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Global net anthropogenic emissions have continued to rise across all major groups of greenhouse gases.

GHG emissions {GLCO,-eq yr')

GHG emissions (%)

g & 7|2Hsto et A& 72t AoIM[(IPCC) Ml6Xt
1008 AlZF ®HU(X| 723K 4=(GWP)100-H| 6K}
1990 £ H 2019E7XA| 7t O8Y A X[+ =

% b: 1990-20194E S0t M XA QI2|& CO2-FF,

60

250

a. Global net anthropogenic GHG emissions 1990-2019 %

3861 4261 53Gt
+0.7% yi +2.1% i +1.3% 7

1990 2000 2010

59G1

2019

b. Global anthropogenic GHG emissions and uncertainties by gas - relative to 1990

COFFI CO,LULUCF CHq N:O F-gases
500
400
/ e
|
I\ ™ 200
100
]
1990 2019 1990 2019 1990 2019 1990 2019 1990 2019

The salid line indicates contral estimate of emissions trends. The shaded area indicates the uncertainty range.

=
Z2ZHG(Z|7HE)CO2-eq(O| M SFEFA AFah)

22 7t HEY.

59+ 6.6 Gt

i!r

209
2019
emissions
(GtCOz-eq)
CO; FRI 38+3
CO; LULUCF 6.6+4.6
CHa 11£32
N0 27416
F-gases 1.4+0.41
Total 59+6.6

B Fluorinated

gases (F-gases)

I Vitrous
oxide (N,0)

B Methane (CHy)

I Net €O;from land
use, land use
change, forestry
(CO;LULUCF)

I CO; from fossil

fuel and industry
(CO,FFI)

1990-2019 Emissions
increase in 2019,
(GICO-eq)  relative

to 1990 (%)
15 167
16 133
24 129
0.65 133
097 354
21 154
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Emissions have grown in most regions but are distributed unevenly, both in the present day and
cumulatively since 1850.

60

40

GHG emissions (GtCOx-eq yr)

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

386t a6 536t 596t I All GHG emissions
. o I Fossil fuel and industry
International shipping and aviation (COSFFI)
Australia, Japan and New Zealand B
Middle East Net CO, from land
Eastern Europe and West-Central Asia use, land use
Europe change, forestry
Southern Asia (CO,LULUCF)
Africa Other GHG emissions

South-East Asia and Pacific

Latin America and Caribbean

North America

Eastern Asia

1990 2000 2010 2019
b. Historical cumulative net anthropoegenic CO; emissions c. Net anthropogenic GHG emissions per capita
per region (1850-2019) and for total population, per region (2019)
‘ North America
North America [ 23%
| Australia, Japan and New Zealand
Europe |— 169
P ) 16% 0 Eastern Europe and West-Central Asia
o
Eastern Asia 12% = Middle East
Latin America and Caribbean || 1% - .
R Eastern Asia
o i a
Eastern Europe and West-Central Asia ii 10% = Latin America and Caribbean
: m g
South-East Asia and Pacific ‘l 8% § Europe
Africa ‘. 7% ‘;’ 10 South-East Asia and Pacific
Australia, Japan and New Zealand : 4% E Africa
7 E
Southern Asia ‘ 4% 2 % Southern
Middle East o 2% z o
International shipping and aviation |l 2% . .
" —r ]
0 200 400 600 0 2000 4000 6000 8000
CO; emissions (GtCO;) Population (millions)

d. Regional indicators (2019) and regional production vs consumption accounting (2018)

Africa Australia, Eastern Eastern Europe Latin Middle North South-East Southern

Japan,  Asia Europe, America  East America Asiaand  Asia

New West- and Pacific

Zealand Central Caribbean

Asia

Population (million persons, 2019) 1292 157 14N 291 620 646 252 366 674 1836
GDP per capita (USD1000:::2017 per person)' 5.0 43 17 20 3 15 20 61 12 6.2
Net GHG 20197 (production basis)
% GHG contributions 9% 3% 27% 6% 8% 10% 5% 12% 9% 8%
GHG emissions intensity (tCOz-eq / USD1000m, 2017) 0.78 0.30 0.62 0.64 0.18 061 0.64 031 0.65 0.42
GHG per capita (tC0:-eq per person) 39 13 1 13 7.8 92 13 19 79 26
CO:FFI, 2018, per person
Production-based emissions (tCO:FFI per person, based on 2018 data) 12 10 84 92 6.5 28 8.7 16 26 16
Consumption-based emissions (tCO:FF| per person, based on 2018 data) 0.84 1 67 6.2 7.8 28 76 17 25 1.5

' GDP per capita in 2019 in USD2017 currency purchasing power basis.
#Includes CO,FFI, CO,LULUCF and Other GHGs, excluding international aviation and shipping

The regional groupings used in this figure are for statistical purposes only and are described in Annex II, Part 1.
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The unit costs of some forms of renewable energy and of batteries for passenger EVs have fallen,
and their use continues to rise.

0%

OF

Concentrating Batteries for passenger

Photovoltaics (PV) Onshore wind Offshore wind solar power (CSP) electric vehicles (EVs)
600 600 600 600 — 1600
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g 450 450 450 450 % 1200
% 300 300 300 300 :; 800
g 15 150 G 150M 150 g 400
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0 0 0 ] . 3 0
2000 2000 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020
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= o
G s
§ 400 400 20 20 = 4
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0 0 0 : 0 0
2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020
oced b produced in 202
—— Market cost AR5 (2010)
Adoption (note different scales) Fossil fuel cost (2020)
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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 b. 2030 c. 2050 d. 2100
80 80
Policy
assessments
70 70 for 2030
60 . 60 & &
— . ¥ N [ |
= : == B a
g so — 1 50 -
o
2
S
- 40 40
=
R=3
g 30 30
o
=
o

) \ 20

10 10
0 0
10 10

2010 2015 2020 2025 2030 2035 2040 2045 2050

Modelled pathways: Policy assessments for 2030: Percentile:
Trend from implemented policies Policies implemented by the end of 2020 95
Limit warming to 2°C (>67%) or return warming to NDCs prior to COP26, 75"
1.5°C (>50%) after a high overshoot, NDCs until 2030 unconditional elements F Median

25"
5

Limit warming to 2°C (>67%) NDCs prior to COP26,
Limit warming to 1.5°C (>50%) with no or limited overshoot including conditional elements

1ot Past GHG emissions and uncertainty for 2015 and 2019
(dot indicates the median)

2 aE 474K SHO| "Wt ZZ20f| CH3 2015-2050F SO0 M M A 2A7FA(GHG)
Hi =22 LIEHH.
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Modelled mitigation pathways that limit warming to 1.5°C, and 2°C, involve deep, rapid and

sustained emissions reductions.

a. Met global GHG emissions
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Net zero CO, and net zero GHG emissionsare possible through different modelled mitigation pathways.

e. Sectoral GHG emissions at the time of net-zero f. Contributions to reachin
€O, emissions (compared to modelled 2019 emissions) (for all scenarios reaching
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Demand-side mitigation can be achieved through changes in socio-cultural factors, infrastructure
design and use, and end-use technology adoption by 2050.

GtCOs-eqyr!

0

End-use sectors
Services for
wellbeing

a. Nutrition

Food
Nutrition

W Socio-cultural factors

Dietary shift (balanced diets
featuring plant-based foods),
avoidance of food waste and
over-consumption

B Infrastructure use

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

™ 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)

Total emissions 2050 (bottom-up studies)

AFOLU

BZ88 Economic potential of direct

reduction of food related
emissions, excluding
reforestation of freed up land

b. Manufactured products, mobility, shelter

Human settlements

c. Electricity: indicative impacts
of change in service demand

I,
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Industry

Manufactured products
W Socio-cultural factors

Shift in demand towards
sustainable consumption,
such as intensive use

of longer-lived

repairable products

W Infrastructure use

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

and products

! End-use technology adoption

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

Total emissions 2050 ({IEA, STEPS 2020}

Total emissions 2050
I Socio-cultural factors
I nfrastructure use

\ End-use technology
adoption

Land transport
Mobility

Teleworking or
telecommuting; active
mobility through
walking and cycling

Public transport; shared
mobility; compact cities;
spatial planning

Electric vehicles;
shift to mare
efficient vehicles

[ Emissions that cannot be

! The presentation of choices to consumers, and the impact of that presentation on consumer decision-making.

Buildings
Shelter

Electricity

W Additional electrification (+60%)

Additional emissions from incraased
electricity generation to enable the end-use
sectars’ substitution of electricity for fossil
fuels, e.g. via heat pumps and electric cars
(estimated from |EA, NZE 2020)

Soial practices resulting
in energy saving; lifestyle
and hehavioural changes

Industry
Demand-side
measures
-13%

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

Land transport
I Buildings
B Load management?

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

Energy efficient electricity demand’

building envelopes
and appliances;
shift to renewables

Total emissions 2050 (IEA, STEPS 2020)

I Add. electrification

avoided or reduced through Industry
demand-side options are
Land transport
assumed to be addressed iy
by supply-side options I Buildings
I L02d management

? Load management refers to demand-side flexibility that cuts across all sectors and can be achieved through incentive design like time of use pricing/monitoring
by artificial intelligence, diversification of storage facilities, etc

? The impact of demand-side mitigation on electricity sector emissions depends on the baseline carbon intensity of electricity supply, which is scenario dependent.
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Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer

term compared to 2030.
Mitigation options

[ Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)

Bioelectricity with CCS

Reduce CHa emission from coal mining
- Reduce CH. emission from oil and gas

Energy

" Carbon sequestration in agriculture
Reduce CH. and N.O emission in agriculture
Reduced conversion of forests and other ecosystems
Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management
Reduce food loss and food waste

- Shift to balanced, sustainable healthy diets

AFOLU

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

_ Enhanced use of wood products

Buildings

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, incl. buses
Shipping - efficiency and optimization
Aviation — energy efficiency

Biofuels

Transport

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

Industry

Reduce emission of fluorinated gas
Reduce CH, emissions from solid waste
_ Reduce CH. emissions from wastewater

Other
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Net lifetime cost of options:

[ Costs are lower than the reference
0-20 (USD tCO;-eq")

I 20-50 (USD tCO-eq")

I 50-100 (USD tCO,-eq")

I 100200 (USD tCOeq’)
Cost not allocated due to high
variability or lack of data

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

individual cost ranges are also
associated with uncertainty
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Mitigation options have synergies with many Sustainable Development Goals, but some options
can also have trade-offs. The synergies and trade-offs vary dependent on context and scale.

Relation with Sustainable Development Goals
12 3 4 5 6 7 8 9 10N 12 W15 % 17

Sectoral and system mitigation options Chapter source

[ Wind energy B B «N-N-| Sections 6.4.2, 6.7.7
g Solar energy a BEEE [+ | - | Sections 6.4.2, 6.7.7
3:; Bioenergy oon gon -} - Sections 6.4:2, 12,5, Box 6.1
2 | Hydropower a [+ | -] Section 6.4.2
2' | Geothermal energy -+ I | og Section 6.4.2
S | Nuclear power a [ ¢ | BoB Section 6.4.2, Figure 6.18
L Carbon capture and storage (CCS) [~ B Section 6.4.2,6.7.7
E = [ Carbon sequestration in agriculture’ [« ] a Sections 7.3, 7.4, 1.6
%"é Reduce CHs and N:O emission in agriculture B B Section 7.4
] % Reduced conversion of forests and other ecosystems? [ - | [ -] Section 7.4
2 2 | Ecosystem restoration, reforestation, afforestation a a B I Section 7.4
‘%E Improved sustainable forest management 1 [+ | (- Section 7.4
3 ; Re.duce food loss and fc?0d waste B Section 7.5
?g Shift to balanced, sustainable healthy diets [« i+ B B Section 7.4
L Renewables supply’ BEna (- -] [« N -] Section 7.6
., | Urban land use and spatial planning a (N-N-] Sections 8.2, 8.4, 8.6
5 Electrification of the urban energy system [« ] B B [« | Sections 8.2, 8.4, 8.6
£ | District heating and cooling networks B Sections 8.2, 8.4, 8.6
E Urban green and blue infrastructure Sections 8.2, 8.4, 8.6
5 | Waste prevention, minimization and management [« ] [+ ] [+ ] Sections 8.2, 8.4, 8.6
| Integrating sectors, strategies and innovations Sections 8.2, 8.4, 8.6

[ Demand-side management +] Section 9.8, Table 9.5
Highly energy efficient building envelope - W+N - | [ +] B Section 9.8, Table 95
., | Efficient heating, ventilation and air conditioning (HVAC) | [ Section 9.8, Table 9.5
£ | Efficient appliances a B Section 9.8, Table 9.5
E Buildﬁng design and perfom’mnce Section 9.8, Table 9.5
On-site and nearby production and use of renewables og B Section 9.8, Table 9.5
Change in construction methods and circular economy a Sections 9.4, 9.5
Change in construction materials B a B Section 9.4
[ Fuel efficiency — light duty vehicle [+ B Sections 10.3,10.4, 10.8
Electric light duty vehicles a [« ] Sections 10.3,10.4, 10.8
Shift to public transport a [+ ] Sections 10.2, 10.8, Table 10.3
g Shift to bikes, ebikes and non motorized transport a H Sections 10.2, 10,8, Table 10.3
g Fuel efficiency — heavy duty vehicle Sections 10.3, 10.4,10.8
= | Fuel shift (including electricity) — heavy duty vehicle [« | Sections 10.3,10.4, 10.8
Shipping efficiency, logistics optimization, new fuels ] Sections 10.6,10.8
Aviation — energy efficiency, new fuels Sections 10,5, 10.8
_ Biofuels (-} -] (- -] Sections 10.3, 10.4, 10.5, 106, 10.8
[ Energy efficiency Section 11.5.3
2| Material efficiency and demand reduction [+ Section 11,53
_§ Circular material flows + + Section 11.5.3
= | Electrification a B Sections 11.5.3,6.7.7
| CCS and carbon capture and utilisation (CCU) - | -0 - | Section 1153
Type of relations: Related Sustainable Development Goals: ' Soil carbon management
Synergies 1 1 No poverty 110 Reduced inequalities :'gf;?f:::,?yagfuf;‘;“ands
B Trade-offs I 2 Zero hunger 1 11 Sustainable cities and communities * Deforestation, loss and
B Both synergies and trade-offs* I 3 Good health and wellbeing I 12 Responsible consumption and production degradation of peatlands
Blanks represent no assessment’ 1 4 Quality education 1 13 Climate action and coastal wetlands
Ceiiderica audlh 1 5 Gender equality N 114 Life below water *Timber, biomass, agri feedstack
B High confidence I 6 Clean water and sanitation 115 Life onllanfj o "ILS:'&;' :;:E!:;\'fe;‘;'::‘eieﬂie
B Medium confidence 7 Affordable and clean energy 116 Peace, justice and strong institutions

_ § “Not assessed due
1 8 Decent work and economic growth 117 Partnership for the goals o fimited literature

" Low confidence ] ; 3
1 9 Industry, innovation and infrastructure
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