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Report overview 
Cement and concrete are integral to our modern civilization. They are the most consumed 

construction materials, owing to their abundant resource availability, good workability, long-

lasting durability, and versatility. In 2019, their production, transport, use, and demolition was 

estimated to account for roughly 9-10% of global energy-related CO2 emissions, including 

carbonate decomposition, fuel combustion, and electricity use. At the same time, their 

emissions-intensive manufacturing processes have been slow to change, making the cement 

and concrete sector one of the worldôs most difficult-to-abate sources of CO2 emissions. 

To achieve the ñwell below 2 degreesò vision of the Paris Agreement, it is imperative that the 

industrial sector reaches net-zero emissions by mid-century. For the cement and concrete 

cycle, reaching this goal will require a broader portfolio of low-carbon levers, extending from 

conventional production-side measures (e.g., cement plant technology options and clinker 

substitution) to emerging production-side measures (e.g., lower-carbon cement chemistries, 

carbon capture and sequestration, and carbon utilization) to emerging demand-side measures 

(e.g., material efficiency strategies and end-of-life options). 

In this report, we assess the combined effect of all available low-carbon levers using a new 

integrated modeling frameworkðthe IMAGINE Concrete modelðwhich is capable of 

analyzing the underlying technology characteristics of each lever and the nexus between 

materials flows, energy use, CO2 emissions, and CO2 uptake across the entire cement and 

concrete cycle. While our new model is potentially applicable to other countries or regions, we 

limit our scope to the three largest cement-producing and cement-consuming countries: the 

United States, China, and India. We design systems scenarios to explore possible 

decarbonization pathways using combinations of these levers. More specifically, we assess 

mass and energy flows, CO2 emissions, and CO2 uptake spanning the whole cement and 

concrete cycle to identify new CO2 mitigation opportunities.

Highlights 

Á The cement and concrete sector is one of the worldôs most difficult-to-abate sources of 

CO2 emissions. 

Á Current stakeholder ambitions in the cement and concrete cycle will likely fall far short 

of achieving net-zero emissions by mid-century. 

Á We design a Production-Centric pathway, which will mainly rely on the mitigation efforts 

of cement and concrete producers. 

Á We design a Whole-Systems pathway, which will engage more stakeholders, 

empowering a broader range of actors in decarbonization initiatives with a focus on more 

efficient use of cement and concrete in the built environment. 

Á These two diverging pathways, the Production-Centric and Whole-Systems Scenarios, 

can cut CO2 emissions to zero by 2060. 

Á Irrespective of the pathway, immediate actions are required to accelerate the pace of 

innovative technology and policy adoption and to unlock the emissions reduction 

opportunities for different stakeholder groups across the cement and concrete cycle (see 

the next page). 
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Note: numbers represent the combined CO2 savings of all three considered countries; a more detailed description of levers can be found in 

Chapter 3.

Lever Production-Centric scenario Whole-Systems scenario

L1a-Kiln thermal efficiency Cement producers Government

L1b-Electrical efficiency Cement producers Government

L1c-Low-carbon fuel Waste managers Government

L2-Lower-carbon cement chemistries Cement producers Government

L3-Clinker-to-cement ratio reductions Cement producers Government

L4-At-plant CCS Cement producers Government

Aggregate production L5b-f-CO 2 mineralization Aggregate producers Waste managers Government

Concrete manufacturing L5a-CO2 curing Concrete producers

L6a-Material-efficient design Designers Construction engineers Government

L6b-Material substitution Designers Construction engineers Government

L6c-Fabrication yield improvement Construction managers Government

L6d-More intensive use Designers Urban planners Government

L6e-Lifetime extension Property owners Road managers Government

L7a-Downcycling Demolishers Concrete producers Government

L7b-Component reuse Demolishers Designers Government

L7c-Demolition waste stockpiling Waste managers Government

CO2 savings (Gt) 1 Gt

End-of-life

Key stakeholdersLife cycle stage

Cement manufacturing

Use

Construction

Net-zero emissions for the cement and concrete cycle are achievable with concerted efforts by key stakeholders 
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1. Introduction 

1.1. Cement and concrete: the basics 

Concrete is integral to modern societies. Concrete is the most consumed construction material 

because of its abundant resource availability, good workability, long-lasting durability, and 

versatility. Concrete has been widely used for structures that deliver essential physical services 

(e.g., shelter, workplace, and transport infrastructure) to fulfill basic human needs1,2. In 2017, 

the world consumed 4.1 Gt of cement, of which ~69.6% was used for concrete. Given that 1 

tonne of concrete requires ~0.13 tonnes of cement on average, global concrete production in 

2017 amounted to 17.7 Gt, enough to pave an 8-lane highway that could circle the Earth at the 

equator roughly 27 timesi. 

So what exactly is concrete? It starts with cement, which is the binding material that holds 

concrete together. Typically, cement is made by heating a mixture of calcareous materials (e.g., 

limestone) and siliceous materials (e.g., clay) to about 1450 °C to form a substance known as 

clinker (equivalent to OPC clinker unless specified otherwise). This clinker is then finely ground 

and mixed with gypsum and other additives to make cement (equivalent to OPC unless 

specified otherwise). Given its high-temperature requirements, making clinker is one of the 

most energy-intensive industrial processes. Producing a tonne of clinker can require 3.3-5.7 

GJ of energy, which is enough to drive a Toyota Corolla for about 1900-3300 kilometers (1200-

2100 miles)ii. Currently, the clinker making process is largely fueled by fossil fuels, whose 

combustion leads to CO2 emissions. However, the process chemistry also emits copious 

amounts of CO2 due to chemical reactionsðwhich is known as carbonate decomposition. On 

global average, the typical tonne of clinker produced in 2017 comes with 837.8 kg of CO2 

emissions (excluding electricity use), 64.2% of which is due to unavoidable carbonate 

decomposition-related CO2 emissions3. When placed in concrete in the built environment, 

cement gradually absorbs CO2 from the atmosphere over time, a process known as cement 

carbonation4,5. While its contribution to climate change mitigation is uncertain, the carbonation 

process has been recently recognized as a significant CO2 sink6,7. 

As shown in Figure 1-1, apart from its most energy-intensive ingredientðcement, concrete has 

two other essential ingredientsðaggregates (both coarse and fine) and water. Coarse 

aggregates are typically 9.5-37.5 mm in diameter and sourced from local gravel quarries, 

generally granite, limestone, or dolomite. Fine aggregates are essentially sand, generally 

sourced from riverbeds or other inland sources. Additionally, various admixtures (i.e., minerals 

or chemical additives other than cement, aggregates, and water) can be added to the mix to 

control setting and improve in-place performance characteristics, such as workability, 

corrosion resistance, and thermal cracking resistance. As a result of hydration (i.e., chemical 

reactions between the cement minerals and water), cement develops its binding property. 

Cement hydrates coat the surface of aggregates and harden over time, thereby gaining 

strength to form the rock-like mass known as concrete. Concrete is typically manufactured in 

batch processes and at dedicated ñready-mixò plants, wherein the cement, aggregates, water, 

and additives are mixed together, then transported to construction sites in trucks where the 

concrete is poured and hardened/cured. Precast concrete product plants will conduct batching, 

forming, and curing on-site. 
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Figure 1-1. Basic ingredients of typical concrete by mass. 

Note: coarse aggregatesiii , fine aggregatesiv , waterv, cementvi , and airvii  from left to right. 

1.2. Historical production and future demand 

Because of its widespread use for infrastructure, global quantities of cement and concrete have 

been growing rapidly, mainly to fuel rapid growth in emerging economies. In Figure 1-2, due to 

data limitations, we use cement production as a proxy for concrete production to present key 

trends at regional levels. The growth pattern of cement production varies by region. While 

cement production in industrialized regions shows a fluctuating but overall descending trend 

over the past decade, accelerating cement production is particularly evident in emerging 

regions, where it is driven by rapid economic development and population growth. Another 

important trend is that, from the 1990s onward, emerging regions have dominated global 

production. In 2017, China and Indiaôs cement production accounted for over 60% (2.6 Gt) of 

global cement production. In contrast, while Europe and North America together accounted for 

40.4% (356.6 Mt) of global cement production in 1980, by 2017 these two regions accounted 

for only about 6.9% (282.6 Mt). 
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Figure 1-2. Cement production by region from 1980 to 2017. 

Note: the underlying data are collected from USGS Mineral Yearbooks8; NA=North America, 
LAC=Latin America & Caribbean, EU=Europe, CIS=Commonwealth of Independent States, 
AF=Africa, ME=Middle East, IN=India, CN=China, DAO=Developed Asia & Oceania, and 
DA=Developing Asia2. 

Massive production and use of cement and concrete, driven by soaring needs for housing and 

infrastructure development, has positioned the global cement and concrete sector as a major 

source of CO2 emissions9,10. In 2019, cement and concrete manufacturing was attributable to 

9-10% of global energy-related CO2 emissions1,11,12. Cement manufacturing contributes ~77% 

of the total CO2 emissions arising from the whole life cycle of cement and concrete (Figure 1-

3). According to estimates for 20173,8, the CO2 emissions of global cement manufacturing have 

amounted to 3.1 Gt, comprised of three primary sources: carbonate decomposition (~55%), 

fuel combustion (~31%), and electricity use (~14%). 
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Figure 1-3. Life cycle of cement and concrete. 

As shown in Figure 1-4, it is expected that the worldôs insatiable appetite for cement will 

continue through mid-century, with further shifts from developed to emerging or developing 

economies, particularly those in Africa. China is set to lose its dominance of global cement 

demand over the next decades but will be on the rebound after 2030 if the lifetime of cement-

based products keeps constant. Therefore, without significant change, cement and concrete 

manufacturing will continue to be a major source of CO2 emissions, imperiling global climate 

ambitions. 

 

Figure 1-4. Projections of cement demand by region. 

Note: the underlying data are derived from the medium scenario in a prior study7. The 
projections of cement demand depend on two drivers: cement-based product lifetimes and in-
use cement stocks. In the aforementioned study, the lifetimes of cement-based products are 
assumed to keep constant over the next decades, and saturation and aging of in-use cement 
stocks will therefore lead to cyclical trends in cement demand, most prominently in China. 
Similar cyclical trends have been observed in Europeôs and CISôs cement production data2. In 
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our analysis, we assume that existing cement plants in China will operate at low capacity or 
be idled during downturns. 

1.3. Overview of decarbonization levers 

The worldôs current climate ambitions were codified in the 2015 Paris Agreement, which called 

for international efforts to limit the increase in the global average temperature to well below 

2 °C above pre-industrial levels, and pursuing further efforts to limit the increase to 1.5 °C 

above pre-industrial levels (hereafter referred to as 1.5 °C  limit). The 1.5 °C  limit entails a 

transition toward industrial and energy systems with net-zero CO2 emissions by mid-century13. 

In this report, we construct scenarios for how the cement and concrete industries can 

contribute to the goals of the Paris Agreement by achieving net-zero CO2 emissions by mid-

century. While this avoids the contentious process of assigning emissions budgets to specific 

sectors, it also represents a very ambitious pathway that will be difficult to achieve without 

concerted efforts by all cement and concrete cycle stakeholders. To do so, as depicted in 

Figure 1-5, we examine alternative pathways by considering levers across the entire life cycle, 

inclusive of plant technology options, clinker substitution, lower-carbon cement chemistries, 

carbon capture and sequestration (CCS), carbon utilization, material efficiency strategies, and 

end-of-life options. Extending the scope of decarbonization efforts from the production phases 

to the whole life cycle of cement and concrete will open up new opportunities for achieving net-

zero CO2 emissions by mid-century. 

 

Figure 1-5. Low-carbon levers across the life cycle of cement and concrete. 

Note: Chapter 3 gives a more comprehensive description of these low-carbon levers. 

While some of these levers have been well modeled or studied, others have not. For example, 

previous studies have been mainly focused on energy savings and CO2 mitigation strategies 

within the cement manufacturing process itself9,10,14,15, inclusive of thermal energy efficiency, 

grinding electrical efficiency, low-carbon fuel utilization, clinker substitution, and at-plant 

carbon capture and sequestration. However, progress in the first four of these strategies has 

stagnated over the past decades (Figure 1-6). At-plant carbon capture for the cement 

industryðthe only of these strategies to address CO2 emissions arising from carbonate 

decompositionðis still in a nascent stage. It is clear that these strategies alone may not be 

enough, highlighting the need for broadening the portfolio of low-carbon levers. 
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Figure 1-6. World averages of reported data for thermal efficiency, electrical efficiency, low-
carbon fuel utilization, and clinker-to-cement ratio reductions. 

Note: the underlying data are derived from GNR 20183. The GNR database includes 865 
cement plants, covering 21% of the global capacity of cement production. The GNR database 
covers 80%, 5%, and 100% of cement production capacity in the United States, China, and 
India, respectively. 

In light of the pressing need to meet the 1.5 °C limit, CO2 mitigation strategies that are beyond 

the cement manufacturing stage should be further explored. A recent cement technology 

roadmap released by IEA has recognized the need to consider CO2 mitigation strategies in the 

broader context of the whole life cycle of cement and concrete, though no quantitative analysis 

was conducted10. Another report led by IEA has looked into the role of material efficiency in 

reducing industrial CO2 emissions16, and analyses alike have highlighted the importance of 
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material efficiency17ï20. Aside from material efficiency strategies, two groups of disruptive CO2 

mitigation strategies (i.e., lower-carbon cement chemistries and CO2 utilization) have gained 

attention. The former refers to alternative cement binding materials that rely on different raw 

material mixes compared to ordinary portland cement clinker21; the latter refers to producing 

valuable products using CO2, thereby reducing raw material consumption in the concrete 

sector22. While research on CO2 mitigation strategies beyond the cement manufacturing stage 

has gained momentum, these new strategies have previously been examined mostly in 

isolation. Therefore, it remains unclear to what extent they can contribute to deep 

decarbonization of the cement and concrete cycle. Finally, since all measures are interrelated 

(or non-additive), they need to be considered synergistically. Hence, a systems analysis that 

explores the opportunities carried in these new strategies can fill these pressing knowledge 

gaps. Understanding the combined contribution of these new strategies is the most significant 

contribution of this report. 

1.4. Scope and objectives 

In this report, the geographical scope of our analysis is limited to the three largest cement-

producing and cement-consuming countries: the United States, China, and India. In 2017, 

cement production in the United States increased to 86.8 Mt. The increasing trend of cement 

production in the United States is largely related to its aging infrastructure and buildings, and 

this trend is expected to continue in the coming decades. Driven by rapid economic growth, 

Chinaôs cement production quadrupled from 2001 to 2014; in 2017, Chinaôs cement production 

reached 2.4 Gt, accounting for about half of the global total. Indiaôs cement production followed 

the same trend as China, but its growth rate was slower compared to China. In 2017, Indiaôs 

cement production reached 0.3 Gt, and it is expected to grow in the next decades. Selecting 

three countries with diverse trends of cement production helps ensure that conclusions arrived 

from analyzing these three countries are generalizable to other countries or regions. The three 

chosen countries represent three states of cement-consuming economies: mature, 

transitioning, and emerging. 

In this report, we assemble the aforementioned suite of well-studied and new low-carbon levers 

across the whole life cycle of cement and concrete to assess the combined effect of all low-

carbon levers based on the underlying technology characteristics of each lever. To shed light 

on how to achieve the ambitious target implied by the 1.5 °C limit, we develop an integrated 

modeling framework and design scenarios to explore two possible decarbonization pathways 

using combinations of these levers, namely, a Production-Centric scenario and a Whole-

Systems scenario. We align the timeframe of our scenario analysis to the IEA ETP 2017 

scenarios11, covering the period from 2018 to 2060. More specifically, technological 

characteristics of each low-carbon lever are modeled with analytical rigor and transparency, 

and designed scenarios are aligned with plausible future socio-economic development 

pathways. 

The utility of our decarbonization scenarios is demonstrated through deep dives into several 

key end-use segments of cement and concrete, which can be grouped into two broad 

categories: buildings and roads. These two broad categories contribute to a large portion 

(~50%) of todayôs total cement and concrete demand. Our analysis involves estimating cement 

and concrete demand using data on construction activity levels and cement and concrete 

intensities, which is referred to as a bottom-up approach. Our analysis cannot cover all end-



 

Chapter 1  8  

use segments of cement and concrete due to data incompleteness. However, using a bottom-

up approach allows us to consider material efficiency strategies and end-of-life options at high 

granularity through linking cement and concrete demand to meaningful drivers (e.g., newly-

constructed floor area and newly-paved road length). 

The remainder of this report is structured as follows. Chapter 2 outlines the main stages of the 

cement and concrete cycle and examines future cement and concrete demand. Chapter 3 

identifies the main technology and policy options for decarbonization and provides an overview 

of how these decarbonization levers might contribute to cement and concrete cycle CO2 

emissions mitigation. Chapter 4 explores three decarbonization scenarios (i.e., Current 

Ambitions, Production-Centric, and Whole-Systems) for the cement and concrete cycle and 

analyzes the contribution of each decarbonization lever within each scenario. Chapter 5 

concludes with key findings from our analysis and outlines recommended near-term actions 

for cement and concrete cycle stakeholders.
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2. Understanding the cement and concrete cycle 
While Chapter 1 provides an overview of the main stages of the cement and concrete cycle, 

the first half of this chapter delivers more details on the technological characteristics of each 

stage, as well as the associated material and energy flows contributing to CO2 emissions at 

each stage. The second half of this chapter elucidates trends in cement and concrete demand 

in the past and introduces an outlook for future demand. 

2.1. Stages of the cement and concrete cycle 

As shown in Figure 2-1, the cement and concrete cycle encompasses multiple stages: cement 

production, transport of cement, aggregate production, transport of aggregate, concrete 

manufacturing, transport of concrete, construction, in-use, and disposal of end-of-life concrete. 

Cement production 

The cycle starts with cement production, which is a complex process. As shown in Figure 2-2, 

it consists of multiple processing steps: raw materials quarrying, raw materials crushing, raw 

meal preparation, pre-heating, pre-calcining, clinkering, cooling, blending, grinding, and storing 

and packaging. For simplicity, these processing steps are grouped into three stages: raw 

materials preparation, clinker production, and cement grinding. Quarried raw materials (e.g., 

limestone and clay) are typically ground up into a fine powder (i.e., raw meal) with an electricity-

driven mill. The compositions of the raw meal are constantly monitored and controlled to 

ensure consistent and high-quality clinker. The main technology used for producing clinker is 

a kiln, whose purpose is to heat up the raw materials to drive the necessary chemical reactions. 

Kilns are generally run on fossil fuels due to their high energy density, but can also 

accommodate other types of fuel, such as biomass. The most efficient kilns recycle heat from 

the preheating, precalcining, and cooling stages. During clinker production, CO2 emissions 

arise when calcium carbonate (e.g., limestone, marble) thermally decomposes into calcium 

oxide and carbon dioxide, and the resulting calcium oxide reacts with silicate, aluminate, and 

ferrite to form clinker when the temperature rises up to 1450 °C . These reactions are very 

energy-intensive. Hence, a key goal of lower-carbon cement chemistries (see Section 3.2) is 

to use alternative chemical reactions that reduce or eliminate carbonate decomposition-related 

CO2, while also requiring lower reaction energies to reduce kiln fuel inputs. After cooling, the 

clinker is mixed with gypsum and other materials to control the setting time of cement. The 

mixture of clinker, gypsum, and additives is ground into a grey power, which is known as 

ordinary portland cement (OPC).
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Figure 2-1. Mass flows along the cement and concrete cycle associated with Chinaôs building sector in 2017. 

Note: mass flows of other countries and roads are presented in the Appendix. End-use sectors of cement and concrete are differentiated with 
color.
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Figure 2-2. Cement manufacturing processviii . 

Note: this diagram represents a cement plant with a dry process kiln23. 

Aggregate and concrete production 

Aggregates mixed in concrete are particulate materials of varying sizes. Fine aggregates are 

mainly sand and small-diameter smooth gravel, while coarse aggregates are crushed stones. 

Sand and gravel are excavated from open-pits, produced from crushing stones, or dredged 

from riverbeds, lakes, or seabeds; crushed stones are extracted by drilling and blasting from 

inland quarries. Aggregate excavation, processing, and transport use different energy forms. 

Inland quarries and transport typically use diesel-fueled equipment and trucks; dredging ships 

and inland water transport may use fuel oils; sea transport may use bunker fuel. Extracted 

aggregates are subjected to a series of processes that use electricity, predominantly screening 

and mechanical crushing. Aggregates are separated by size gradation, which is necessary to 

meet size requirements for concrete. Processed aggregates may be dewatered by forced 

heaters using small quantities of natural gas before being transported to concrete plants. 

Concrete production involves two primary processes: batching and mixing. Batching refers to 

the process of measuring, preparing, and combining aggregates, cement, and additives in a 

dry fashion, which is primarily driven by electricity-propelled conveyors. Dry mixtures are 

transferred to elevated bins or silos by bucket elevators or conveyors. Batching occurs at 

ñready-mixò plants for concrete that will be shipped to job sites for pouring but would also occur 

at precast plants. Other energy uses at ready-mix and precast plants for batching include water 
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and space heating, typically by natural gas. Mixing is the process of adding water and agitating 

for uniform distribution. For most concrete, this occurs in diesel-fueled ready-mix trucks on the 

way to the job site. For precast plants, this occurs on-site in mixers and uses electricity. 

Construction, demolition, and transport 

Once the mixed concrete is delivered to the construction site, it is placed into forms, which 

define its final position and shape. Concrete placing can be done by pouring, pumping, or even 

spraying. After placing the mixed concrete, it may also require consolidating or compacting. 

The most common methods of consolidation are vibration and roller compaction. The 

equipment used for concrete on the construction site is usually fueled by diesel or gasoline. 

Over the use phase of concrete, atmospheric CO2 dissolves in the pore water of concrete and 

forms carbonic acid. The carbonic acid reacts with hydrated calcium silicates and forms 

calcium carbonate, the process of which is called carbonation. This process starts at the 

concrete surface, then slowly penetrates deeper over time. Although it requires a great length 

of time, cement carbonation will eventually soak up a substantial amount of CO2. Cement 

carbonation is well known as a deterioration mechanism of cement-based materials, but its 

contribution as an anthropogenic CO2 sink is not equally recognized as compared to its 

contribution to CO2 emissions. 

When concrete structures come to their end-of-life, demolished concrete is broken into larger 

pieces for hauling, using industrial crushing equipment with jaws and large impactors. After the 

concrete is broken up, a certain portion of the larger concrete pieces is screened and crushed 

into smaller pieces by a secondary impactor. Crushed pieces are then used as recycled 

concrete aggregate. While the recycling rate varies a lot by country, recycling end-of-life 

concrete has been increasingly promoted across the world. The rest of the larger concrete 

pieces are trucked away and buried (e.g., landfilled or used as road base). Therefore, fossil 

fuels (e.g., diesel and gasoline) are used for material hauling, screening, and mechanical 

crushing. 

Between life cycle stages, the transport of materials (e.g., cement, aggregate, concrete, and 

end-of-life demolition wastes) is usually done by land carriers, such as diesel-fueled trucks and 

diesel or electric locomotives. However, it can also occur sporadically via inland waterways or 

overseas vessels, which are driven by diesel or fuel oil. 

Life cycle CO2 emissions 

Figure 2-3 depicts the overall CO2 emissions associated with the cement and concrete cycle, 

using Chinaôs building sector as an illustrative example. In Figure 2-3a, it can be seen that 

cement production accounts for about ¾ of total emissions, which underscores the importance 

of decarbonizing cement production and reducing cement demand through material efficiency 

strategies. This contribution is followed by transport of aggregates and equipment operation 

associated with concrete placing at construction sites, which stand out as the next two largest 

contributors to CO2 emissions along the cement and concrete cycle. As shown in Figure 2-3b, 

carbonate decomposition and fuel combustion together contribute about 90% to the total CO2 

emissions resulting from cement production, with the rest arising from cement plant electricity 

use. 
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Figure 2-3. Breakdown of the 2017 CO2 emissions along the cement and concrete cycle 
associated with Chinaôs building sector. 

Note: values are derived from the authorsô calculations. 

2.2. Construction activity trends 

The CO2 emissions arising from the cement and concrete cycle in the future will hinge, in part, 

on the amounts of cement and concrete demanded by societies moving forward. These 

amounts are driven by myriad needs, which are often highly country-specific. In developing 

economies, cement and concrete demand is expected to grow due to an expanding population 

and the infrastructure needs (e.g., housing, mobility, and other built environment services) 

necessary for decent living standards and economic growth. In developed economies, cement 

and concrete demand is slowing or saturated, with future needs largely driven by infrastructure 

replacement rather than expansion. Indeed, these regional disparities can be seen in the 

cement demand projections in Chapter 1. 

To explore possible ways of reducing future CO2 emissions, it is therefore necessary to 

understand trends and drivers of cement and concrete demand in buildings and roadways. We 

develop and apply a comprehensive stock-flow model for quantifying annual cement and 

concrete demand as a function of two drivers: newly-constructed floor area (which includes 

both building replacements and building stock expansion) and newly-paved road length (which 

includes both existing roadway maintenance and roadway length expansions). Scenarios for 

these drivers are used to estimate annual concrete demand quantities, which are then related 

to cement demand quantities through assumptions regarding cement proportions in concrete 

mixes. Further details on the stock-flow model are provided in the Appendix. 
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Rising population and development of building stocks and road stocks have driven the growth 

of newly-constructed floor area and newly-paved road length across all three countries. 

Urbanization patterns and building framing transitions also have significant influences on 

cement and concrete demand from buildings. For instance, urban buildings in China tend to 

have higher cement intensities than rural buildings. Concrete-steel framed buildings tend to 

require more cement and concrete than brick-timber framed buildings. Analogously, paving 

standards (paved or unpaved) and paving materials (concrete or asphalt) affect cement and 

concrete demand from roads. To take into account these factors, we disaggregate the building 

stocks and road stocks into segments according to each countryôs practices and international 

standards (see the definition of segmentation for buildings and roads in the Appendix). 

Figure 2-4 shows that the new building floor area in China almost quadrupled from 1990 to 

2014, but gradually dropped and leveled off afterward. Historical trends of new road length are 

slightly different. The new road length (including newly-constructed and reconstructed) in 

China experienced a sudden boost around 2005 due to Chinaôs massive expansion targeted 

at rural roads (i.e., Classes III-V highways) in the time. 

 

Figure 2-4. Projections of newly-constructed building floor area and road length in China. 

Note: values for the years before the dashed line are historical data, and values for the years 
after the dashed line are projected results. Our projected values of newly-constructed building 






























































































































































