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Putting effort where
there are most potential gains

80/20 rule



=Pl Need to act fast
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Embodied Carbon emissions is becoming the primary source of

Carbon impact from buildings

TOTAL ANNUAL GLOBAL CO,EMISSIONS
Direct & Indirect Energy & Process Emissions (36.3 GT)

TRANSPORT
BUILDING
OPERATIONS

27.3%

(9.9GT)

OTHER
8%

INDUSTRY
%

(10.1 GT)

© Architecture 2030. All Rights Reserved.

RESIDENTIAL
DIRECT

RESIDENTIAL
INDIRECT

MOM-RESIDENTIAL
DIRECT

MOM-RESIDENTIAL
INDIRECT

BUILDING DIRECT & INDIRECT

CEMENT

BUILDING DIRECT & INDIRECT

IRCN, STEEL & ALUMINUM

INFRASTRUCTURE DIRECT &
INDIRECT CEMENT

INFRASTRUCTURE DIRECT &

Analysis & Aggregation by Architecture 2030 using data sources from IEA & Statista.

BUILT
ENVIRONMENT

42%

(153 GT)

INDIRECT IRON, STEEL & ALUMINUM



EPFL  Contribution from Emboddied is the mostimportant to 2050

% of Building Sector Carbon
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For NEW construction > 80% of emissions before 2050 will be from embodied: materials



=pFL  TOMOITOW....

Three-quarters of

the infrastructure Up to 2060, the world

that will exist in is expected to add the

2050 has yet to be equivalent of an entire

built New York City to the
world, every month,

- Antonio Guterres - UN SG for 40 years.

- Architecture2030.org

This will NOT HAPPEN in the Global North

B CWSC, Centre of Worldwide Sustainable Construction
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B CWSC, Centre of Worldwide Sustainable Construction

It will happen HERE
>80% con i

© Architecture 2030. All Rights Reserved.
Data Sources: Global ABC, Global Status Report 2017
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=prL  Changing pattem of cement use:

Cement based materials are more than two thirds of all
construction

Historical and forecast cement supply per region
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We need solutions for people in developing countries
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B Myths of low carbon concrete

Cament capita [kgiy]

Concrete “Hump” a normal
phenomenon of growth
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=rr.  World Use of materials:
about 90% by mass Is In construction

39 Gt

Mass of Material Production (Gt)

Mass

19 Gm3

Volume of Material Production (Gm?3)

Volume

~8 Gt

Fossil CO, Emissions from Material Production (Gt)

CO, emissions

m wood
M plastics
® aluminum
m steel
m asphalt concrete
mglass
brick
m concrete

Nearly 80% of
materals are based on
cement
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B Myths of low carbon concr

> 80% of emissions from new buildings before 2050 will be emboddied
> 80% in global south
~ 80% materials based on cement

No realistic alternative

= But 80% of reduction possible at low or negative cost
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No sliver bullet

Despite the media interest they attract, most niche technologies
— such as alkali activated materials, cement from algae, etc are:

= impractical,

= costly,

= unscalable,

= will take too long to mature

so have little to no possibility of delivering any significant impact.
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Much of the path to net zero is low cost

co,

CO, savings

Efficiency in design and construction

Most emission reductions Efficiency in concrete production
can be achieved with costs
lower than 20 USD/t CO,
Savings in cement & binders
(overall zero cost)

Switching to alternative fuels and
energy efficiency

Carbon Capture, Usage and
Storage can help save CO,, Carbon Capture,

but at a very high cost Usage and Storage

Cost savings High cost



=p=L  We can do a lot if we act
through the value chain

CONCRETE INDUSTRY. Reduce CO, Reduce Reduce Reduce Mqre
! ! efficient
from clinker clinker cement concrete
: : : : o (re)use of
production in cement in concrete in building oy
buildings

CONCRETE INDUSTRY

Aggregate grading

Efficient plants .
Waste fuels o SCMS e Good admixtures

Alternate raw *  Usefiller !
materials RECYCLE

Report for
European Climate
Foundation 2017
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Calculated 76% with these strategies



EPFL
Need for metrics in applications: GBDI

Embodied carbon per m2 by building structure type for all
EU-ECB cases
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= Rock M, Sgrensen A, Tozan B, Steinmann J, Le Den X, Horup L H, Birgisdottir H, Towards EU embodied carbon benchmarks for
buildings — Setting the baseline: A bottom-up approach, 2022, https://doi.org/10.5281/zenodo.5895051.



= @ To realise these gains
. the industry needs to work together

. é L D B E Global consensus

on sustainability in the built environment

* High level policy advice ﬁ
i G
* More than 150 nations @
* 5000+ experts @' __

* 50+ years of expert networks @ @
* Standards and guidelines \'

« Innovation www.globe-consensus.com

- See on-line presentation from COP28 for more details

e Research and education



=rrL  10-80% possible at low or negative cost.
Remainder will need CCUS

Most emission reductions
can be achieved with costs
lower than 20 USD/t CO,

Carbon Capture, Usage and
Storage can help save CO,,
but at a very high cost

.
o 2 >
Cost savings

co

CO, savings

Efficiency in design and construction

(overall zero cost)

energy efficiency

Carbon Capture,

Usage and Storage

Efficiency in concrete production

Savings in cement & binders

Switching to alternative fuels and

High cost

CCUS wiill
increase cost of
producing clinker
2-4 times



=rr.  Reducing clinker factor
Is the most practical to implement

co

CO, savings

Efficiency in design and construction

Most emission reductions Efficiency in concrete production

can be achieved with costs
lower than 20 USD/t CO,
Savings in cement & binders
(overall zero cost)

Switching to alternative fuels and
energy efficiency

Carbon Capture, Usage and
Storage can help save CO,, Carbon Capture,
but at a very high cost Usage and Storage

Y
3 >

Cost savings High cost
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Tanzania
first roadmap

PRESENTATION

The cement industry is at a turning point in ts history, with 3 common  This Roadmap for the Tanzanian Cement Industry is aligned with the
vision of achieving carbon neutralfy by 2050 and continuing o global cement and concrete decarbonization trajectories developed by
s 3

contribute to the development and cimate resilience required in our

— countries. This documant expresses the contribution of the Tanzanian  temparature from rising by more than 1.5°C compared to the pre-

Roadmaps in Africa

...

The Road to Net Zero 2050 for the Tanzanian cement industry

This Roadmap, as indicated above, was developed based on the GCCA
Net Zero Cement & Concrete 2050 Roadmap Accelerator Program.

Total CO, emissions from the Tanzanian cement industry reached 4.9
mTCO; in 2022. It is expected to increase 4.2 x ( 17.8 mTCO,) by 2050
following increased cement consumption if no mitigation actions are taken.

Reduction of clinker content in cement, the most significant mitigation
lever, can reduce up to 4.4 mTCO, by 2050 which represents 25% of the
total emissions to be abated.. But achieving this target will depend on a
certain number of Policy Enablers to be implemented by the Tanzanian
Authorities.

BAU 17.8 Mt CO2 3.5%
S

........... 0.4% 2a.
- 245%

66%
12.9 Mt coz

M 0.3 Mtcoz

i 4.6 Mtcoz

Tanzania Roadmap to Net Zero 2050

33%

The emissions that could not be abated through immediately available
measures will represent 9.2 mTCO, by 2050 (51% of the total
emissions). This number is in line with most Global Soth countries.
Potential mitigation levers to abate these remaining emissions could be
for example:

+ Higher impact of traditional levers

+ New technology improvement like electrification of kilns, use of
green hydrogen, etc.

Carbon Capture Usage or Storage (CCUS).

7.8%
2.0%
- S19% - decrense (green)
= incre e (biue)
= indrect CO2 emisions (MKCO2)

#Orect CO2 emasors (MECCR)

Figure 7: Impact of the different levers to 2050

Tanzania Net Zero Accelerator Roadmap 16

More to come

/ ¢
‘ *

7 3

@ Finished and published @ Initiated Roadmaps @  Roadmaps U

Roadmaps

~80% of accessible reduction
from clinker substitution

Discussion
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Most promising approach - reducing the clinker factor

| CO,

! cImker fact

;%{

Process optimisation

Clinker Gypsum Cement
+
SCMs — Supplementary Cementitious

Materials

Fly ash Slag Limestone Calcined clays

f

By-products or
wastes from other
industries




=prL.  Avallability of SCMs

silica fume

Classic SCMs — fly ash and slag are only around 15% of current cement
production,
will drop to < 10% in near future

waste glass
Vegetable ashes
m Used m Available

I

1

L]
Natural Pozzolan ||}
Slag R

Fly ash
Portland cement
Limestone

Calcined Clay
0 2000 4000 6000

Mt/yr



Cement

=PFL | C3 - Limestone Calcined Clay

Ordinary Portland Cement

4

Low

Low

HIGH
CAPITAL

Zero CO,

Chemical CO,

+ H
Fuel combustion CO, !

Limestone
Calcined
Clay

Cement

P Gypsum

Lc

CARBON

Zero CO,

- :l Fuel combustion CO,

Chemical CO,
+

Fuel combustion CO,

SCALABLE
PERFORMANCE

= LC3is a low-carbon
blended cement type
* Reduces CO,

emissions in cement
by 40%




= LC? has comparable
strength to OPC

70

= LC3-50 = 50% clinker.

T 60

=

= 50 o ,

) = 1 day = 50% less clinker

g 40 = 40% less CO,

o 30 7 days = Similar strength

2 .

2 0 m 28 days - Bet.ter chloride

g resistance

g 10 W 50 days = Resistant to alkali silica
0 reaction

IPC LC3-50

=@

HIGH
PERFORMANCE




=PrL
World distribution of kaolinitic clays

SCALABLE b

Source: Ito and Wagai, Scientific data
2017




=PEL Where is LC3 now?
LC3 projects database

Do

o ©
()
éﬁ
24 plants in production @ 6@
24 plants in progress: @
_ North America: 5 (L)
- South America: 3 (1) (L)

- Europe: 7
- Africa: 4
_ Asia: 6
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Capacity development and cumulative Co2 savings
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By 2040, the goal of achieving one-third of global cement production
with LC3 would require reaching a calcined clay production capacity
of 400 million tons, which means an increase of 25 million tons

annually.
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Constructions with LC3 materials
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World Potential?
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co,
i

LOW

CARBON

Calcined Clay only SCM which

can expand substitution

55
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LIC® po entiaL

LC3 potential

ggggggggg

1

v" 800 million tonnes CO,/yr

v" 400 million tonnes CO,/yr



EPFL
Financlal Feasibility

50

Report available to download: = gllz)r/]tclose 0 OPC ref
. . www.lc3.ch 45 = Clay @ 200 km
Financial 40 from plant
Attractiveness
35 —|
2 30
c
8 25
&
@ 20
15
Study by LC3 Project partner Iu CEMENTIS
10

s . 5
0
LOW Integrated Plant Grinding Plant
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High performance:
Comparison of LC? concrete with

concretes prescribed in Dubai

M
"1



Limestone

Calcined 3
Clay CS121S
Cement

) é@ AN 6
Sheon ¥ CAPITAL PERFORMANGE  SCALABLE
Strength class C28/35 C40/50 C72/90
Materials (kg/m®)  Dubai LC® LC’opt. Dubai LC® LC’opt. Dubai LC? LC’opt.
Total binder 380 380 325 420 420 375 510 510 510
GGBS ratio 36% v 36% v 26%
SF ratio 55kg (15%) 45kg (11%) 8%
w/b ratio 0.42 0.42 0.61 0.36 0.36 0.48 0.29 0.29 0.26
SP (%) 0.50 1.56 0.20 0.50 1.97 0.50 0.75 1.97 2.50
Slump test (mm) 10 - 100 10 - 75 10 - 10

Materials and Methods
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Compressive strength and GWP
100

m Dubai 2 LC3 & LC3 opt.

Over designed
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28d-compressive strength (MPa)
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C72/90

Results and Discussions
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Chloride transport

ASTM C1202-12, Appendix X1 — Chloride lon Penetration

28d-RCPT (Coulombs)
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Materials for the informal sector

Myths of low carbon concrete Karen Scrivener

39
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oncrete blocks
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GWP in kg eqCO,/m? of wall

140.0

120.0

100.0
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Fired clay

SOLID

Solid Solid Solid
Al A2 A3

Fired Clay Brick with OPC mortar

Solid Solid Solid Solid Solid Solid
200 145 200 145 200 145
OPC system LC3-50 system LC3-35 system

A1: Africa Traditional kiln & Down Draught kiln;

A3: Vertical Shaft kiln, Zig-zag kiln & Hybrid Hoffman kiln;

A2: Fixed Chimney Bull's Trench kiln & Tunnel kiln;
200 & 145: Cement content in kg/m3
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20.0

0.0

Fired clay
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OPC
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Hollow Hollow Hollow Hollow Hollow Hollow Hollow Hollow Hollow
Al A2 A3 200 145 200 145 200 145
Fired Clay Brick with OPC mortar OPC system LC3-50 system LC3-35 system

A1: Africa Traditional kiln & Down Draught kiln;
A3: Vertical Shaft kiln, Zig-zag kiln & Hybrid Hoffman kiln;

A2: Fixed Chimney Bull's Trench kiln & Tunnel kiln;
200 & 145: Cement content in kg/m?




=rrL.  Concluding remarks

v’ Substantial reductions — up to 80% - in CO, are possible
v' At cement level by increasing SCM substitution
v" At concrete level by minimising cement content
v' At structure level

v" All of the above will also lower cost

v" Remainder CO, can only be dealt with by carbon capture and storage at a high cost,
infrastructure not in place.

v Calcined clays are the only realistic option for extending the use SCMs

Can be done FAST and at SCALE
500 million tonnes / year reduction by 2040

AN

N e @ dhy

™ LOW LOowW HIGH
CARBON CAPITAL PERFORMANCE
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