientific Advice
Mechanism (SAM)

crisis management
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Commission
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GCSA Recommendations on energy transition eurona.cu/lkkU9bb

1. Develop flexible, efficient, and resilient EU energy systems for
delivering clean, accessible, and affordable energy services by
integrating decarbonised energy sources, electrification and the
use of blue and green hydrogen.

2. Recognise the roles of all actors and stakeholders in creating an
inclusive and participatory environment that incentivises and
supports low-carbon energy choices.

3. Support a coordinated combination of policies, measures and
instruments, including carbon pricing as a driving force, to shape
an effective, consistent and just regulatory system.
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EU pathway to prosperity & climate neutrality
Fit for 55 package under EGD GDP

220 -
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The European -
Green Deal

von der Leyen Commission
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A broad legislative
package to align existing
" EU policy with the new
emissions reduction

goal of 55% by 2030.
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A Systemic Approach to
the Engrgy Transition
HIEERE 40 B A broad legislative
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2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
anthropogenic CO, emissions (gross) anthropogenic CO, removals biosphere carbon sink
Tl fossil fuel and industry BN |and use and land-use change BN Land carbon sink
land use and land-use change I cngineering CO, sink (BECCS) Ocean carbon sink

Source: Rockstrom, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber, 2017; IPCC SR1.5, 2019; Kriegler, 2019



“Carbon Law”

Re-directing investments ' '
from fossils to low carbon
and efficiency solutions
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emissions

Power sector decarbonization
Electrification of end uses
Efficiency improvements

Annual global CO, emissions (GtCO, yr)

* REDD+
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
anthropogenic CO, emissions (gross) anthropogenic CO, removals biosphere carbon sink
Tl fossil fuel and industry B |and use and land-use change BN Land carbon sink
land use and land-use change I cngineering CO, sink (BECCS) Ocean carbon sink

Source: Rockstrom, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber, 2017; IPCC SR1.5, 2019; Kriegler, 2019



“Carbon Law”

Re-directing investments [ Carbon neutral economy
from fossils to low carbon || ¢ Zero carbon electricity
40 and efficiency solutions * Electrified end uses
= N * Low carbon fuels
o 30f * Carbon removal, incl.
O .
& afforesttion
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= 2ol Electrification of end uses * Compensate residual long-lived emissions
<< e Efficiency improvements » Safeguard 1.5°C / well below 2°C
* REDD+ temperature limit
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anthropogenic CO, emissions (gross) anthropogenic CO, removals
Tl fossil fuel and industry B |and use and land-use change

land use and land-use change I cngineering CO, sink (BECCS)

biosphere carbon sink
BN Land carbon sink

Ocean carbon sink

Source: Rockstrom, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber, 2017; IPCC SR1.5, 2019; Kriegler, 2019



A

European Scientific
Advisory Board on
Climate Change g

The Advisory Board recommends keeping the EU’s
greenhouse gas emissions budget within a limit of

11 to 14 Gt CO,e between 2030 and 2050.

Staying within this budget requires emission reductions
of 90-95% by 2040, relative to 1990.

This range considers multiple dimensions of fairness and
feasibility of the emission reductions.



Considering the latest scientific evidence on emission ‘

scenarios compatible with 1.5°C and EU targets e Crenee

Call for evidence Remind EU

1. Identification and processing of scenarios

Exclusion of scenarios that:
- Did not contain sufficient data at EU27 level
- Were not consistent with existing EU GHG objectives
- Assumed highly implausible development on the short term

Start:
> 1000 scenarios

63 remaining

scenarios
2. Filtering out scenarios with high feasibility concerns

¢ Geophysical - primary biomass: > 20 EJ
* Technological
Carbon capture, utilisation and storage: > 500 Mt CO, in 2050

Hydrogen: > 150 GW in 2030
e Socio-cultural - final energy demand: > 20% decline between 2020 and 2030

36 remaining
scenarios

3. Comparative feasibility analysis
e Environmental risks - reliance on CCUS, carbon removals from land and bioenergy
e Technological challenges - rate of deployment of solar photovoltaics, wind and hydrogen

26
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Recommended range of 2040 greenhouse gas
emission reductions, and iconic pathways

Mt CO.e

4,000 -
Historic trend

3,500

3,000 .
2,500
2,000
1500 Range of values from the scenarios
’ with limited environmental risks
1,000
Range of values from the
scenarios considered
500
Recommended target range for 2040: -90% to -95%
0

2010 2015 2020 2025 2030 2035 2040 2045 !50
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Climate Change
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A

European Scientific
Advisory Board on

55% is an appropriate milestone Cimers Gronse
towards climate neutrality
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3,500

3,000
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2,000 = The recommended 2040 target can be realised
with 55% as a starting point
Short term measures can further decrease
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' with limited environmental risks
1,000
Range of values from the
scenarios considered
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Recommended target range for 2040: -90% to -95%
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Recommended range of 2040 greenhouse gas
emission reductions, and iconic pathwavys

Mt CO.e

4,000

Historic trend

3,500
3,000
/ High renewable energy
2,500
2,000
Demand-side focus )
1500 Range of values from the scenarios
' with limited environmental risks
Mixed options
1,000
Range of values from the
scenarios considered
500
Recommended target range for 2040: -90% to -95%
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-500
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European Scientific
Advisory Board on
Climate Change
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European
Commission

February 2024

Europe’s 2040 climate pathway
A path to climate neutrality by 2050

As a global leader in climate action, the EU has committed to climate neutrality by 2050.
On the path to net-zero emissions, we must now build momentum for a sustainable and
competitive economy and a healthier and safer future for Europeans.

The EU needs to stay the course set by the EU Climate Law and the Paris Agreement, and build
an economy resilient to climate hazards, free of fossil fuels and other critical dependencies, with a
competitive clean tech industry, and a transition that is fair for all.

S : AGREED [J RECOMMENDED AGREED
The Commission is recommendlrjg t.hat the EU s?ts a -31% TARGET TARGET TARGET
90% net greenhouse gas emissions reduction

target for 2040, as compared to 1990 levels, in Greenhouse e

line with scientific advice. This recommendation gas :

is the start of a political debate and an open emissions Net zero
dialogue with all stakeholders in the process. The -90% emissions

political and legislative decision on the 2040 target 1990 2020 2030 2040 050

will need to be taken by the next Commission, after
this year’s European elections.

%

faw.
TWI2050= =

The Warld in 2050 488 Nakicenovic 2024 #30



4,000

5,000

2,000

1,000

GHG Emissions - MtC02-eq

-1,000

QLD
TWI2050=

The World in 2050 4885

*Excluding non-BECCS industrial removals
*Including bioenergy with carbon capture and storage (BECCS)

. https://chimate.ec.europa.eu/eu-

s
Y/

Nakicenov
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Waste

Agriculture

s Transport

Buildings

Industry*

s Energy Supply**

- e e et GHG emissions

2035 2040 2045 2050

actlon/c11mate-strategles-targets/zU4U-c11mate-target_en| 2024

Historical and Projected GHG Emissions

- European
— Commission

Energy, Climate change, Environment

Climate Action

2040 climate target

Reducing net emissions by 90% by 204(
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Wo steht Osterreich? Aktuelle Emissionen und Ziele

100

Mio. t CO,-Aquivalent
= ] L SN LN (o)) ~ co O
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0

Quelle: UMWELTBUNDESAMT (2021¢)

Verlauf der dsterreichischen Treibhausgas-Emissionen
und -szenarien bis 2050

mit existierenden
MalRnahmen 2021

. Erneuerbaren Ausbaugesetz:
« Ziel bis 2030 Strom zu 100% aus '
Erneuerbarer

mit zusatzlichen
MalRnahmen 2021

i Warmegesetz (in Vorbereitung): Ziel
* Erneuerbaren-Gebot bei Tausch | )
1 von Heizungen und im Neubau | Klima- .
. * Thermische Sanierung Gebzude | neutralitat

2040

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

umweltbundesamt®

UBA (2021), Klimaschutzbericht 2021, https://www.umweltbundesamt.at/fileadmin/site/publikationen/rep0776.pdf
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Background to Demand-Side Options e

[TASA

* Recurrent theme in energy research and scenarios: Lovins 1976;
ITASA-EFW, 1981; IIASA-WEC, 1998; GEA, 2012; TWI2050, 2018-2020

* Renewed interest reduce emissions ‘overshoot’ Smith et al. 2016; SDGs (e.g.,
SDG12 consumption & production); benefits of granular solutions that can be
replicated at scale with learning, Wilson et al., 2020

* LED scenario of Grubler et al., 2018 as input to IPCC Special Report on 1.5°C, IPCC,
2018; IPCC AR6 Chapter 5, Creutzig et al., 2022

* Energy Demand changes Induced by Technological and Social innovations
(EDITS) network formed in 2018, co-organized by IIASA and RITE with funding from
METI

* EDITS activities include thematic working groups, quarterly and annual meetings,
fast-track research projects, scenario narratives and models

-



Global Primary Energy o @
EDITS Low Energy Demand (LED)

1200

B Savings Energy savings (efficiency and sufficency)
Other Ren.
1000 - Nuclear ~55% improvement by 2030
I Gas
— ng ~20% renewables by 2030
800 |  mmmmm Biomass

o =1.5°C

20— without “overshoot”

Renewables
Nuclear

200 -

0 iomz
1850 1900 1950 2000
Source: After Grubler et al, 2018




Decent Living and Sufficiency ' |

[TASA

A — High-with-Low — Enough of Everything
service provision but not too Much!
(consumption)

overconsumption
and waste

Sufficiency
Decent Living

Standards

Basic Access | - - - —

>

— New values and norms; new morality and ethics  wellbeing
for a just, safe and beautiful future for all




‘High-with-Low’ scenario further develops 6

[TASA

3 key themes from LED ... and cross-cutting linkages

decent living
standards

adaptability to local needs,
and local learning

inclusive, decentralised innovation,
with social support mechanisms

CROSS-
CUTTING
LINKAGES

peer effects and managing complexity on

network effects shared infrastructures

[digitalisation ]< >[ innovation ]
coordination and

governance
Figure source: Charlie Wilson, 2022, EDITS Annual Meeting
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SerViceS-Ied primary secondary useful  service primary secondary useful  service resource
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tra nSfOrmathn [b] Building Energy cascade ....

[e] Materials: Steel

and provide
more flexibility,
security, and

100% 100%
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Source: Wilson, Grubler, and 25% S50, resilience in
Zimm (2022). Energy-Services oo resource

_ 6 0%
Led Transformation. In: primary secondary useful service Ore & Crude Purchased Recovered conversion and
Routledge Handbook of energy  energy  energy  energy Scrap steel  products postuse provision of

it1 . Inputs scap .

Energy Transitions (Ed: services.
Araujo). [c] Transport Energy [f] Irrigation Water
Data from: Grubler et al. 100% 100%

(2018), De Stercke (2014),
Nakicenovic et al. (1993),
Nakicenovic (1990).
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Disruptive End-User Innovations E
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v" Ownership to

usership

e-bikes ‘taxi-bus’ ride-share car-share bike-share Maas VR & tele-
presence
v’ Sharing
economy
P2P P2P internet smart pre-fab smart heat
goods homes of things appliances retrofits homes pumps
2 4 w Y A\ )

A Sl i v' Automized to
-l G G connected

PV + P2P vehicle- disagg. time-of-use demand energy
storage electricity to-grid feedback pricing response  service co.s

Source: Wilson et al., 2022



Demand-side policies help energy security it

=— PE1 - import diversification
= FE1 - fuel substitution

Savings — UE1 - low—temp. heat reduction
in primary Share of non- — UE2 - transport electrification
fossil fuels
energy demand (%]
_ [base=100]* b
Savings
in energy Import
expenditures independency
on GDP [%]
[base=100]"
Savings
in ene
_rgy Shannon
expenditures ) )
) diversity
on fossil index PE
TPE on GDP
[base=100]"
% of energy Compound
expenditures Shannon
on GDP - [min/ diversity
max]* index PE
Compound
Final energy Shannon
efficiency diversity
[trillion index PE
USD2015/EJ]* c q with import
ompoun diversification
Shannon Compound
FE incl. P

Shannon FE*

electricity by

[ ——

RIT& |§

Usual energy-security policy response is to change
fuel supplier or fuel switch, while end-use
technology and behavior changes are rarely utilized
We show that energy-demand interventions deliver
better on national and individual energy security
— electrification of transport, e.g. EVs or electric
rail
— performance improvement of buildings, e.g.
insulation or construction of passive houses
Energy security is not the same as supply security
— supply-side policies (e.g. fuel substitution)
score well on the share of non-fossil fuels and
import independency
— Demand-side policies improve longer term
resilience and vulnerability to further crises

Source: Bento, Grubler, Boza-Kiss, De Stercke, Krey, McCollum,
Zimm, Alves. Leverage demand-side policies for energy security.
Science Policy Forum. Science, 2024



The New Bauhaus World

® The New European Bauhaus translates
the European Green Deal into a tangible,
positive  experience in  which all
Europeans can participate and progress o

Green From ‘Farm to Fork’: a fair,
healthy and environmentally

to g eth e r. e C a = o friendly food system

et inspires a movement to facilitate and
steer the transformation of our societies
along three inseparable values:

» Sustainability, from climate goals to circularity and biodiversity

Mobilising research
and fostering i ti

[
/—\ nnovation
Transforming the
ora OX ree env ro en

i . EU’s economy for a
Increasing the EU’s Climate :
ambition for 2030 and 2050 sustainable future

energy and resource efficient way sustainable and smart mobility

The EU as a A European
global leader Climate Pact

»Inclusion, from valorising diversity to accessibility and affordability
» Beauty, from aesthetics of experience to style beyond functionality

® The approach is multi-level from global to local, participatory and
transdisciplinary.

New

European #NewEuropeanBauhaus

Bauhaus

2022 #41
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Collective Responsibility in the
Anthropocene
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© Jasmin Dobrovsky
My balkony in 2050

EDITS arts competition
2022

DY HE D

- Visit: https://iiasa.ac.at/winners-of-edits-arts-2022-competition-life-in-2050-with-much-less-energy
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g International Institute for
- Applied Systems Analysis

I1AS A www.iiasa.ac.at

Scientific Advice
Mechanism (SAM)

A Systemic Approach to
the Energy Transition
in Europe

Innovations for
Sustainability

Independent
Group of Chief Scientific Advisors | Expert
Scientific Opinion No.11, June 2021 | Report

Pathways to an efficient and
sufficient post-pandemic future

3 Report prepared by
The World in 2050 initiative

= X

!g International Institute for 7 ;’;‘\—\ CovID-19
w» Applied Systems Analysis A\ L% RESPONSE

| RL

LA S A wwwiiasa.ac.at

European
Commission

www.TWI2050.0rg SAM

naki@eeg.tuwien.ac.at

IIASA, International Institute for Applied Systems Analysis
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