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Abstract: The cement industry is a significant source of CO2 emissions. This study begins 

with the fundamental processes of cement production, analyzing the CO2 generated from 

various stages of production. Using the most authoritative carbon emission calculation 

methods for cement, it assesses the proportion of CO2 produced in different processes. 

Furthermore, this study examines the current global research landscape on carbon emissions 

during cement production, proposing efficient and clean carbon reduction methods from 

various perspectives and pathways. The development of low-carbon cement also faces many 

challenges, primarily technological and economic. This research offers comprehensive 

recommendations and measures for decision-makers and stakeholders in cement production 

from the viewpoints of technological development, emerging industries, and policy. 
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1. Introduction   

In the context of increasingly severe global climate change, China actively responds to international 

calls by proposing the ambitious goals of reaching carbon peak by 2030 and achieving carbon 

neutrality by 2060. As shown in Figure 1, the demand for cement production in Asia continues to 

grow. Given the serious environmental pollution issues, the research and application of carbon 

reduction technologies are crucial. 

The cement industry is a vital foundational sector of the national economy and a key area of energy 

consumption and carbon dioxide emissions. The carbon emissions generated during its production 

process account for approximately 7% to 8% of global carbon emissions [1]. In the cement production 

process, the calcination of limestone is the primary stage of carbon emissions, with approximately 

866 kilograms of carbon dioxide emitted for every ton of cement clinker produced [2-3]. Therefore, 

an important issue facing the cement industry is how to effectively reduce carbon emissions during 

production while ensuring the quality of cement products. In recent years, with advancements in 

technology and increased environmental awareness, a series of carbon reduction technologies for 

cement have emerged. These technologies encompass various aspects, including raw material 

substitution, process optimization, energy structure adjustment, carbon capture and storage, and the 

development of new materials, providing technical support for the green transformation of the cement 

industry. 
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Figure 1: Growth rate of cement demand in Asia from 2015 to 2020 (projected) (ICR, 2018) 

Raw material substitution technologies, such as using industrial waste, municipal solid waste, and 

other materials to partially replace limestone, not only reduce the extraction of raw materials but also 

achieve resource recycling. Process optimization technologies improve production processes to 

enhance energy efficiency and reduce unnecessary energy consumption. Energy structure adjustment 

involves using clean and renewable energy sources to decrease the reliance on fossil fuels, thereby 

lowering carbon emissions. Carbon capture and storage technologies capture the carbon dioxide 

produced during the manufacturing process and either sequester it geologically or utilize it in other 

industrial processes, achieving permanent carbon reduction. The application of these technologies not 

only aids the cement industry in achieving its carbon reduction goals but also holds significant 

importance for promoting green development across society. However, the promotion and application 

of these technologies are not straightforward; they must overcome challenges related to technological 

maturity, economic costs, and policy support. Therefore, cooperation among governments, 

enterprises, and research institutions is crucial to jointly advance the research, development, and 

application of carbon reduction technologies in the cement industry, which is key to achieving carbon 

neutrality goals. 

This paper aims to explore the current status, challenges, and future development directions of 

carbon reduction technologies in the cement industry within the context of carbon neutrality. Through 

a review and analysis of existing technologies, this paper will propose a series of practical 

recommendations to provide references for the green transformation of the cement industry. 

Additionally, the paper will emphasize the importance of policy support, calling for the government 

to offer more assistance in areas such as tax incentives, financial support, and standard-setting to 

promote the widespread application and sustainable development of carbon reduction technologies in 

the cement industry. 
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2. Status   

2.1. Basic process of cement production   

The cement production process can be summarized as two grinding and one burning, which involves 

the preparation of raw materials, the calcination of clinker, and the grinding of cement, where the 

cooled clinker is mixed and ground with additives (see Figure 2). The carbon emissions in cement 

production mainly arise from carbonate decomposition and fuel consumption. Generally, carbon 

emissions from cement production consist of direct and indirect emissions. Direct emissions include 

process emissions and emissions from the consumption of fossil fuels, while indirect emissions 

primarily stem from electricity consumption, as well as emissions from purchased clinker and 

purchased ground mixed materials (see Figure 3) [4]. 

Cement production is a carbon-intensive process, with the main carbon emission stages including 

raw material preparation (approximately 5-10%), clinker burning (approximately 50-60%, where 

high-temperature calcination of limestone generates calcium oxide and CO2), energy use 

(approximately 25-35%, with fossil fuel combustion providing thermal energy), and auxiliary 

processes (less than 5%, such as grinding, mixing, and packaging). 

 

Figure 2: Cement production process 

 

Figure 3: Composition of emissions in cement production 
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Table 1: Carbon emission accounting boundaries in cement production 

Emission Type Accounting Item IPCC WBCSD/CSI CDMA 

Direct Emissions 

Decomposition of 

carbonate minerals 

in raw materials: 

 

a. Decomposition of 

raw material 

carbonates 

√ √ √ 

b. Decomposition of 

carbonates in kiln 

exhaust dust 

√ √ √ 

c. Decomposition of 

carbonates in bypass 

exhaust dust 

√ √ √ 

Combustion of non-

fuel carbon in raw 

materials 

 

√ √ 

Combustion of 

physical coal 
√ √ 

Combustion of 

alternative fuels 
√ √ 

Combustion of fuel 

oil 
√ √ 

Direct & Indirect 
Utilization of waste 

heat 
 √ 

 
Electricity 

consumption 
√ √ 

Indirect Emissions 
Purchased cement 

clinker 
√ √ 

 
Purchased ground 

mixed materials 
  √ 

Source: Compiled based on the IPCC “2006 Guidelines for National Greenhouse Gas Inventories,” WBCSD/CSI “Cement Industry 

CO2 Reduction Protocol,” and CDMA “Calculation Methods for CO2 Emissions from Cement Production Enterprises (Draft for 

Consultation).” 

2.2. Carbon emission calculation methods for cement production (concise text)   

The IPCC (1996, 2006, 2019) has separately addressed energy emissions in its national greenhouse 

gas inventory guidelines. Therefore, when considering carbon emissions from cement production, 

only process emissions are accounted for to avoid double counting. The following primarily 

introduces the calculation methods for process emission factors in cement production as established 

by the three major organizations: IPCC, WBCSD/CSI, and CDMA. 

Overall, the IPCC method is more general and straightforward, suitable for international 

comparisons; the WBCSD/CSI method is more detailed and precise, appropriate for enterprise-level 

management; and the CDMA method combines international approaches with China’s specific 

circumstances, making it more suitable for application in China. 
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Table 2: Calculation formulas and emission factor selection for carbon emissions in cement 

production 

IPCC Method 

The main emission sources considered include the calcination process of 

limestone (which produces CO2) and the fuel combustion process. 

Emission factors are typically based on the clinker output in cement production 

and the carbon emission factor for clinker (kg CO2/tonne of clinker), as well as 

the emission factors for fuel combustion. 

WBCSD/CSI 

Method 

The calculation method includes both direct and indirect emissions. 

Emission factors are generally based on actual production data. 

CDMA 

Method 

CDMA provides methods for calculating emission factors for cement 

production in its guidelines, similar to the CSI method. 

The main emission sources considered include carbon emissions during the 

clinker production process and emissions from fuel combustion. 

Emission factors are typically based on actual production data and industry best 

practices. 

3. Carbon reduction   

3.1. Raw material substitution   

Currently, the proportion of alternative fuel usage in China’s cement industry is less than 2%. By 

incorporating mixed materials (such as fly ash, slag, etc.) to produce blended cement, clinker 

consumption can be reduced, energy consumption lowered, and performance improved, which is 

expected to achieve a 5% to 20% reduction in global cement production emissions. Solid waste or 

non-carbonate materials can replace calcium carbonate raw materials, further promoting emissions 

reduction. However, the performance of cement products is unstable, with insufficient strength and 

durability. Fly ash from coal-fired power plants relies on alternative binders (such as alkali-activated 

binders), and through life cycle assessment and synergy index evaluation, it quantitatively reduces 

energy and resource consumption, as well as pollutants and CO2 emissions. Silica fume [5] 

(microsilica) is a byproduct of electric arc furnaces and is added to cement to produce high-

performance concrete, but it requires a large amount of water, with the addition limited to less than 

6%. While silica fume helps reduce CO2 emissions, it is not easily obtainable and has high production 

energy costs. Microwave heating, as an emerging technology, directly absorbs and volumetrically 

absorbs energy, and the electrification of the heating process avoids fossil fuel emissions, reducing 

combustion gas pollutants such as NOx and SOx [6]. 

3.2. Clean fuel substitution   

In the calcination of cement clinker, carbon emissions from coal account for 25% to 40%. Biomass 

fuels (such as straw and rice husks) and municipal waste can replace fossil fuels. According to the 

“Accounting Methods for CO2 Emissions in the Building Materials Industry”, flammable renewable 

energy and waste are considered to have zero carbon emissions, and using carbon-neutral clean fuels 

can reduce carbon emissions. Alternative fuels such as waste and biomass can effectively lower 

carbon emissions in the cement industry. According to the "Accounting Method for Carbon Dioxide 

Emissions in the Building Materials Industry" (China Building Materials Federation, 2021), 

"flammable renewable energy sources and waste include solid and liquid biological remains, biogas, 

industrial waste (including coal gangue used for fuel), and urban waste. The carbon emissions from 

flammable renewable energy sources and waste are considered to be zero." Therefore, replacing some 
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fossil fuels with carbon-neutral clean fuels can reduce carbon emissions to a certain extent. Consider 

using alternative fuels such as waste and biomass. [7] 

3.3. Carbon capture technology   

Carbon capture technology can mitigate climate change in cement production, but its current 

application is limited, costly, and not yet mature. Carbon capture technology has been introduced, 

with the process outlined as follows: Initially, within the flue gas of cement kilns, the concentration 

of CO2 is relatively high, providing favorable conditions for its capture. The capture system typically 

employs a chemical absorption method, utilizing specific solvents (such as amine compounds) that 

chemically react with CO2 in the flue gas, forming stable compounds and thereby separating CO2 

from the gas stream. Subsequently, the captured CO2 is released and purified through heating or 

depressurization, ready for storage or utilization. Currently, the application of carbon capture 

technology in the cement industry remains in the developmental stage. Some cement producers have 

already initiated pilot projects and deployed carbon capture facilities to reduce their carbon footprint. 

For instance, several cement plants in Europe and North America have installed small-scale carbon 

capture units for technical validation and demonstration purposes. However, due to the high costs 

associated with carbon capture technology and the need for further advancements in its maturity, its 

widespread adoption in the cement industry has not yet been realized. Despite these challenges, the 

prospects for the application of carbon capture technology in cement production are still promising. 

With anticipated advancements in technology and reductions in cost, as well as the increasing global 

emphasis on reducing greenhouse gas emissions, it is expected that more cement plants will adopt 

this technology in the future to achieve sustainable development goals. [8-9]. 

3.4. High-performance new cement  

Carbon emissions from cement production are primarily influenced by the type of production 

technology, the carbonate content in clinker raw materials, the type of fuel, the clinker/cement ratio, 

and the emission factors for electricity production. Accordingly, carbon reduction measures in cement 

production mainly include upgrading production technology and equipment, substituting fuels, 

reducing the clinker/cement ratio (substituting raw materials), adopting carbon capture and storage 

technologies, and utilizing concrete as a carbon sink [10]. 

4. Discussion   

Currently, the proportion of alternative fuels used in China’s cement industry is less than 2%, and 

only 5% of cement production lines utilize solid waste co-disposal processes, while the application 

of CCS technology is even less than 1%. Research indicates that a single emission reduction 

technology cannot achieve deep emissions cuts in the cement industry. To meet the goal of peak 

emissions in the cement sector by 2030, it is essential to improve energy efficiency, use carbon-

neutral fuels instead of coal, reduce clinker content, scientifically manage cement production levels, 

and complement these efforts with CCS technology. A multidimensional approach to pollution 

reduction and carbon reduction is crucial for achieving carbon peak and carbon neutrality in the 

cement industry. 

The development of low-carbon cement faces both technical and economic challenges.  

Firstly, the acquisition of raw materials presents the first major challenge. The production of low-

carbon cement often requires specialized raw materials, such as industrial by-products (e.g., fly ash, 

slag), whose supply may be unstable and can affect the quality of the final product. Although the 

concept of low-carbon cement has been proposed for many years, the maturity of related technologies 

remains limited. For example, the application of carbon capture and storage (CCS) technology in the 
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cement industry is still in its infancy and requires further technological development and validation. 

The commercialization process of low-carbon cement is influenced by various factors, including 

technological maturity, cost-effectiveness, and market demand. Currently, the market share of low-

carbon cement is relatively small, and its commercialization level needs to be improved. 

Economic challenges are equally formidable. The production cost of low-carbon cement is 

generally higher than that of traditional cement, primarily due to the need for specialized raw 

materials and more complex production processes. Enterprises must balance environmental 

investments with economic outputs, which may lead them to be reluctant to adopt low-carbon cement 

technology on a large scale in the short term. On the other hand, market acceptance of low-carbon 

cement is influenced by various factors, including consumer awareness of environmentally friendly 

products, government policy support, and industry standards. Market research can help companies 

better understand consumer needs and market trends. Widespread commercial application will require 

time and the overcoming of challenges in technology, economics, and market acceptance. 

As one of the main sources of global carbon emissions, the research and application of carbon 

reduction technologies in the cement industry hold significant environmental and economic value. 

In terms of technological development, using industrial by-products such as fly ash and slag to 

replace part of the cement raw materials, as well as adopting biomass fuels and waste tires to replace 

traditional fossil fuels, can significantly reduce carbon emissions. Carbon capture and storage (CCS) 

technology captures CO2 emissions produced during cement production and either sequesters or 

utilizes it, representing an effective way to reduce carbon footprints. Additionally, developing new 

high-performance low-carbon cements such as low-calcium cement and magnesium-based cement 

can result in lower CO2 emissions during production. 

With the rise of green buildings, the demand for low-carbon cement is growing, providing 

opportunities for the commercialization of carbon reduction technologies in the cement sector. The 

integration of the cement industry with the circular economy not only reduces resource consumption 

but also lowers carbon emissions. By introducing smart manufacturing technologies, optimizing 

production processes, and improving energy efficiency, energy consumption and carbon emissions 

can be reduced. 

Currently, many countries and regions have implemented policies to support the green transition 

of the cement industry, including providing R&D funding, tax incentives, and subsidies. Establishing 

and promoting standards and certification systems for low-carbon cement encourages market 

acceptance and procurement of low-carbon cement products. Creating and improving carbon trading 

markets with a focus on policy guidance and market mechanisms can facilitate the widespread 

application of low-carbon cement products, fostering a virtuous cycle where market demand drives 

technological progress. Through market mechanisms, companies can be incentivized to reduce carbon 

emissions, providing economic motivation for the development of carbon reduction technologies. 

5. Conclusion 

Under the auspices of the dual carbon target, the cement industry is proactively charting new 

trajectories for reducing carbon emissions. Presently, alongside traditional technological innovations 

such as the deployment of new low-carbon cement varieties and carbon capture and storage 

technologies, the industry is also delving into more advanced carbon reduction methodologies. 

Moreover, the research and development of novel materials such as biochar and nanomaterials offer 

fresh perspectives for mitigating carbon emissions in cement production.In terms of energy structure 

optimization, in addition to the adoption of alternative fuels and clean energy sources, investigations 

are also underway regarding the direct incorporation of high-efficiency additives in cement 

manufacturing processes. The promotion of a circular economy extends beyond the utilization of 

waste materials; it encompasses the comprehensive lifecycle management of cement products, 
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including the research and application of recycled concrete.Government policy support transcends 

fiscal subsidies and tax incentives; it also involves the establishment of a carbon emissions trading 

market to incentivize enterprises to curtail emissions. Furthermore, regulatory frameworks and 

standards are being refined to ensure the integrity and effectiveness of these measures.Through these 

multifaceted measures, the cement industry is progressively advancing towards low-carbon, 

environmentally benign, and sustainable pathways. This not only aligns with global climate change 

mitigation efforts but also fosters innovation and competitiveness within the industry. By integrating 

technological advancements, material innovations, energy efficiency improvements, and policy 

support, the cement sector is poised to make significant strides in its journey towards a greener and 

more sustainable future. 
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