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1 Introduction
Developing countries face a profound dual challenge in cement production. On one hand, they must build the infrastructure—housing, roads, bridges, hospitals, and schools—necessary to support growing populations and economic development. On the other, they must do so while mitigating the environmental impact of cement production, a sector responsible for approximately 8% of global CO₂ emissions. With 75% of the infrastructure that will exist in 2050 yet to be built, and the equivalent of one New York City constructed every month until 2060, the decisions made today will shape emissions trajectories for decades to come .
Africa alone will need an estimated 18 billion tonnes of cement over the next 30 years, with an additional 880 million people expected to live in its cities by 2050 . Following a business-as-usual pathway could generate an additional 13 billion tonnes of CO₂ equivalent. Yet this challenge also presents an opportunity: by adopting sustainable production strategies, developing countries can build cleaner, more competitive, and more resilient cement industries while creating local jobs and reducing dependence on imported materials.
This report examines strategies for sustainable cement production in developing countries, focusing on approaches that are technically feasible, economically viable, and tailored to local conditions. The analysis draws on recent research and initiatives, particularly from Africa, where the cement decarbonization dialogue has gained significant momentum.
2 The Context: Why Developing Countries Matter
2.1 Growth in Demand
Cement demand in developing countries is growing rapidly. Ethiopia, the second most populous nation in Africa with approximately 126.5 million people, is striving to reach lower-middle-income status through its ten-year economic development plan (2021–2030), which includes the construction of 4.4 million housing units and 102,000 km of roads . The Ethiopian cement industry has an annual production capacity exceeding 19 million tonnes, and its energy intensity (fuel and electrical) exceeds targets set by the International Energy Agency's Cement Sustainability Initiative .
Across Africa, the cement industry emits approximately 150–220 MtCO₂ per year, making it the single largest source of manufacturing emissions on the continent . South Africa's heavy manufacturing sector, including cement, emitted 77 MtCO₂e in Scope 1 and 2 emissions, with cement representing a significant portion .
2.2 Unique Challenges
Developing countries face distinct challenges in pursuing sustainable cement production:
Limited limestone resources. Many regions have limited high-grade limestone deposits, making clinker production both costly and carbon-intensive . This resource constraint, however, creates an opportunity to leapfrog conventional clinker-dependent production in favor of alternative materials.
Energy intensity and cost. Energy costs in cement production in developing countries range from 50% to 60% of overall operation costs, compared to the global standard of 20–40% . Ethiopia's specific CO₂ emissions range from 915 to 1,224 kg CO₂-eq/t of clinker, significantly exceeding the global average of 843 kg and the EU average of 825 kg .
Limited availability of conventional SCMs. Fly ash and ground granulated blast furnace slag (GGBFS)—the most widely used supplementary cementitious materials (SCMs) in developed countries—are scarce in many African countries due to the underdevelopment of coal power and steel industries . This necessitates alternative solutions tailored to local resource endowments.
Capital constraints. Access to capital remains a major barrier, particularly in emerging markets where financial systems face structural constraints. The "green premium"—higher upfront costs associated with producing low-carbon cement—further discourages adoption without public support .
3 Core Strategy: Clinker Substitution
The single largest lever for reducing emissions from cement production is clinker substitution. Clinker production accounts for approximately 90% of emissions from Ordinary Portland Cement, making the reduction of clinker content the most impactful intervention . Analysis of Africa's mitigation potential indicates that clinker substitution represents 37% of the 2050 savings, the largest single lever .
3.1 Limestone Calcined Clay Cement (LC3)
LC3 has emerged as the most promising near-term solution for clinker reduction in developing countries. Invented by the Swiss Federal Institute of Technology in Lausanne (EPFL) and developed by a global team including institutions in Cuba and India, LC3 has been made available in the public domain .
LC3 blends clinker with limestone and calcined clay—materials that are abundant in many regions. When used together, calcined clay and limestone form a highly reactive supplementary cementitious material, allowing up to 50% of clinker to be replaced without losing strength and durability. This can achieve CO₂ savings of up to 40% while improving long-term performance, reducing chemical attack, and mitigating alkali-silica reaction risks .
The technology is particularly relevant for developing countries because it relies on widely available raw materials. In Ghana, which spends more than US$500 million annually on clinker imports, CBI Ghana has demonstrated commercial production of LC3 using locally available clay . In Côte d'Ivoire, CIMPOR processes around 240,000 tonnes of local clay each year, with its calcined clay plant estimated to support around 200 direct and close to 1,000 indirect jobs .
3.2 Agricultural Waste Ashes
For regions where calcined clay is not readily available, agricultural waste ashes offer an alternative pathway. Rice husk ash, coffee husk ash, sugarcane bagasse ash, and palm oil fuel ash are abundant across many developing countries, particularly in Africa. A review of these materials found that locally sourced agricultural waste can reduce the carbon footprint of cement by up to 40% .
However, significant gaps remain in quantifying the potential of these materials. Robust data on current adoption rates, benchmark volumes, and associated carbon footprints are lacking, making it challenging to fully assess decarbonization potential . Future research should focus on optimizing processing to increase pozzolanic activity and conducting cradle-to-gate life cycle assessments that consider regional energy sources, processing technologies, and logistical factors .
3.3 Volcanic Pozzolans and Natural Materials
Many developing countries, particularly in East Africa and Latin America, possess abundant natural pozzolans such as volcanic ash. These materials can be used in cement mixes without prior thermal activation, offering a low-cost pathway to clinker reduction . The Habesha Cement Plant in Ethiopia produces approximately 4,500 tonnes of Portland Pozzolana Cement daily, demonstrating the commercial viability of this approach .
4 Enabling Strategies
4.1 Performance-Based Standards
One of the most significant barriers to adopting low-clinker cements is prescriptive standards based on fixed input compositions. Many countries maintain standards that limit the broader use of blended cements, allowing alternatives only in specific applications or under certain conditions .
Transitioning to performance-based standards is essential. These standards assess durability, safety, structural strength, and emissions performance rather than prescribing specific material inputs. This shift would allow innovative cement blends to compete while maintaining quality and safety requirements . The experience of South Africa illustrates the challenge: the construction industry is conservative by nature and reluctant to use products whose safety performance over time has not been tested and proven, yet the current one-size-fits-all approach based on OPC characteristics is the lead barrier to adoption .
4.2 Green Public Procurement
Governments in developing countries can use their considerable purchasing power to create early markets for lower-emission cement. Public authorities account for 15–30% of GDP in many countries, making green public procurement a powerful tool for driving demand .
During the Africa Dialogue on Cement for Green Industrialization, Ethiopia and Uganda joined the Industrial Deep Decarbonisation Initiative, strengthening African participation in international efforts to use public procurement to drive demand for low-carbon materials . For green public procurement to be effective, countries need to establish clear taxonomies for what qualifies as "green" cement, ensuring that public buyers, investors, and developers can act with confidence .
4.3 Alternative Fuels
Substituting fossil fuels with alternative fuels such as refuse-derived fuel (RDF), tire-derived fuel (TDF), and biomass offers a pathway to reduce energy-related emissions. Ethiopia's cement industry has identified Prosopis Julifora biomass, RDF from municipal solid waste, and tire-derived fuel as promising alternatives, together presenting a technical potential of 35 million GJ of thermal energy per year .
European plants have achieved up to 52% fuel substitution rates, while sub-Saharan Africa remains at approximately 20%, mostly still reliant on coal . Scaling up alternative fuel use requires investment in supply chains for waste collection, processing, and quality control, as well as regulatory frameworks that recognize and incentivize waste co-processing.
4.4 Waste Heat Recovery and Energy Efficiency
Waste heat recovery systems can recover 20–30% of plant power, reducing both energy costs and emissions . For Ethiopia's cement industry, where energy costs exceed global standards, improving energy efficiency offers both economic and environmental benefits. However, a significant "energy efficiency gap" exists between the techno-economic potential of efficiency measures and their actual adoption, driven by barriers including risk of production disruption, insufficient top-management support, lack of budget funding, and limited technical capacity .
5 Implementation Framework
5.1 National Roadmaps
Countries need national roadmaps that bring government, industry, researchers, financiers, and construction stakeholders around a common direction. Twelve African countries already have cement decarbonization roadmaps planned, underway, or completed, representing approximately 41% of the continent's cement production capacity .
These roadmaps must go beyond technical solutions to address behavioral change within companies. Decarbonization success depends on aligning internal incentives, investment criteria, and decision-making processes with long-term sustainability goals .
5.2 Financing Mechanisms
Access to capital remains a critical barrier. Blended finance models—combining grants, guarantees, and concessional lending—can reduce perceived risks and increase the bankability of decarbonization projects . Financial institutions need to develop differentiated transition finance products that meet the diverse needs of cement companies pursuing carbon reduction and low-carbon transition .
The "green premium" remains a hurdle. Without public support through subsidies, procurement mandates, or tax exemptions, uptake of lower-carbon solutions will remain slow . Policy interventions such as carbon pricing mechanisms, low-carbon subsidies, and green public procurement standards can create economic incentives for adoption.
5.3 Data and Measurement
Quality data on emissions, consumption, energy inputs, and clinker factor is a prerequisite for credible roadmaps, taxonomies, and smart procurement. Transparent data allows for realistic modeling, enhances investor confidence, and ensures that public and private stakeholders are aligned on outcomes . National measurement, reporting, and verification (MRV) systems make decarbonization efforts measurable and enforceable.
6 Conclusion
Developing countries stand at a pivotal moment. The infrastructure they build in the coming decades will determine their emissions trajectories for generations. Yet this challenge also presents an opportunity to leapfrog conventional, carbon-intensive production pathways and build cleaner, more competitive, and more resilient cement industries.
The strategies available are technically proven and economically viable. Clinker substitution through LC3, calcined clay, and agricultural waste ashes offers the largest and most immediate emission reductions. Performance-based standards can unlock these solutions by allowing innovative blends to compete. Green public procurement can create early markets and drive demand. Alternative fuels and energy efficiency improvements can address the energy-related portion of emissions.
Success requires coordinated action across government, industry, finance, and research. National roadmaps provide the strategic direction. Blended finance models reduce investment risks. Transparent data enables accountability and informed decision-making. The transition to sustainable cement production is not merely a technical challenge but a systemic transformation that can drive industrial development, create local jobs, and build resilience in developing economies.
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