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e Introduction

e (CO2 emission of Concrete (Sources & Methodologies).
e Challenge-1: Cement Emissions.

e Cement Decarbonizing Solutions (6 Solutions)

e Challenge-2: Aggregates Emissions.

e Aggregates Decarbonizaing Solution.

e Final equation of Net Zero Carbon Concrete.
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Construction emissions ALKIFAH
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GLOBAL CO, EMISSION BY SECTOR
Other

9% Building
Operations
28%

Transportation
22%

Building
Materials &
Construction

11%
Industry

30%
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Source of Emissions in Concrete ALKIFAH
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= In normal practice, concrete mix proportion
can be roughly estimated to consist of 10-
22% of cement, 6-8% of water, 26-38% of
fine aggregate and 38-48% of coarse
aggregate.
However, cement is the highest (02
emission per unit-weight among all
components.Therefore in order to reduce
the amount of CO2 emission in any concrete PR DR 1 S
mixture, it is quite straightforward to set the
main target at cement.

Emission Factor % for Concrete Components
(C35 OPC, Total EF 350 kg-CO,/ M3)




Challenge-1: Cement Emissions

Reaction where limestone dissociates into CaO and C0O2.).

process.

10% others

50% of the CO2 emissions from manufacturing process (Calcination

40% come from the energy combustion required to heat that
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Solution: Decarbonizing Cement b, BT
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IEA Low carbon transition pathway in cement

Replacement

of clinker by Clean Electricity
pozzolans
__Cs v A o
AT 1,:

Alternative fuels
and energy
efficiency

D

CO, utilization

emerging
Technology Roadmap technologies

Low-Carbon Transition in the Cement Industry

Pty
__489p -
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1- Reducing Clinker Volume QL KIEAH
Increasing the volume of decarbonated raw materials particularly those that can be sourced
locally and are not transported over long distances to replace some of the Clinker in the kiln

reduces total emissions from the production of Cement.

> Posszolan poridand cerment PRC comply whiith SS8S500-8510 k4
Cs8s Jis being produced nowadays by S companies in
e esiterm ared N ordhern prowviness.

> Albvowi 302 of Clinksr is replaced by local Peosseolznie
izl

b W S = Partland limestone cerment Type TERM WY
EETE 595 EN BRSE EMI1S7-1 and T -
e cointerst - formulated with a higher limestor

by ASTRA {between 5% and 15%) and governed
Standard C 595.
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2- Increased use of alternative fuels & Improved Energy efficiency Arcbritind
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Lower-carbon fuels examples :

T

i
. . . . P L
- Biomass fuel (limitations) %é;;% 7
- Green Hydrogen (limitations)

Initiatives in KSA : World largest green hydrogen plant in Neom.

initiatives Globally: TITAN Cement Group started using green
hydrogen as green fuel in cement production. ey

“Hy2Use” Important Project of Common European
Interest

The innovative project will use green hydrogen as climate-neutral fuel to further
i duction
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Improving energy efficiency Include doing electrical retrofits and improving milling operations
(e.g., switching from ball mill to vertical roller mill grinders).

Ball mill (high energy consumption) Vertical mill (low energy Consumption)




3- Using Clean electricity
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Clean Electricity : Electrical power generated by renewable sources such as geothermal,

solar, wind, waste...etc

asull 55ljg )

Total capacity of wind energy

production projects at this stage

1800
1500

Total capacity of solar energy

production projects at this stage
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Employing Carbon Capture, Utilization and storage(CCUS) AN A
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CCUS technologies play a key mitigation role in the decarbonization of cement and
concrete. The captured CO2 can be used again in Concrete industry through different
technologies.

CarbonCure Technology Carbonation Curing Technology

T N N e e R S SR Gy ot Vel G S b A N o T G W Bttt et e SRt
AR s s e R e e B S S o T e s




CarbonCure

Same Concrete, Less Carbon

A CarbonCure injects CO, into ready mix where it
converts to a mineral, improving compressive
strength.

Q This allows to optimize mix designs, safely
reducing cement content by up to 5% and
lowering the carbon footprint of concrete with no
impact on quality or performance.

O CarbonCure Comply with ASTM C494 Type S.

O CarbonCure technology allow reducing carbon
foot of concrete by about 15 kg/M3 concrete.
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CO2 Injection Sla il
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What Happens When
€O, is Injected?

Cement 0

+ +
o 0
\ 4

Ca* & €0 e Caco,

=
Carbonate Calcium Carbonate

* C0, mineralization reaction occurs

+ (0, converts into CaCOj (solid limestone)

American Concrete Institute
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Final ConClusion A&K'Fﬁﬂ

Up to 6% reduction in Cement
content

| +10% increase in compressive
strength

+ve to neutral effect on

15-20 kg CO2 reduction / M3
Durability

concrete

- Neutral effect on fresh
“Iproperties (workability/setting
time ..etc)

Neutral effect on alkalinity

( fo C‘ } American Concrete Institute

__”
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Carbonation Curing ket

Carbonation curing is an accelerated curing
process that can be carried out within 24/h
after casting. If immediate carbonation is
performed right after casting, carbonation
curing happens between high-purity CO2 gas
and calcium silicates in cement resulting in
significant increase in early strength of pm——

Heated

concrete. i

recycled C02

Accelerated

early
strength
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s RSN

>2x reduction in
time to demold
(from 18 to 8 hours)

DpAAii oo
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Final ConClusion AL KIFAH

a 20% CO, Uptake

50% Reduction of the
Curing Time

’ e -1t Mtpa CO2 l?/umbilify .
sequestration potential ; 15-35.@ enhanced
| durability of Concrete

in KSA in precast




Innovative SCMs
Traditional SCMs

Fly Ash ASTM C618

ebyproduct of Coal fired power plants
*Replace up to 35% of cement as per ACI 211

*Mainly imported from India so CO2 EF reach about Avg. 50 kg-CO2 / Ton due to
transportation (Sea freight + Road).

GGBFS ASTM C989

*Byproduct of iron in blast furnace
*Replace up to 70% of cement as per ACI211

*Mainly imported from China so CO2 EF reach about Avg. 80 kg-CO2 / Ton due to
transportation (Sea freight + Road).

_[ Silica Fume ASTM.C1240

=

2o s ll
AL KIFAH

Geallally yald] Al s
READY-MIX & BLOCKS

€02 Emission kg/Ton

86
80 50

Cement Silica Fume (China) ~ GGBFS (China) Fly Ash (India)

m 02 Emission kg/Ton

DPAGILT Loflo
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Local Initiatives (innovative SCMs) Sl

READY-MIX & BLOCKS

Local Natural Pozzolan

Recently there is more attention towards research on local
natural pozzolan due to increase the cost of imported
SCMs and high CO2 emission attributed to its
transportation.

Intensive research studies made in Alkifah R&D Center 2l 2= |
that proved the good performance of local natural AL KIFAH
pozzolan. GosLiatlg 33aldf dilu,s Ll

READY-MIX & BLOCKS

Al Kifah R&D Center
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Alkifah Natural Pozzolan plant. i onk

Under final engineering phase project, it is
planned to start operation by second half of
2023.

NP can be used to replace cement by up to
30%.
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Geopolymers et ek

Aluminosilicate-rich materials(fly ash, Natural Geopolyr_ners Market segmentation (by
Pozzolan, blast furnace slag, steel slag, or End-use industry)

other aluminosilicate-rich materials) + Source - Building Construction
of alkali (used as the activator such as sodium - Infrastr_ucture
silicate, sodium hydroxide, or a combination of - Industrial |
the two) + Knowhow= Geopolymer Concrete - gﬁland Decoration

- ers

Alkali Activitor

-
Aluminosilit_:ate rich o
cceoeoe . @ o o » o = Geopolymer Concrete
\
L)
Know-how .
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Market Summary
CAGR 38%

Marlkat CanecontEmg

Geopolymer Market - Growth Rate by Region, 2021-2026

2022 2027
Source: Mordor Intelligence i
Study Period: 2017-2027
Fastest Growing North America
Market:
Largest Market: Asia-Pacific
CAGR: >38%
Major Players
mslb 5285 | URI
I High
e Medium
[E—— - A emex u

Low

*Disclaimer: Major Players sorted in no particular order

] "y . * i L r
( qc}J,} American Concrete Institute ;Dj (1L LDJ I o
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Challenge-2: Aggregates Emissions et font
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The Coarse aggregates production process has G

three main sources of CO2 emissions: dgﬂ

: . AN A 2\
1: Production emissions, own transport .,..
emissions.
a)ﬂ\n

2: Emissions from electricity consumption. o %@WME@M
.. . [ = [P =l [P
3: Emissions from purchased goods and services.

Avg. CO2 Emission factor for crushed aggregates l l
is about 48 kg-C0O2 / Ton, 37 kg-CO2/Ton for

Calcerious and Non Calcarious aggregates ME \ _:_@L
respectively.
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Solution: Recycled Aggregates an KIEOH
Sustainable, Eco friendly option for decarbonizing aggregate component of concrete
MiX.
Two kinds of recycled aggregates has been tested in Alklfah R&D and avallable currently

in the saudi market for commercialization.
A- Metal Slag Aggregates (MSA)

MSA are manufactured from iron and steel slag that is
generated as a byproduct of iron and steel manufacturing
processes. available locally in different sizes.

Metal slag aggregates

B- Recycled aggregates from Construction
demolition wastes (RADW).

RADW is made from processing Construction demolition
wastes. Available locally in different sizes.



Final Equation of Net Zero Carbon Concrete

| — — —
Decarbonized \ 3,
Cement or Alkali Water coz ili - 3
Activated (Desalinated by utilization
Cement GES or recycled) technology
(GeopolymerW‘" \ P \ -
Admixture
Recycled {(manufactured Waste
aggregates by Local RM management

Net Zero Carbon or Net Negative Carbon
Concrete
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Thank you

For the most up-to-date information please
visit the American Concrete Institute at:
WWW.concrete.org

00000,
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