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Sector 2020 2030 2050

Bioenergy

Share of modern biofuels in modern hioenergy 20% 45% 48%

(excluding conversion losses)

Advanced liquid biofuels (mhoe/d) 0.1 2.7 6.2

Share of biomethane in total gas networks <1% 2% 20%

CO: captured and stored from biofuels production (Mt COz) 1 150 625

Hydrogen

Production (Mt Hz) 87 212 528
of which: low-carbon (Mt Hz) 9 150 520

Electrolyser capacity (GW) <1 850 3585

Electricity demand for hydrogen-related production (TWh) 1 3850 14 500

CO: captured from hydrogen production (Mt COz) 135 680 1800

Number of export terminals at ports for hydrogen and ammonia trade 0 60 150

ERIZRIR : IEA(2021), NET ZERO BY 2050 A ROADMAP FOR THE GLOBAL ENERGY SECTOR.
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Decarbonisation of * Advanced economies in aggregate: 2035.

electricity sector = Emerging market and developing economies: 2040,

Hydrogen-based * Start retrofitting coal-fired power plants to co-fire with ammonia and gas turbines
fuels to co-fire with hydrogen by 2025.

Unabated » Phase out all subcritical coal-fired power plants by 2030 (870 GW existing plants
fossil fuel and 14 GW under construction).

* Phase out all unabated coal-fired plants by 2040.
* Phase out large oil-fired power plants in the 2030s.
* Unabated natural gas-fired generation peaks by 2030 and is 90% lower by 2040.

Category 2020 2030 2050
Total electricity generation (TWh) 26 800 37 300 71200

Renewables

Installed capacity (GW) 2990 10 300 26 600
Share in total generation 29% 61% B8%
Share of solar PV and wind in total generation 9% 40% 68%

Carbon capture, utilisation and storage (CCUS) generation (TWh)
Coal and gas plants equipped with CCUS 4 460 1330
Bioenergy plants with CCUS 0 130 840

Hydrogen and ammonia
Average blending in global coal-fired generation (without CCUS) 0% 3% 100%
Average blending in global gas-fired generation (without CCUS) 0% 9% 85%

Unabated fossil fuels

Share of unabated coal in total electricity generation 35% 8% 0.0%
Share of unabated natural gas in total electricity generation 23% 17% 0.4%
Nuclear power 2016-20 2021-30 2031-50
Average annual capacity additions ([GW) 7 17 24
Infrastructure

Electricity networks investment in USD billion (2019) 260 820 300
Substations capacity (GVA) 55 900 113 000 290 400
Battery storage (GW) 18 550 3100
Public EV charging (GW) 46 1780 12 400
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Figure 3.15 = Global CO:z emissions from industry by sub-sector in the NZE
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The majority of residual emissions in indusfry in 2050 come
from heavy industries in emerging market and developing economies

MNote: Other includes the production of aluminium, paper, other non-metallic minerals and other non-ferrous
metals, and a series of light industries.
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Figure 2.16 = Global CO2 emissions in heavy industry and reductions by
mitigation measure and technology maturity category in the NZE
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An array of measures reduces emissions in heavy industry,
with innovative technologies like CCUS and hydrogen playing a crifical role
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Table 3.3 = Key milestones in transforming global heavy industry sub-sectors

Heavy industry » 2035: virtually, all capacity additions are innovative low-emissions routes.

Industrial motors = 2035: all electric motors sales are best in class.

Category 2020 2030 2050
Total industry
Share of electricity in total final consumption 21% 28% 46%
Hydrogen demand (Mt Hz) 51 93 187
CO: captured (Mt CO3) 3 375 2 800
Chemicals
Share of recycling: reuse in plastics collection 17% 27% 34%
reuse in secondary production 8% 14% 35%
Hydrogen demand (Mt Hz) 46 63 83
with on-site electrolyser capacity (GW) 0 38 210
Share of production via innovative routes 1% 13% 93%
COz captured (Mt COgz) 2 70 540
Steel
Recycling, re-use: scrap as share of input 32% 38% 46%
Hydrogen demand (Mt Hz) 5 19 54
with on-site electrolyser capacity (GW) 0 36 295
Share of primary steel production: hydrogen-based DRI-EAF 0% 2% 29%
iron ore electrolysis-EAF 0% 0% 13%
CCUS-equipped processes 0% 6% 33%
COz captured 1 70 670
Cement
Clinker to cement ratio 0.71 0.65 0.57
Hydrogen demand (Mt Hz) 0 2 12
Share of production via innovative routes 0% 9% 93%
CO: captured (Mt CO3) 0 215 1355

MNote: DRI =direct reduced iron; EAF = electric arc furnace.
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Figure 3.21 = Global CO; transport emissions by mode and share of emissions
reductions to 2050 by technology maturity in the NZE

CO; emissions by mode Technology maturity by mode
o}
L= ]
&5 3
2 -
1 -
2010 2020 2030 2040 2050 Heawy Shipping Aviation
trucks
= | ight-duty vehicles Heawy trucks
Other road Shipping W Mature Market uptake
Aviation — Rail Demonstration M Prototype

IEA. All rights reserved.

Passenger cars can make vse of [ow-emissions technologies on the market, but major
advances are needed for heavy frucks, shipping and aviation to reduce their emissions

Notes: Other road = two/three wheelers and buses. Shipping and aviation include both domestic and
international operations. See Box 2.4 for details on the maturity categories.
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Figure 3.22 = Global transport final consumption by fuel type and mode
in the NZE
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IEA. All rights reserved.

Electricity and hydrogen-based fuels account for more than
70% of transport energy demand by 2050

Note: LDVs = Light-duty vehicles; Other road = two/three wheelers and buses.
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Table 3.4 = Key milestones in transforming the global transport sector

Road transport = 2035: no new passenger internal combustion engine car sales globally

Aviation and * Implementation of strict carbon emissions intensity reduction targets as soon as
shipping possible.

Category 2020 PUE 2050

Road transport

Share of PHEV, BEV and FCEV in sales: cars 5% 64% 100%
two/three-wheelers 40% 85% 100%
bus 3% 60% 100%
vans 0% 72% 100%
heawvy trucks 0% 30% 99%

Biofuel blending in oil products 5% 13% 11%

Rail

Share of electricity and hydrogen in total energy consumption 43% 65% 96%

Activity increase due to modal shift (index 2020=100) 100 100 130

Aviation

Synthetic hydrogen-based fuels share in total aviation energy consumption 0% 2% 33%

Biofuels share in total aviation energy consumption 0% 16% 45%

Avoided demand from behaviour measures (index 2020=100) 0 20 38

Shipping

Share in total shipping energy consumption: Ammonia 0% 8% 46%

Hydrogen 0% 2% 17%
Bioenergy 0% 7% 21%

Infrastructure

EV public charging (million units) 1.3 40 200

Hydrogen refuelling units 540 18 000 50 000

Share of electrified rail lines 34% A47% 65%

Note: PHEV = plug-in hybrid electric vehicles; BEV = battery electric vehicles; FCEV = fuel cell electric vehicles.
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Figure 3.27 = Global direct CO; emissions reductions by mitigation measure in
buildings in the NZE
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Electrification and energy efficiency account for nearly 70% of buildings-related emissions
reductions through to 2050, followed by solar thermal, bicenergy and behaviour
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Figure 3.28 = Global final energy consumption by fuel and end-use
application in buildings in the NZE
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IEA. All rights reserved.

Fossil fuel use in the buildings secfor declines by 96% and space healing energy needs
by two-thirds to 2050, thanks mainly to energy efficiency gains

Mote: Other includes desalination and traditional use of selid biomass which is not allocated to a specific
end-use.
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Table 3.5 = Key milestones in transforming global buildings sector

New buildings » From 2030: all new buildings are zero-carbon-ready.

Existing buildings  » From 2030: 2.5% of buildings are retrofitted to be zero-carbon-ready each year.

Category 2020 2030 2050
Buildings
Share of existing buildings retrofitted to the zero-carbon-ready level <1% 20% =85%
Share of zero-carbon-ready new buildings construction 5% 100% 100%
Heating and cooling
Stock of heat pumps [million units) 180 600 13800
Million dwellings using solar thermal 250 400 1200
Avoided residential energy demand from behaviour n.a. 12% 14%

Appliances and lighting

Appliances: unit energy consumption (index 2020=100) 100 75 60
Lighting: share of LED in sales 50% 100% 100%
Energy access

Population with access to electricity (billion people) 7.0 8.5 9.7
Population with access to clean cooking (billion people) 5.1 8.5 9.7

Energy infrastructure in buildings
Distributed solar PV generation (TWh) 320 2200 7 500
EV private chargers (million units) 270 1 400 3500
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Overall employment in the energy sector increases by almost ¢ million to 2030
as jobs created in clean energy sectors outpace losses in fossil fuels
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Investment in low-emissions technologies suited to the skills and expertise of
oil and gas companies exceeds investment in fradifional operations by 2030
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The market for critical minerals approaches that of coal today in the 2040s
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Electricity system costs triple to 2050, raising average supply costs modesily;
the massive growth of renewables makes the industry more capital intensive
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More than 80% of people gaining access to electricity by 2030 are supplied
renewable power and just over half via off-grid systems
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Three-quarters of the emissions saved by behavioural changes could be
directly influenced or mandated by government policies
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Grid and substation expansion is driven largely by the massive deployment of renewables
and electrification of end-uses, with a rising digital share of infrastructure
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While the emissions reductions in 2030 mostly rely on technologies on the market, those
under development today account for almost half of the emissions reductions in 2050
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Technology development cycles are cuf by around 20%
from the fastest developments seen in the past
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