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Introduction

\

China’s cement industry:

Ohas produced 50%-60% of the world’s cement in recent decades;

Ohas accounted for 6.8% of China’s total energy consumption,;
Ocontributed about 8% of the total anthropogenic CO, emissions;
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Fig. 1 Anthropogenic CO, emissions
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Fig. 2 Cement production
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Research problems

\

O The future cement demand has usually been estimated based on
empirical experiences or the correlations of demand with population and
economic development. More detailled estimates of the future
cement demand will have to be realized by categorically
considering the end-user demand trends;

[ Differences in the cement quality and the corresponding environmental
effects will need to be fully considered when analyzing the low-carbon
development of cement going forward,;

O Detalled estimates of the potentials of energy and material
substitutions will also be needed,;

O Electricity consumption and related indirect emissions need to be
accounted for when discussing the effects of decarbonization measures.
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- Research Methodologies

N

O Provincial demand projection model and provincial bottom-up Integrated
Assessment Model, AIM/Enduse[China-Cement],

O Given that construction-related sectors account for most of the cement
consumption, we classify the ultimate cement consumers into 13
categories:
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O The cement quality is classified into three levels: high-quality cement
(compressive and flexural strength: 52.5 and 62. 5) regular-quality
cement (C&F: 42.5), and low- JE— High quality cement
guality cement (C&F: 32.5). )\ scenario

PC 395 50% Other 32.5 | | Medium quality cement )
"' 50% 42.5 or 52.5 | scenario

Low quality cement

Other 32.5

scenario

Research results-future demand

The future cement demand Is estimated based on the development of
downstream industries and the corresponding cement intensity.

[ the estimated historical cement consumption rose from 1,332.5 million
tons (Mton) in 2007 to 2,484.8 Mton in 2014, then held steady at about

2,400 Mton from 2015 to 2020:
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Fig. 3 Provincial cement demand in 2060
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Fig. 4 Historical and future cement demand estimates for different categories under the
low-cement-demand scenario (Note: M stands for “maintenance”)
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The best practice measures can reduce energy consumption and emissions of high-
_quality cement production faster than low-quality cement production.

v,

- Research results-energy consumption
O Cement is produced by mixing clinker ™= , .
with gypsum and other materials. §*[: e

More clinker is consumed to produce £*[. o

-
N
o

cement of higher quality, which results
In higher emissions and incurs higher
costs for consumers.

O The clinker-to-cement
Increases from 59.3%
59.5%, 63.8%, and 68.0% by 2060 In
the low-, medium-, and high-cement-
qguality scenarios, respectively.
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Fig. 5 Clinker production under different
crude steel demands (x axis) and

“";;3123 corresponding fuel consumption in the
= o0 - BL-DH, BL, BM, and BH scenarios (y
=% o axis), the bubble size indicates the
g clinker-to-cement ratio (C2Cr) (the range
£ Coutermessr is 59.0%-68.1%)
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Fig. 6 Time series fuel consumption (a), fuel alone has less Impact on

energy conservation than the
non-tax scenarios.

Intensity (b), and fuel structure (c) of the cement
iIndustry under different scenarios up to 2060

O Kilns and preheating devices are ;s |
the major consumers of fossil fuels =
In cement production.

O Electricity consumption of the Kkiln
process surges by 263.7% in tax ° ! Farar e
scenarios compared to the BaU I T S 4
scenarios Iin 2060, as CCS s
Installed in the kilns.
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Flg { Cumulated electricity consumption of the cement
industry from 2020 to 2060 (solid bar, left axis) and electricity
intensity of the industry in 2060 (shaded bar, right axis)
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Research results-emissions

1 Direct emissions from fuel combustion and indirect emissions from

electricity consumption are both considered in this research.

O With technological progress
In the countermeasure

scenarios without tax (CL, :>|

CM, CH), CO2 emissions s
fall by 19.2% from 2020 to
2060. With the

from the carbon and
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the widespread :-| /___

In place,
adoption of CCS leads to
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[0 Because of the increased :
biomass consumption, CH4
emissions increase by up to
343.1% from 2020 to 2060
under the high-quality-
cement-and-high-tax

and 75%-7/8% |
during the research period ;™| <
In the low-tax scenarios el

035 2040 2045 2050 2055 2060 emission

— 15864 BLDH

— 14723 BH

---13838 BM
e 12050 BL

] — 12360 CH

---11598 CM
~e 10881 CL

— 12359 CHCCSTAX1
---11621 CMCCSTAX1
e+ 10880 CLCCSTAX1
— 10398 CHCCSTAX6
--- 9784 CMCCSTAX6
e 9168 CLCCSTAXG

Cumulative
emission

— 4147 BLDH

— 3849 BH
--- 3618 BM
e 3385 BL
— 3463 CH
---3255CM

w3048 CL
— 3463 CHCCSTAX1
--- 3256 CMCCSTAX1
w3048 CLCCSTAX1
— 3362 CHCCSTAX6
---3161 CMCCSTAX6

- 2060 CLCCSTAX6
Cumulative
emission

— 669 BLDH

— 620 BH

--- 583 BM
e 546 BL

— 386 CH
--- 363 CM
w344 CL
— 386 CHCCSTAX1
--- 363 CMCCSTAX1
v 341 CLCCSTAXA

" — 350 CHCCSTAX6E

---329 CMCCSTAX6

i ~=- 309 CLCCSTAX6

Cumulative
emission

Fig. 8 Time series (line graph) and cumulative emissions
(bar chart) of CO, and air pollutant during the research
period (unit: thousands ton) from the cement industry
under different scenarios
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Fig. 9 CO, emission in 2020 (purpal bar, Mton) and 2060
(yellow bar, Mton), and CO, emission reduction from 2020
to 2060 (gradient green, Mton) in CH-CCS-TAXG6 scenario

technologies can provide
sustained Incentives to
reduce emissions.
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