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For improved global commercialization, green cement and cement-free materials’ providers 

need to trade waste sidestreams, enhance data sharing, and increase product awareness
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Executive summary

Construction’s carbon footprint and 

contribution of cement production

• The buildings and construction sector 

accounts for ~37% of global CO2

emissions

• Cement production is responsible for 

~7-8% of global CO2 emissions

Green cement blends and cement-

free solutions

• Established green cement blends: 

Fly-ash and slag-based cement 

• Emerging green cement blends: LC3, 

blended with natural pozzolans

• Cement-free materials (geopolymer)

State incentives and accelerating 

adoption of green materials

• US and Canada enacted regulations 

incentivizing low-carbon materials

• Asian governments introduced green 

construction materials’ procurement 

laws and SCMs-related standards 

Key use cases of green cement and 

cement-free materials

• Infrastructure: Precast applications, 

pavements, load-bearing structures

• Residential and commercial buildings

• Specialized applications requiring 

temperature and chemical resistance

Solutions for better commercialization of green cement and cement-free materials 

Commercialization challenges

• //

Commercialization challenges of green cement and cement-free materials 

Source: Company websites, PBCToday (2024), World Cement (2025), Reddal analysis.

Solutions

• //

Outlook

• //

Industrial waste sidestreams are likely facing scarcity, threatening commercial 

scaling, so for instance many waste streams (such as, fly ash) are already utilized in 

other sectors (for instance in road construction), creating competition; besides, 

mining and metal industries generate ~500 million tons of unused slag annually –

insufficient for scaling green cement production

Construction players are still lagging in terms of digitalization and data sharing, 

whereby data silos and inconsistent protocols prevent efficient collaboration and 

only 35% of firms share data willingly, with larger companies more likely to do so

Sustainable cement-free materials are not yet widely known or adopted with 

construction companies prioritizing proven materials to avoid perceived risks, even 

when alternatives offer environmental benefits

Trading waste sidestreams by expanding digital ecosystems into marketplaces for 

side-stream trading could address raw material volatility, as well as establishing 

regional hubs for side-stream collection, processing, and distribution of alternative 

raw materials such as vanadium, phosphate, and titanium

Enhancing data sharing to overcome data sparsity by prioritizing the development 

of comprehensive, standardized data repositories specifically for cement 

alternatives (geopolymer formulations, processing parameters, and performance 

characteristics)

Increasing product awareness of green materials though demonstration projects 

that would serve as powerful tools for building construction industry confidence and 

providing real-world performance data

https://www.pbctoday.co.uk/news/digital-construction-news/construction-technology-news/data-sharing-challenges-for-the-construction-industry-and-how-to-overcome-them/143589/
https://www.worldcement.com/europe-cis/08042025/betolar-pioneers-green-cement-production-and-critical-metal-recovery-from-industrial-waste/


Asian and North American governments have been introducing green construction 

procurement incentives in the form of regulations and emission accounting standards
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Overview of key governmental incentives for green construction in North America and Asia Pacific

NON-EXHAUSTIVE

Source: Area Development (2024), WRI (2023), State Capital Lobbyist (2023), Global Cement (2023), Global Efficiency Intelligence, JCI (2015), Enviliance Asia (2024), UNEP (2023), US Dept. of Commerce, Antara News (2024).

Asian governments have introduced 

green construction materials’ 

procurement laws, but also some 

states have specifically targeted 

cement and concrete industry with 

SCMs-related standards 

Regulatory incentives for green construction in Asia Pacific and North America

Both US and Canada have 

implemented federal regulations 

incentivizing low-carbon materials, 

but also individual states can have 

additional tighter rules, such as 

emissions accounting requirements

Public green construction materials’ procurement regulations:

• In China, the government enacted the revised General Rules for Grading and Certification of Green Construction Materials (effective January 1st, 2024)

• In India, the government has implemented green building criteria for public housing projects; for example, the Lucknow Development Authority mandatorily 

adopted Green Building Criteria for all its residential and commercial buildings focusing on among other things the use of low-carbon materials

• Thailand has implemented policies supporting low-carbon public procurement, including the use of eco-labeling and specific product categories 

• South Korea’s government has introduced the Zero Energy Building (ZEB) Certification mandate

Targeted cement and SCMs-related standards and rules:

• Indian IS 456 standard provides guidelines for replacing cement with SCMs, specifically mentioning ground granulated blast-furnace slag and fly ash

• Singapore has adopted a modified version of EN 206, which includes provisions for using SCMs in concrete

• Indonesian SNI 03-4433 standard allows for flexible use of SCMs in concrete mix designs

• In Indonesia, Industry Minister regulation of 2012 requires cement producers to decarbonize their products by 2–3 percent per ton every four years

Federal legislations:

• The U.S. Inflation Reduction Act (IRA) includes 2.15BUSD for the General Services Administration and 2BUSD for the Federal Highway Administration to 

spend on materials with substantially lower embodied greenhouse gas emissions

• The Canadian federal government introduced a Carbon Capture, Utilization and Storage (CCUS) tax credit to support the cement industry's decarbonization

State legislations:

• California's climate legislation requires the cement industry to reach net-zero carbon by 2045

• New York State has implemented rules regulating CO2 limits on concrete used in state-funded public construction projects, so starting 2025, environmental 

product declarations must be submitted for all concrete mixes

• New Jersey's Bill S-287 of 2023 provides tax credits of up to 3% to concrete producers that supply low-carbon concrete for state-funded construction projects

• Maryland has introduced legislation (HB261) that would require the Department of General Services to establish maximum acceptable global warming 

potential for concrete or cement mixture materials used in eligible public construction projects by January 1st, 2026

https://www.areadevelopment.com/sustainable-development/q2-2024/green-concrete-initiatives-fight-climate-change.shtml
https://www.wri.org/insights/green-procurement-initiatives
https://statecapitallobbyist.com/environment/legislation-around-environmentally-sustainable-construction-materials/
https://www.globalcement.com/news/item/15545-cement-association-of-canada-welcomes-green-incentives
https://www.globalefficiencyintel.com/green-public-procurement-of-steel-and-cement-in-china
https://www.jci-net.or.jp/j/publish/research/tcr/tcr2015/TC132A.pdf
https://enviliance.com/regions/east-asia/cn/report_11681
http://www.igpn.org/igpn_events/2023/pdf/2.%20Low%20carbon%20public%20procurement%20policy%20study%20in%20the%20Asia%20Pacific.pdf
https://www.trade.gov/market-intelligence/japan-construction-sector-co2-reduction
https://en.antaranews.com/news/315678/decarbonizing-cement-to-pursue-green-development


Green cement market will grow at 10% CAGR to reach 86BUSD by 2032, but cement 

free materials will show staggering 21% growth in the same period
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Overview of cement market

Green cement market size by region, 2023Green cement market size, 2023-2032, BUSD Selected key industry trends 

Green cement and decarbonization

• Major industry players are setting ambitious targets 

to reduce carbon emissions; for instance, Holcim has 

pledged to achieve net-zero CO₂ emissions by 2030

• Green cement products are advancing through the 

development of low-carbon cement alternatives

• Cement producers are increasingly adopting 

alternative fuels and moving away from coal

Technological advancements

• Cement producers are increasingly integrating 

automation technologies, robotics, and predictive 

maintenance; for instance, both Lafarge and Holcim 

are adopting “Plants of Tomorrow” programs

Regulatory and policy developments

• Programs like the U.S. Federal Buy Clean Initiative 

(2021) and California's Cement Decarbonization 

Legislation (2021) are promoting the use of lower-

carbon materials

• In Asia Pacific, several regulations have been 

introduced, such as Singapore's Green Mark 

Scheme (2005), Australia’s Environmentally 

Sustainable Procurement Policy (2024), China’s 

Action Plan for Energy Saving and Carbon Reduction 

in the Cement Industry (2022), and others
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Source: Precedence Research, Allied Market Research 1 2, The Times, Holcim 1, 2, Lafarge, Time, BCA, OneClickLCA (2024), China Climate Cooperation (2024). 

Green cement

34%

26%

24%

10%

6%
Asia Pacific

North America

Europe

Latin America

Middle East and Africa

Cement-free materials (geopolymer) market size, 2023-2032, BUSD

11.7 14.1 17.0 20.5 24.6 29.7 35.8 43.1 52.0

0

20

40

60

80

100

9.7

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

+21%

Cement-free materials (geopolymer)

https://www.precedenceresearch.com/green-cement-market
https://www.alliedmarketresearch.com/green-cement-market
https://www.alliedmarketresearch.com/geopolymer-market-A38628#:~:text=The%20global%20geopolymer%20market%20size,20.5%25%20from%202024%20to%202033.&text=Geopolymer%20is%20an%20innovative%20and,the%20class%20of%20inorganic%20polymers.
https://www.thetimes.com/business-money/entrepreneurs/article/enterprise-network-5r9lmv52n?
https://www.holcim.com/sustainability/climate-action
https://www.holcim.com/who-we-are/our-stories/driving-decarbonization-our-plants-of-tomorrow
https://www.lafarge.com.eg/en/plants-tomorrow
https://time.com/7023365/cement-concrete-climate/
https://www1.bca.gov.sg/buildsg/sustainability/green-mark-certification-scheme
https://oneclicklca.com/en/resources/articles/environmentally-sustainable-procurement-policy-esp?
https://climatecooperation.cn/climate/action-plan-for-energy-saving-and-carbon-reduction-in-the-cement-industry/?


Several types of industrial waste are used to produce SCMs that allow to make low-

carbon cement blends containing less of clinker
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Overview of cement production

ILLUSTRATIVE

Source: US Department of Energy (2023), McKinsey (2024), Brittanica,Heidelberg Materials, Geopolymer 1, 2.

Non-green cement blends

Established green cement blends

Emerging green blends

Crushing and 

grinding the raw 

materials

Burning the 

prepared mix 

in a kiln

Grinding the 

clinker with 

some 

gypsum

Blending the 

materials in 

the correct 

proportions

Processing plant

Process flow chart and end products

End products and their compositions (in %)

Ordinary Portland 

Cement (OPC)

Fly-ash based cement

Slag-based cement

LC3 (Limestone 

calcinated clay cement)

Blended cement with 

natural pozzolans

Cement-free materials 

(geopolymer)

Gypsum and other 

additives

Raw materials

Limestone, clay, and marl

Additional components

Supplementary Cementitious 

Materials (SCMs)

Silica sand Iron ore

Fly ash waste

Slag waste

Demolition waste

Up to 85% of emissions in 

cement production come 

from traditional clinker 

that can be partially 

replaced by SCMs.
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Clinker

SCM

Limestone
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Chemicals

Aggregates

https://liftoff.energy.gov/wp-content/uploads/2023/09/20230918-Pathways-to-Commercial-Liftoff-Cement.pdf
https://www.mckinsey.com/industries/engineering-construction-and-building-materials/our-insights/the-future-cement-industry-a-cementitious-golden-age
https://www.britannica.com/technology/cement-building-material/Extraction-and-processing
https://www.heidelbergmaterials.com/en/products-and-services/cement/how-cement-is-made#:~:text=The%20most%20important%20raw%20materials,by%20ripping%20using%20heavy%20machinery.
https://www.geopolymer.org/wp-content/uploads/GPCement2013.pdf
https://www.geopolymer.org/wp-content/uploads/KIEV.pdf


Fly-ash, slag, and natural pozzolans’-based blends show high performance; however, 

geopolymer blends lead in terms of performance and carbon reduction potential
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Overview of green cement blends’ potential use cases

Green cement blends Selected key suppliers

NON-EXHAUSTIVE

Source: US Department of Energy, Polymers 1, 2, Eco Material Technology, Kirkland Mining, JACS (2024), Materials (2023), ACEEE, ENR, LC3, SCA, Pro Road Global.

Fly-ash based cement

Slag-based cement

LC3 (Limestone 

calcinated clay cement)

Blended cement with 

natural pozzolans

Cement-free materials 

(geopolymer)

Availability considerations

• Available near coal plants

• Available near steel plants utilizing 

the Blast Furnace (BF) or Basic 

Oxygen Furnace (BOF)

• Clay is a typical raw material for a 

cement plant; however, at a smaller 

share compared to limestone

• Available in dry or volcanic regions

• Requires not only the availability of 

SCMs, but also availability of 

activation chemicals

Key applications

• Roads and pavements

• Marine and hydraulic structures

• Mass concrete works (dams)

• Coastal and marine structures

• Underground structures (tunnels, 

basements)

• Bridges and roads

• General construction (residential, 

infrastructure)

• Precast concrete elements

• Marine and sulfate-rich environments

• Mass concreting and hydraulic structures

• Restoration of heritage structures

• Infrastructure exposed to aggressive 

chemicals (wastewater treatment plants)

• Fire-resistant concrete applications

• Precast parts and high-performance cases

Performance characteristics 

• Enhances workability, durability, 

and sulfate resistance

• Excellent durability and 

resistance to chloride and 

sulfate attack

• Comparable performance to 

OPC 

• Enhances long-term strength 

and resistance to chemical 

attack

• Contains no clinker, offering 

very low carbon emissions

• Excellent chemical resistance 

and high durability

Established green cement blends

Emerging green blends

https://liftoff.energy.gov/wp-content/uploads/2023/09/20230918-Pathways-to-Commercial-Liftoff-Cement.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC9103343/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9861753/
https://kirklandmining.com/about-pozzolan.html
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/jace.19828
https://pmc.ncbi.nlm.nih.gov/articles/PMC10706984/
https://www.aceee.org/sites/default/files/pdfs/ssi23/3-129-SRINIVASAN_FNL.pdf
https://www.enr.com/articles/56772-lower-carbon-cement-called-lc3-is-promising-experts-say
https://lc3.ch/
https://www.slagcement.org/why-slag-cement
https://www.proroadglobal.com/en/fly-ash-in-construction-projects/


Most of the cement-free materials’ providers operate in Europe and North America due 

to sustainability requirements; with some attempting market entry into Asia and Africa
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Geographical distribution of cement-free materials’ providers

North America, Oceania, and Europe:

• Cement-free materials’ providers should establish 

a solid ground in Europe, Oceania, and North 

American regions due to stricter government 

regulations and standards on sustainable 

construction materials’ procurement

Asia and Africa:

• Successful GTM-cases to Asia and Africa of 

European players show that market entry should 

be done through local partnerships and integrated 

solutions approach, so for instance:

• In the West and South of India, Betolar has 

established strategic tie-ups to produce low-

carbon, cement-free precast concrete products, 

for example with Vyara Tiles

• In India, Betolar provides fully integrated end-to-

end solutions, which include designing recipes, 

dosing of Geoprime, and post-production 

technical support

Implications

Source: Company websites, Inderes.

NON-EXHAUSTIVE

Providers Products

• Geoprime®

Geographic presence

• Earth Friendly Concrete®

• Cement-free CMUs (Concrete Masonry 

Units) 

• Cement-free concrete

• Cemfree Masonry Mortar

• Greenbloc Technology

• Oxacrete®, Oxabrick®

• Prefabricated building 'cassettes’ from 

cement-free concrete 

https://www.inderes.se/en/releases/betolar-oyj-betolar-revolutionizes-the-indian-construction-industry-with-its-sustainable-cement-free-solution-geoprime


To effectively commercialize cement-free solutions globally the focus is to be put on 

trading waste sidestreams, enhancing data sharing, and increasing product awareness
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Cement-free materials’ commercialization challenges and potential solutions

Industrial waste sidestreams are likely facing 

scarcity, threatening commercial scaling

• Expanding digital ecosystems (such as Betolar’s 

SidePrime platform) into marketplaces for side-

stream trading could address raw material 

volatility 

• Establishing regional hubs for side-stream 

collection, processing, and distribution would 

address scarcity challenges; for instance, by 

forming partnerships with mining companies that 

can provide alternative raw materials for 

geopolymer production, such as vanadium, 

phosphate, and titanium

Construction players are still lagging in terms 

of digitalization and data sharing 

• To overcome data sparsity, the industry must 

prioritize the development of comprehensive, 

standardized data repositories specifically for 

cement alternatives (geopolymer formulations, 

processing parameters, and performance 

characteristics)

• Industry associations, academic institutions, and 

government agencies should collaborate to 

establish data standards that facilitate 

interoperability and knowledge sharing while 

respecting intellectual property concerns

Sustainable cement-free materials are not yet 

widely known or adopted

• Education and awareness programs play a 

crucial role in accelerating market adoption, 

whereby the construction industry's unfamiliarity 

with geopolymer technology contributes to 

resistance to change

• Demonstration projects would serve as powerful 

tools for building industry confidence and 

providing real-world performance data, whereby 

high-profile demonstration projects that 

showcase geopolymer concrete in various 

applications would provide tangible evidence of 

its viability and performance capabilities
Source: Company websites, Reddal analysis.
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Working together for 
successful growth!
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