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Mote: Cement demand and production intensities displayed refer to the low-variability case.

Sources: Population data from UN DESA (2015), Weorld Population Prospects: The 2015 Revision, . Base year
cement production data from van Oss, H. G. (2016), 2014 Minerals Yearbook: Cement, United States Geological Survey data release,

&HIFE: IEA Technology Roadmap
Low-Carbon Transition in the Cement Industry -
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Figure 4: Cement production by region
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=== World high-variability case

0 - World low-variability case

2014 2020 2025 2030 2035 2040 2045 2050
Note: See Annex for regional definitions.

Sources: Base year cement production data from van Oss, H. G. (2016), 2014 Minerals Yearbook: Cement, United States Geological
jurvey data release, https://minerals.usgs.gov/minerals/pubs/commodity/cement/myb1-2014-cemen.pdf.

KEY MESSAGE: Strong growth in cement production growth in Asian countries compensates for the decline
in Chinese cement sector activity, but the region still loses 10% of its global production share by 2050.

&rIzKR: IEA Technology Roadmap
Low-Carbon Transition in the Cement Industry
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i# O EEKOR(A) 347,978 476,975 498,064 381,094 441,576
i# 4578 7K0R(B) 36,835 36,130 33,484 29,626 27.973
i (154 C) 1,049,607 | 1,360,619 | 1,577,009 | 1,914460 | 2,040,646
BEOEA(D)=A+B+C 1434420 | 1873724 | 2108557 | 2325180 | 2,510,195
Bk R MHER(E) 10,245,815 | 10,173,998 | 10,683,015 | 11,379,892 | 12,105,825
M5 ==D/E 14.0% 18.4% 19.7% 20.4% 20.7%

EEZE B KR 3,194,869 | 2483941 | 2324790 | 2181,007 | 1,737,478
EELEEORR 37,000 69,700 54,000 140,007 529,016
EEEEEOEA: 3,231,869 | 2,553,641 | 2378790 | 2,321,014 | 2,266,494
WOVS #O8 (KE) | 2810056 | 1,970,836 | 1793242 | 1,770,287 | 1,267,929

HMOVS EO8 @R | (1,012,607) | (1,290,919) | (1,523,009 | (1,774453) | (1,511,630)
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What is changing in the allowances allocation process / Free Allowances formula

Free allocation (tco2) = Benchmark (kecoz/tkk) X HAL (tkk) X CSCF

Benchmark (EU-28 level)

» EU-ETS Phase 111 (2013-2020); Data 2007-08 - 766 kgCO2/tkk
= EU-ETS Phase IV (Part 1) (2021-2015): Data evolution since 2007-08 to 2016-17(23) - 689-709 kgC02/tkk ??

» EU-ETS Phase IV (Part 1) (2026-2030): Data evolution since 2007-08 to 2021-22(28) - 685-704 kgC02/tkk ??

HAL (Historic Activity Level) (Installation level)

» EU-ETS Phase I11 (2013-2020): Data was 2004-08

» EU-ETS Phase IV (Part I) (2021-2015): Data is avg 2014-18
» EU-ETS Phase IV (Part Il) (2026-2030): Data is avg 2019-23

CSCF (Cross-Sectoral Correction Factor)
" Let’s consider, for simplification, =1, however, it could slightly lower if 43%(+3%) for FA is attained

ZEIFRJE: ON FILED INVESTMENT RESEARCH m
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Carbon intensity (tonnes of CO2 per tonne of cementitious product)
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2019  Carbon intensity (tonnes of CO2 per tonne of cementitious product)
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== Asia Cement 0.80
0.7 1" 1] ... Taiwan Cement (targeted) 0.72
== Semen Indonesia 0.64
0.6 === Buzzi Unicem 0.64
- Siam Cement 0.63
0.5 == Grupo Argos 0.63
== Siam City Cement 0.62
o UltraTech Cement 0.61
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. == Shree Cements 0.56
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ERIZRE : https://www.transitionpathwayinitiative.org/sectors/cement#carbon-performance
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| EU ETS price €32-65/t under 2030
scenarios

The price of allowances under the EU's emissions trading system (ETS)
could rise to €65/t of CO2 equivalent (CO2e) by 2030 under the
European Commission's most ambitious scenario for greenhouse gas
(GHG) cuts in the bloc, although alternative scenarios could produce

much lower prices.

Six potential pathways to achieving higher GHG emissions cut targets in the

EU would see the price of EU ETS allowances at €32-65/t CO2e in 2030,

according to an impact assessment published today by the commission.
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If CO, Price Moves Above EUR30/t, Imports Would Be More Competitive Than Local Production
Cement Variable Production Costs vs. Import Costs (USD/t)

Cement plants producing in EU
|
N

$100 US/t

Grinding station

importing clinker from
} E
S0 US/t 4 -

Imported cement Cement produced in Europe Cement variable cost + CO2 Cement variable cost + CO2 Cement variable cost + CO2
- variable cost allowance at €26/t allowance at €40/t allowance at €80/t
M FOB clinker price in Turkey M Transportation costs 0 Unloading and other logistics DO Grinding
W Fuel M@ Electricity 0 Other variable costs m CO2 allowance
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LafargeHolcim Suggestion Regarding How EU Could Calculate a Carbon Border Adjustment
Mechanism While Keeping Free CO, Allowances for Cement Industry (January 2020)

Compatibility with EU ETS & Free Allocation

“EU ETS phase IV comes into force, free allocations are unlikely to cover the full carbon cost paid by EU
manufacturers. A CAM [Carbon Border Adjustment Mechanism] should cover that cost difference and
does not require any changes to the EU ETS as it is fully compatible and complementary. A CAM should
take into account the free allocations received by EU manufacturers in order to calculate the carbon
adjustment in a non-discriminatory manner. This allows to ensure that it does not interfere with the EU’s
carbon budget, that it remains separate from the EU ETS but be made compatible with it.”

I

Total carbon cost for
EU manufacturers <

* Calculated on the basis of EN19694-3

Carbon cost not covered by ETS
mechanisms and to be “levied on
imports (CAM)

EU ETS Benchmark (free
allocations)

Carbon Tax Calculation Suggestions

In practice, the charge (for the cement sector) could look as follows:

Carbon import charges (€/t clinker) = (verified emissions* of import + associated transport
emissions in kg CO,/t clinker) - (EU ETS clinker benchmark in kg CO,/t clinker * CSRF)
multiplied by the carbon price (€/kg CO,)

u Carbon content of
imported clinker (kg
CO2/ clinker)2

mEU ETS Benchmark
(kg CO2#t CK)
multiplied by CSRF

m Carbon content to
subject to CAM (kg
CO2/t clinker)

0 500 1000
Carbon content (kg CO2/t Clinker)
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CONGRATULATIONS TAIWAN CEMENT

YOUR SCIENCE-BASED TARGET - b
HAS BEEN APPROVED < COMMITMEN!
Taiwan Cement
= Y ) | v Corporation
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DRIVING AMBITIOUS CORPORATE CLIMATE ALTION
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e | e | e | 22 | we wE e | e | FyE | E=E
=E 0.755 0.711 0.672 (0.038) -5.49% (0.008) -1.1%) -1.20%| -3.00%| -2.10%
=¥ 0.755 0.728 0.672 (0.056) -7.7% (0.011) -1.59%) -1.20%| -3.00%| -2.10%
BE 0.720 0.705 0.641 (0.064) -9.19% (0.013) -1.89) -1.20%| -3.20%| -2.20%
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EE 0.660 0.703 0.587 (0.116) -16.5% (0.023) -3.39%] -1.60%| -3.60%| -2.60%
FL K 0.734 0.728 0.653 (0.075) -10.4% (0.015) -2 19 -1.20%| -3.40%| -2.30%
ZZ|IB 0.708 0.726 0.630 (0.096) -13.29% (0.019) -2.69%] -1.20%| -3.40%| -2.30%
BT 0.666 0.703 0.592 (0.111) -15.79% (0.022) -3.19%] -1.60%| -3.60%| -2.60%
gl B 0.712 0.731 0.633 (0.098) -13.4% (0.020) -2 7% -1.20%| -3.40%| -2.30%
=1E 0.643 0.716 0.572 (0.144) -20.1% (0.029) -4 0% -1.80%| -3.80%| -2.80%
I=h4 0.696 0.744 0.620 (0.124) -16.7% (0.025) -3.39%] -1.60%| -3.60%| -2.60%
s 0.781 0.783 0.695 (0.088) -11.29% (0.018) -2.29%) -1.20%| -3.40%| -2.30%
&3 0.897 0.795 0.798 0.003 0.4% 0.001 0.1%] -1.20%| -2.409%]| -1.80%
M 0.847 0.797 0.754 (0.043) -5.4% (0.009) -1.19%) -1.20%| -2.40%| -1.80%
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CEMBUREAU -

How can we reduce emissions from clinkers

Alternative Decarbonated Raw Materials

As the largest source of CO, comes from calcining the raw materials in
the kiln, the use of alternative sources of decarbonated materials is one
option for significantly reducing CO, emissions. Waste materials and
by-products from other industries can be used to replace some of the
limestone, a good example of industrial symbiosis. These materials car
include recycled cement paste from demolition waste, air-cooled slag
and waste lime. A study will be conducted by CEMBUREAU to determ
potential sources of alternative waste raw materials and clinker
replacement materials from different industries.

Waste used as fuelin
cement manufacturing

Waste incineration
& cement manufacturing

@ a Emlssmns E&

Fossil Fuels Resources Waste Fuels

CEMBUREAU envisages up to a 3.5% reduction of . i
process CO; using decarbonated materials by 2030  [log]

Waste Cemenl

and Up tO 80/0 reduct|on by 2050- Incinerator *plant

feaia Products
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REBRSZ 5 M E A4
FREF2= CNS 61 240 ppm
EX53 1000 ppm ; HZ 350 ppm
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Waste used as fuelin
cement manufacturing

Waste landfilling &
cement manufacturing

& a Ermss'ons E@

Landfill

Cement
plant

Cois s
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CEMBUREAU targets to reach 60% alternative
fuels containing 30% biomass in 2030, and 90%
alternative fuels with 50% biomass by 2050.

2017 Sk * 46% (5 12%% )
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5C - Construction
Carbonation

Concrete inuse -89

CO, capture in
built environment -51

-116

. 2017 emissions

5C - Concrete

Concrete mix
Carbon neutral transport

1990 emissions

783

kg CO,/tof cement

¥

2050 emissions

0

kg CO,/t of cement
down the value chain

-160

5C - Clinker

-117

5C - Cement @ Decarbonatedrawmateniais 27
Biomass Fuels -T1
Thermal efficiency -26
Low carbon clinker -17
H, & Electrification 19

Clinker substitution-72

Electrical efficiency and
renewable electricity -35

&
=
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Low clinker cements

In 2017 the clinker to cement ratio in Europe was 77%. This means that,
on average, 23% of clinker was substituted by alternative materials such
as granulated slag from steel blast furnaces and fly ash from coal-fired
power plants. The cement industry is conscious that the phase-out of
coal fired power plants will limit the supply of fly ash (currently 10% of
total substitutes) and the use of slag from the steel sector (currently
33% of total substitutes) will decrease. Already today, however, 21%

of the total substitutes are natural pozzolans, limestone or burnt oil
shale and non-traditional substitutes such as calcined clay and silica are
being assessed. Further research is ongoing to look at other materials
which could be used in the future such as pozzolan materials from
waste streams and slag from other industries. Depending on national
legislation and market conditions, these substitutes can also be added
at the concrete manufacture stage.

CEMBUREAU is targeting to move from an average of
77% to 74% clinker in cement by 2030 and to move
to 65% by 2050.

CEMBUREAU Carbon neutral by 2050
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3.0 Very Large Container Vessel (18,000 teu)*

A

5.9 Oil Tanker (80,000 - 119,999 dwt) i k—
7.9 Bulk Carrer (10,000 - 34,999 dt) Sl

80.0 Truck (> 40 Tonnes) ‘

Air Freight (747, Capacity 113 Tonnes) ))-
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Source: IMO GHG Study, 2009 (*AP Moller-Maersk, 2014. Graph provided courtesy of the International Chamber of Shipping (ICS)
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