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Figurel Spatial distribution map of cement production line samples
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Table4 Resultsof uncertainty analysis for direct emission factor and total emission factor
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Figure2 Boxplot of emission factor for new suspension preheater. (a) Process emission; (b) electricity emission; (c) fuel emission
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Table5 LSD comparison for different capacity level
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>40007#1<2000 -18.92 0.1276
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Table7 Fuel CO, emission factor adopted in various studies

L E i A

(ka COLTI) SCHE B R Bl oA I8
96400 96.4 g CO,/MJ [16]
92800 92.8 kg CO,/GJ [17]
94600 94.6t CO,JTT [18]
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67902~92801 1.99~2.72 t COyltce [20]
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95700 26.1 kg CIGJ [22]
83826 2.4567 t CO,/tce [23]
94686 25.8x10°° kg C/kJ [24]
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Calculation and evaluation on carbon emission factor
of cement production in China

SHEN Lei*, ZHAO JanAn', WANG LiMao®, LIU LiTao', WANG Yan?, YAO YuLong",
GENG YuanBo', GAO TianMing' & CAO Zhi*?

! Ingtitute of Geography Science and Natural Research, Chinese Academy of Sciences, Beijing 100101, China;
2| nstitute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China;
3 University of Chinese Academy of Sciences, Beijing 100049, China

This article summarized the latest progress of a sub-project, Carbon Emission of Cement Production in China, undertaken
by Chinese Academy of Sciences. This project seeks to establish a domestic CO, emissions factor calculation system for
China's cement production. The Chinese-specific CO, emissions factor of cement production will provide a benchmark to
support China s internationa negotiation on climate change and a baseline for setting emission reduction target. Considering the
diverdties in different production lines, a sampling survey of cement production lines covering various production technologies
and scales has been carried out since the second half of 2011. A two-stage stratified random sampling with unequal probability is
devised to ensure the sampling precision. By the end of 2015, 22 provinces have been sampled and a CO, emission factor
inventory database consisting of 359 cement production lines has been established.

The emission factor of cement production can be divided as three components: raw material calcination emission, fuel
combustion emission and indirect emission. At present, international organizations like Intergovernmental Panel on Climate
Change (IPCC) and World Business Council for Sustainable Development (WDCSD) and a number of developed countries
have promulgated a series of calculation methods for CO, emissions of cement production with a default emissions factor. To
provide a CO, emissions factor inventory better reflects the de facto situation of Chinese cement production, a bottom-up
integration from factory-level to national level is proposed. Bootstrap and Monte Carlo simulation are exploited to provide the
confidence intervals of the CO, emission factors of different production stages.

Since the Monte Carlo simulation requires parameter distribution of inputs, the probabilistic distribution function of CO,
emission factors for each production stage is fitted by maximum likelihood estimation and bootstrap simulation. Combining the
probabilistic distribution of various CO, emission factors, uncertainties for cement emission factors of different production
technologies are smulated. The simulation results are as followings: (1) the 95% confidence interval for direct emission factor
and integrated emission factor of new suspension preheater kilns are 773.63-915.01 kg CO,/t clinker and 626.44-810.82 kg
CO,/t cement, respectively; (2) the 95% confidence interval for direct emission factor and integrated emission factor of shaft
kilns are 733.00-1012.88 kg CO,/t clinker and 534.01-728.45 kg CO,/t cement, respectively; (3) the 95% confidence interval
for direct emission factor and integrated emission factor of special cement are 517.07-1305.20 kg CO./t clinker and
558.09-1280.11 kg CO,/t cement, respectively.

The simulation result shows that the process CO, emission of unit clinker is overestimated for 1.4%-3.4% and the
clinker/cement ratio is overestimated for 12%-32% comparing to IPCC or WBCSD default emission factors. Compared to
previous studies, the discrepancies of fuel emission factor are at the range of —27.63%-+6.25%. Through the quantitative
evaluation and uncertainty analysis of caculation method, it is suggested that international default calculation factor is not
applicable for Chinese cement industry. In addition, comparison between different scales is conducted. It isindicated that there
exists significant differences between diverse scales for fuel and electricity emission factor while the process emission factors
of different scales have no differences.

It is concluded that a Chinese-specific CO, emissions factor for Chinese cement production is recommended to estimate and
evaluate the CO, emissions of China. Not only that, technology type, scale and regional variation should be considered in
the CO, emission inventory of cement production. Furthermore, severa proposals are put forward to direct the future
research of cement CO, emissions accounting. Tracking the dynamic changes of sampled cement plants, establishing a
complete CO, emission monitor framework of cement production and carrying out international exchanges and
cooperation should be paid more attention on.

cement production, CO,, carbon emission factor, sample survey, calculation method

doi: 10.1360/N972016-00037
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