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But to focus solely on whether it is possible misses one
crucial point: the transformation to net-zero economies

No more hot air ... please! must nappen, ar'u'_i the sooner this global transformation
With & massive gap between rhetans and reality,
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in terms of lives ,J-,m_i economies protected, damages

avoided, biodiversity conserved and the ability to rapidly
bring down any temperature overshoot
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WG 1l contribution
to ARG6 of IPCC

@ To achieve a better synthesis

between higher-level whole system and grounded bottom-up insights
iInto technologies and other approaches for reducing emissions;

To make wider use of social science disciplines

especially for gaining insight into issues related to lifestyle, behaviour,
consumption and socio-technical transitions;

To link climate change mitigation

better to other agreed policy goals both nationally and internationally.



Climate change
mitigation

human intervention to reduce the sources
or enhance the sinks of GHGs; goal is to
preserve a biosphere which can susta
human civilisation '




Global Context, Progress and Challenges

The transition to a low-carbon economy depends on a wide range of closely intertwined drivers and constraints.

®
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economic and
technological factors
the emissions intensity

of traded products,
finance and investment

S22

socio-political issues

political economy, equity and
fairness, social innovation
and behaviour change

-,

institutional factors

legal framework and
institutions, and the quality of
iInternational cooperation



A comprehensive understanding of climate mitigation must combine these multiple framework.

Aggregate frameworks ~+  Ethical frameworks

cost-effectiveness and ' fairness of processes

cost-benefit analysis and outcomes

Transition and transformation Psychological, behavioural
frameworks and political frameworks

- —

dynamics of transitions to ’ l constraints (and opportunities) arising from human

low-carbon systems — - : psychology and the power of incumbent interests

The interaction between politics, economics and power relationships is central to explaining why broad
commitments do not always translate to urgent action.



Table ES.7 Total, per capita and historical emissions of selected countries and regions

Total GHG Change intotal | Per capita GHG Historical CO:
emissions in GHG emissions, emissions in emissions,

2023 2022-2023 2023 1850-2022

- tCO.efcapita | GtCO; (% of total)

MICO.e
(% of total)

China 16,000 (30) +5.2 300012)
United States of America 5970 (11) 1.4 'I_!§ 627 (20)
India 4,140 (8) +6.1 2.9 83 (3)
'European Union (27 members) 3,230 () -1.5 7.3 301 (12)
Russian Federation 2,660 (5) +2 19 180 (7)
Brazil 1,300 (2) +0.1 6.0 118 (5)
African Union (55 members) 3,190 (6) +0.7 2.2 174 (7)
Least developed countries (45 countries) 1,720 (3) +1.2 15 114 (4)
G20 (excl. African Union) 40,900 (77) +1.8 8.3 1990 (77)

Nore Emissions are calculated on a territorial basis. LULUCF CO: emissions are excluded from current and per capita GHG emissions but
are included in historical COz emissions based on the bookkeeping approach. Some members of the African Union are also least developed
countries.
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Emission Trends and Drivers

Global net anthropogenic GHG emissions during the decade 2010-2019 were higher than any previous
time in human history.

Globally, households with income in the top 10% contribute about 36—45% of global GHG emissions.
About two thirds of the top 10% live in Developed Countries and one third in other economies.

Between 2004 and 2011, CO2 emissions embodied in trade between developing countries have more
than doubled (from 0.47 to 1.1 Gt) with the centre of trade activities shifting from Europe to Asia.

Globally, gross domestic product (GDP) per capita and population growth remained the strongest drivers of
CO2 emissions from fossil fuel combustion in the last decade.

Cumulative net CO2 emissions over the last decade (2010-2019) are about the same size as the remaining
carbon budget to limit warming to 1.5°C (>67%).




a. Global net anthropogenic GHG emissions 1990-2019 "
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The solid line indicates central estimate of emissions trends. The shaded area indicates the uncertainty range.



40
E
S
S 30
<
c
8
= 20
)
=)
Lt

10

.-?I'E 2.5
S & 0.0
™
8= -25-
= L)
£ £
w oA
=
2 5

=)

O —10.0

= EDGAR

Le Quére et al (2021) S Carbon Monitor (CM)

(a) Global CO, emissions and the impact of economic and geopolitical events

+ —00.3%

- 1991 Soviet Union dissolusion

£ 2020 COVID-13
: pandemic

. + =5.1% (EDGAR)
+ 2008 Global ' —5.6% (GCB)

. finandial crisis » —6.3% (BP)
=T : —5.8% (IEA)

- —6.0% (CM)

* 1973 Qil Crisis
: —0.3%

1970 1980 1990

Aviation Industry Land transport

|

2000

Power

-5.0 | V
~75- |

2010 2020

(b) Daily CO, emissions in 2020 versus 2019 and the impact of COVID-19 lockdown measures

Residential Total

Jan Apr Jul Ot Jan Apr Jul Ot  Jan Apr Jul Oct

Jan Apr Jul Oct

Jan Apr Jul Oct Jan Apr Jul Oct



IIlI

ik
L8 |

3 emissions (GO,

G H

(a) Global net anthropogenic GHG emissions by region (1990-2019)

i e ol il !
TRFLE] “1 ik .'.-'.ll. ot e L

Shipping and aviation
Aus., lapan and NZ
WMiddle East

E. Europe & W.C Asia
Europe

5, Asla

Alrica

5.E. Asia and Pacific

Latin Am. & Cari

bean

Morth Amenca

Eastern Asia

990 2000 2010 2019

(™ ]
-



-

B Fossil fuel and industry B Net CO, from land use, land-use W Other GHG emissions

(CO,-FFl) change, forestry (CO,-LULUCF)
(a) Historical cumulative net anthropogenic CO, emissions (b) Net anthropogenic GHG emissions per capita
per region (1850-2019) and for total population, per region (2019)
North America
Morth America
Australia, Japan and New Zealand
Europe 20-
_ Eastern Europe and West-Central Asia

e fiako ﬂ Middle East

Latin America and Caribbean = P

Eastern Europe and West-Central Asia | i Aieites and it ihaan

South-East Asia and Pacific Europe

|

Africa
Australia, lapan and New Zealand
Southern Asia

Middle East
International shipping and aviation

GHG emissions (tC0.-eq per capita)
=

0 200 400 B0 0 2000 4000 &000 8000
CO, emissions (GLCO,) Population {millions)



Mitigation pathways

GHG emissions (GtCO2-aq yr ')
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Modelled pathways:

B Trend from implemented policies

== limit warming to 2°C (>67%) or return warming to
1.5°C (>50%) after a high overshoot, NDCs until 2030

Limit warming to 2°C (>67%)
Limit warming to 1.5°C (>50%) with no or limited overshoot
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Sustainability Strategy for North Rhine-Westphalia

Prima Minister Hannelore Kraft
Act now — Minister Johannes Remmal

Fundamental Principles of Sustainable Development

in North Rhine-Westphalia
Mission statement

Sustainability as a guiding principle for NEW

. Specific challenges and state-specific policy areas

far Marth Rhine-Westphalia

Current Focal Areas of Joint Sustainability
Policy in NRW

Focal area # 1
Climate Protection Plan

Focal area 8 2

Grean Economy Strategy
Focal area # 3.
Biodiversity stratepgy

Focal area & 4.
Sustainable financial policy

Focal area # 5
Sustainable development of urban areas and
nesghborhoods and local mobility

Focal area # &:
Damographic change and neighborhoods
suited for the alderky

Focal area # 7:

State initiative , NEW hilt zusammen . fir ein Leban

ohme Armut und Ausgrenzung”
[Together in MRW ... for a life without poverty
and marginalization]

13

13
13

16
16
18

19
19

20

27

. Implementation of the NRW

Sustainability Strategy
Structures for a Sustainable NRW

Goals and indicators

Cwerarching implementation tools of the
MRW Sustainability Strategy

D. Updates and Reporting

Progress reports of the State Gowernment on
the sustainability strategy

sustainability indicator reports of ITNREW

Participatory mechanisms in the process of
updating the strategy

Annex to the Sustainability Strategy

Indicator areas of the Mational Sustainability
Strategy (2014)

International goals for sustainable developmeant -
Sustainable Devalopment Goals (SDGs)

Communication around sustainability

47

47

47

47

48

Ministry for Climate Protection, Environment,
Agriculture, Nature and Consumer Protection of

the State of North Rhine-Westphalia

— (Collaboratively develop
innovative strategies
towards a net zero GHG
industrial sector, while
securing competitiveness

- Build platform to bring

together industry, scientists

and government in self-organised
innovation teams

Intensive cross-branch
cooperation to articulate
policyfinfrastructure needs

= NRW is Germany's industrial
heartland, with an export-oriented

industrial base

- Established government-
industry ties

- Active discourse between
industry and public

- Compliance rules preventing
in-depth co-operation




MITIGATION RESPONSES IN

SECTORS AND SYSTEMS




Sectors and Systems

1.Energy
2.Urban Systems and other settlements
3. Transport

4.Buildings
5.Industry
6. Agriculture, Forestry, Other land uses, and food systems




1) Enerqgy

(a) Global energy sector CO, emissions by fuel (b) Global energy sector CO, emissions by sector
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Figure 6.3 | Global energy sector CO; emissions and global energy supply GHG emission. Source: Panel (a): data from IEA {2020a); other panels: data from Crippa
st al. (2021).

Coal: Largest CO, source in the energy sector (44% of emissions in
2019).

Power Industry: Top emitter at 36%, followed by industry (22%)
and transport (18%).

Electricity and Heat: Made up 69% of total energy GHG emissions
in 2019, especially in Asia and developed regions.

Emission Trends: Electricity emissions are rising despite wind and
solar growth; transport emissions also increasing, with petroleum as
the main fuel.



Energy: Mitigation

Achieving net-zero emissions will require a large-scale transformation of the energy system, with a shift towards renewable
energy and sustainable technologies.

Emission Reduction Goal Key Actions Challenges

e Reduce CO, emissions by 87-97%
by 2050

e Low-carbon energy sources to
provide up to 97% of electricity

Reduce Fossil Fuel Use: Coal e Technical, regulatory, and cross-
consumption must drop 67-82% by sector collaboration required
2030, especially without CCS e Need to address geophysical,
Increase Renewables: Solar, wind, economic, and  socio-cultural
and batteries are now cheaper and barriers to deployment

more accessible than fossil fuels

Electrification: Focus on transport,
heating, and cooking sectors
Investment needs: Avoid new fossil
fuel investments and Invest in
renewables; anticipate  "stranded
assets" as fossil fuel infrastructure
becomes obsolete.
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2) Urban Systems and other settlements
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(b) Estimated urban emissions changes in two different scenarios (2020-2030)

Resource efficient and compact

Moderate progress
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Figure T5.13 | Panel (a): carbon dioxide-equivalent emissions from global urban areas from 1990 to 2100. Urban areas are aggregated to six regional
domains; Panel (b): comparison of urban emissions under different urbanisation scenarios (GtCOz-eq yr-') for different regions.” {Figures 8.13 and 8.14}

As of 2018, 55% of the world population reside in urban settlements
while 45% reside in rural settlemenets

Urban areas contribute a major portion of global emissions, with
notable increases from 2000 to 2020.

Developed regions showing slower growth or slight declines.

Projected Urban Emissions Growth: Without aggressive
mitigation, urban emissions could rise significantly by 2050. With
strong efforts (net-zero targets, electrification, renewable energy),
cities can lower emissions drastically.

Mitigation Strategies:
e compact design, electrification, and green spaces, which also
improve air quality and health;
e sustainable planning for rapidly growing cities, and upgrading
informal settlements;
e governance collaboration and international climate finance for
large-scale low-carbon projects.



3) Transport

(a) Transport global GHG emissions trends
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Figure 10.1 | Global and regional transport greenhouse gas emissions trends. Indirect emissions from electricity and heat consumed in transport are shown in
panel (a) and are primarily linked to the electrification of rail systems. These indirect emissions do not include the full lifecycle emissions of transportation systems (e.g., vehicle
manufacturing and infrastructure), which are assessed in Section 10.4. International aviation and shipping are included in panel (a) but excluded from panel (b). Indirect
emissions from fuel production, vehicle manufacturing and infrastructure construction are not included in the sector total. Source: adapted from Lamb et al. (2021) using data
from Minx et al (2071}

In 2019, transport contributed 8.7 GtCO,-eq in direct
emissions (up from 5.0 GtCO,-eq in 1990).

Road vehicles were responsible for 70% of these
emissions, with aviation and shipping emissions rising
rapidly.

Emissions growth is faster in developing regions compared
to Europe and North America.

Without mitigation, transport emissions could increase by
65% by 2050.

Effective strategies could cut emissions by 68%, aligning
with the 1.5°C climate target.



3) Transport: Mitigation

Landscape scale

Remove barriers to mainstream Reducing emissions requires both demand
management and new technologies

s Regime scale e Landscape Scale involves creating conditions to
amm— ASI policy interventions .
At make EVs mainstream.
. f
TS Y  Regime Scale encompasses policy interventions
net zero
i land Niche scale to support demand reduction and efficiency.
use and energy . . ]
s Regulatory R&D demonstrations  Niche Scale focuses on demonstrating
reviews on ' . . .
vehicles, land advanced technologies, especially in sectors that
dpopicnlii RSl requlatonsfor NS are harder to decarbonize.
ch mode CEY
Market 'Procurem_ent .:::h mode gies for each vehicle fuels
commerciality parterships Iﬁhd’é (net zero) Shipping and aviation
on government | Governance and Infrastructure
fleets, buses, » AS| strategies for each

ottt talie * Net zero targets, global

EVs, taxis,
tuk-tuks,
share bikes

(central, inner, outer, * R&D funds from ports
rural, remote) and companies Resource Concerns

* ASl| engagement and e Demonstrations in major
education programmes ports

* Local engagement and Legislative and Community Action

education programmes

k around the world

&— Syears —> < 10 years - J - 15 years ———>

Time to deliver

e City and regional
engagement
and education

programmes

Figure 10.22 | Mitigation options and enabling conditions for transport. Niche scale includes strategies that still require innovation.



4) Buildings

In 2019, buildings emitted 21% of global GHG emissions,
mainly from:
Key drivers:

Embodied emissions

18.2% e Population Growth

e Increased Floor Area per Person

e Inefficient New Buildings

e More Appliances

e Reliance on Carbon-Intensive Energy

Off-site electricity

On-site emissions 57.6%

24.2%



4) Buildings: SER Framework

SER Framework

[/

Box 9.1, Figure 1 | SER framework applied to the building sector. Source: Saheb (2021).

Mpre. .. : o\

Adjusting the size to the needs

Optimising the use of buildings and appliances
Size of buildings/appliances

Lifetime and use of buildings/appliances
Housing and consumer policies

Consumer policies

Sufficiency
levers

Fiscal and consumer policies

Land use/urban and fiscal policies
Ownership/usership

Multi-family buildings/single-family homes
Pooling and repurposing

Organising the space

Up to 17% emission reduction by 2050 with:
e Compact building design
e Multi-functional spaces
e Circular material use

Low-cost options:
e Replacing inefficient appliances
e Deep retrofits for existing buildings

High-performance construction expected to be mainstream by 2050



4) Buildings: Key Strategies

10 :LEEuquucﬂnEg 13 EETTS,T,[ Up to 90% GHG emissions
A

2 hours per day saved for
women and girls from collecting

reduction in developed countries

fuel in Africa (=) @ Up to 80% of GHG emissions

v

24,500 avoided premature

deaths and 22,300

disability-adjusted life years
(DALYs) of avoided GOOD HEALTH

asthma in the EU AEHEECSERG

1.8 million fewer avoided -
premature deaths from HAP

in developing world in 2030

Up to 2.8 billion people in
developing countries lifted EE:TMT,?::;:,?H
from energy poverty

5 0 8 million households 90% of our time is spent indoors

in Europe lifted from
energy poverty

reduction in developing countries

Up to 28% higher selling
prices for decarbonised
building in developed
countries

Up to 30 direct and
indirect jobs per million
USD invested in building
retrofit or new energy
efficient buildings

2 million direct jobs from
transforming fuel-based
lighting to solar LED lighting
in developing countries

Key point: Achieving SDG targets requires implementation of ambitious climate mitigation policies which include sufficiency measures to align
building design, size and use with SDGs, efficiency measures to ensure high penetration of best available technologies and supplying the

remaining energy needs with renewable energy sources.

Figure TS5.16 | Contribution of building-sector mitigation policies to meeting Sustainable Development Goals. {Figure 9.18}

Building Codes and Policy:

Mandatory energy codes, carbon taxes, and
performance standards for new and existing
buildings.

Adaptation and Health:

Climate resilience strategies, like natural
ventilation and green roofs, reduce cooling needs
and improve health.

COVID-19 Impact:

Highlighted the need for healthy buildings and
created opportunities to repurpose unused
spaces due to teleworking.



5) Industry

(a) Industrial emissions by source (left scale) and emissions structure (right scale). Comb - indicates direct emissions from fuel
combustion. IPPU — indicates emissions from industrial processes and product use. Indirect emissions from electricity and heat generation

are shown on the top. Shares on the right are shown for direct emissions
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o 24% of global emissions (34% including indirect
emissions)

o Fastest-growing source of GHGs
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Figure 11.6 | Growth in global demand for selected key materials and global population, 1990-2019. Notes: based on global values, shown indexed to 1990
levels (=100). Steel refers to crude steel production. Aluminium refers to primary aluminium production. Plastic refers to the production of a subset of key thermoplastic resins.
Cement and concrete follow similar demand patterns. Sources: 1990-2018: IEA (2020b). 2019-2020: GCCA (2021a); International Aluminium Institute (2021a); Statista

(2021b); U.S. Geological Survey (2021); World Bank (2021); World Steel Association (2021).

e Rising demand for materials, especially plastics

» Plastics rely on fossil fuels, complicating decarbonization



5) Industry: Mitigation

Key strategies:
* energy efficiency
e reduced material demand

e circular economy DESIGN MANUFACTURE & ———> USE — END-OF-LIFE
e carbon Capture Design with less Reduce waste Extend life Recover
 electrification and closed-loop carbon use optimise design, cast near-net shape, repair, reuse,
reduce overdesign, reduce machining, upgrade, cascade,
lightweight avoid rework modify remanufacture
SeCtOr-SPECIfIC Solutions: Design for /—> Recover waste Use more Recycle
o Steel and Cement: Require recycling, efficient material use, long life, cascade offcuts, intensively separate,
and CCS. reusel,. recycle materials !efj;\se, clean,
_ . _ adaptability, hire, remelt,
e Chemicals and Pulp: Shifting to bio-based and recycled recovery —> share, reform
feedstocks. borrow,
do without
Policy Needs: _ )
Effective decarbonization needs clear policies, international \

cooperation, and incentives for new technologies.
Figure 11.7 | Material efficiency (ME) strategies across the value chain. Source: derived from strategies in Allwood et al. (2012).
Costs:
e Decarbonizing cement and steel raises production costs but
has minimal consumer impact.
o Efficiency and circular flows can offset costs.



6) Agriculture, Forestry and Other Land Use (AFOLU)

Historic fluxes Projected mitigation
15
The AFOLU sector:
10 c7 “3¢ \ * 13-21% of global GHG emissions from 2010-
- =i Under current | 2019
\ Poliy ) e crucial for reducing GHGs, providing carbon
o K | | sinks, and supporting biodiversity
use CO, ~—\ " _— : -“'*IAMS
flux — 2 = = Key Measures could meet 20-30% of 2050’s

emissions targets :
» Reforestation,

~ Sectoral studies

nE. e forest management,
i ™ e improved agricultural practices.
+ g

BECCS and BECCS ]

demand-side Challenges:

measures financial, governance, and social issues, with a
lack of institutional support limiting AFOLU’s
potential

@ Need for institutional support
A = Net AFOLU (anthropogenic) emissions B = Net AFOLU (anthropogenic) emissions and the natural land CO, sink

Figure 7.12 | Historic land sector GHG flux estimates and illustrative AFOLU mitigation pathways to 2050, based on data presented in Sections 7.2, 7.4
and 7.5. Historic trends consider both A anthropogenic (AFOLU) GHG fluxes (GtCO,-eq vr~") according to FAOSTAT (FAO 2021a; 2021b) and B the estimated natural land CO,



General Mitigation Strategies
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KEY CONCEPTS AND

EXAMPLES




Why climat policies are important?- Montreal Protocol
1987

Emissions of ozone-depleting substances, World
Annual consumption of ozone-depleting substances. Emissions of each gas are given in ODP tonnes’, which
accounts for the quantity of gas emitted and how "strong" it is in terms of depleting ozone.

1.6 million tonnes

1985- The Vienna Convention for the Protection of the

Ozone Layer
1987- The Montreal Protocol

1.4 million tonnes
1.2 million tonnes

1 million tonnes

Thanks to these conventions, it has been possible to

800,000 tonnes
— significantly reduce emissions of ozone-depleting
Methyl
Ehloratom substances, for example freons (chlorofluorocarbons,
400,000 tonnes Methyl Bromide
Hydrochlorofl b
{HyCIEE(]:Cs) orofluorocarbons CFCS).
200,000 tonnes Carbon
Tetrachloride
Chlorofluorocarbons
0 tonnes | : | - : - (CFCs)
1986 1990 1995 2000 2005 2010 2015 2021 Halons
Data source: UN Environment Programme (2023) OurWorldinData.org/ozone-layer | CC BY

Note: In some years, gases can have negative consumption values. This occurs when countries destroy or export gases that were
produced in previous years (i.e. stockpiles).

1. Ozone-depleting tonnes (ODP tonnes): Ozone-depleting tonnes measure the total potential of substances to deplete the ozone layer. Some
substances that deplete the ozone layer are 'stronger' than others, meaning one tonne will cause greater damage than one tonne of another. ODP
tonnes are calculated by multiplying a substance's emissions in tonnes, by its 'ozone-depleting potential. Ozone-depleting potential measures how
much depletion a substance causes relative to CFC-11, which has a value of 1.0. If one tonne of a gas caused twice the depletion of CFC-11, it
would have a potential of 2.0.



Effective mitigation policy case study- Montreal

2018

Protocool 1987

Maximum yearly extent of the ozone hole
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According to Scientific Assessment of the
Ozone Depletion: 2022 total column
ozone (TCO) is expected to return to
1980 values:

e around 2066 in the Antarctic

e around 2045 in the Arctic

e around 2040 for the near-global

average
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Panel (a): shares of global GHG
emissions under national climate
change legislations - in 2010, 2015 and
2020. Climate legislation is defined as
an act passed by a parliament that
includes the reduction of GHGs in its
title or objectives



Emission targets trends

Panel (b): shares of global GHG emissions under
national climate emission targets - in 2010, 2015 and
l I 2020. Emissions reductions targets were taken into
account as a legislative target when they were defined
in a law or as part of a country’'s submission under the
% Kyoto Protocol, or as an executive target when they
were included in a national policy or official
submissions under the UNFCCC. Targets were
included if they were economy-wide or included at
least the energy sector. The proportion of national
- emissions covered are scaled to reflect coverage and
f =B m = :
I I whether targets are in GHG or CO2 terms

ge (GHCO
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GHG emissions ¢

GHG &

Global DEV APC FEA AFR LAM MDE
- Mo GHG emissions target Executive GHG emissions target Legislative GHG emissions t@arget

ARG regions: DEV = Developed countries; APC = Asia and Pacific; EEA = Eastern Europe and West Central Asia; AFR = Africa; LAM = Latin America and the Caribbean;, ME = Middle Eas



Case study- Trump'’s policy on climate

Donald Trump's skeptical approach to climate change has
resulted in his withdrawal from the Paris Agreement as well as
climate and energy rollbacks, which have hindered efforts to
achieve sustainable development and reducing GHG emissions.

Few examples of those rollbacks:

e Repealed requirement for states to track tailpipe emissions
from vehicles on federal highways

e Reverted to a weaker 2009 pollution permitting programme
for new power plants

e Rolled back the environmental review process for federal
infrastructure projects

e Repealed Obama-era calculation of the ‘social cost of
carbon’ that rulemakers used to estimate economic
benefits of reducing carbon emissions




U.S. Greenhouse Gas Emissions by Economic

Sector, 1990-2022

Emissions (million metric tons of

carbon dioxide equivalent)

8,000

6,000

4,000

2,000

1990

@ Transportation
@ Agriculture
@® U.S. territories

1995

2000

2005
Year

2010 2015

@ Electric power industry @ Industry

@® Commercial

@ Residential

2020

One of the results of those
actions was increase of Carbon
Dioxide emission Dby United
States, which we can clearly see
on the marked field. Emission
only dropped after the COVID-
19 pandemic erupted which
resulted in the freezing of the
industry



Institutions and governance International Cooperation

Implementation and
Enabling Conditions

Economics Social aspects

Innovation, Technology Development and Transfer



Regulatory instruments Climate law

¥ 4

Institutions and governance

A A

National mitigation policies Sub-national institutions



International cooperation is having Participation in international agreements
positive and measurable results and transboundary

International Cooperation

sharing of knowledge and experiences International cooperation outside
between developed and developing the UNFCCC processes and
countries agreements



Better and more comprehensive data on innovation indicators

climate mitigation technologies International technology cooperation

Innovation, Technology
Development and Transfer

innovation to direct and A systemic perspective on
organise the processes technological change

Synergy of actions



Fraction of public energy research, development and demonstration (RD&D) spending by technology over time for
IEA (largely OECD) countries between 1974 and 2018
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innovation stage

Technology innovation process and the roles of different public policy

Maturity

Market adoption
ind scale-up

r | E <
Early adoption

Demonstration

Dead and
Prototype o !
# i a
_~~" First generation
—
Research

{Fundamental sclence and
technology exploration)

First commercial- |/
sCale exampie

=l
“ | Knowledge

i ransfer _
-

-

o

Second generation
(leaming from early
igeas)

Time

Continuous incremendal
Improvements

| Econiommaes of scale
Niche markets o

Potential future
disrupton

-

Third generation
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instruments

Public policy mstruments supporting innovatson

Demand-pull instruments in the regulatory
instrument category, for instance, can also
shape the early stages of the innovation
process for several key reasons:

e Creating markets for new technologies

e Reducing risk for innovators and investors

® creating market trends

® creating scale effect

e shaping social norms



Transition dynamics: levels, policies and processes

RED, demand-pall, infrastructure and moustrial developmend

STRATEGIC INVESTMENT

MARKET
Frices, fAxes, market stroctures
fanmang and requiation

NORMS AND BEHAVIOUR

Standards, engaqement and disseminaton programimes

| |

Reconfiguration

{HIM

The relative importance of different ‘pillars of policy’
differs according to the stage of the transition. The
lower panel illustrates growth of innovations which if
successful, emerge from niches into an S-shaped
dynamic of exponential growth. The diffusion stage
often involves new infrastructure and reconfiguration
of existing market and regulatory structures. During
the phase of more widespread diffusion, growth levels
off to linear, then slows as the industry and market
matures. The processes displace incumbent
technologies/practices which decline, initially slowly,
but then at an accelerating pace.



public climate financing

New business models (e.g., pay-as-you-go) international cooperation on finance
. o e ol ol b i E o Innovative financing
emoving fossil fuel subsidies CONOoOMICS approaches

Carbon pricing awareness of climate risk

international climate finance access for vulnerable and
poor countries



Breakdown of recent average (downstream) mitigation investments and model-
based investment requirements for 2020-2030 (USD billion) in scenarios that likely
l[imit warming to 2°C or lower

ol T = . The chart illustrates the gap between

A actual investment in  mitigation

—— - 7 measures (2017-2020 average) and
investment needs (2020-2030) for
scenarios limiting warming to 2°C.
Investments globally are currently 3-6

~ times too small to meet requirements.
The chart indicates priorities for cost-
effective investments, but does not
identify sources of funding.



social acceptance

media demand-side
socio-technical Socia I asS pects Changes in consumption
transitions choices
public support Social equity and justice

Greater contextualisation and granularity in policy
approaches (understanding in wide context by society)



°C

Media- double-edged weapon?

e Example of climate manipualtion

Zmiana globalnej temperatury (manipulowany zakres)
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Effects of policy on GHG emissions and technology

deployment

Box T5.13, Table 1 | The effects of policy on GHG emissions, drivers of emissions, and technology deployment.

Soector Effects on emissions Effects on immediate drivers Effects on low-carbon technology

Chbiom peiciin. eomsi: b cant T S K Aﬂ@ﬂﬂﬂhﬂ-hﬁﬂdm
Enangy supply I g : : ] . : especially technology-support palicies hawve
| &l technology support hawe led to dedining led ta improvements in the effsciency of bt b b 1306 sl et resdnciins

emissions associated with the suppdy of energy. | ersengy conversaon. fos :

Repilrion of bnd-use rights and practios Regulation of land-use r@us..arhd practices,
AFOLU have led 1ol e AFO Lt payments for ecosystem service, and ofisets,
|Chapter 7) m;:ii-:-rﬁ " 2093 ) have led to decreasing rates of deforestation

' | imedivm confidence].
| Regulatory standards, Fnancial support
Technodogy support and latony stardands
Buildings Requlatary standards have led to reduced ior building renavation and market-based e e
L : : F : hawe led to adoption of kw-carban heating
{Chapter 9} emissons from new buildings. instruments have led to amprovements in cxpcinmre Wik iy i
building and building-system effickencies i i
| - Vehicke standards, land-use plannmg, and Vehicle standard, carbon pricing, and support Technology support and emissions standands
I;r:p“ » carban pricing have lad 1o avoided emissions | for electrification have led to sutomohile have increased diffusion rates and cost
PLer i ground transpostation. | effciency improvements. reductions for electric vehicles.

indlustry | Carban pricing has led to efficiency
{Chapter 11] | improwements in industrial facilities.

Mote: statements desonibe the effeqs of policies across those countries where padicies are in place Unless otherwi<e noted, all findings are of hugh confidence.




Impact of policies

Policies

increase in number of mutigaticn polices implemented woribasde

e, RDED handing, technol ogy rQ., regulaton, carbon prcng, e, pid iy e inclisdimg requilation,
sppor instruments soluntary ageementy Iechmalogy support, carbon priceg

Proximate
emission drivers

Technologies

Increased investments Reductions in energy Reductions in average annual GHG emissions growth (2.3% i 2000-10;
in and diffusion of intensity gicbally and in 1.3% in 2010-18). Sustained emissions reductions in 24 coundries, melative
|owe-casrban technologies, all but one world region, decoupling in 58 countries by 2015,
especially for wind and
solar anergy, elactric Reductions in carbon Estimates of avoided C0;-eq emissions sttributable to policies, compared to no-poficy
vehicles, enengy-etficien intensity i Europe, ERPRTW T
fi d E ia the Middl East, Raw in 20 6; 38 GHOD, -»g cumulatively since 1999 Ay
Afiphidances an ur=zia, = Fank®auser {2000
low-carbon heating, MNorth America;
M d okl TG inAosex 8 tountry &4 a fesull of the Kyoto Protool M L 01
Diacli ke o . 3 (on — 7%y on overage over 200517 e -
B
of lonki-chlicn Reduct i the fate a3 e ret ol vanows policy mstrumen s with
i : ¥ i demumstEatie impoct Includes ot et 500 MeC0 g Aacpeashon ol
I'.Ed"l]'-ll:ﬂ-l:ll_:llE. g solar of deforestation in Loy bom energy elfcency progranmmes; and 1.3 GECO-eg o multiple =omces
PV, battery technology. several countries, b venewable dlusion
especially developing
tountries Contesitual analyses ard comparative mdications
Cumistive iped of polickes oo X312 emissiany, feom
45 1 emitsitn rends reported i Chagler I, assumming Chapsér 1,
¥ incresemital policy-relaled svaitded einbssions ol Cerfion 14 8

1 GICD-mg atinueslly from 1050

Projecied By fnnes | coaeiries o JC30 i Seir BRAL

181 Giyr from 2811 Policies and Mersey, impech reported UNECCC (2020)
for 38%: ol hem



Quiz

1.What is the largest CO2 source in energy sector?

2.Which country emitted the most GHG in 20237

3. Where was signed the Just Transition Declaration?

4.How large is finacial gap for scenarios limiting warming to 2°C?
5.How policies can shape the early stages of the innovation process?
6. How policy implementation can affect immediate drivers

/.list three Implementation and enabling conditions
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