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The IEA’s Roadmap series 1ed

ea

Ammonia Technology
Roadmap

Towards more sustainable nitrogen
fertiliser production

International
Energy Agency

The Future of
Petrochemicals
Towards more sustainable
plastics and fertilisers

Cement Technology Roadmap 2009
Carbon emissions reductions up to 2050

Technology Roadmap

Technology Roadmap
Low-Carbon Tansdon i the Coment sty Iron and Steel

Energy and GHG Reductions in the
Chemical Industry via Catalytic Processes
- Technology Roadmap
o) e A B )3 : . DE = [ oecHema
jeg =" AN/ Towards more sustainable steelmaking iea ST = ECHE

Energy o iea
Technology

: An Energy Sector
Perspectives

Roadmap to Carbon
Neutrality in China

The IEA’s roadmap series have covered numerous topics over the past decade, spanning three dimensions:
technology roadmaps, energy system roadmaps and country roadmaps.
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Set near-term milestones to get on track for long-term targets ed

Most innovative low- Almost 90% of existing
- . . . . o . . More than 90% of heavy
emissions technologies All industrial electric capacity in heavy industries . L
. . . . industry production is
in heavy industry motors are best in class reaches end of their .
. low emissions

demonstrated at scale investment cycle .

No new ICE car sales
Electric cars are . 50% of fuels used in
60% of sales Electric heavy trucks

aviation are sustainable
are 50% of sales

All new buildings are
No new sales of zero-carbon ready Most appliances and cooling
fossil fuel boilers systems are best in class

Half of existing buildings Half of heating demand More than 85% of
retrofitted to zero-carbon g buildings are

met by heat pumps
Buildings ready levels zero-carbon ready

Universal energy access

Gt CO,

Transport

AW Industry

W Electricity

2020 2025 2030

2035 2040 2045 2050
No new unabated coal plants 1 020 GW annual solar Overall net zero electricity Net zero electricity Almost 70% of electricity
approved for development and wind additions in advanced‘economies sector globally generation globally from
: Phase-out of unabated coal Phase-out of all unabated solar PV and wind
No new oil and gas fields in advanced economies coal and oil power plants
approved for development, : : :
PP . P 4 Gt CO, captured 7.6 Gt CO, captured

and no new coal mines or :
mine extensions ‘

150 Mt low-carbon hydrogen; 435 Mt low-carbon hydrogen;

850 GW electrolysers 3 000 GW electrolysers
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Prepare for the next phase of the transition by boosting innovation ed

CO, savings by technology maturity in 2050, NZE scenario

Behaviour 4%

In the market
50%

Unlocking the next generation of low-carbon technologies requires more clean energy R&D and $90 billion in
demonstrations by 2030; without greater international co-operation, global CO, will not fall to net-zero by 2050.
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Dramatic reductions in industrial CO, emissions are required ed

Global CO, emissions from industry by sub-sector in the NZE
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® Chemicals = Steel Cement Other Material production (right axis)

The majority of residual emissions in industry in 2050 come
from heavy industries in emerging market and developing economies
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Where do we start in industry? Examining existing assets ed

Geographic distribution and average age of key ironmaking assets
Typical lifetime
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Around 60% of the existing stock of ironmaking equipment is based in China.
The current stock is quite young, with a global average age of 13 to 14 years for blast furnaces and DRI furnaces.
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Addressing CO, emissions from heavy industry

CO, emissions from existing heavy industrial assets in the NZE

NZE (heavy industry)

Existing infrastructure:
Typical lifetime

Existing infrastructure: 25-year investment cycle

2020 2030 2040 2050

Intervening at the end of the next 25-year investment cycle could help unlock
60 Gt CO,, around 40% of projected emissions from existing heavy industry assets
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Addressing CO, emissions from heavy industry Ied

Global CO, emissions reductions in heavy industry by mitigation measure and technology maturity category in the NZE

Mitigation measures Maturity of measures

Activity

Measure

mCCUS
Energy efficiency
Other fuel shifts

= Electrification
Other renewables

4 ® Bioenergy
Hydrogen
= Material efficiency
2 Maturity
m Prototype

Demonstration

Market uptake

2020 2050 2020 2050 = Mature

An array of measures reduces emissions in heavy industry,
with innovative technologies like CCUS and hydrogen playing a critical role

IEA 2021. All rights reserved. Page 8



Innovative technology deployment in heavy industry Ied

Share of innovative technology deployment in heavy industries in the NZE
Primary chemicals Primary steel production Clinker production

m Conventional routes

Innovative routes

m Other
Hydrogen-based
CCUS-equipped

2020 2030 2050 2020 2030 2050 2020 2030 2050

Near-zero emissions routes dominate cement, primary steel and chemicals
production by 2050, with key roles for CCUS and hydrogen-based technologies
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Heating technologies in light industries
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Share of heating technologies in light industries in the NZE

Low/medium-temperature heat dem_and by technology'

High-temperaturé heat demand by téchnology

Heat demand by sub-sector
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Technology
= Fossil fuel heater
® Biomass heater
= Electric heater
®m Hydrogen heater
= Heat pump
Other heat sources

Sub-sectors
= Mining and construction
= Food and tobacco
Machinery
m Textile and leather
® Transport equipment
® Wood and wood products

The share of electricity in satisfying heat demand for light industries rises
from less than 20% today to around 40% in 2030 and about 65% in 2050
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Governments have a critical role to play in accelerating the transition &

. N
Driving force: stakeholder collaboration
Governments, industrial producers, consumers, financial institutions and other actors
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Production technologies Use phase
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g industrial products technologies ) products |
\_ y,
( )
Necessary enabling conditions
Enhancing international co-operation Planning and developing : : :
: . : Tracking progress and improving data
and creating a level playing field infrastructure

. J




IEA 2021. All rights reserved. Page 12



