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Abstract

China’s cement industry emits over 1 Gt of carbon dioxide (CO2) annually, or 3% of global CO: emissions.
Urgent decarbonization efforts of the Chinese cement industry are needed to meet China and global community’s
climate commitments. Prior studies on this topic primarily relied on supply-side technologies and end-of-pipe
solutions, presenting one singular pathway to net zero without exploring multiple trajectories.

This study adds value to the existing research by constructing and evaluating two different pathways toward net-
zero emissions in China’s cement industry: the Energy Technology Pathway (ETP) and the Circular Economy
Pathway (CEP). Both pathways aim for net-zero emissions but diverge in their prioritization and emphasis. The
Energy Technology Pathway focused on supply-side technologies such as green hydrogen and CCS, while the
Circular Economy Pathway focused on demand-side strategies, centered on materials and resources.

The study showed both pathways can achieve a comparable level of emission reduction, reducing 94-95% of
COz emissions by 2060 from the 2020 level. Notably, the role of CCS is limited in the CEP, contributing only
5% and 22% of total emission reductions by 2030 and 2060, respectively. The majority of the emission
reductions in CEP are achieved through a combination of material-focused innovations and circular economy
strategies, such as increasing the use of supplemental cementitious materials (SCMs), advancing alternative
cements, integrating material efficiency practices in product lifecycle phases, and adopting alternative fuels (e.g.,
industrial wastes and agricultural byproducts). Policy support on materials and the circular economy will be
critical. We recommend updating codes and standards to allow performance-based cement products, providing
R&D support on alternative cements, developing implementation guides to disseminate material efficiency
practices, and improving material/waste collection, sorting, and recycling systems.

Introduction

Cement and cement products are foundational materials for society. They are used extensively in residential and
commercial buildings, industrial facilities, highways and bridges, and other transportation systems, power plants,
and infrastructure systems to distribute electricity, heat, gas, and water. Globally, the cement industry is one of
the most energy and carbon-intensive sectors. It accounted for 7% of global carbon dioxide (CO2) emissions
(GCCA 2021), or about 3.5 gigatonnes (Gt) of CO2 emissions per year.

China has been the world’s largest cement-producing country for at least 20 years. In 2022 alone, it produced a
total of 2.1 billion tonnes of cement, accounting for 52% of global production (USGS 2023). CO: emissions
from the Chinese cement industry represented 13% of China’s total COz emissions in 2020 (Xinhua Net 2022).
To achieve China’s climate goals, i.e., carbon peaking before 2030 and carbon peaking before 2060 (or “Dual
Carbon” goals), it is imperative to significantly mitigate China’s cement industry emissions.

Most of the current research on decarbonizing China’s cement industry focused on supply-side technologies
and/or end-of-pipe solutions, which are complex engineering systems and capital intenvise. Prior research
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showed that technologies such as fuel switching and carbon capture, utilization, and storage (CCUS) will play
significant roles in achieving near-zero emissions in China (He et al. 2023; RMI and China Cement Association
2022; Li 2021). Often, previous studies present only one pathway as the most plausible pathway to net-zero
emissions, without exploring multiple pathways to deep mitigation.

This analysis adds value to the existing literature and studies on China’s cement industry decarbonization. We
developed three scenarios and compared two potential near-zero pathways — an Energy Technology Pathway
(ETP), and a Circular Economy Pathway (CEP). Both pathways have the potential to reduce the cement
industry's COz emissions to near zero. However, the pathways differ in their prioritization and emphasis on
decarbonization strategies, with the ETP focused on supply-side technologies such as green hydrogen and
CCUS, and the CEP focused on demand-side and circular economy strategies such as material efficiency
strategies, clinker substitution, and alternative cements.

First, we provided an overview of the current status of the Chinese cement industry. Then, we briefly
summarized the modeling approach, including the modeling framework, scenario designs, and key
characteristics of each of the scenarios. The Results Section presented the main findings of this analysis,
highlighting the energy and emission implications and contributions from each of the decarbonization strategies.
We discussed the policy implications for China and other emerging economies. The purpose of this paper is to
develop a bottom-up decarbonization roadmap for China’s cement industry. In addition, some of the policy
findings may be also beneficial for other emerging economies, which are expected to have higher cement
demand while meeting their climate change goals.

Cement Industry in China

The cement industry plays an important role in supporting China’s economic growth and urbanization. With the
development of China’s economy and urbanization., China’s cement production increased from 232 million
tonnes (Mt) in 1990 to more than 2,100 Mt in 2022, growing 7.2% per year on average. By 2022, China’s
cement production represented 52% of the total production in the world. As shown in Figure 1, cement
production in China seemed to have peaked in 2014 and then began to gradually decline at around 2% per year
on average from 2014 to 2022 (NBS 2023). China’s cement industry has pledged to achieve carbon peaking
before 2023, ahead of China’s national climate goal (CBMF 2022; China Government Website 2022). Most of
the experts we interviewed agree that reaching carbon peaking is not a challenge for China’s cement industry,
given that both clinker and cement production seem to have already peaked, and further demand reduction is
expected.

China's Cement Production in the World (1990-2022)
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Figure 1. China’s cement production in the world (1990-2022)
Sources: USGS 2023; NBS 2023.
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China’s cement production and consumption are strongly linked to real-estate industry development and fixed-
assets investment. On average, about 40% of cement is used to develop urban buildings while another 35% is
used for infrastructure systems, such as energy supply systems, railways, roads, pavements, and highways
(Figure 2 top). The remaining 25% of cement is used in rural housing and infrastructure. Over the years of
urbanization and economic development, the construction type of Chinese rural housing has been shifting from
traditional brick and mortar walls to poured concrete walls. In addition, about 60% of the cement produced in



China is used to make concrete products. Mortar production and brick production each accounted for another
20% of cement consumption (Figure 2 bottom).

Cement Consumption by Market Segmentsin China (2022)
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Figure 2. Cement consumption by market segments (left) and product (right) in China
Source: personal communication with the experts from the China Cement Association.
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The cement industry is the second largest CO2-emitting industry in China, after the iron and steel industry. By
2020, the cement industry contributed to 13.5% of China’s total CO> emissions (Xinhua Net 2022). The process-
related CO2 emissions, i.e., calcination of limestone, represented 60% of total emissions. Onsite fuel combustion
for cement production accounted for about 35% of total CO2 emissions in the cement industry. Emissions
associated with purchased electricity (Scope 2 emissions) represented about 5% of total CO2 emissions in
China’s cement industry (He et al. 2023).

By the end of 2022, China had 1,572 rotary kiln production lines with a designed total clinker production
capacity of 1.84 billion tonnes per year. The actual clinker production capacity is estimated to be more than 2
billion tonnes per year (Digital Cement 2023a). In the past 10 to 15 years, the Chinese government implemented
policies such as “replacing small, inefficient with larger, efficient capacities” (Zhou et al. 2022; Xinhua Net
2018). Smaller kilns have been replaced with larger and newer capacities. By 2022, about 75% of the clinker
capacity came from kilns with a capacity of 2,500 tonnes per day (tpd) or higher. About 69% of the clinker
capacity was from kilns with a capacity of 4,000 tpd or higher (China Environmental Impact Assessment 2023).

The Chinese government has been encouraging industry consolidations to phase out inefficient capacities and
improve efficiency. By 2022, about 58% of the clinker production capacity belong to the Top 10 largest cement
manufacturers in China (Table 1). About half of the Top 10 cement companies are state-owned enterprises
(SOEs), either at the central or provincial level, and these SOEs controlled almost 50% of the total clinker
production capacity in China. It could be argued that these SOEs have more responsibility and pressure to
decarbonize China’s cement industry and support China’s “Dual Carbon” climate goals.

Table 1. Top 10 Cement Companies in China (2022) by Clinker Production Capacity

No. | Companies [English] Companies 2022 Clinker Share of Ownership
[Chinese] Production Capacity | National
(Mt/year) Total
1 China National Building | " &F 21 385 21% Central SOE
Materials Group
2 Anhui Conch Cement LRI K e B A B 2 ] 221 12% Provincial
SOE (Anhui)
3 Tangshan Jidong Cement | J# I3 R KPEIE A BRA A 109 6% Provincial
(E&kD SOE (Beijing)
4 Hongshi Holdings Group | ZLWfEBEERA R A A 67 4% Private
5 China Resources Cement | £k ez H PR A 67 3% Central SOE
6 Huaxin Cement R A BR 2 F 63 3% Foreign with
local SOE*
7 Shandong Shanshui I ZR KK e SR A TR A 7 54 3% Private
Cement Group
8 Taiwan Cement SRR AR A R A W 43 2% Foreign
9 Tianrui Cement Group KK e B G BR 2 =] 34 2% Private
10 | Asia Cement W KYE CHED kA A 22 1% Foreign

Sources: Digital Cement 2023b; Downie 2021.

*Foreign with local (Huangshi City, Hubei Province) SOE as a minority shareholder.

Cement manufacturing in China is a localized production. Every province (or provincial-level municipality) has
cement production (Figure 3). In 2022, Guangdong province produced the most, at 151 Mt, or 7% of the national



total; while Beijing produced the least, at 2 Mt, or 0.1% of the national total. Cement production is more
concentrated in the southeast region of China, but also significant in the southwest and central China.

This level of localization, partly based on the abundant availability of raw materials (e.g., limestone) and partly
driven by the need to reduce transportation costs, should be considered when identifying potential technologies
(e.g., green hydrogen or renewables) and strategies to decarbonize the cement industry. To rapidly decarbonize
the cement industry, standards and regulations on cement (and cement-based products) need to think beyond
national-level, “one size fits all” requirements, but allow cement production to be adaptive to local resources of
raw materials and energy sources, as well as local specific applications.

Cement Production by Province in China (2022)
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Figure 3. Cement production by province in China (2022)
Sources: NBS 2023; this analysis.

During the 14" Five-Year Plan (2021-2025), the Chinese government also established targets to improve the
cement industry's energy efficiency, increase the use of alternative fuels, and limit clinker production capacity.
This includes an energy intensity reduction of 3.7% by 2025 from the 2020 level for clinker production,
increasing the share of production capacity to reach energy-efficiency benchmark levels to 30% by 2025,
increasing the percentage of kilns that use alternative fuels to more than 30%, and limit clinker capacity to be no
more than 1.8 billion tonnes by 2025 (Table 2).

Table 2. Energy and carbon targets for the cement industry in China

Categories Indicators Targets
CO, mitigation Carbon peaking Before 2023
Energy efficiency Energy intensity of clinker production Reducing 3.7% by 2025 from
improvement 2020 level
Share of production capacity reaching the announced 30% by 2025
benchmark level in energy efficiency (see Table 3 below)
Alternative fuels Share of kilns using alternative fuels >30% by 2025
Limit production Clinker capacity No more than 1.8 billion tonnes
capacity by 2025

Source: CBMF 2022; LBNL analysis.

Specifically, the Chinese government recently re-focused on improving industrial energy efficiency and
indicated that it planned to leverage the actions of industrial energy efficiency to advance efforts on carbon
mitigation. The National Development and Reform Committee (NDRC) of China announced guidance on
Promoting energy conservation and emission reduction in key sectors by strictly using energy efficiency
requirements in 2021 (NDRC 2021a). NDRC published Energy Efficiency Benchmark and Standard Levels for
Key Industrial Sectors (2023 version) in June 2023 (NDRC 2023). The cement industry is required to have 30%
of the clinker production capacity reach the energy intensity of 100 kilograms of coal equivalent (kgce) per tonne
of clinker by 2025 (Table 3).

Table 3. Energy intensity benchmark and standard levels for clinker production in China
| Key industry | Benchmark Levels | Standard Levels | Reference Standard |




Clinker production 100 kgce/t clinker 117 kgce/t clinker GB 16780
2.93 GJ/t clinker 3.42 GJ/t clinker

Source: NDRC 2023.

To achieve the target, NDRC requires local governments to develop a timeline and annual plans to either retrofit
or phase out inefficient capacities. The Chinese government also encourages the local governments to use
existing policy tools, such as loans, green credits, green bonds, climate finance, differential pricing, supervision
and inspection, and enforcement of environmental protection laws.

However, specific policies on how to accelerate the cement industry to achieve net-zero emissions by 2060 seem
lacking in China. Chinese experts that we interviewed for this study expect the cement industry to be included in
China’s cap-and-trade program soon. Discussions on low-carbon cement as well as the use of carbon capture,
utilization, and storage (CCUS) are also ongoing. However, urgent policy actions are needed to expand beyond
improving energy efficiency and tackle the decarbonization challenge using a portfolio of strategies from both
the supply-side and demand-side solutions. Thus, we conducted this study, developed multiple pathways
building on China’s existing targets and policy guidance, and compared their differences in reaching near-zero
by 2060. We especially highlighted the material-level, demand-side strategies that have not been emphasized by
existing policies.

Modeling Approach

Modeling Framework

This study is developed based on the modeling work of the China Energy Outlook 2022 (Zhou et al. 2022),
which used Berkeley Lab’s China 2050 Demand Resources Energy Analysis Model (China 2050 DREAM) to
develop bottom-up scenario projections of China’s future energy and emissions. The China 2050 DREAM
follows a bottom-up energy end-use accounting framework of China’s energy and economic structure built using
Stockholm Environment Institute’s Low Emissions Analysis Platform (LEAP). Using the LEAP platform, the
China 2050 DREAM framework employs both macroeconomic and non-linear, physical drivers to model
integrated feedback within and across buildings, industry, transportation, and energy transformation (primary
energy supply including electricity) sectors.

China 2050 DREAM differs from most other integrated assessment models in that uses non-linear, physical
drivers such as population, demographics, and land area to drive the future growth of energy-consuming
activities in buildings, industry, and transport. In not relying solely on economic growth to drive future energy
consumption, the use of these additional physical drivers helps capture potential saturation effects in energy
equipment ownership and usage, living space and urban infrastructure, and fertilizer use that can contribute to
the plateauing of energy demand. This unique approach also captures important cross-sectoral linkages that may
not be in other models, such as how slowdowns in new building and infrastructure construction can reduce
domestic cement, steel, and glass demand for construction. Lastly, the China 2050 DREAM incorporates decades
of detailed Chinese energy-related statistics at sectoral and fuel-specific levels tracing back to 1980 and also
characterizes the latest energy-consuming technologies in terms of energy efficiency and fuel mix for various
end-uses.

For calculating and reporting primary energy consumption, the China 2050 DREAM uses the direct equivalent
approach (consistent with the Intergovernmental Panel on Climate Change, IPCC) as the default for converting
primary electricity, rather than the power plant coal consumption (PPCC) method used in Chinese statistics
(Lewis et al. 2015). For calculating energy-related carbon dioxide (COz) emissions, China-specific fuel energy
and heat content are entered into the model and multiplied by the IPCC default CO2 emissions factors for
specific fossil fuels (IPCC 2006). For other studies developed using China 2050 DREAM, please see Lu et al.
2022 and Khanna et al. 2019.

Scenario Design

To analyze the decarbonization pathways in China’s cement industry, we constructed three scenarios and two of
which have the potential to reach near-zero by 2060:

e Reference Scenario: assumes that China’s cement production will slow down significantly driven by
slowing urbanization, declining population, and a slower pace of economic development (He et al. 2023).
It assumes no additional new policies, with gradual improvements in energy efficiency improvements and
slow progress in energy transition.

e Energy Technology Pathway (ETP): aims to achieve near net-zero emissions in China’s cement industry
by 2060. It considers all pillars of decarbonization from both supply and demand-side strategies.



However, this scenario emphasizes supply-side technology innovation, such as green hydrogen, renewable
heating, and carbon capture, utilization, and storage (CCUS). It assumes major technology breakthroughs
and aggressive adoption of these technologies, supported by significant investment and policy support.

e Circular Economy Pathway (CEP): aims to achieve near net-zero emissions in China’s cement industry
by 2060. It considers all pillars of decarbonization from both supply and demand-side strategies. But this
scenario emphasizes demand-side deep mitigation measures, such as optimizing cement consumption
throughout the product value chain, improving building design, increasing the use of prefabrication,
extending building lifetime, increasing material substitution, and improving recycling, as well as circular
economy strategies, such as the use of alternative fuels and low-carbon cements. It assumes major shifts in
business and engineering practices, with significant regulatory and policy support.

Table 4 below summarizes the key decarbonization strategies and the emphasis of the measures in each of the
three scenarios. The bolded areas indicate these strategies are prioritized in the respective scenarios.

Table 4. Decarbonization strategies of the cement industry and prioritization by scenario

Material Efficiency Energy Clinker Substitution Fuel Switching CCUS
Efficiency and Alternative
Cements
Improved building Improving Use of SCM: coal fly Alternative fuels: Post-
design; optimizing thermal ash, blast furnace industrial wastes, combustion
cement content in energy slags municipal solid CO:z capturing
concrete efficiency wastes, agricultural | technologies
byproducts
Extending product Improving Use of SCM: calcined | Onsite renewables Oxyfuel
lifetime; increased use | electrical clay, end-of-life combustion
of precast components | energy binder CO:z capturing
and post-tensioning of | efficiency or calcium
floor slabs looping
Alternative materials Smart energy | Use of SCM: other Hydrogen blending | Integrated
(e.g., mass timber); management | byproducts (e.g., calcium
additive silica fume, bauxite looping with
manufacturing residue, agricultural the calcination
byproduct ashes) process
Recycling Integrative Alternative cement Concentrated solar CO2
construction wastes; design/system | chemistry mineralization
recycling concrete optimization (CO2 mixing
into recycled concrete and curing)*
aggregates
Reference No adoption Gradual The clinker-to- Slow replacement of | No adoption
Scenario improvement | cement ratio staysat | coal using
the 2020 level alternative fuels
Energy Moderate adoption Approaching | Moderately using Aggressive Aggressive
Technology practical clinker substitutions implementation of | large-scale
Pathway minimum and alternative zero-carbon sources | adoption
levels cements (green H2 and
renewable heating)
Circular Aggressive adoption Approaching | Aggressively Aggressively using | Limited
Economy practical reducing the low-carbon adoption
Pathway minimum clinker-to-cement alternative fuels**
levels ratio and increasing

the development and
use of alternative
cements

Source: this analysis. *CO2 mineralization potential is modeled at a high level in this paper. Technologies are grouped and called as
“recarbonation” in the paper. ** Alternative fuels include industrial wastes, solid wastes, byproducts, agricultural residues, and
municipal solid wastes. Notes: 1) SCM stands for supplemental cementitious materials. 2) Bolded areas are prioritized with high

adoption.

Results



Improve material efficiency

Our modeling results show that China’s cement production will significantly decline, mainly driven by a
declining population, slowing urbanization growth, and the structural shift of the Chinese economic growth
model from investment (e.g., in the real estate industry and infrastructure) to domestic consumption. In the
Reference Scenario, total cement production declines from 2,130 Mt in 2022 to 1,608 Mt by 2030, and further to
747 Mt by 2060.

The trend of production decline deepens in the Circular Economy Pathway (CEP), where total cement production
is 8% and 24% lower by 2030 and 2060, respectively, compared to Reference (Figure 4). This additional demand
reduction is the result of the aggressive implementation of strategies that improve material efficiency of cement
and cement-based products. For example, CEP expects that the average building lifetime in China will be more
than doubled (from 30 years to 70 years by 2060) in 24% of the new buildings by 2030 and 80% of all new
buildings by 2060 (Cao et al. 2019; Q. Wang 2010; Aktas and Bilec 2012; Sandberg et al. 2016). Prefabrication
techniques will be widely adopted, reaching 80%
by 2060 in all urban residential and commercial
buildings. In addition, optimizing the amount of
cement used in products to deliver the
performance needed while minimizing
consumption, reducing construction wastes, and
recycling of concrete products are also
aggressively adopted in this scenario.

Cement Production in China (2020-2060)
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Figure 4. Cement production in China by scenario (2020-
2060)

Use of SCM and alternative cement

One of the cost-effective ways to reduce emissions from the cement industry is to blend clinker with
supplemental cementitious materials (SCMs), which not only reduces CO2 emissions from thermal energy
production but also process-related emissions. China’s cement industry has been using SCMs, such as fly ash
from coal-fired power plants and granulated blast furnace slags from the iron-production process. By 2020,
China’s clinker-to-cement ratio was 0.66 and stayed at this level through 2022. This is an increase from the
historical low of 0.56 in 2013, where very low-quality cement was allowed and produced at a significant scale.
To achieve near-zero emissions by 2060, our modeling showed that it is essential for the Chinese cement
industry to continue using SCMs, expand the categories of SCMs (given the limited supply of fly ash and BF
slag in the future), and adopt new SCM technologies. For example, studies show that silica fume, bauxite
residue, agricultural byproduct ashes, forestry byproduct ashes, and end-of-life binders can also be used as SCMs
(Shah et al. 2022). Calcined clay in combination with limestone (LC? technology), which has a technology
readiness level (TRL) of 9!, can reduce up to 50% of the clinker content and cut CO2 emissions by up to 40%
(Scrivener et al. 2018; Scrivener, John, and Gartner 2016). LC? technology has been adopted in several
countries, such as Brazil, Cuba, India, the United States, and the European Union.

Alternative cement technology, i.e., 1) producing clinkers with different chemistries to Ordinary Portland
Cement (OPC), and 2) producing OPC with alternative processes is another important strategy to decarbonize the
cement industry emissions. Examples of alternative clinkers include Belite-Rich Clinkers, calcium
sulfoaluminate (CSA), Belite-Ye'elimite-Ferrite (BYF), Solidia Cement, Celitement, X-Clinker, magnesium-
based cement (Antunes et al. 2021), and geopolyemers (Singh and Middendorf 2020). Belite-rich Clinker and
CSA are a mature technology and have already been widely used while other alternative clinkers are less mature
and yet to be proven at scale. In addition, alternative cement with the same clinker composition as OPC can also

! Technology readiness level (TRL) provides a framework to assess and compare the maturity of a technology. It is now being widely used
by research institutes and technology developers to set research priorities and design research & development programs. TRL levels ranges
from concepts stage (TRLs 1-3) to prototype (TRLs 4-6) to demonstration (TRLs 7-8) to early adoption (TRLs 9-10) to mature (TRL 11).



be produced, such as by substituting the cement raw material from limestone to basalt and producing by a
different process (Klappholz 2023; St. John 2023), or substituting calcium carbide slag (X. Wang, Song, and Li
2021).

The CEP incorporated the large-scale use of SCMs as well as the aggressive adoption of some of the yet-to-be-
fully commercialized alternative cement technologies. With the support of using new SCMs and innovative SCM
technologies, China’s clinker-to-cement ratio will decline (without compromising on the quality and
performance of cement products) to 0.5 by 2060. Collectively, the production of alternative cement (as discussed
above) will increase significantly to 40% by 2030 and 80% by 2060 (Figure 5A).

A Use of SCM and Alternative Cement Technologies B Fuel Inputs of Cement Industry in China by Scenario
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Figure 5. A) Use of SCM and alternative cement technologies by scenario; B) Fuel inputs of cement industry

by scenario
Source: this analysis.

Clean energy supply

Compared to the ETP, which relied significantly on green hydrogen and renewable heat? accounting for 35% and
20% of total fuel supply by 2060, respectively, the CEP took a less aggressive approach to rely on the promise of
clean hydrogen or renewable heating, representing 20% and 10% of total fuel supply by 2060 (Figure 5B). Zero-
carbon hydrogen and concentrated solar heating are location-dependent and significantly capital-intensive.
Cement production is in every province of China and has a very low-profit margin. Having the capital and access
to affordable clean hydrogen and high-temperature renewable heat or the transportation infrastructure developed
is a daunting task for the cement industry.

While recognizing some of the alternative fuels, such as industrial, solid, and municipal wastes are not zero-
carbon sources, the CEP considered the use of alternative fuels at a higher share (60% of fuel supply by 2060)
than in ETP. The cement industry in China is under significant pressure from the central government to “co-
process” the wastes in cement kilns as mandated by China’s Circular Economy Development Plan for the 14"
Five-Year Plan, and the Raw Materials Industry Development Plan for the 14" Five-Year Plan (NDRC 2021b;
China Government Website 2021). Many large cement companies, such as Anhui Conch, Hongshi Group, China
National Building Materials Group, Tangshan Jidong, Huaxin Cement, China Resources Cement, and Taiwan
Cement, have invested in co-processing production lines (Gu 2022). By 2020, 17% of cement kilns in China
have co-processing capabilities (RMI and China Cement Association 2022).

The role of CCS

This analysis especially explored the role of carbon capture and storage (CCS) in achieving net-zero emissions
for China’s cement industry. Many researchers and industry associations considered the use of CCS to be
unavoidable for global and regional cement decarbonization (GCCA 2021; PCA 2021; CEMBUREAU 2020).
Several China-focused studies indicated CCS will contribute to 45% of total emission reductions by 2050 (Bai
2021) or the adoption rate will increase to 90% by 2060 (RMI and China Cement Association 2022). However,
current CCS applications in the cement industry are very limited (one pilot carbon capture and utilization pilot
by Anhui Conch, and one oxy-fuel post-combustion carbon capture demonstration by China United Qingzhou
Company) and the scope is focused on carbon capture (Lorea, Sanchez, and Torres-Morales 2022). CCS
adoption in China’s cement industry faces many challenges, including the engineering complexity of the carbon
capture, purification, and liquefication systems, additional energy demand for carbon capture, significant cost

2 Considered the concentrated solar renewable heating in order to meet the high-temperature process requirement in the cement industry.



increase from additional capital cost, operational and maintenance costs, and transportation cost, as well as lack
of infrastructure systems to transport and store captured carbon. The cement industry is not yet included in
China’s Emissions Trading Systems (ETS) and experts we interviewed for this paper pointed out the lack of
economic incentives and business models for CCS. It is important to minimize the use of CCS while achieving
net zero.

In CEP, we assumed a 2% CCS adoption rate by 2030 and 30% by 2060 in the cement industry. This is
significantly lower, compared to the CCS adoption rates in ETP, which assumed a 2% adoption rate by 2030 but
rapidly increases to 70% by 2060. As shown in Figure 6, total captured CO2 emissions will be about 95
MtCOz/year by 2060 in CEP, while the captured CO2 emissions will be more than 310 MtCOx/year by 2060 in
ETP, or 230% higher.

Captured CO, Emissions per Year in China's Cement Industry by Scenario
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Figure 6. Captured CO: emissions per year in China’s cement industry by scenario

Source: this analysis.

Net Zero by 2060

We found that both ETP and CEP can reduce CO: emissions of China’s cement industry to be near zero by 2060,
cutting emissions by 95% and 94%, respectively compared to the level in 2020. Both pathways relied on a
portfolio of decarbonization strategies but diverged in technology prioritization and implementation — with ETP
focusing on supply-side technologies (e.g., green hydrogen and CCS) while CEP emphasizing material-centered
demand-side strategies, such as extending building lifetime, increased prefabrication, optimizing cement content
in concrete, improved recycling of concrete, use of SCMs (e.g., calcined clay), development and adoption of
alternative cements, and alternative fuels.

As shown in Figure 7, optimizing cement utilization and improving material utilization efficiency in product
lifecycle phases play a significant role in CEP, representing 42% of cumulative emission reductions by 2030, and
23% of emission reduction from 2030 to 2060. Expanding the use of SCMs and increasing the adoption of low-
carbon alternative cements through new materials and innovative technologies can deliver another 14% of
abatement potential by 2030 and 13% from 2030 to 2060. Fuel switching is one of the most important strategies
in CEP, but rather than relying heavily on green hydrogen and/or concentrated solar, CEP chose to depend on a
combination of alternative fuels (industrial, agricultural, and municipal wastes) and other zero-carbon fuels.
Most notably, the role of CCS is limited in the CEP, contributing only 5% of total emission reductions by 2030,
and 17% from 2030 to 2060. In comparison, ETP shows that CCS accounts for 8% of total emissions by 2030
and 44% of emission reductions from 2030 to 2060.

Policy Implications

Comparing ETP and CEP shows that China’s cement industry has more than one singular pathway to near-zero
emissions by 2060. There are significant policy implications, for both China and other emerging economies, as
their cement production is expected to rise driven by population growth and economic development in the years
to come. Policymakers in both China and other emerging economies need to realize that supply-side
technologies, such as CCUS, green hydrogen, or concentrated solar, are not the “silver bullet” when it comes to
decarbonizing the cement industry. The supply-side technologies are capital-intensive, many of them are
location-dependent, which requires further investment in transportation or distribution. These technologies are



complex engineering projects that will also require domestic/local technical capacity to design, build, install,

operate, and maintain.

CO, Emissions and Reduction Potentials
of the Cement Industry in China: Energy Technology Pathway
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Source: this analysis.

The cement industry can play an important role in advancing circular economy practices and achieving
immediate, cost-effective COz savings. As the results of CEP show, policymakers and practitioners in the cement
industry need to shift the traditional mindset from only focusing on operational or supply-side technologies to
leveraging the product value chain (product design, manufacture, utilization, disassembly, and recycling). The
current policy framework has not yet reflected or promoted this paradigm shift, which would be essential to

realize the pathway outlined in the CEP.

Table 5 presents the opportunities and barriers to realizing the abatement potential from material-centered and
demand-side strategies, and key policy actions that policymakers can implement in the near and mid-to-long
term. In addition, to rapidly decarbonize the cement industry, standards, incentives, and regulations on cement-
based products need to think beyond national-level, “one size fits all” requirements, and allow cement
production to be adaptive to local resources of raw materials and energy sources, as well as local specific

applications.

Table 5. Opportunities, barriers, and policy actions to achieve material-level, demand-side potential

Material/Demand-Side Barriers to Achieve

Opportunities

Time-
frame

Potential

Material/Demand-Side

Key Policy Actions
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2024- e Implementing e Standards and codes e Revise standards from prescribed to performance-
2030 material efficiency restricting the use of based
(near strategies and using certain SCMs e Develop and disseminate practice guides on
term) SCMs can deliver Lack of awareness, improving material efficiency
immediate and cost- know-how, and ¢ Provide incentives for optimizing material use
effective CO; incentives on e Establish CO, standards for cement-based products
reductions optimizing the use of (e.g., from concrete to whole buildings)
cement-based products e Develop public and private procurement programs
for low-carbon cement products to increase the
market demand
e Leverage supply chain (e.g., real-estate developers)
and transition financing to increase the demand for
low-carbon cement products
2030- e Alternative cements Lack of e Increase RD&D investment in alternative
2060 can reduce process- commercialized technologies
(mid-to- related emissions alternative cement ¢ Validate product performance of alternative cement
long e Alternative fuels technologies technologies
term) when used and Lack of access and ¢ Provide cement incentives for using alternative fuels
accounted for incentives to use o Enforce strict standards on CO; accounting for
appropriately can alternative fuels alternative fuels
support e Insufficient and/or lax e Improve waste collection, sorting, and distribution
decarbonization while standards for using networks
mitigating waste alternative fuels o Invest in waste processing and treatment technologies
issues

Note: RD&D stands for research, development, and demonstration

Conclusions

Our analysis showed that the Circular Economy Pathway (CEP) can achieve near-zero emissions by 2060 just as
well as a supply-side focused pathway (ETP). However, CEP does not rely significantly on supply-side
technologies but leverages the potential of optimizing material uses in all lifecycle stages of the product. CCS
only contributes 5% of cumulative emission reductions before 2030 and 17% of cumulative emission reductions
from 2030 to 2060 in CEP; while CCS would play an important role in ETP, accounting for 8% and 44% of
cumulative emission reductions before 2030, and between 2030 and 2060 respectively. We highlighted the
significant and immediate abatement potential by focusing on material and circular economy practices. Policy
support on materials and the circular economy will be critical. We recommend revising standards to allow
performance-based cement products, providing RD&D support on alternative cements, developing
implementation guides to disseminate material efficiency practices, and improving material/waste collection,
sorting, and recycling systems. For future research, we would like to conduct cost analysis on specific
decarbonization technologies as well as potential investment needs for specific pathways. It would be also
beneficial to establish even more targeted scenarios to focus on demand-side interventions.
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