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GCCA 2050 ROADMAP

Our path to net zero - past, present and future actions

CO2 Initial Decade Completing
Emissions Progress to deliver the net zero
transition

OUR PATH TO
NET ZERO -
PAST, PRESENT
AND FUTURE
ACTIONS

We can achieve our
net zero ambition

1990-2020
NET ZERO

The decade to make it happen  Full deployment of technologies to get to zero

1990 to 2020 Initial progress
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‘ Global Cement and Concrete
Association

Carbon capture and utilisation/storage
« carbon capture at cement plants

Savings in clinker production

« thermal efficiency

« savings from waste fuels ("alternative fuels")
« use of decarbonated raw materials

» use of hydrogen as a fuel

 Portland clinker cement substitution. Also
expressed through clinker binder ratio
« alternatives to Portland clinker cements

PERCENTAGE CONTRIBUTION TO NET ZERO
AND CO2 EMISSION SAVINGS IN 2050

1%

410Mt CO2

1%

Efficiency in concrete production

« optimised mix design

« optimisation of constituents 430Mt CO2

« continue to industrialise
manufacturing

« quality control

1370Mt CO2 840Mt CO2

Efficiency in design and construction
« client brief to designers
to enable optimisation
« design optimisation
» construction site efficiencies
« re-use and lifetime extension

CO: sink: recarbonation
« natural uptake of CO2 in concrete -
a carbon sink

« decarbonisation of electricity
used at both cement plants
and in concrete production




CONCRETE
FYTURE

GCCA Concrete Future - Roadmap to Net Zero

2020 TO 2030 - THE DECADE
TO MAKE IT HAPPEN

2030 CO, REDUCTION
MILESTONES:

(Compared with 2020 Baseline)

Concrete

25%

CO, reduction per m?3 of concrete by 2030

Cement

20%

CO, reduction per tonne of cement by 2030

2030 MILESTONE: CARBON
CAPTURE PROGRESS

Carbon capture technology is
applied at industrial scale in

10 plants

to contribute to delivering
net zero concrete
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Launch of Cement CCUS industry tracker with Lead IT

New industry tracker will increase transparency and visibility of industry efforts in developing carbon capture

projects
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Amount of projects per country

Full scale Demonstration
@ Feasibility study Top 5 6-10 11-20 Other

N/A

https://www.industrytransition.org/gre
en-cement-technology-tracker/
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CCUS: A KEY STRATEGIC AREA OF COOPERATION FOR THE GCCA MEMBERS
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GCCA CCUS Collaboration Platform
CCUS Task Force and collaboration with

CARBON CAPTURE,
(co} v O
AN NI INISTERIAL

United Notions i
Industrial Development Grganization

. GLOBAL CCS
INSTITUTE
INTERNATIONAL

CCS KNOWLEDGE

CENTRE

GCCA is involved into very important Work Program to help
mature and deploy the CCUS technologies

Advocacy

« GCCA CCUS policy paper
« CEM CCUS collaboration
e Other collaboration: GCCSI, OGCI, IEA GHG, UNIDO

Innovation

* Innovandi GCCRN and Innovandi Open Challenge

* Further collaboration on high TRL under the same
model as the open challenge

* Financing new projects

Knowledge building

GCCA CCUS Guide/ Handbook :

* Good practices sharing

* Members capacity building

* Collaboration with CCS Knowledge Centre

Support for national initiatives

* e.g., Nigeria, India, Brazil, Thailand...
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In cement & concrete sector investment in CCUS Fro jects will enable rapid
advancement of technology maturity - 2022 TRL

vel

Lab scale Small prototype Pilot scale Demonstration FOAK industrial NOAK, proven
scale concept

4 5 6 8 9
Membranes
PSA
Mineral. carbonisation
Cyrogenic process
Oxyfuel
Ca-Looping, int.
Optimised solvents
Indirect calcination
TSA
Ca-Looping, Tail-end

Source: ECRA technology papers - https://ecra-
online.org/research/technology-papers/
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In cement & concrete sector investment in CCUS projects will enable rapid
advancement of technology maturity - Expected 2027 TRL level

Lab scale Small prototype Pilot scale Demonstration FOAK industrial NOAK, proven
scale concept

4 5 8 9

Membranes

Mineral. carbonisation

Cyrogenic process

Oxyfuel

Ca-Looping, int.
- Optimised solvents
Indirect calcination
TSA
Ca-Looping, Tail-end

Source: ECRA technology papers - https://ecra-
online.org/research/technology-papers/
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GCCA Concrete Future

OVERVIEW Projects related to CCUS

INNOVANDI

Global Cement and Concrete Research Network

Post-combustion electrochemical CO, capture
(ECC) for cement plants AND and carbon dioxide
capture with pillared clays in PSA processes

Conventional post-combustion solvent-based
capture technologies require heat (typically 2.4-3.7
MJ/kgCO,) for solvent regeneration. This is one of
the main drawbacks in cement plants, due to the
lack of sufficient waste heat available from the
process.

INNOVANDI

Open Challenge

CarbonOi

Nuada

S
Qo U

Carbon

echnologies

PiFORTERA

Low CO, Cement Inspired By Nature

. CARBON
BIOCAPTURE

CarbonOrO - carbon capture technology using
unique bi-phasic amine with a lower cost of
capture.

Nuada (MOF Technologies) - carbon capture
with Metal-Organic Frameworks (MOFs) using
little or no solvents.

Carbon Upcycling Technologies - captures
CO, within solid waste materials to produce
SCMs.

Fortera - captures CO, emissions from
cement plants, combining it with calcium
oxide to make reactive calcium carbonate.

Carbon BioCapture - captures
CO, emissions from cement plants using
microalgae and converts to biomass

22
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3RD OPEN CHALLENGE 2024 - 29 SELECTED START-UPS

7. Ardent UniSieve GHEEN@FIE® Cl. CARBONQUEST

(crs) sy

(j coorone [Bmedium D:O1Z  SBBSEnowals  /Acorbonaide

y Technologies A Remady for Earth

OmnaGen (o) cirbridgs

Other start-ups include:
e leaf-Tech Ltd., UK

LT
DN '3 A 1 * HC to Green, The Netherlands
Qgu? 05" ’
8,077 ‘ J'_Ul * TorbCap, UK
* CR2A, China

* National Institute of
/Q’\ RPN 4 " Technology, Calicut, India
AR B? A @ e Carbon Capture & Storage (CCS)
' 3
pﬁ

N
gc o d eCON concrete Limited, Hong Kong
ca GROUP

4change
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How to ensure competitiveness of "Near Zero Technologies”" while carbon
price remains below abatement cost ?
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Possible mechanism to de-risk investment
in carbon capture

Technical .
Risk } * Small to large pilot plant support
Up front risk
Regulatory Pre-3
: . pprovals
Risk >
Financing * Grants, Below market interest rates, Investment tax
Risk } credits, Buyer equity participation, Infrastructure
_____________________________ provision&tolling __________________________
* Process subsidies,
Operating Market / Policy / « Public & private lead markets,
s Competitiveness / e Contracts for difference
overtime Enforceability risk & to '
provide revenue « Competitiveness protections,

/Profitability support  Tradeable zero emission cement credits

(ZECs)

Source: Prof. Chris Bataille - Columbia University Center for Global Energy Policy (CGEP) /
Institut du Développement Durable et des Relations Internationales (IDDRI.org)
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Carbon Capture technology cost still subject to evolve.
Early — state aid - investment program will result in new technology to emerge and
cost to reduce
TRL 8-9 7-8 6-7 6-7 6-7 6 5-6 4-5
100 100
@ ® @ =
*, 90 ® b 90
3 0 80 How to ensure
© 70 0 = competitiveness of
o 60 0 o "Near Zero
O — o L d
e =0 0 e Technologies” while
g © % ®e carbon price remains
2 30 7 7 3 3§ P
S 2 _ 20 below abatement cost
9 10 10 - including transport
0 0 and storage ?
Amine Ca-L tail-end Ca-L TSA Indirect Oxyfuel Combination | Membrane
scrubbing with integrated calcination cryogenic/
steam import adsorption
m Variable OPEX m CAPEX (linear depreciation of 20y) @ Uncertainty of CAPEX** © Capture rate
* Relative additional production costs, amine scrubbing = 100
** All assumptions been made are given in detail in the ECRA Technology Papers (2022)
Note: Costs for transport and storage are not included, they make up for 60 — 80 €/CO,
gga B Source: ECRA technology papers - https://ecra-
online.org/research/technology-papers/
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GCCA Concrete Future - Roadmap to Net Zero

UNLOCKING A NET ZERO FUTURE -
THE ROLE OF AND PUBLIC POLICY

A comprehensive policy framework will need to be developed

to:

make low-carbon cement manufacturing investable
stimulate demand for near zero concrete products

create the infrastructure needed for a circular and net zero
manufacturing environment.

Key aspects of policy asks for CCUS

Carbon pricing & carbon leakage

Procurement & Demand signal

Integrate CCUS in public financing mechanisms
Support innovation

CCUS infrastructure (transport and storage)

Establish public-private partnerships to speed-up CCUS
developments, including shared investment in CO,
transport and storage networks.

Renewable energy

Support R&D including for new uses in other sectors of CO,

captured by the cement industry.

Publlc pollcy will play'a

_.'_.central role in the-ability: of _
the jndustry and-the wider
‘value chainto decarbonise
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A Guidebook for Developing Carbon

o = Introduction - the impartance of CCUS for the road to net zero
Capture Utilisation and Storage for Davalopment Guide - shaping & CCUS praject
Cemeént and Concrete Key Question: What ara some of the sarly activities that

should be conducted before starting a carbon capture project?
ision Poil ow da you assess th
location for s potential CCUS proje

Prepared for.the Global Cement.and

3 \. Critical Data: What is the content and chare.
Concrete Association 2023 by'the yaur plant’s flue ga
International CCS Knowledge Centre R e

Post-combustion capture
hemical absorption of CO; by aqueous amine solvents (TRL 8-9)
Membrane-based post combustion capture (TRL 4-5)
‘Ammonia-based post-combustion eapture (TAL 3-8)
Direct CO, separation (TRL7)
Calcium looping (TRL &-8)
Pre-combustion Capture (TREZY
Oxy-combustion or Oxyfuel (TRL 4-7)
Key Question: How long does it take to build a project?

Key Quastion: Haw can energy integration enhance the
efficiency of carbsi capture in cement production?

Deci P&int: ¥ you are storing your COy, what
transpesistion solution?
hat is the outcome for your captured carbon:
torage?
Key Questions: What are other major considerations that should
'be considered during the development of a project?
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NET ZERO DELIVERY: NET ZERO ACCELERATOR WITH GOOD PROGRESS

gc

Global Cement and Concrete
Association

Country Roadmaps - Net Zero Accelerator Initiative

of Statistics, GeoNames, Mi [

= Published = Near Completion = Initiated = Under Discussion = Other

KEY DELIVERABLES

Roadmap Levers and CO2 impact
Per lever, quantification of potential
COz2 reduction 2030 & 2050

Policy
Per lever, identification of enabling policies

Lighthouse Projects
Per lever, identification of lighthouse projects



GCCA - GCCSI - CEM CCUS collaboration on decarbonisation of
India's cement industry 2023-2024

)
0
c Outcome 1 O:c{tcom?g Outcome 3 Outcome 4
o} Identify De dl?'e policy Identify ‘first Awareness and
e potential CCUS fan manli:lnfg mover' CCUS capacity
2 hub locations RIS SIS Lelr pilot projects building
o bankable
%’ projects
D
)
)
—
f A i ot Identify 2-3 i
A general overview Assess existing Y . Raise awareness
potential leading
of the role of CCUS regulatory context projects from throughout
for cement for CCUS in India pipeline cement sector and
decarbonisation Perform high-level build capacity on
Perform gap capture technology role of CCUS to
8 Deep-dive into an:aly./sis against review decarbonise
] pOtentlal cement- existing Perf:orm Conceptua| cement
E CCUS hubs in India frameworks in design studies
- her jurisdictions ibili Report out at
3) : other juris Support feasibility P
(o] Create buy in of stucﬁes for first CEM-15 in Brazil
> industry leaders Develop mover projects
_g and regulator appropriate Produce Potential next
&H ) business models d%velo me_rg? plans country to work on
Determlr.1e for cement/CCUS where teasible - Brazil
economic value of hubs

potential hubs

Identify funding
opportunities

™ e CARRON CAP IR E
bwg L LZATION &« 910RAQGE
ACECELERATING CEUs TO.GETHER

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

. GLOBAL CCS
INST I TUTE

Global Cement and Concrete
Association



GCCA is a key enabler for CCUS deployment in cement

* Pilot projects and demo are picking up pace across the globe,
but we only have one commercial scale project for cement [2030
milestone = 10 plants]

* Itis critical to create the right framework conditions and
infrastructure within this decade to ensure full deployment
beyond 2030

« As of 2030 capture capacity of 1.3/1.5 Mt needs to be build every
week. 250 to 400 projects needs to be in the pipeline in 2030

Technology works but we need to:
* Finance - De-risk
* Deploy technology
« Develop infrastructure for CO, transport and storage -
including need for mapping
* Ensure supporting policies including public acceptance, liability
and carbon accounting
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