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Contribution of technology area to global cumulative CO, reductions
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The carbon intensity of the global economy can be cut by
two-thirds through a diversified energy technology mix
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Direct industrial CO2 emissions and final energy reductions
in the 2DS compared with the 6DS
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Large reductions in direct CO, emissions are possible,
but energy use and emissions must be decoupled
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By 2050, biomass, waste, and electricity grow to 25% of final
energy demand, while overall energy use decreases by 24%
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“industrial carbor capture

Sources of CO, emissions captured in the 2DS
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The deployment of CCS from all sources must be
accelerated to stay on track for the 2DS
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Technology Status today against 2DS targets by 2025
Electric vehicles
Solar PV and onshore wind
Other renewable power
Nuclear
More efficient coal-fired power
Carbon capture and storage
Biofuels
Transport
Industry
Buildings
Appliances and lighting

Energy storage
®Notontrack  ®Accelerated improvement needed  ©On track

Clean energy deployment is still overall behind what is required to meet the 2°C
goal, but recent progress on electric vehicles, solar PV and wind is promising
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Energy- and process-related CO, emissions by sector in the 2DS
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Industry and transport account for the majority of
remaining direct emissions in the 2DS in 2050.
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Decarbonizing energy-intensive industries requires accelerated
technology and policy innovation
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Primary energy Transformation sector End-use sectors Service demands
Renewables
and waste Industry
68 El 127 EJ
Other end-
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Buildings
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Fossil fuels Refineries
411El and other
transformation
Transport
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Muclear
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Global energy system today
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Primary energy Transformation sector End-use sectors Service demands
Industry
Renewables 200 EJ
and waste
312 EJ
Other end-
use 27 EJ
Buildings
130 EJ
Refineries and
Fossil fuels other
295 E) transformation
207 E)
Transport
Power plants 100 EJ
296 EJ
Nuclear
74 EJ
Own use, conversion and
distribution losses 224 EJ
¥ renewables and waste M Fossil fuels I Muclear M il products M Electricity M commercial heat M Hydrogen

Global energy system in the 2DS 2050
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Iron and steel aggregated energy intensity
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Note: Aggregate energy intensity includes final energy consumption in blast furnaces and coke ovens, as well as
the portion of fuel consumption related to thermal energy generation of captive utilities for internal use.
Source: Derived from IEA Energy Balances.

Energy efficiency continues to deliver, but is limited
by current technology and scrap availability
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Global excess heat recovery technical potential - Iron and steel
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Sinter cooler exhaust

BOF off-gas EAF off-gas thermal CcbQ
thermal recovery

recovery recovery

B China ™ India B Other Asia M Africa and Middle East B Non-OECD Latin America M Other non-OECD B QECD © Specific EH recovery potential

NOTE: Only medium and high temperature IEH sources (>100 degC) and commercial recovery technologies included.
SOURCE: Energy Technology Perspectives 2016

Globally, 6% of the final energy use in iron and steel
making could be technically recovered

© OECD/IEA 2016



«fand more innovative low-carbon ETP
technology options are needed 2015

2050

BLAST FURNACE - TOP GAS RECOVERY
ULCORED

HISARNA
COKE OVEN GAS REFORMING

ULCOLYSIS - ULCOWIN

HIGH PERFORMANCE STEEL

Note: This slide is not intended to provide an exhaustive list. Sketch is not at scale and time
milestones are just illustrative.

Low-carbon process technology RD&D is promising,
but progress must be accelerated
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Bringing stakeholders together
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« " 32global publications,

= Goal to achieve 21 different technology areas
= Milestones to be met Milestones " Re-endorsed at G7 Energy
Ministerial Meeting in May
= Gaps to be filled 2016 (Kitakyushu)
Gaps and barriers -

= Actions to overcome ”:;‘,’ecrleﬁtgi{on.

gaps and barriers Action items e Near-term actions
* What and when things —+ * Regional Rele\(ance

. e ‘  Key partnerships (e.g.
need to be achieved e Finance)

N W, 7 e Metrics and Tracking

Low-Carbon Technology Roadmaps
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v Global v India Cement v Hydrogen v’ Brazil Cement
Cement v" Chemical catalysis v" India Cement Update
v CCS Tentative:

* Global Cement Update
* Iron and steel

Final industrial energy use , 2014 (154 EJ)
B Iron and steel

1%
0_\ ) 1%{% Chemical and petrochemical
2% L
g m Non-metallic minerals

® Non-ferrous metals
® Transport equipment
® Machinery
Mining and quarrying
® Food and tobacco
® Paper, pulp and print
® Wood and wood products

SOURCE: IEA Energy Balance. Construction

Note: Iron & Steel includes blast
furnaces and coke ovens.
Chemicals & Petrochemicals
includes petrochemicals
feedstocks.

m Textile and leather
Non-specified (industry)
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GHG emissions avoidance
potential in chemical industry
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Incremental improvement: relatively small and anticipated
= /> technological advances in the “normal course of business”
S 150 -
S
2 125 -
)
[=
S 1.00 -
a
€ 075 -
o
S 050 -
|9 ‘./.
0.25 -
+
0-00 .7 T T T 1
2010 2020 2030 2040 2050
—@—Incremental Improvement
. : International
fhad .- . Energy Ageney e LB W E DECHEMA
L : . % 1ea’ 4 & Y
' © OECD/IEA 2013




GHG emissions avoidance
potential in chemical industry

2.00 -~
Best practice technology (BPT): widespread deployment of best
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GHG emissions avoidance
potential in chemical industry

2.00 ~
: step-change advances via new technology;
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Hydrogen from water cleavage for ammonia
and methanol production
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GHG emissions avoidance
potential in chemical industry

2.00 ~
1.75 -
1.50 -
1.25 -
1.00 -

0.75 -

0.50 -

0.25 - /; —o— _./.

0.00 = T T T 1
2010 2020 2030 2040 2050

Total GHG Savings [GtCO,-eq]

—8—Incremental Improvement BPT conservative =@—BPT optimistic

Emergingoptimistic —@—-Biomass Hydrogen

et S
Liea ™ & E, [EC DECHEMA

© OECD/IEA 2013




Additional energy and fossil energy savings
for ammonia and methanol via hydrogen
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Mote: % = implementation rate of hydrogen route.

Source: DECHEMAL

Production of H2 results in significant additional energy use, but also significant GHG savings
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Urban transport investments

USD trillion

In the 2DS, by 2050 one billion cars are electric vehicles
while public transport travel activity more than doubles
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= Achieving BAT performance is critical, while accelerating low-
carbon innovations is essential
* BAT includes energy and resource efficiency (e.g., yield improvements)
* The pace of CCS deployment must increase
* Low-carbon process innovations require accelerated RD&D, investments

= Low-carbon fuel switching plays a key role
* Biomass for renewable fuels and feedstocks, but supplies may be uncertain
* Low-carbon electrification scale depends on innovation

= Expanding boundaries of influence can create new opportunities
* Waste heat recovery for local plants/buildings
* Materials efficiency in end use product applications

= Multiple aspects of strong policy support are needed:
* Long-term energy and climate policy signals
* Increased support for technology RD&D
* Low-carbon and energy efficiency labels and standards
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