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Climate Change 2022: Mitigation of Climate Change

The Working Group lll report provides an updated global assessment of climate change mitigation progress and
pledges, and examines the sources of global emissions. It explains developments in emission reduction and mitigation
efforts, assessing the impact of national climate pledges in relation to long-term emissions goals.
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Comprehensive synthesis of the state of
knowledge about

* emissions trajectories,

practical emissions reduction options,
and ways to achieve them

https://www.ipcc.ch/report/ar6/wg3/
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We are not on track to limit warming to 1.5+°C
... but there is increasing action to reduce emissions, and 2°C (or lower) is possible
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Projected global GHG emissions from NDCs announced prior to COP26 would make it likely that
warming will exceed 1.5°C and also make it harder after 2030 to limit warming to below 2°C.

a. Global GHG emissions

’ : Limiting warming to
L e 1.5°C
Fuss e Global GHG reduced
g ® BN, by (central case) 43%
1. g by 2030
0 Limiting warming to
around 2°C

2010 2015 2020 2025 2030 2035 2040 2045 2050

® Global GHG emissions

E=== Trend from implemented policies redouced by (Central Case)
= Limit warming to 2°C (>67%) or return warming to 27 A) by 2030

1.5°C (>50%) after a high overshoot, NDCs until 2030
s==== Limit warming to 2°C (>67%)
= Limit warming to 1.5°C (>50%) with no or limited overshoot

Modelled pathways:

1---e-i Past GHG emissions and uncertainty for 2015 and 2019
(dot indicates the median)



Very large potential globally
to cut emissions

e Options for 50% emissions
by 2030 identified at cost
<US$100/tCO2-eq

Large potential at very low
costs

e Half of this at cost
<US$20/tC0O2-eq

This assumes all emissions
reductions options,
everywhere, are implemented

Cost estimates exclude benefits
from avoided climate change, and
co-benefits eqg air quality (or adverse
side-effects)

Many options available now in all sectors can together substantially reduce net emissions by 2030.

Buildings AFOLU Energy

Transport

Industry

Other

Mitigation options

Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH emission from coal mining
Reduce CH, emission from oil and gas
Carbon sequestration in agriculture

Reduce CH. and N, O emission in agriculture
Reduce conversion of natural ecosystems
Ecosystem ff i fi

Forest management, fire management
Reduce food loss and food waste
Shift to sustainable healthy diets

[ Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock

L Enhanced use of wood products

Fuel efficient light duty vehicles
Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles

Shipping — efficiency and optimization
Aviation — energy efficiency

L Biofuels
[ Energy efficiency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, H)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

Reduction of non-CO; emissions

[ Reduce emission of fluorinated gas

Reduce CH. emissions from solid waste
Reduce CH emissions from wastewater

Potential contribution to net emission reduction (2030) (GtCO:-eq yr')
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0-20 (USD tCO-eq")
I 20-50 (USD tCO,-eq")
I 50-100 (USD tCO.-eq")
I 100-200 (USD tCO,-eq")
I No costs could be
allocated currently

+——— Uncertainty range applies
to the total potential
contribution to
emission reduction

0 2 4
Potential contribution to net emission reduction (2030) (GtCOz-eq yr')

Figure SPM.7: Overview of mitigation options and their estimated ranges of costs and potentials in 2030



Lower costs of
key technologies
a key enabler of

decarbonisation
e A more
positive
outlook
because of

progress with
zero-
emissions
technologies

Innovation
support,
dissemination
of clean
technologies

The unit costs of some forms of renewable energy and of batteries for passenger EVs have fallen,
and their use continues to rise.
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Demand-side options

Changes in diets

Shifts in demand for
products

Energy savings in
cities/buildings

Changes in mobility

Infrastructure as an enabler
of demand-side emissions
savings

Demand-side mitigation can be achieved through changes in socio-cultural factors, infrastructure
design and use, and end-use technology adoption by 2050.

a. Nutrition

b. Manufactured products, mobility, shelter

5 .. 15 ”
I Human settlements o
10 . ..
o .ee.
¢
g} ..... + .
<5 l o 4
0 a
94 Food Indust Land t Buildi
sectors ry nd transport uildings
s Manufactured products  Mobility Shelter

wellbeing  Nutrition
M Socio-cultural factors

Dietary shift (shifting to balanced,
sustainable healthy diets),
avoidance of food waste

and over-consumption

M Infrastructure use

Choice architecture’ and
information to guide dietary
choices; financial incentives;
waste management;
recycling infrastructure

M End-use technology adoption

Currently estimates are not
available (for lab-based meat and
similar options — no quantitative
literature available, overall potential
considered in socio-cultural factors)

AFOLU

W@ Direct reduction of food
related emissions, excluding
reforestation of freed up land

M Socio-cultural factors

Shift in demand towards Teleworking or

ble ¢ telec ing; active
such as intensive use mobility through
of longer-lived walking and cycling
repairable products

M Infrastructure use

Networks established

for recycling, repurposing,
remanufacturing and
reuse of metals, plastics
and glass; labelling low
emissions materials

and products

Public transport; shared

spatial planning

M End-use technology adoption

Electric vehicles;
shift to more
efficient vehicles

Green procurement to
access material-efficient
products and services;
access to energy-efficient
and CO: neutral materials

Total emissions 2050: Mean -- IEA-STEPS
Total emissions 2050

I socio-cultural factors

I nfrastructure use

[ End-use technology
adoption

mobility; compact cities;

Social practices resulting
in energy saving; lifestyle
and behavioural changes

Compact cities;
rationalisation of living
floor space; architectural
design; urban planning
(e.g., green roof, cool
roof, urban green
spaces etc.)

Energy efficient
building envelopes
and appliances;
shift to renewables

IP_ModAct

I Emissions that cannot be
avoided or reduced through
demand-side options are
assumed to be addressed

by supply-side options

c. Electricity: indicative impacts
of change in service demand

GHCO, yr-

Electricity

B Additional electrification (+60%)

Additional emissions from increased
electricity generation to enable the
end-use sectors' substitution of electricity
for fossil fuels, e.g. via heat pumps and
electric cars {Table SM5.3; 6.6}

Industry
Land transport Demand-side
i measures
M Buildings 73%

W Load management?

Reduced emissions through demand-side
mitigation options (in end-use sectors:
buildings, industry and land transport)
which has potential to reduce

electricity demand®

Il Add. electrification
Industry
Land transport
I Buildings
I L0ad management



Carbon dioxide
removal (‘negative
emissions’):

an integral part of
mitigation
trajectories

Net zero emissions
means some
remaining emissions,
counterbalanced by
carbon dioxide
removal

Greenhouse gas emissions (stylised pathway)

[[]Emissions: Non-CO, GHGs

[ Emissions: Fossil CO,

[ Emissions: Managed land

[ CDR: Removals on managed land
[ICDR: Other removals

——Net GHG Emissions

- = :Net CO, emissions

Gross emissions

net zero net zero

Gross CO, removals

| (1) Before net zero | | (2) Net zero CO, or GHGl I (3) Net negative |

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Cross-Chapter Box 8, Figure 2 (Ch12): Roles of CDR in global or national
mitigation strategies. Stylised pathways showing multiple functions of CDR in
different phases of ambitious mitigation



Enablers and
barriers:

a complex
picture in
practice

Report provides
evaluation
across all
mitigation
options, sector-
by-sector

Figure 6.19 Summary
of the extent to which
different factors would
enable or inhibit the
deployment of
mitigation options in
energy systems

Geophysical IEnvironmentd-ecologicd Technological I&onomic Socio-cultural Institutional
o0
£ c
z E |3 3 3
= |3 z|s |= |® ] c (g
£ - = o w & 2 <5 |8
g 2 s 3 e 5 |@ © < v (258
- 3 S & s £ - E..: 9 5 g g x§ 5
sz | g 5 .| % g |% s 85l (s [F | £ (8|S
< 9 86| & = |5 o |25 & = = g |V §|E
s | = 5§ |a%| € > S |8 m E|l &2 |58 |Balg
2 |3 SIEE|8 |E |z |2 (5.3 (238 |< |55 |5¢
- G 5 =] 2 2 & S |> N |8 = c = — |8 g|®
o s 3 2 |8E| © o ¥ s |& ﬁ c |[SE|] ® o F ®m |5 8|cZ
o £ - | 3 HE > = c SElS |28 & a = s |[2E|2G
El8 2255|2228 (83|3 |2s|3 |2 (2|3 (3838
o ] 3 z |[23| = @ A = ol S |Eg] & 5 a e |£&|98
E|B|E(B(E(BJE|(B|E|B|E|B|E|B|E|B|E(B|(E(BJE(B|E|BJE|B|E|B|E|BJE|B|E|B|E|B
Solar Energy
Wind energy [T ITHTIT 11

Hydroelectric power

Nuclear

Carbon Dioxide Capture, Utilization, and Storage

Bioenergy

ﬂ
|
—

o

&

._
| B

g_

=

Fossil fuel phaseout

A
=
=

=

h
1

LET

§

I

— —
—

Geothermal

:

="

=
—
-

Energy storage for low-carbon grids

-

Demand side mitigation

System integration

DDﬂ

il

Enablers

Bariers

Confidence level enablers EE.
Confidence level bariers EE.

Strenght of
enablers and
barriers
0 50 100

OO0 M

[ Limited or No Evidence
@ Not Applicable



Australian

National

SUSTAINABLE /™ &,
DEVELOPMENT iz..SALS

NO ) IR0 GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY | AND WELL-BEING EDUCATION EQUALITY AND SANITATION

DECENT WORK AND INDUSTRY, INNOVATION 10 REDUCED
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES

A

- )

1 CLIMATE
ACTION

1 LIFE 16 PEACE, JUSTICE 1 7 PARTNERSHIPS
BELOW WATER AND STRONG FOR THE GOALS
INSTITUTIONS

Y | &



l**
Py

Australian
N3a'ticn?'
Jnivers.ty

Urban land use and spatial planning
Electrification of the urban energy system

District heating and cooling networks

Urban green and blue infrastructure

Waste prevention, minimization and management
Integrating sectors, strategies and innovations

Carbon sequestration in agriculture'

Reduce CH4 and N;O emission in agriculture

Reduced conversion of forests and other ecosystems?
Ecosystem restoration, reforestation, afforestation
Improved sustainable forest management

Reduce food loss and food waste

Shift to balanced, sustainable healthy diets
Renewables supply?

Relation with Sustainable Development Goals
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Climate Finance “a critical enabling factor for the low carbon transition”

“Investors, central banks, and financial regulators are driving increased awareness
of climate risk” which can ” support climate policy development and implementation”

“Delayed climate investments and financing [...] will result in significant carbon lock-
ins, stranded assets, and other additional costs.”

“Progress on the alignment of financial flows with low GHG emissions pathways
remains slow. There is a climate financing gap which reflects a persistent
misallocation of global capital.”



Actual yearly flows compared to average annual needs (billion USD 2015 yr-')

By sector
-I:he Energy efficiency X2 x7
fl nar_lce Transport S x8
gap is Electricity » X2 X5
Iarge Agriculture, forestry and other land use x10 x29
(3-6 times
current By type of economy
flows for Developing countries — x4 X8
mltlgatlon) Developed countries — X2 X5

By region
InveStment Eastern Asia X2 x4
needs to North America X xt
be greatly Europe x2 X3
scaled u p Southern Asia X7 x16
... esp in Lat.m Am.e.nca and Caribbean » X5 x10

. Asia-Pacific Developed X7 x14

develo.pl g Eastern Europe and West-Central Asia x12 - x25
countries Africa xI  x16

South-east Asia and Developing Pacific X5 x12

Middle East »X12 x23

0 500 1000 1500 2000 2500 3000

Multiplication factors indicate the x-fold increase between yearly mitigation flows to average yearly mitigation investment needs.
Globally, current mitigation financial flows are a factor of three to six below the average levels up to 2030.

2017 | 2019 B £A datamean [ Average flows
2018 [ 2020 2017-2020

Yearly mitigation investment
flows (USD 2015 yr™') in:

Annual mitigation investment
needs (averaged until 2030)

Figure TS.25: Mitigation investment flows fall short of investment needs across all sectors and types of economy, particularly in developing countries.
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International cooperation has positive effects

Participation in international agreements and transboundary networks is associated
with the adoption of climate policies at the national and sub-national levels, as well
as by non-state actors

Conflicting views whether Paris Agreement will achieve its stated goals

Important roles for international cooperation outside of UNFCCC process

Strengthening international cooperation, for sustainable development and equity
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Policies and institutions enable effective GHG mitigation
Coverage of emissions through policies and climate laws is rapidly rising

Successful implementation, Practical experience with design & implementation

A range of complementary policy instruments, in “policy packages”:
e Economic instruments: esp emissions trading, carbon pricing
e efficient coverage of lower-cost options
e Regulatory instruments: for specific objectives/sectors
e For higher cost options, or where pricing instruments do not work

e Mitigation subsidies and R&D support, fossil fuel subsidy removal, information
policies...
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Overarching objectives

Equity/distributional concerns
* support low income groups, eg through revenue re-distribution

Sustainable development and other objectives —
» ‘shifting development pathways’, linking in with SDGs
« climate policy = sound economic and social policy
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