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

GHG emissions (GtCO;-eq yr")
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The solid line indicates central estimate of emissions trends. The shaded area indicates the uncertainty range.

The big message: All GHG emissions are still going the wrong way.
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Modelled mitigation pathways that limit warming to 1.5°C, and 2°C, involve deep, rapid and

sustained emissions reductions.
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The big message:

CO2 emissions have to drop by
half by 2030 and get to net-
zero by ~2055 to keep 1.5-29C
in sight. All GHGs need to go to
netzero by ~2070. We are at
+1.22C and have baked in
~1.72C without CO2 removal.

Hold on to this - all reductions
are good and help reduce
damages and climate tipping
points. But 1.52C is much
better than 22C, which is much
better than 2.52C, and so on.



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.

Energy

AFOLU

Buildings

Transport

Industry

Other

Mitigation options

Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH. emission from coal mining

L Reduce CH. emission from oil and gas

[ Carbon sequestration in agriculture

Reduce CH. and N,0 emission in agriculture
Reduced conversion of forests and other ecosystems
Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management

Reduce food loss and food waste

L Shift to balanced, sustainable healthy diets

[ 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

[ 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

L Biofuels

[ Energy efficiency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, Hz)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

Reduction of non-CO; emissions

[ Reduce emission of fluorinated gas

Reduce CH, emissions from solid waste
Reduce CHs emissions from wastewater

Potential contribution to net emission reduction (2030) GtCO,-eq yr"

0 2

4 6

GtCOxreq yr'

Net lifetime cost of options:

[ Costs are lower than the reference

[0 0-20 (USD tCO,-eq™)

[ 20-50 (USD tCO,-eq)

I 50-100 (USD tCO-eq™)

I 100-200 (USD tCO.-eq”)
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

The big message: “Based on
a detailed sectoral
assessment of mitigation
options, it is estimated that
mitigation options costing
USD100 tCO2-eg-1 or less
could reduce global GHG
emissions by at least half of
the 2019 level by 2030
(options costing less than
USD20 tCO2-eqg-1 are
estimated to make up more
than half of this potential) “

Mitigation is cheap, but we
have to do it.
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The big message:

Clean electrification of
vehicles, buildings, light
industry and some heavy
industry will provide at
least double and possibly
triple the final energy used
today. This is one of the
biggest business
opportunities of the
century.

One of the things that
doesn’t come out as
strongly as | would have
liked is electrification of
transport and buildings has
local air quality benefits
equal to or higher than
climate in the short run.



The unit costs of some forms of renewable energy and of batteries for passenger EVs have fallen,
and their use continues to rise.

Concentrating Batteries for passenger

Photovoltaics (PV) Onshore wind Offshore wind solar power (CSP) electric vehicles (EVs)

600 i 600 i 600 i 600 i = 1600 i

‘ i I I = |

1 ] | é |

= 450 450 : 450 : 450 : & 1200 |

; I | I I

g | | g I

S ! ) )

S 300 300 i 300 . 300 5 800 ;

qu | | 1 g 1

= [ : [ 2 I

S 150 : 150 : 150 150 : £ 400 :

| . E i E i

2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020

800 ‘ 800 i 40 i 40 i 8 i

: : : I g :

_ 600 ; 600 : 30 : 30 : 2 6 !

; | | | | © |

(O] | | | | 2 |

‘; I | 1 | g I

S 400 | 400 | 20 | 20 : = 4 |

Q. | I I I ~ |

_8 | | | | g |

< ‘ U ! : ] :
200 } 200 ' 10 ; 10 . <3 2

l I I | 2 l

0

2000 2010 2020

Share of electricity
produced in 2020: 3%

Market cost

2000 2010 2020

Share of electricity
produced in 2020: 6%

———— Adoption (note different scales)

2000 2010 2020
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produced in 2020: <1%

AR5 (2010)
Fossil fuel cost (2020)

el
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produced in 2020: <1%
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Share of passenger
vehicle fleet in 2020: 1%

The really good news: There has been a revolution in solar, wind and battery costs. This
literally took us from north of +32C to the mid 22C range all by itself. Providing firm clean
power to supplement this will be big business, worth ~3x per kWh.



Demand-side mitigation can be achieved through changes in socio-cultural factors, infrastructure
design and use, and end-use technology adoption by 2050.

a. Nutrition

b. Manufactured products, mobility, shelter

c. Electricity: indicative impacts
of change in service demand

15 15 q* 15
E Human settlements o
T10 - 10 - 10
o s =-. =,E @ = =
S g B = g
< 5 S
O 5 5 Ar!tj ﬁ 5
Egedctlésri Food Industry Land transport Buildings Electricity
Sf,'v\gﬁf,seifnoé Nutrition Manufactured products  Mobility Shelter

M Socio-cultural factors

Dietary shift (shifting to balanced,
sustainable healthy diets),
avoidance of food waste

and over-consumption

M Infrastructure use

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

M Socio-cultural factors

Shift in demand towards
sustainable consumption,
such as intensive use

of longer-lived

repairable products

M Infrastructure use

Networks established

for recycling, repurposing,
remanufacturing and
reuse of metals, plastics
and glass; labelling low

Teleworking or
telecommuting; active
mobility through
walking and cycling

Public transport; shared
mobility; compact cities;
spatial planning

W Additional electrification (+60%)

Additional emissions from increased
electricity generation to enable the
end-use sectors’ substitution of electricity
for fossil fuels, e.g. via heat pumps and
electric cars {Table SM5.3; 6.6}

Social practices resulting
in energy saving; lifestyle
and behavioural changes

Compact cities; Industry

rationalisation of living Demand-side
floor space; architectural Lt T measures
design; urban planning M Buildings -73%

(e.g., green roof, cool

M Load management?

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)

AFOLU

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

emissions materials
and products

| End-use technology adoption

Green procurement to
access material-efficient

Electric vehicles;
shift to more

roof, urban green

spaces etc.
i ) Reduced emissions through demand-side

mitigation options (in end-use sectors:
buildings, industry and land transport)
which has potential to reduce
electricity demand?

Energy efficient
building envelopes

products and services; efficient vehicles and appliances;
access to energy-efficient shift to renewables
and CO2 neutral materials

Total emissions 2050: Mean  ---- |EA-STEPS — IP_ModAct

Total emissions 2050
I Socio-cultural factors
I (nfrastructure use

End-use technology
adoption

[ Emissions that cannot be I Add. electrification

avoided or reduc_ed through Industry
demand-side options are
Land transport
assumed to be addressed o
by supply-side options I Buildings
I L0ad management

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

?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.

3The impact of demand-side mitigation on electricity sector emissions depends on the baseline carbon intensity of electricity supply, which is scenario dependent.

It’s not all about supply.
40-70% of mitigation
could come from
smart, welfare
enhancing demand
management. This is
largest in diets and
personal transport in
the short run, and
buildings and urban
form in the long run.



Global total net CO2 emissions  \WWhat has changed
Billion tonnes of CO,/yr W|th |ndustry
decarbonization?

In pathways limiting global warming to 1.5°C
with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions
are reduced to net zero globally around 2050.

Four illustrative model pathways

P1
P2

P3

The cost of negative emissions
BECCS or DACCS offsets will be 4
~$100-300/t COse,

if available
Timing of net zero CO2 ——sssssssmmm——————— Pathways limiting global warming to 1.5°Cw
Line widths depict the 5-95th = — Pathways with high overshoot
percentile and the 25-75th Path

percentile of scenarios (Not

Before Paris the focus was
on energy efficiency, some
fuel switching &
electrification, some CCS,
and absorbing some
negative BECCS emissions
from electricity.

The policy priority was
avoiding leakage, not deep
decarbonization

After Paris the -50%
vacation on the back of
electricity BECCS was over
Now, everything under the
price of DACCS needs to be
done, and more given the
uncertainties

But how?



While much of industry can be electrified,

there are big sector specific challenges

* The “extract-use-throw away” model for most material use (steel &
aluminum as exceptions)

* Maxed out thermodynamic efficiency of core technologies (but not systems)
* Low (<=2502C), medium (250-10002C) & high (>10002C) process heat

* Steel iron ore “deoxidization” CO, process emissions (& melting heat)

* Cement lime calcination CO, process GHGs (and 850/14502C process heat)

* Hydrogen production for ammonia for fertilizers and other chemicals; coal &
steam methane reforming CO, process emissions

* Non-ferrous metals & alloys (big progress in bauxite electrolysis, i.e. Elysis)
e Carbon feedstock needed for chemicals

* Making sure new materials aren’t GHG combustion or process intense!
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Recent literature has shown

there are emerging and near commercial options to
decarbonize all industrial sectors

Coal and NG ~19702C

Solid oxide NG fuel cell
~9002C + electricity

More material
recycling, do
more with

less material

Carbon capture
and utilization or
storage

Chemical looping

Biomass ~19702C (negative GHGs)
Keep

existing
process

Material efficiency &
circular economy:
Reduce, substitute,

New raw
reuse, recycle material

<= 250°C: Heat pumps, small scale
direct solar process heat

—p <=250-1000 ©C: small modular

Alternative heat nuclear, concentrated solar thermal

source
>=10002C: biomass, hydrogen,

needed Change synthetic NG
existing All 2C: Electrothermal (e.g. induction)
process Bioliquids & gases
Electrification focus

Source: “A review of technology and policy Hybrid electric-hydrogen focus
deep decarbonization pathway options for Synthetic hydrocarbons
making energy-intensive industry Others? Industrial ecology, biomimicry,
production consistent with the Paris enzymatic processes, etc.

agreement”, Bataille et al (2018) Journal
of Cleaner Production
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Dynamic questions that have to be addressed

1. Material efficiency & circular economy: High potential, but what
happens if it isn’t easy, cheap, or fast?
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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.

a. Nutrition

b. Manufactured products, mobility, shelter

c. Electricity: indicative impacts
of change in service demand

IPCC 2022 indicates
that over the long haul

N . 1 material efficiency,
Human settlements . .
1o " ! 1o more recycling
5 s . B .- : S building and urban
e 5 !T ! : design could reduce
0 ' i 1 . cement demand by at
Ser;{{é‘% Fooc‘I. Industry Lané .transport Buildings Electricity |eaSt 26% and Steel by
wellbeing  Nutrition Manufactured products ~ Mobility Shelter

M Socio-cultural factors

Dietary shift (shifting to balanced,
sustainable healthy diets),
avoidance of food waste

and over-consumption

M Infrastructure use

M Socio-cultural factors

Shift in demand towards

sustainable consumption,

such as intensive use
of longer-lived
repairable products

M Infrastructure use

Teleworking or
telecommuting; active
mobility through
walking and cycling

Social practices resulting
in energy saving; lifestyle
and behavioural changes

M Additional electrification (+60%)

Additional emissions from increased
electricity generation to enable the

end-use sectors’ substitution of electricity
for fossil fuels, e.g. via heat pumps and

electric cars {Table SM5.3; 6.6}

40%

It requires design to
make better use of

Choice architecture' and Networks established Public transport; shared Compact cities; Industry

information to guide dietary for recycling, repurposing,  mobility; compact cities; rationalisation of living Demand-side

choices; financial incentives; remanufacturing and spatial planning floor space; architectural Lancltiansnoit measures I

waste management; reuse of metals, plastics design; urban planning M Buildings -73% Ste e ) Ce m e nt, a n d

recycling infrastructure

End-use technology adoption

Currently estimates are not
available (for lab-based meat and
similar options — no quantitative

and glass; labelling low
emissions materials
and products

End-use technology adoption

Green procurement to
access material-efficient
products and services;

Electric vehicles;
shift to more
efficient vehicles

literature available, overall potential

access to energy-efficient

(e.g., green roof, cool
roof, urban green
spaces etc.)

Energy efficient
building envelopes
and appliances;
shift to renewables

M Load management?

Reduced emissions through demand-side

mitigation options (in end-use sectors:
buildings, industry and land transport)
which has potential to reduce
electricity demand?

other materials for
infrastructure,
buildings and vehicles;

considered in socio-cultural factors) and CO:2 neutral materials

requires supply chain
overhaul of
architectural, civil
engineering, and
construction firms.

Total emissions 2050: Mean  ---- IEA-STEPS — IP_ModAct

[ Emissions that cannot be
avoided or reduced through
demand-side options are
assumed to be addressed
by supply-side options

I Add. electrification
Industry
Land transport
I Buildings
I 1.0ad management

Total emissions 2050
I socio-cultural factors
I nfrastructure use

End-use technology
adoption

- AFOLU

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

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

?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.

3The impact of demand-side mitigation on electricity sector emissions depends on the baseline carbon intensity of electricity supply, which is scenario dependent.



Dynamic questions that have to be addressed

1. Material efficiency & circular economy: High potential, but what
happens if it isn’t easy, cheap, or fast?

2. Electrification: Capacity constraints matter and could be very expensive
(electric steel example).
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Must run electric capacity needs
of a couple of different steel decarbonization options

Energy demand

Model

o BF-BOF' 18.1

|
e BF-CCS? |1.2J 14.4 15.6

1 Variable electricity demand
Hydrogen direct reduced iron -> EAF | 2.5 10.6 13.1

Must run electricity
Molten oxide electrolysis -> EAF 7.2 2.1 9.3 demand

0 5 10 15 20

Source: Fischedick et al 2014 JCP GJ/ t crude steel



Dynamic questions that have to be addressed

1. Material efficiency & circular economy: High potential, but what
happens if it isn’t easy, cheap, or fast?

2. Electrification: Capacity constraints matter and could be very expensive
(electric steel example).

3. Carbon capture, utilization, storage: What happens if CCS reservoirs,
CCUS opportunities in a given region are limited? Or post-combustion
CCS doesn’t pan out (concentrated flow is already commercial)?

4. Alternative heat sources: Regional limits on biomass, solar, etc.
5. What about long-lived legacy facilities? e.g. Chinese BF-BOFs

6. How can we build situation specific technology and policy hybrids to
solve for all of the above?
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The options for decarbonizing steel, cement and chemicals

Demand decarbonization Production decarbonization

Service Service Product Ener Fuel Carbon Carbon

Demand Product Material Circularit fﬁcieixcl: Switchin Capture &  Capture &
intensity Efficienc Y &  Utilization Storage

Houses-> m”2 per person-> cement kg/t concrete & kg OPC/ kg cement

* DD Design to make better use of steel, cement, and other materials for infrastructure,
buildings and vehicles; requires multi-generational supply chain overhaul of architectural,
civil engineering, and construction firms. 26-40% reductions

* CIRC Recycling of concrete by grinding up and recovering unreacted cement & aggregates

* CIRC More steel recycling; needs less contamination, especially of copper (design issue).
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and their use continues to rise.

otovoltaics (PV) Onshore wind

ost ($2020/MWh)

2000 2010 202

0
0 /mnnﬁﬁ 2020

Adoption (GW)

2000 2010 2020 2000 2010 2020 2000 2010 2020

Share of electricity
produced in 2020 <1%

Share of electricity

produced in 2020: 3%

Share of electricity
peoduced in 2020: 6%

Market cost
~—— Adoption (note different scales)

ARS (2010)
Fossil fuel cost (2020)

The unit costs of some forms of renewable energy and of batteries for passenger EVs have fallen,

Recent wind & especially solar PV costs change everything

Concentrating
solar power (CSP)

600

2000 2010 2020

40

30
20

10

0 s

2000 2010 2020

Share of electricity
produced in 2020 <1%

Batteries for passenger
electric vehicles (EVs)

@ ~ @
3 8 8

Li-on battery packs {$2020/kWh)
&
2

2000 2010 2020

Adoption (millions of EVs)

2000 2010 2020

Share of passenger
vehicle floet in 2020: 1%



The options for decarbonizing steel, cement and chemicals

Demand decarbonization Production decarbonization
Service Service Product ey Fuel Carbon Carbon
Demand Product Material Circularit e Softiliin Capture &  Capture &

intensity Efficienc Utilization Storage

Houses-> m”2 per person-> cement kg/t concrete & kg OPC/ kg cement

DD Design to make better use of steel, cement, and other materials for infrastructure,
buildings and vehicles; requires supply chain overhaul of architectural, civil engineering, and
construction firms. 26-40% reductions

CIRC Recycling of concrete by grinding up and recovering unreacted cement & aggregates
CIRC More steel recycling; needs less contamination, especially of copper (design issue)

PD Steel: biocharcoal; BF-BOF with post combustion CCS; advanced smelting + concentrated
CCS; blue or green hydrogen DRI EAF; aqgueous or molten oxide electrolysis;

PD Cement: cementious material substitution; better concrete mixing; alternative fuels; CCS
for process and or heat

PD Chemicals: hydrogen; CCU, biogenic or DAC carbon; electrocatalysis
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How we might restructure supply chains,

with steel as an example

* We currently make primary iron and steel near coal and iron ore and move it where
it’s needed; economies of scale effects for cost and energy efficiency typically
favoured integrated BFBOFs and to a certain extent cement concrete plants that kept
getting bigger and bigger

» With hydrogen DRI we can make it near iron ore, cheap clean electricity (green), or
cheap methane and CCS (blue), and move green iron where it is needed.

* Electric arc furnaces can stay where they are, near markets and supply chains.

* Eventually primary steel could all be run through DRI and EAFs, with iron being
reduced and traded globally

* Eventually, when there is lots of clean electricity and power capacity, molten oxide
furnaces can take over to supplement recycling, which should eventually dominate.

* Same dynamics could be applied to hydrogen, ammonia, methanol, ethanol, and
ethylene based on hydrogen, oxygen and low GHG carbon costs, and to clinker based
on access to CCS geology and limestone.
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The global picture, and the export opportunity

from Netzerosteel.org

«10° __ Medium Demand: CCS @ 200km: Production By Technology: Global o At |e ast 200 Mt per year Of
2 —— new production could occur
18} IIII anywhere there is access to
rer iron ore, inexpensive clean
“r —— P electricity, or access to CCS
[ DRI-EAF-GAS-CCS

B geology.
1k - _DRI:EAF:GAS . Th b t t I t
B OR/-EACOAL e big potential exporters

are Australia, Brazil, Russia,

08 7 | - OHF
South Africa, Canada ...

Production (thousand tonnes)

Where the iron oreis ...

2020 2025 2030 2035 2040 2045 2050

Yoar "w:.

* Global, facility level transitions %5
scenarios to net zero steel based on
furnace relining schedules and local
resources. See Netzerosteel.org
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One possibility for heat and feedstocks: Regionally tailored hybrids

of electricity, hydrogen, biomass & synthetic hydrocarbons?

Biomass, DAC & CCUS Net-zero carbon & fuels

Bio, lower & net-zero fuel & carbon sources: 1)
Hydrogen from Hydrogen Am |a biomass anaerobic digestion or fermentation; 2)
fossil methaneor  use and (NH.) legacy carbon capture & reuse; 3) biomass
3

coal with CCS transport . ga5|f|cat|on & 4) direct air capture.

Q forATR / ‘
\ Hydpdg \ Ethand Other tailoreq end-
(C,H-OH) use and feedstogk
;v Methane \‘ e

hydrocarbons

electricity
(wind, solar, fossil

CCS, nuclear) Okygen (CH,) /\ (propane/butane
Wind, solar, \ /7 A\ (LPG), diesel, jet fud})
fossil CCS,
ethanol
nuclear, etc. CH.OH
Direct 3 \ Plastics & high value

Oxy-combustion of

electrificatio coal or fossil Keystonp chemfcals & fuels 4 products
methane with CCS Chemical & plastic precursors:
Allam cycle electricity generation Ethane, ethylene, polyeth\ﬁgn etc.
Hydrogen, amM\ot#ias 9ioraasssiaeeh sl CHAd ethanol calall be traded
with CCS
N DEEP . . o :
D DECARBONIZATION aurce+PtTysical and policy pathways to net-zero emissions industry. Bataille, WIRES
PATHWAYS Interdisciplinary Reviews, 2019.




Potential hybrid actions to eliminate 2016 emissions

Heavy roadfreight [ | « Electrify, fuel cell, hybridize, and/or drop-in bio/syn liquid fuel replacement ???
Fertilizer prod. m « Switch to net-zero carbon, hydrogen and heat sources
Aviation 1 « Short haul electrify, long haul drop-in bio/synthetic liquid
Shipping « H,/ammonia fuel cell or drop-in bio/synthetic liquid
Cement/lime —— « ME, clinker substitution, CCS, new chemistries

Iron and steel | « Material efficiency, H, EAF, molten oxide electrolysis,

HISARNA+CCS, others
Legacy buildings I €= Retrofit or replace for elec. or H,, or drop-in bio/syn gas

replacement

Firm electricity « Transmission, fossil+CCS, hydro, nuclear, batteries, H, fuel cells,
bio/syn gas turbines?

Legacy industry IS « Retrofit or replace for elec. or H,, or drop-in bio/syn gas

replacement
Direct electrifiables

0 5 10 15 20 25 30 35 40 45

% of energy and process carbon dioxide

Source: Bataille, “Physical and policy pathways to low and zero emissions industry”, WILEY
Interdisciplinary Reviews, 2019, expanded out from Davis et al 2018 2



To make this possible, we need a diversified portfolio (i.e. “toolbox”)

of tools to be used based on regional resources and needs

* “Only where necessary” design for cement and steel

* Aggressive clinker substitution -> alternative cement chemistries
* High temperature heat pumps

* Electrothermal technologies

* Electrolytic smelting & electric virgin steel production (DRI hydrogen EAF or
molten oxide electrolysis EAF)

* Lower cost, more efficient electrolysis for hydrogen (alkaline to PEM or
solid oxide fuel cells, cost/2, efficiency X2?); methane pyrolysis?

* Electro-catalytic and bio-catalytic instead of thermal processes
* Post-combustion and direct-from-air CO, capture

* Woody biomass gasification to commercialize bulk net-zero carbon sources,
e.g. for methane & chemical feedstocks
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Simple carbon pricing and regulations are not enough:

The challenges are more than technological

* While emerging tech exists, innovation will be slow because:
— of low profit margins
— competitive; they can’t pass on costs without losing market share
— capital costs are focussed and upfront
— they often can't capture the benefits of innovation
— facility lives are long and turnover is slow
—there is no market for more expensive low GHG materials
* Policy for heavy industry needs to target these challenges directly
 Fundamentally, this is about reducing and controlling risk
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Combined strategies for a

“local solution finding” policy package

* A multi-level policy commitment to transition to net-zero GHG industry
* Building code, design & recyclability policies for material efficiency/circularity

* A transition pathway planning process including all key stakeholders to assess
strategic & tech options, competitive advantages, and uncertainties

DEEP

- N
D . DECARBONIZATION
| ]

PATHWAYS



Transition planning with all key stakeholders

Source: Waisman et al 2019, Nature Climate Change
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Combined strategies for a

“local solution finding” policy package

* A multi-level policy commitment to transition to net-zero GHG industry
* Building code, design & recyclability policies for material efficiency/circularity

* A transition pathway planning process including all key stakeholders to assess
strategic & tech options, competitive advantages, and uncertainties

* Accelerated R&D and commercialization; create lead markets to build
economies of scale w/ green procurement, content regs, supply chain
branding, guaranteed pricing & output subsidies (e.g. CfDs)

* Eventual exposure of all sectors to full GHG pricing with competitiveness
protection, CBAM that don’t penalize highly traded green commodities

* Early retirement if necessary for long lived, highly GHG intense facilities

* Supporting institutions: Just transition; monitoring; electricity, H, & CCS
infrastructure; lifecycle accounting; education; regulatory backdrop

DECARBONIZATION
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Source papers:
IPCC AR6 WGIII Ch.11 Industry Bashmakov et al 2022

Bataille, C., L. J. Nilsson, and F. Jotzo, 2021: Industry in a net-zero emissions world: New
mitigation pathways, new supply chains, modelling needs and policy implications. Energy
Strategy Reviews, (September), 100059, doi:10.1016/j.egycc.2021.100059.

Trollip, H., B. McCall, and C. Bataille, 2022: How green primary iron production in South
Africa could help global decarbonization. Climate Policy, 22(2), 236—247,
doi:10.1080/14693062.2021.2024123.

Extended recorded presentations and country and scenario
data are available at Netzerosteel.org

Please send questions to:
Email: chris.bataille @iddri.org Twitter DM: @chris.bataille

DDP-INITIATIVE.ORG
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Global combustion and process CO, emissions in 2016
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Source: Physical and policy pathways to net-zero emissions industry.
Bataille, WIRES Interdisciplinary Reviews, 2019.



Global sector combustion and process CO, emissions in 2016

“Other industry” is mainly light industry, which is technically easily
electrifiable, but economically hard because of NG:Elec spark spread
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