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Arouvund 405 of couniries thal have rafified the Paris Agreement have vpdated their NDWCs,
but nef zero pledges cover around 707 of global COy emissions
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There has been a significant acceleration in nef-zero emissions pledges
announced by governments, with an increasing number enshrined in law

Mot

es: In law = a net zero pledge has been approved by parliament and is legally binding. Proposed = a net

zero pledge has been proposed to parliament to be voted into law. In policy document = a net zero pledge has
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n proposed but does not have legally binding status.
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Global CO; emissions rebound quickly after 2020 and then plateau,
with declines in advanced economies offsef by increases elsewhere

MNote: Other = agriculture and own use in the energy sector.
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Coal use declines, oil plateaus and renewables and natural gas grow substantially to 2050

MNote: EJ = exajoule; MJ = megajoule; TES = total energy supply.
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Emerging market and developing economies drive most of the increase in global
electricity demand, mef mainly by renewables and gas, though coal remains important
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Emerging market and developing economies account for three-quarters
of cumulative emissions from existing infrastructure through to 2050
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Achieving existing net zero pledges would reduce emissions globally to 22 Gt CO. in 2050,
a major reduction compared with current policies but still far from nef-zerc emissions
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Announced netf zero pledges would cut emissions in 2050 by 60%
in the electricity secfor, 40% in buildings, 25% in industry and just over 10% in fransport
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Announced net zero pledges liff renewables in the APC from 12% of fotal energy supply
in 2020 to 35% in 2050, mainly af the expense of coal and oil
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Announced net zero pledges lead to a shift away from fossil fuels globally to electricity,
renewables and hydrogen. Electricity’'s share rises from 20% to 30% in 2050
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Renewables reach new heights in the APC, rising from jusf under 30% of electricity supply
in 2020 to nearly 70% in 2050, while coal-fired generafion steadily declines

Note: Other renewables = geothermal, solar thermal and marine.
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Table 2.2 = CO: prices for electricity, industry and energy production in the NZE

USD (2019) per tonne of CO: 2025 2030 2040 2050
Advanced economies 75 130 205 250
Selected_ emerging r.na:‘ket and 45 90 160 200
developing economies

Other emerging market and 3 15 35 55

developing economies

* Includes China, Russia, Brazil and South Africa.
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Figure 2.3 = Global net-CO:z2 emissions by sector, and gross and
net CO2z emissions in the NZE
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IEA. All rights reserved.
Emissions from electricity fall fastest, with declines in industry and transport accelerating
in the 2030s. Around 1.9 Gt CO:2 are removed in 2050 via BECCS and DACCS.

Notes: Other = agriculture, fuel production, transformation and related process emissions, and direct air
capture. BECCS = bioenergy with carbon capture and storage; DACCS = direct air capture with carbon capture
and storage. BECCS and DACCS includes CO; emissions captured and permanently stored.
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Figure 2.6 = Total energy supply of unabated fossil fuels and low-emissions
energy sources in the NZE
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Some fossil fuels are still used in 2050 in the production of hon-energy goods,
in plants equipped with CCUS, and in sectors where emissions are hard to abate

Note: Low-emissions includes the use of fossil fuels with CCUS and in non-energy uses.
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Figure 2.9 = Global total final consumption by fuel in the NZE
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Fuels and other

Electricity use

The share of electricity in final energy use jumps from 20% in 2020 to 50% in 2050

Note: Hydrogen-based includes hydrogen, ammonia and synthetic fuels.
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Figure 2.10 = Global final energy consumption by sector and fuel in the NZE
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There is a wholesale shift away from unabated fossil fuel use to electricity, renewables,
hydrogen and hydrogen-based fuels, modern bioenergy and CCUS in end-use sectors

Note: Hydrogen-based includes hydrogen, ammonia and synthetic fuels.
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Figure 2.12 = Emissions reductions by mitigation measure in the NZE, 2020-2050
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Solar, wind and energy efficiency deliver around half of emissions reductions o 2030
in the NZE, while electrification, CCUS and hydrogen ramp up thereafter

Notes: Activity = energy service demand changes from economic and population growth. Behaviour = energy
service demand changes from user decisions, e.g. changing heating temperatures. Avoided demand = energy
service demand changes from technology developments, e.g. digitalisation. Other fuel shifts = switching from
coal and oil to natural gas, nuclear, hydropower, geothermal, concentrating solar power or marine.
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Table 2.3 > Key global milestones for energy efficiency in the NZE

Sector 2020 2030 pLE)

Total energy supply 2010-20 2020-30 2030-50
Annual energy intensity improvement (MJ per USD GDP) -1.6% -4.2% -2.7%
Industry

Energy intensity of direct reduced iron from natural gas (GJ per tonne) 12 11 10
Process energy intensity of primary chemicals (GJ per tonne) 17 16 15
Transport

Average fuel consumption of ICE heavy trucks fleet (index 2020=100) 100 81 63
Buildings

Share of zero-carbon-ready buildings in total stock <1% 25% >85%
New buildings: heating & cooling energy consumption (index 2020=100) 100 50 20
Appliances: unit energy consumption (index 2020=100) 100 75 60

Notes: ICE = internal combustion engine; zero-carbon-ready buildings = see description in section 3.7.

2. TR

IEA IFHEERMILRREAZRENER R A NREEXIFRSBERAEIR
NZE 1BIR P PR L AVAEIREBFIZ H A - NZE 1IBIREIK SN A 40% 5 E KK H
B EREASPRSIHERE  ARIVHEESERSHENEIORD -
REBE—DRD 5% E  MBRA S ERXINES A2 EAEEZREE
28 ZEXGEIKRABEEEBEAE - &L 8RBk ESRNITAREE

MIIIERIES - (EMmEIDBEREX - AR D &5 HRIRT -

ENZE BIRS  TRUNEERENEHEEBT BRI EEUNTR  BLEE
EERERERRFE TR ABERARREERISER B EE - NZE 1BIRAERIRIE TR
R O] BEIR IR BT - BEEATTATARE  MBUCRREATEXRSE
B AaELiRT T -

NZE IBIRER =B EZNTANEEE - JEBEZBEUT TIAEHEE -

o JE/VIBZYREMNEERER B BREZEXNRERE IR ESERA
EFREHAE/\F 100 AL -
s NEEHEDN ITHEERNEAFBRITE DB EALRE MU

HHEDHEBREBER -



 REMRIME: RSRINER UWEBAZENEWMRF - LU MR

Figure 2.14 = Role of technology and behavioural change in emissions
reductions in the NZE
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Around 8% of emissions reductions stem from behavioural changes and materials efficiency

Notes: Low-carbon technologies include low-carbon electricity generation, low-carbon gases in end-uses and
biofuels. Low-carbon technologies with the active involvement of citizens includes fuel switching,
electrification and efficiency gains in end-uses. Behavioural changes and materials efficiency includes
transport mode switching, curbing excessive or wasteful energy use, and materials efficiency measures.
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Table 2.4 Key global milestones for behavioural change in the NZE

Sector Year Milestone
Industry 2020 *» Global average plastics collection rate = 17%.
2030 * Global average plastics collection rate = 27%.

* Lightweighting reduces the weight of an average passenger car by 10%.

2050 * Global average plastics collection rate = 54%.

e Efficiency of fertiliser use improved by 10%.

Transport 2030 e Eco-driving and motorway speed limits of 100 km/h introduced.
e Use of ICE cars phased out in large cities.

2050 » Regional flights are shifted to high-speed rail where feasible.

* Business and long-haul leisure air travel does not exceed 2019 levels.

Buildings 2030 e Space heating temperatures moderated to 19-20 °C on average.
* Space cooling temperatures moderated to 24-25°C on average.

* Excessive hot-water temperatures reduced.

2050 * Use of energy-intensive materials per unit of floor area decreases by 30%.

* Building lifetime extended by 20% on average.

Note: Eco-driving involves pre-emptive stopping and starting; ICE = internal combustion engine.
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Figure 2.16 = Global electricity demand and share of electricity in
energy consumption in selected applications in the NZE
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Global electricity demand more than doubles in the period to 2050,
with the largest rises to produce hydrogen and in industry

Notes: Merchant hydrogen = hydrogen produced by one company to sell to others. Light-duty vehicles =
passenger cars and vans. Heavy trucks = medium-freight trucks and heavy-freight trucks.
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Table 2.5 = Key global milestones for electrification in the NZE

Sector 2020 2030 2050
Share of electricity in total final consumption 20% 26% 49%
Industry
Share of steel production using electric arc furnace 24% 37% 53%
Electricity share of light industry 43% 53% 76%
Transport
Share of electric vehicles in stock: cars 1% 20% 86%

two/three-wheelers 26% 54% 100%
bus 2% 23% 79%
vans 0% 22% 84%
heavy trucks 0% 8% 59%
Annual battery demand for electric vehicles (TWh) 0.16 6.6 14
Buildings
Heat pumps installed (millions) 180 600 1800
Share of heat pumps in energy demand for heating 7% 20% 55%
Million people without access to electricity 786 0 0
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Figure Z2_.18 — Fuel shares in total energy use in selected applications in the NZE
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Renewables are central fo emissions reductions in electricity. and they make major
contributions to cuf emissions in buildings, industry and transport both directly and indirectly

Notes: Indirect renewables = use of electricity and district heat produced by renewables. Other low-carbon
= nuclear power, facilities equipped with CCUS, and low-carbon hydrogen and hydrogen-based fuels.
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Table 2.6 =~ Key deployment milestones for renewables

Sector 2020 2030 2050

Electricity sector

Renewables share in generation 29% 61% 88%
Annual capacity additions (GW): Total solar PV 134 630 630
Total wind 114 390 350
— of which: Offshore wind 5 80 70
Dispatchable renewables 31 120 90
End-uses sectors
Renewable share in TFC 5% 12% 19%
Households with rooftop solar PV (million) 25 100 240
Share of solar thermal and geothermal in buildings 2% 5% 12%
Share of solar thermal and geothermal in industry final consumption 0% 1% 2%

Note: TFC = total final consumption.
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Figure 2.19 = Global hydrogen and hydrogen-based fuel use in the NZE
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The initial focus for hydrogen is to convert existing uses to low-carbon hydrogen;
hydrogen and hydrogen-based fuels then expand across all end-uses

Note: Includes hydrogen and hydrogen contained in ammonia and synthetic fuels.
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Table 2.7 = Key deployment milestones for hydrogen and hydrogen-based fuels

Sector 2020 2030 2050
Total production hydrogen-based fuels (Mt) 87 212 528
Low-carbon hydrogen production 9 150 520

share of fossil-based with CCUS 95% 46% 38%
share of electrolysis-based 5% 54% 62%
Merchant production 15 127 414
Onsite production 73 85 114
Total consumption hydrogen-based fuels (Mt) 87 212 528
Electricity 0 52 102
of which hydrogen 0 43 88
of which ammonia 0 8 13
Refineries 36 25 8
Buildings and agriculture 0 17 23
Transport 0 25 207
of which hydrogen 0 11 106
of which ammonia 0 5 56
of which synthetic fuels 0 8 44
Industry 51 93 187

Note: Hydrogen-based fuels are reported in million tonnes of hydrogen required to produce them.
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Figure 2.20 > Total bioenergy supply in the NZE
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Modern bioenergy use rises to 100 EJ in 2050, meeting almost 20% of total energy needs.
Global demand in 2050 is well below the assessed sustainable potential

Notes: TES = Total energy supply. Conversion losses occur during the production of biofuels and biogases.
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Table 2.8 = Key deployment milestones for bioenergy

2020 2030 2050
Total energy supply (EJ) 63 72 102
Share of advanced biomass feedstock 27% 85% 97%
Modern gaseous bioenergy (EJ) 2.1 5.4 13.7
Biomethane 0.3 23 8.3
Modern liquid bioenergy (mboe/d) 1.6 6.0 7.0
Advanced biofuels 0.1 2.7 6.2
Modern solid bioenergy (EJ) 32 54 74
Traditional use of solid biomass (EJ) 25 0 0
Million people using traditional biomass for cooking 2340

Notes: mboe/d = million barrels of oil equivalent per day. Bioenergy from forest plantings is considered
advanced when forests are sustainably managed (see section 2.7.2).
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Figure 2.21 = Global CO: capture by source in the NZE
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By 2050, 7.6 Gt of CO: is captured per year from a diverse range of sources. A total of 2.4 Gt
CO; is captured from bioenergy use and DAC, of which 1.9 Gt CO: is permanently stored.
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Table 2.9 = Key global milestones for CCUS

2020 2030 2050

Total CO; captured (Mt CO2) 40 1670 7 600
CO; captured from fossil fuels and processes 39 1325 5245
Power 3 340 860
Industry 3 360 2620
Merchant hydrogen production 3 455 1355
Non-biofuels production 30 170 410
CO; captured from bioenergy 1 255 1380
Power 0 90 570
Industry 0 15 180
Biofuels production 1 150 625
Direct air capture 0 90 985
Removal 0 70 630

(A)IRE

Z1E 2050 FERFEHN - FEHZIKBERRARETRAME - TEKNIRIG
MIZE - NZE BIREERA FISFRESRENIBEF 2 BEETREE 2030 F19
5 JKZE7T - 2050 FH 4.5 JEETT - WE S ZEIK GDP LEAITEEBIM 2.5% B2
2030 TFHY 4.5% - %l 2050 FAIPEE 2.5% -

By sector By technology area Technology area
Other

D tieiibiibiemaeiaieb A s bbb sbbssRa bbb s s
. l I l M Fossil fuels

m CCUS
....................... ol
I Electricity system

M Electrification
Efficiency

1 Other renewables

M Bioenergy

Sector

7 Buildings

M Transport
Industry

M Infrastructure

M Electricity generation
2016-20 2030 2040 2050 2016-20 2030 2040 2050 [ Fuel production

Trillion USD (2019)
E=Y

IEA. All rights reserved.
BRAR : IEA(2021), NET ZERO BY 2050 A ROADMAP FOR THE GLOBAL ENERGY SECTOR.
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Electricity demand Investment
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