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1. INTRODUCTION 

When examining the global risk agenda of the 21st century, the top concern is the failure 
to mitigate climate change [1]. To understand how this risk emerged and how severe its 
consequences are, it is sufficient to look at the current Anthropocene epoch. The 
Anthropocene is an informal geological time unit used to describe the most recent period 
in Earth’s history, during which human activities began to exert significant influence on 
the planet’s climate and ecosystems. Some argue that this epoch began with the 
Industrial Revolution in the 18th century, while others associate its onset with the Great 
Acceleration observed in the mid-20th century [2]. Beyond these debates, today we face 
the reality that global temperatures have risen by 1°C compared to the early 20th century, 
and atmospheric carbon dioxide concentrations have increased by 42% [3]. Unfortunately, 
the global awareness and collective will required to respond to these warning signs, which 
will negatively affect the entire ecosystem, have developed rather late. 

The environmental impacts of human activities were first addressed on a global scale at 
the United Nations (UN) Conference on the Human Environment held in Stockholm in 
1972. The concept of sustainable development, meanwhile, was first introduced in the 
Brundtland Report published by the World Commission on Environment and 
Development in 1987. There is no universally accepted definition of sustainable 
development. In the Brundtland Report, it is defined as development that “meets the 
needs of the present without compromising the ability of future generations to meet their 
own needs” [4]. 

In 1997, the Kyoto Protocol - the first international framework aimed at combating global 
warming and climate change - was adopted under the UN Framework Convention on 
Climate Change. The inability of the Kyoto Protocol to achieve its intended outcomes, 
the continuous increase in atmospheric carbon levels from the 1950s to the 2010s, and 
the consequent rise in global temperatures to critical levels created the need for more 
effective and widespread policies. As a result, the Paris Agreement that shapes the post-
2020 climate regime, was adopted in 2015 at the 21st Conference of the Parties to the UN 
Framework Convention on Climate Change held in Paris. Signed by Türkiye at the end of 
2021, the Paris Agreement has become a turning point that triggered and accelerated the 
transformation of many industrial sectors, most notably the cement and ready-mixed 
concrete industries, within the scope of climate change mitigation. Although the 
European Union Emissions Trading System (EU ETS) had already been implemented in 
2005, global awareness and momentum began to strengthen only after 2015. A clear 
example is that cement and ready-mixed concrete sectors in countries such as the United 
States, the United Kingdom, Germany, Egypt, and Canada first announced their climate-
action roadmaps beginning in 2020. Concrete, the most widely consumed construction 
material in the world, is undergoing a new phase of transformation. The product of this 
shift - from grey to green - is low-carbon concrete.  
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One of the most critical enablers in 
concrete’s low-carbon journey is chemical 
admixtures, an essential component of 
modern concrete technology. Although 
their usage amount and cost impact 
appear relatively small, chemical 
admixtures have a disproportionately large 
influence on the technical, environmental, 
and economic performance of concrete. 

This report provides a detailed explanation of the role of chemical admixtures in 
supporting concrete’s contribution to net-zero carbon goals. 

2. CONCRETE INDUSTRY 

2.1. Historical Development 

The word “beton” in Turkish is derived from the French term “béton.” It appeared in 
written form for the first time in 1892 in a work titled Istılahat Lugati (French–Turkish 
Dictionary of Technical Terms) [5]. The Latin root of the word, “concretus,” means dense 
or compact [6]. 

Concrete and mortar—under different names, with varying materials and production 
techniques—have been integral to human civilization for thousands of years. From the 
earliest known human-made temple discovered in Göbeklitepe, to the Egyptian 
pyramids; from the Pantheon, which has defied time, to the engineering marvel Selimiye 
Mosque; from the first reinforced concrete skyscraper, the Ingalls Building, to today’s 
mega-structures, concrete and binder materials have continuously evolved. For this 
reason, concrete is described as both an ancient and a modern construction material. 

  
Figure 1. The Pantheon Temple / Rome (left) and the Selimiye Mosque / Edirne (right) 

It is appropriate to mark the beginning of modern concrete with the discovery of Portland 
cement, a product of the First Industrial Revolution. For this reason, the term “concrete” 
in the literature typically refers to Portland cement concrete. Portland cement, patented 
in England in 1824 and known today by the same name, rapidly evolved and spread across 
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the world. The widespread adoption of modern cement directly influenced the 
advancement of concrete technology. In the second half of the 19th century, the idea of 
combining concrete with steel emerged, leading to the construction of the first reinforced 
concrete structures in Europe [7]. 

During the Second Industrial Revolution, production technologies accelerated even 
further. This paved the way for the rise of ready-mixed concrete. A builder from Hamburg 
was the first to successfully mix sand, gravel, cement, and water in specific proportions 
and transport the material to the construction site as a ready-to-use product—an idea for 
which he received a patent in 1903. In the following years, with parallel technological 
developments, ready-mixed concrete began to spread across the globe [8]. 

A major milestone in the history of concrete was the invention of the first concrete truck 
mixer in 1916 by Stephen Stepanian in the United States [9]. Subsequently, another 
revolutionary device, the concrete pump, was developed, greatly facilitating concrete 
placement on construction sites. In 1927, German engineers Max Giese and Fritz Hull 
advanced the idea of pumping concrete through pipes, successfully pumping concrete to 
a height of 38 meters and a distance of 119 meters. Shortly thereafter, in 1932, Jacob 
Cornelius in the Netherlands received a patent for a concrete pump [7]. 

  

Figure 2. Steam-powered horse-drawn concrete mixer from the early 1900s (left) and truck-
mounted concrete pump from 1965 (right) [10] 

With the technological innovations achieved in the following decades, particularly the 
introduction of chemical admixtures in the 1960s and fibers in the 1970s, concretes with 
higher strength and improved resistance to environmental conditions began to be 
produced for a wide range of applications [8]. 

2.2. Turkish Concrete Industry 

Türkiye has long ranked first in Europe and among the top ten countries globally in both 
cement and ready-mixed concrete (RMC) production. RMC sector in Türkiye has been one 
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of the fastest-growing industries, particularly since the early 2000s. While annual ready-
mixed concrete production in the country was 1.5 million m³ in 1988, this volume reached 
its peak at 130 million m³ in 2024. With 750 ready-mixed concrete companies and 2200 
production plants operating nationwide, the sector continues to hold a significant 
position for both the Turkish economy and the construction industry [11]. 

 
Figure 3. Ready-mixed concrete production in Türkiye between 2010 and 2024 [11] 

 

Apart from the ready-mixed concrete industry, another major sector in which concrete 
production is carried out is the precast industry. As of 2023, a total of 160 companies in 
Türkiye serve the precast sector with an annual concrete production volume of 2 million 
m³ [12]. 

 
Figure 4. Precast concrete production in Türkiye between 2010 and 2023 [12] 
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2.3. Carbon Emissions in the Concrete Industry and Low-Carbon Concrete 

Concrete is the second most widely used material in the world after water, and it is the 
most commonly used construction material globally [13]. More than 4 billion tons of 
cement are consumed each year worldwide [14]. Assuming that 80% of this cement is used 
to produce concrete, global concrete production reaches an enormous volume of 
approximately 10 billion m³. This corresponds to nearly 1.3 m³ of concrete per person 
annually. In Türkiye, ready-mixed concrete production in 2024 reached 130 million m³, 
which is equivalent to 1.52 m³ per capita [11]. 

The United Nations estimates that over the next 40 years, 230 billion m² of new floor area 
will be constructed globally—equivalent to doubling the total existing building floor area 
worldwide. Most of this growth will occur in Africa and Asia; however, Europe is also 
expected to add 25 billion m² of new construction by 2060 [15]. Concrete, for which there 
is no practical large-scale alternative, will continue to play a central role in meeting this 
new building and infrastructure demand. 

Its superior physical and mechanical properties, ease of production, durability, 
sustainability, and cost-effectiveness compared with alternative materials make concrete 
the fundamental element of the modern built environment. While its value as a 
construction material is undeniable, climate change concerns have brought concrete and 
its components under scrutiny. Nonetheless, concrete will continue to be indispensable 
in the built environment due to its strength, versatility, durability, and the essential role it 
will play in enhancing climate resilience in the years ahead. 

Moreover, concrete has a unique ability to naturally absorb CO2 from the atmosphere 
through carbonation throughout its lifetime, effectively acting as a carbon sink [16]. 
Between 1930 and 2019, an estimated 21 billion tons of atmospheric CO2 were absorbed 
through carbonation in concrete and other cementitious materials [17].  

However, the carbon footprint of concrete significantly exceeds the amount of CO2 it can 
reabsorb through carbonation. This is primarily due to the highly emission-intensive 
production process of Portland cement—the component that gives concrete its 
distinctive structural properties. Although cement typically represents no more than 15% 
of concrete by volume, it accounts for 85–90% of the material’s carbon footprint. Globally, 
the Portland cement industry is responsible for approximately 8% of total anthropogenic 
CO2 emissions [18]. If concrete were considered a nation, it would be the third-largest 
emitter in the world, after China and the United States [19]. 

In recent years, a growing range of low-carbon production approaches and technologies 
has emerged and is increasingly being integrated into existing processes to both enhance 
structural performance and reduce concrete-related emissions. Some of these 
approaches are highly innovative, while others are low-tech, well-established in practice, 
and could be scaled up much more widely. 
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Emission reductions in concrete cannot be achieved through a single intervention; rather, 
they must be accumulated across the entire life cycle of the material. This includes raw 
material selection, manufacturing, transportation, construction processes, post-
construction maintenance and repair, as well as end-of-life disposal and reuse. 

Emission reductions are maximized when multiple mitigation strategies are combined 
within the same concrete mix or final product. Most reduction opportunities can be 
implemented by existing cement and concrete producers without requiring major 
operational changes. 

Like any manufactured material, concrete generates carbon emissions at multiple stages 
throughout its life cycle. These emissions fall into two categories [20]: 

1. Embodied carbon emissions: Emissions generated before the material is used, 
including raw material extraction, upstream production, transportation, and 
manufacturing. 

2. Operational carbon emissions: Emissions generated during the operational life of 
the material after manufacturing and construction. 

Figure 5 illustrates the emissions stages and proportions associated with ready-mixed 
concrete from cradle to gate. Embodied carbon accounts for more than 90% of total 
emissions. Operational emissions related to production represent approximately 5%. 

 
Figure 5. Cradle-to-gate emission stages of ready-mixed concrete [21] 

The climate impact of concrete is largely a function of the embodied carbon emissions 
associated with the production of Portland cement. Embodied carbon emissions related 
to cement are categorized into “process” emissions and “combustion” emissions. 
Approximately 60% of cement-production emissions originate from process emissions, 
which occur as CO₂ is released as a chemical by-product of limestone calcination. The 
remaining emissions result from the combustion of fossil fuels, most commonly coal, 
required to reach the 1450°C kiln temperature necessary for clinker production [22]. 
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Carbon Footprint of the Ready-Mixed Concrete Sector in Türkiye 

As part of a study conducted by the Turkish Ready-Mixed Concrete Association (THBB), 
the average concrete mix proportions for five different strength classes were identified, 
as shown in Table 1. Using the weighted average of these data, a representative concrete 
mixture was also developed [23]. 

Table 1. Average mix compositions of ready-mixed concretes produced in Türkiye by strength 
class [23] 

   Average Concrete Mix in Türkiye (2023) 

                      Strength Class 
Components C25/30 C30/37 C35/45 C40/50 C45/55 Weighted 

Average 

Cement (kg/m3) 266,4 301,7 336,4 368,3 404,8 309,1 

Fly ash (kg/m3) 36,3 36,9 40,4 45,5 41,5 38,2 

GGBS (kg/m3) 1,4 2,1 2,2 5,8 7,2 2,3 

Coarse Aggregate (kg/m3) 865,9 880,6 903,0 920,4 941,4 886,4 

Fine Aggregate (kg/m3) 1037,1 997,3 947,0 891,6 848,9 984,1 

Water (kg/m3) 162,5 162,0 161,4 162,5 162,0 162,0 

Chemical Admixture (kg/m3) 3,7 4,2 4,8 5,2 5,6 4,3 

Unit Weight (kg/m3) 2373,3 2384,6 2395,2 2399,4 2411,4 2386,3 

 

Within the scope of this study, the carbon footprint of ready-mixed concrete produced in 
Türkiye, based on strength class, is presented in Table 2. Considering the cradle-to-gate 
(A1–A3) system boundary, the carbon footprint of 1 m³ of ready-mixed concrete is on 
average 308 kg [23]. 

 

Table 2. Carbon footprint of 1 m³ of ready-mixed concrete by strength classes 

 Carbon Footprint (kg CO2e/m3) 

 C25/30 C30/37 C35/45 C40/50 C45/55 Weighted 
Average 

A1-A3 269 301 332 361 394 308 

   

Table 3 presents the carbon footprint levels corresponding to different compressive 
strength classes used in the certification process of the Concrete Sustainability Council 
(CSC) [24]. 
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Table 3. CSC reference and target values 

Strength Class C20/25 C25/30 C30/37 C35/45 C45/55 C50/60 

Carbon Levels [kg CO2e / m3] 

Reference 213 237 261 286 312 325 

Level 1 (≥%30) 149 166 183 200 218 228 

Level 2 (≥%40) 128 142 157 172 187 195 

Level 3 (≥%50) 107 119 131 143 156 163 

Level 4 (≥%60) 85 95 104 114 125 130 

 

3. CONCRETE CHEMICAL ADMIXTURES 

3.1. Historical Evolution 

Throughout history, natural materials such as milk, molasses, rice paste, mud, straw, fruit 
juices, casein, animal blood, egg white, cactus extract, and boiled bananas have been 
used as admixtures in mortar and concrete to improve setting time, workability, and 
strength [25–27]. In The Ten Books on Architecture by the Roman architect Vitruvius, it is 
noted that fig juice, rye dough, animal fat, and curdled milk were used to promote the 
hardening of mortar; egg white and animal blood were used to retard setting; and malt 
and urine served as air-entraining agents to enhance strength after hardening [28]. 

Crushed and ground bricks and tiles - known as surkhi in India, homra in Egypt, and 
korassani in Greece - were referred to as Horasan during the Ottoman period [29]. Egg 
white was added to Horasan mortar to increase its plasticity and adhesion. 

     
 

Milk Animal fat Cactus juice Egg white Beer extract Beeswax 

      

Boiled 
banana juice 

Latex Rice flour 
Tree bark 

extract 
Animal 
Blood 

Molasses 

 

Figure 6. Natural admixtures used historically in mortar and concrete production 
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The first material used as a chemical admixture in concrete was calcium chloride. The 
earliest patents for the use of calcium chloride in concrete were granted in Germany in 
1873 and in England in 1885 [30, 31]. Calcium chloride was used for a long time to increase 
the early strength of concrete or to accelerate setting in cold weather. However, its 
tendency to cause corrosion of steel reinforcement led to limitations on its use. 

The first significant studies on water reducers and set-retarding admixtures began in the 
1930s. Patents for the use of water-soluble hydroxyl carboxylic acid salts as water-reducing 
agents in concrete were obtained in Germany and England in 1932 and in the United 
States in 1939. Research on the effects of lignosulfonic acid and naphthalene sulfonic acid 
on concrete began in 1936, followed by studies on the water-reducing effect of sodium 
gluconate and the influence of triethanolamine on setting beginning in 1934. Early studies 
on air-entraining admixtures also emerged during the 1930s [31]. 

In the literature, the earliest studies on high-range water-reducing superplasticizer 
admixtures appeared in the 1960s. Up until the 1980s, numerous investigations were 
conducted in countries such as Japan, Germany, the United States, and the United 
Kingdom on the use of superplasticizers in concrete. The characteristics of 
superplasticizer admixtures were defined in 1980 in the American standard ASTM C 494 
– Standard Specification for Chemical Admixtures for Concrete [31]. 

 
Figure 7. Development of chemical admixtures for concrete over the past century 

 

3.2. Turkish Chemical Admixture Industry 

Türkiye has long stood out as Europe’s largest producer of concrete chemical admixtures. 
As shown in Figure 8, the production volume of chemical admixtures exhibited steady 
growth from 2006 to 2017. Due to the contraction in the construction sector—and 
consequently the ready-mixed concrete sector—annual production declined to 458 ktons 
in 2019. However, the sector rebounded after 2020, and concrete admixture production 
reached 657 ktons in 2024, marking the highest level on record. 
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Figure 8. Annual production volume of concrete chemical admixtures 

With its advanced production technologies, strong R&D infrastructure, and innovative 
solutions, Türkiye’s chemical admixtures industry continues to develop each year and 
remains one of the most important stakeholders of the construction sector. Figure 9 
presents the distribution of concrete chemical admixtures produced in 2024 by category. 
High-range water-reducing admixtures account for the largest share at 66%, followed by 
water-reducing admixtures at 15%, and shotcrete admixtures at 13%. 

 
Figure 9. Production rate by admixture category – 2024 
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Between 2010 and 2024, the production of PCE-based chemical admixtures—which 
provide effective solutions for high-performance concretes with extended workability 
retention—increased dramatically within the category of high-range water-reducing 
admixtures, rising from 10% to 77%. 

 
Figure 10. Share of PCE-based admixtures within high-range water-reducing admixtures 

3.3. Types and Properties of Chemical Admixtures for Concrete 

Chemical admixtures play an active role throughout all stages of concrete production—
from mixing and transporting to pumping, placing, and gaining strength within the 
formwork. For this reason, they are among the indispensable components of sustainable 
concrete production. The influence of chemical admixtures at various stages is outlined 
below: 

Concrete mixing: During production, admixtures reduce the amount of water required in 
the concrete mix, enabling cost reduction, improved strength, and optimized use of 
resources within the concrete. 

Transport of concrete: Chemical admixtures have a major impact on maintaining the 
mixability and workable consistency of concrete during transport from the batching plant 
to the construction site. With certain specialized admixtures, workability retention of more 
than two hours can be achieved, ensuring smooth transportation and placement. This 
provides significant advantages both in terms of performance and construction speed, 
ultimately reducing overall construction costs. 

Delivery of concrete: At the construction site, concrete must be easily pumpable to allow 
efficient production of all types of structures. In recent years, the successful execution of 
monumental structures and mega-projects (such as the Yavuz Sultan Selim Bridge and the 
Burj Khalifa) has been made possible in part by the pumpability-enhancing effects of 
chemical admixtures. 
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Placement of concrete: During the placement phase, admixtures play a critical role by 
enabling better consolidation with less labor. This offers substantial economic and 
performance benefits for construction operations. 

Formwork removal: Once concrete is placed in the formwork, admixtures become one of 
the most important factors in the development of strength and durability properties. By 
influencing the hardened characteristics of concrete, they contribute to shorter 
construction times and enhanced engineering performance, leading to longer service life 
of structures. 

 
Figure 11. Production and utilization process of ready-mixed concrete 

The properties and requirements of chemical admixtures used in concrete production are 
defined in the TS EN 934-2 standard. As shown in Table 4, EN 934-2 covers 12 types of 
admixtures. Shotcrete admixtures fall under the scope of EN 934-5 and shrinkage 
reducing admixtures are covered by EN 934-7. 

Table 4. Chemical admixtures for concrete defined in Turkish Standards 

Standard Admixture Types 

EN 934-2 

1. Water-reducing / plasticizing admixture 
2. High-range water-reducing / superplasticizing admixture 
3. Water-retaining admixture 
4. Air-entraining admixture 
5. Set-accelerating admixture 
6. Hardening-accelerating admixture 
7. Set-retarding admixture 
8. Water-tightness (waterproofing) admixture 
9. Set-retarding / water-reducing / plasticizing admixture 
10. Set-retarding / high-range water-reducing / superplasticizing 

admixture 
11. Set-accelerating / water-reducing / plasticizing admixture 
12. Viscosity-modifying admixtures 

EN 934-5 Shotcrete admixtures 

EN 934-7 Shrinkage reducing admixtures 
 

Batching Transporting Delivery Placing Demolding
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The concrete admixtures that currently do not have a specific standard include: 

• Surface retarders 

• Alkali–silica reaction (ASR) mitigators 

• Corrosion inhibitors 

• Colored concrete pigments 

• Segregation-reducing admixtures 

• Foamed concrete admixtures 

• Antibacterial admixtures 

The most widely used chemical admixtures in the ready-mixed concrete sector are 
superplasticizers. Produced from lignin-, naphthalene-, melamine-, and polycarboxylate 
ether (PCE)-based raw materials, these high-range water-reducing admixtures have 
significant direct and indirect effects on the physical, mechanical, and environmental 
performance of concrete, as illustrated in Figure 12. 

 
Figure 12. Effects of superplasticizer admixtures on concrete performance 

To understand how superplasticizers work, it is first necessary to understand the hydration 
reaction between cement and water. Cement particles are fine grains with irregular 
shapes. When cement and water are mixed, the particles tend to flocculate due to 
electrostatic attraction between positively and negatively charged regions. Within this 
flocculated cement–water mixture, voids are formed in which part of the mixing water 
becomes trapped. When an anionic superplasticizer is added to the mixture, the 
negatively charged groups of the polymer adsorb onto the surface of the cement 
particles, increasing the negative charge on each particle. This creates repulsive forces 
between the particles, preventing flocculation and releasing the trapped water. 
Superplasticizer admixtures operate through three different mechanisms: 

Reducing the water demand of concrete while maintaining workability

Improving workability retention

Reducing the amount of cement/binder required to achieve the desired strength

Decreasing the permeability of concrete

Lowering the water-to-binder ratio

Enhancing early and/or final compressive strength

Reducing the carbon footprint of concrete
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1. Electrostatic Effect: Melamine, naphthalene or PCE-based superplasticizers operate 
through electrostatic repulsion. As shown in Figure 13, anionic polymers adsorb onto 
the surface of cement particles, increasing the negative charge density and causing 
the particles to repel one another. 

 

Figure 13. Electrostatic repulsion effect in superplasticizer chemical admixtures [32] 

2. Steric Effect: Steric dispersion occurs in melamine-, naphthalene-, and PCE-based 
superplasticizers. Non-ionic polymer chains adsorb onto the surface of cement 
particles and extend outward from the surface. When the particles approach one 
another, the free rotation of these polymer chains becomes restricted, leading to a 
decrease in entropy. This steric hindrance prevents the particles from coming close 
enough to flocculate, thereby improving dispersion. 

 
Figure 14. Steric effect in superplasticizer chemical admixtures [32] 

3. Electro-Steric Effect: It is a combination of electrostatic and steric effects and is found 
exclusively in PCE-based superplasticizers. These finely tuned polymeric molecules—
comprising both anionic groups and non-ionic side chains—adsorb onto the surface 
of cement particles, providing optimal dispersion and rheology for concrete, grout, or 
mortar. 

Apart from superplasticizers, another important mechanism is observed in air-entraining 
admixtures. Air-entraining admixtures are chemical additives that introduce controlled 
amounts of small, uniformly distributed, and permanently stable air bubbles into fresh 
concrete during mixing. These admixtures act at the air–water interface. 
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Air-entraining admixtures typically consist of a negatively charged, hydrophilic head that 
attracts water, and a hydrophobic tail that repels water. As illustrated in Figure 15, the 
hydrophobic end is drawn toward the air inside the bubbles formed during mixing. The 
hydrophilic polar head orients itself toward the surrounding water (a). The admixture 
forms a stiff, water-repellent film, similar to a soap film, that has sufficient strength and 
flexibility to hold and stabilize the air bubbles. This hydrophobic film also keeps water 
away from the bubbles (b). 

Mechanical mixing disperses the air bubbles. The electrical charge surrounding each 
bubble creates repulsive forces that prevent them from coalescing (c & d). The surface 
charge also causes the bubbles to adhere to the charged surfaces of cement and 
aggregate particles. Fine aggregate particles form a three-dimensional grid that helps 
retain the bubbles within the mixture (e). This enhances the cohesion of the mixture and 
further stabilizes the air bubbles (f). 

 

Figure 15. Working mechanism of air-entraining admixtures [33] 

Another important mechanism is the acceleration of concrete setting and hardening. For 
this purpose, set-accelerating and/or hardening-accelerating admixtures are used. In 
concrete mixtures containing high amounts of mineral additives, early-age strength may 
be relatively low. As illustrated in Figure 16, accelerating admixtures are chemical 
additives that shorten the drying and hardening time of concrete by accelerating the 
hydration process, thereby increasing early-age strength. 

These admixtures are also highly effective in applications that require high early strength, 
such as precast concrete production, slip-form construction, and rapid repair works. By 
improving setting time and early strength properties, cement consumption can be 
reduced, higher levels of mineral additives can be incorporated, operational energy use 
can be minimized, and consequently, concrete with a lower carbon footprint can be 
designed. 
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Figure 16. Hydration process of cement 

3.4. New Trends in Concrete Technology and the Role of Chemical 
Admixtures 

 Low Carbon Concrete: Low-carbon concrete is defined as concrete that has a 
lower carbon footprint than conventional concrete. This is typically achieved by 
reducing the amount of cement—more precisely, the amount of clinker—since 
clinker, the main component of cement, is the primary source of carbon emissions 
in concrete production. The most common and effective method is the substitution 
of clinker with mineral additives such as fly ash, ground granulated blast furnace 
slag, or natural pozzolans. However, the use of mineral additives in cement or 
concrete is limited by standards and project requirements. Although these 
additives are highly effective in improving durability, they may increase the water 
demand of concrete and may lead to lower early-age strength. As a result, their 
utilization potential can be restricted. In addressing all of these challenges, 
chemical admixtures once again play a key enabling role. 

 Calcined Clay Cement: In recent years, calcined clay has emerged as a new and 
environmentally friendly raw material for cement and concrete. One of the main 
reasons for this trend is that, as shown in Figure 17, calcined clay offers the highest 
availability potential among mineral additives that can be used for clinker 
substitution. LC3 (limestone calcined clay cement) is a new and specialized concept 
for formulating binders that contain clinker, limestone, and calcined clay. 
Depending on performance requirements, clinker substitution rates between 20% 
and 70% can be achieved. This enables a significant reduction in the carbon 
footprint of both cement and concrete. 

Admixture manufacturers are developing new chemical admixtures tailored to this 
emerging concept. As a result, key properties of concrete produced with calcined 
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clay cement—such as water demand, early-age strength, and setting time—can be 
improved.  

 
Figure 17. Global use and estimated availability of various minerals [35] 

 3D Concrete Printing: With advancing technology, the 3D printing method has 
been adopted as one of the approaches capable of addressing the challenges of 
the current construction industry. The 3D method can briefly be described as a 
construction technique in which material is deposited layer upon layer to form a 
structure. Compared with traditional concrete production methods, 3D 
construction offers significantly greater design freedom, faster execution, reduced 
waste generation, lower costs, elimination of workmanship errors, no need for 
formwork, and overall, more sustainable processes. 3D printing technology 
reduces material-related environmental impacts, enhances the quality of the final 
product, and enables the rapid construction of geometrically complex projects and 
designs. Over the past 20 years, significant advancements have been made in 
concrete and construction chemicals technology, and these developments are 
known to provide substantial benefits for 3D concrete printing as well. 

3D concrete consists of fine aggregate, cement, water, special chemical 
admixtures, and/or composite fibers. Since the concrete is placed in successive 
layers over a short period of time, its rheological properties become critically 
important. Chemical admixtures play an active role in achieving the desired 
rheology. Figure 18 illustrates the stages of the 3D concrete printing process. To 
achieve the required performance in 3D concrete—characterized by thixotropic 
behavior compared with conventional concrete—various chemical admixtures such 
as superplasticizers, set accelerators, shrinkage-reducing agents, and viscosity-
modifying admixtures may be used, together with fibers and pigments. 
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Figure 18. Stages of 3D concrete printing [34] 

 Ultra-High-Performance Concrete: Ultra-high-performance concrete (UHPC) is a 
new class of concrete developed in France in the 1990s, characterized by superior 
properties such as high workability, exceptional compressive strength, enhanced 
ductility, and high resistance to environmental effects. UHPC is increasingly being 
used in high-rise structures and long-span precast elements. To date, no universally 
accepted definition of UHPC exists. 

In the United States, the Federal Highway Administration (FHWA) defines UHPC as 
a cementitious composite material with an optimized granular gradation, a water-
to-binder ratio below 0.25, and a high fiber content. The mechanical properties of 
UHPC typically include compressive strength exceeding 150 MPa and post-
cracking tensile strength greater than 5 MPa. 

UHPC possesses a discontinuous pore structure that significantly reduces 
permeability and greatly improves durability compared with conventional 
concrete. UHPC mix designs generally incorporate two main types of chemical 
admixtures: high-range water-reducing admixtures (superplasticizers) and set-
accelerating admixtures. 
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Figure 19. Compressive strengths of different concrete types as a function of the water-to-binder 

ratio [36] 

3.5. Environmental Product Declaration 

An Environmental Product Declaration (EPD) is an independently verified and registered 
document that provides transparent and comparable information on the environmental 
impacts of products throughout their life cycle. EPDs are produced based on life cycle 
assessment (LCA) calculations and provide a quantitative basis for comparing products 
and services. The data are normally supplied by the manufacturer and must be verified by 
an independent expert. EPDs are valid for five years. The foundation of an EPD is the ISO 
14025 standard. 

The overarching purpose of EPDs is to provide and communicate verifiable information 
that encourages the demand and supply of products with lower environmental impacts. 
EPDs are commonly required in green public procurement, private-sector tenders, and 
building assessment schemes such as LEED, BREEAM, and Green Star. 

 
Figure 20. Life cycle stages included in an Environmental Product Declaration 
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The European Federation of Concrete Admixtures (EFCA), of which KÜB is a member, has 
published Environmental Product Declarations (EPDs) for water-reducing admixtures, 
superplasticizers, set retarders, set accelerators, air-entraining admixtures, waterproofing 
admixtures, and hardening accelerators. KÜB members supply their products using these 
EFCA model Environmental Product Declarations. The cradle-to-gate (A1–A3) Global 
Warming Potential (GWP) of these admixtures are presented in Table 5 [37]. 

Table 5. Carbon footprint of admixtures included in EFCA Environmental Product Declarations 

Chemical Admixtures A1 – A3 GWP [kg CO2e / kg] 

Plasticisers and superplasticisers 1,53 

Set Accelerators  1,34 

Set Retarders 1,23 

Hardening Accelerators 1,79 

Air-Entrainers 0,439 

Water Resisting 2,67 

 

Considering that an average of 4,3 kg of water-reducing/superplasticizer chemical 
admixture is used per 1 m³ of ready-mixed concrete in Türkiye, the carbon footprint 
attributable to chemical admixtures is approximately 6.5 kg CO2 per m³. This represents 
a very small share—around 2%—of the total carbon footprint of ready-mixed concrete. 

4. THE ROLE OF CONCRETE ADMIXTURES IN THE NET ZERO 
CARBON TARGET 

Concrete, the most widely consumed construction material in the world, is used at a 
global volume exceeding 10 billion m³ per year, owing to its strength, durability, ease of 
handling, and broad range of applications. Although chemical admixtures constitute the 
smallest quantitative component of concrete, they have a significant impact on its 
properties. Moreover, chemical admixtures are highly effective in reducing the carbon 
footprint of concrete. In this context, it is essential to examine in detail the potential of 
admixtures with respect to the decarbonization of concrete. 

Chemical admixtures—now a fundamental component of modern concrete—enable 
unique and innovative building designs, operational efficiency, long-term durability, 
enhanced behavioral parameters of concrete, and overall sustainable mix designs. 
Despite their negligible direct carbon contribution to the concrete mix, admixtures play 
a substantial role in reducing the carbon footprint of concrete, particularly through 
cement reduction. 

This section explains the contributions of chemical admixtures to sustainable and low-
carbon concrete production in twelve key areas. 
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4.1. Reduction of Cement (Clinker) Usage 

Since the 1970s, the introduction of water-reducing and superplasticizing (SP) admixtures 
has enabled reductions in cement content, thereby lowering carbon emissions associated 
with concrete. Owing to the dispersing effect of these admixtures on cement particles, it 
becomes possible to maintain the same level of workability in concrete mixes with lower 
water content. For example, the addition of 1% superplasticizer typically corresponds to 
a 20–30% reduction in water content at equal consistency. Furthermore, reducing the 
water-to-binder ratio at constant workability results in a significant increase in 
compressive strength. 

Chemical admixtures also improve workability, allowing less energy to be used during 
mixing and placement, which in turn leads to reduced carbon emissions. 

Figure 21 presents the consolidated results of a comprehensive study conducted by 
members of the KÜB Technical Committee. In the study, a reference concrete mixture 
containing 300 kg of CEM I 42.5 R cement, a water–cement ratio of 0.55, and 1% PCE-
based chemical admixture was selected. The other mixtures were produced without any 
admixture, maintaining the same water–cement ratio as the reference, while the cement 
dosage was increased in increments of 25 kg until the same consistency as the reference 
mix was achieved. 

As shown in Figure 21, the consistency value of the reference (with SP) mixture was 
achieved only when 450 kg/m³ of cement was used at the same water–cement ratio of 
0.55. Despite this, the compressive strength obtained remained lower than that of the 
reference mixture. 

This study demonstrates that the use of chemical admixtures can reduce cement demand 
by approximately 33% at equal consistency while providing higher compressive strength. 
Depending on the concrete design and the type and dosage of admixture used, the 
potential for reducing cement content may vary between 20% and 40%. 

It should be noted that TS EN 206 and TS 13515 specify the minimum allowable equivalent 
cement contents according to environmental exposure classes, and these limits must not 
be exceeded without approved equivalent concrete performance tests. 



The Role Of Concrete Admixtures in Decarbonization Of Concrete 

 
       Page | 24  

 

 
Figure 21. Effect of chemical admixtures on cement dosage at equal water–cement ratio 

 

 
Superplasticizers have the potential to reduce the carbon 
footprint of 1 cubic meter of ready-mixed concrete by 60–
170 kg compared with concrete produced without 
admixtures. This corresponds to a 17–35% reduction. 
Although chemical admixtures are already used in nearly 
all ready-mixed concrete production today, even greater 
carbon reductions can be achieved through the use of 
more advanced and higher-performance admixture 
technologies. 

 

4.2. Reduction of Water Requirement 

Another important environmental contribution of water-reducing/superplasticizing 
chemical admixtures is their ability to reduce the amount of water required to achieve the 
desired workability of concrete. This effect directly supports the responsible use of water 
resources and indirectly enhances concrete durability. As is well known, mixing water in 
concrete is needed for both the hydration reaction and for workability. Water added 
beyond what is required for hydration does not bind chemically and eventually 
evaporates, creating voids within the hardened concrete. Chemical admixtures minimize 
the need for this excess water, thereby contributing to the formation of a more 
impermeable concrete structure. 
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Figure 22 illustrates the relationship between water content, workability (slump flow), and 
compressive strength for mixtures with and without admixtures. Compared to plain 
concrete, concrete containing superplasticizers requires less water to achieve the same 
workability and exhibits significantly higher strength performance. 

 

 

Figure 22. Relationship between water content, compressive strength, and workability in 
concrete [33] 

 

According to the study conducted by the members of the KÜB Technical Committee, as 
presented in Table 6, achieving the same workability as the reference mixture containing 
1% admixture required 50% more cement and water in the admixture-free mixture at an 
equal water–cement ratio of 0.55. To reach this value, trial mixes were produced by 
increasing the cement content in increments of 25 kg while maintaining the same water–
cement ratio. 

Despite having the same water–cement ratio, the compressive strength of the admixture-
free concrete was 6% lower, demonstrating that chemical admixtures contribute not only 
through water reduction but also directly to strength enhancement. 

In this specific study, concrete produced with SP required 33% less water than the 
admixture-free mixture to achieve equivalent performance. Depending on the concrete 
design as well as the type and dosage of admixture used, the water-reduction potential 
may vary between 15% and 40%. 
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Table 6. Effect of superplasticizers (SP) on the water demand of concrete 

Superplastizers 
(SP) Usage 

Cement 
(kg/m3) 

Water 
(kg/m3) 

Slump 
(cm) 

2-day 
Strength 

(MPa) 

7-day 
Strength 

(MPa) 

28-day 
Strength 

(MPa) 

With SP 300 165 22 27,0 45,8 54,6 

Without SP 

300 165 2 24,9 40,0 49,1 

325 179 4 24,0 41,8 51,2 

350 193 9 23,8 40,9 50,4 

375 206 13 23,6 40,1 50,2 

400 220 17 23,0 39,6 49,7 

425 234 19 22,8 38,7 49,5 

450 248 22 22,8 39,6 51,1 
 

 

Superplasticizer admixtures have the potential to reduce 
the average water footprint of 1 cubic meter of ready-
mixed concrete by 30–110 kg, corresponding to a 15–40% 
reduction. Although chemical admixtures are already used 
in nearly all ready-mixed concrete production, even 
greater reductions in water footprint can be achieved 
through the use of more advanced admixture 
technologies. 

Considering that 130 million cubic meters of ready-mixed 
concrete were produced in Türkiye in 2024, it is estimated 
that chemical admixtures enabled an annual saving of 
approximately 8,7 million tons of water. 

 

4.3. Enhancing Mineral Additive Utilization 

As part of the global effort to reduce the environmental impact of cement production, 
the use of various alternative materials with different compositions, reactivities, surface 
areas, water absorption capacities, and other characteristics is expected to increase 
significantly. Mineral additives—such as fly ash, ground granulated blast furnace slag, 
natural or calcined pozzolans, and limestone—play a crucial role in designing durable and 
environmentally friendly concrete, particularly by reducing the clinker-to-cement ratio. 

However, certain physical and chemical properties of these materials can impose 
limitations on their use. Potential issues such as low early-age strength, delayed setting 
time, or increased water demand can be effectively resolved through the use of chemical 
admixtures. 

30 – 110 kg 
H2O / m3 
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Thanks to the use of superplasticizers, hardening 
accelerators, and set-accelerating admixtures, it 
becomes possible to incorporate higher amounts of 
mineral additives into concrete. With improvements in 
properties such as early-age strength and water demand, 
an additional 5–10% clinker substitution can be achieved. 
As a result, the carbon footprint of 1 cubic meter of 
ready-mixed concrete can be further reduced by an 
additional 10–25 kg through the use of these admixtures. 

 

In Türkiye, the use of mineral additives in RMC production currently enables an average 
substitution of 18 kg/m³ of cement (according to k-value concept in EN 206). In the coming 
years, both the use of blended cements and the incorporation of mineral additives in 
concrete production are expected to increase further. This trend will be supported by 
emerging materials such as calcined clay and ground carbonates, and the role and impact 
of chemical admixtures will continue to grow accordingly. 

Higher levels of mineral additive utilization are made possible through the use of custom-
designed chemical admixtures, formulated specifically for the materials and mix designs 
involved. Chemical admixture manufacturers are conducting active and targeted R&D 
efforts in this area. 

4.4. Lowering the Water–Cement Ratio 

 
Figure 23. W/C ratio - permeability relation [38] 

10 – 25 kg 
CO2e / m3 

The water–cement ratio, or more 
precisely the water–binder ratio, is the 
most critical parameter governing the 
strength and durability performance of 
concrete. As shown in Figure 23, the 
permeability coefficient of concrete 
increases as the water–cement ratio 
increases. Up to a ratio of approximately 
0.55, this relationship is largely linear; 
beyond this point, permeability rises 
exponentially. Reducing the water–
cement ratio decreases the permeability 
of concrete and enhances its resistance to 
environmental exposure. This enables the 
structure to achieve the expected 
performance throughout its service life, 
require less maintenance and repair, and 
ultimately become more sustainable. 
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In the study conducted by the members of the KÜB Technical Committee, the 
compressive strengths of admixture-free and 1% SP containing concrete mixtures with 
different cement dosages were examined at equal workability (21 cm slump), as shown in 
Figure 24. In all dosage levels, concrete with SP achieved 50% to 80% higher compressive 
strength at equal consistency. This improvement is directly attributable to the lower 
water–cement ratio. 

 
Figure 24. Effect of SP on the water–cement ratio at equal slump 

4.5. Utilization of Recycled Aggregate Resources 

Chemical admixtures play a significant role in enabling the use of recycled aggregates 
and regional materials that may not be ideal for concrete production (such as aggregates 
containing clay or shale). One of the major barriers to the use of such materials is the 
increased water demand they cause—particularly in the case of recycled aggregates and 
fine aggregates with high methylene blue values. 

In recent years, the concrete chemical admixture industry has developed specialized 
products aimed at facilitating the use of these materials. Utilizing such alternative 
resources—combined with optimized logistics processes—results in resource 
conservation, substantial reductions in carbon emissions, and lower waste generation. 

4.6. Improving Energy Efficiency in Precast Concrete Manufacturing 

Many precast manufacturers meet the high early-strength requirements needed to 
demold precast elements by using heating systems (steam curing) and/or strength-
accelerating admixtures. 

Steam curing is a widely used method in precast concrete production. In this method, 
precast concrete elements are kept in steam chambers under controlled temperature and 
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humidity. This process improves the durability of concrete products and accelerates 
hardening. However, the energy required for steam curing is typically supplied from 
emission-intensive sources such as natural gas, diesel fuel, or electricity. 

In one study, it was calculated that 38.5 kg CO2e is released per 1 m³ of precast concrete 
due to steam curing [39]. Another study reported that steam curing with kerosene resulted 
in 42 kg CO₂e/m³ of emissions for a single precast beam production [40]. These amounts 
can be significantly reduced through the use of chemical admixtures that enhance early-
age strength. 

In a collaborative study conducted by a KÜB member company and a precast 
manufacturer, the use of a new-generation hardening-accelerating chemical admixture 
was found to reduce the diesel requirement for steam curing by 10–20 liters per m³ while 
maintaining equivalent performance at a lower production cost. This corresponds to a 
reduction of 26–52 kg CO2 per m³ of precast beam produced. 

Additionally, chemical admixtures reduce water demand in precast concrete production, 
enabling lower cement consumption and higher levels of mineral additive use—further 
contributing to a reduction in the carbon footprint. 

4.7. Energy Efficiency in Tunnel Formwork Systems 

One of the key advantages of the tunnel formwork system compared with traditional 
formwork is the significantly faster construction process. In projects that utilize tunnel 
formwork, formwork removal can be carried out much earlier than in conventional 
systems. For this reason, the setting time of concrete plays a critical role. 

In cold weather conditions, formwork is often heated to ensure that concrete achieves 
sufficient early-age strength, thereby accelerating the hydration process. 

With the use of early-strength-enhancing chemical admixtures, it becomes possible to 
remove tunnel formwork 4–8 hours earlier. This earlier formwork removal reduces the 
energy consumption associated with heating—particularly in cold climates—resulting 
directly in lower carbon emissions. 

4.8. Self-Compacting (Consolidating) Concrete 

Self-compacting concrete (SCC) is an innovative type of concrete that does not require 
vibration for compaction and placement. SCC can flow under its own weight and fully fill 
the formwork, enabling faster placement and easier flow in areas with dense 
reinforcement. SCC is typically produced with a low water–binder ratio, which provides 
the potential for high early-age strength, earlier formwork removal, and faster use of 
structural elements. 

By eliminating the need for vibration equipment, SCC reduces workers’ exposure to noise 
and vibration at the construction site and lowers energy consumption during placement, 
thereby contributing to reduced emissions. 
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As shown in Figure 25, the rheology of SCC is fundamentally different from that of 
conventional concrete. The required viscosity and flow characteristics can only be 
achieved using special PCE-based chemical admixtures. In this respect, chemical 
admixtures are the most critical input for SCC production. 

Owing to its lower permeability, SCC positively contributes to the durability of structures. 
Moreover, particularly in strengthening projects, its ability to pass through narrow 
formwork gaps and densely reinforced areas ensures optimal structural rehabilitation. 

 
Figure 25. Rheology of SCC and conventional concrete [41] 

4.9. Shotcrete Admixtures 

The process known as shotcrete, or sprayed concrete, involves projecting concrete at high 
velocity onto surfaces using air compressors or other specialized equipment. The quality 
of shotcrete depends not only on the application technique but also on the materials 
used—particularly the admixtures. 

Rebound refers to the portion of concrete that does not adhere to the target surface 
during spraying and falls off instead. Rebound is economically and logistically significant, 
as it leads to material waste and increases the total working time required from start to 
finish. 

Shotcrete admixtures help reduce rebound. These admixtures enhance the rapid setting 
and hardening of shotcrete, improve its flow characteristics, and ensure better adhesion 
of the material to the target surface. Additionally, admixtures increase the durability of 
shotcrete and improve its water-tightness. By reducing rebound rates, chemical 
admixtures decrease material waste and directly contribute to lowering the carbon 
footprint. 
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4.10. Utilization of Innovative Binder Systems 

Extensive R&D studies are currently being conducted on various clinker and cement types. 
Innovative cements such as calcined clay–based cements, calcium sulfoaluminate cement, 
carbonated calcium silicate cement, belite cements, and magnesium-based cements 
stand out due to their lower carbon footprint. Since many of these cements are not yet 
widely used, cement and concrete chemical admixtures play a crucial role in improving 
their performance in terms of setting time, early-age strength, water demand, and other 
characteristics. For example, the typically lower early-age strength of belite cements 
compared with Portland cement can be compensated through the use of early-strength-
enhancing chemical admixtures. 

Geopolymer concrete is produced using alkali-activated binder systems. Composed of 
superplasticizers, activators, and binder materials, geopolymer concrete has a 
significantly lower carbon footprint than conventional cement-based concrete and 
exhibits superior resistance to high temperatures and chemical attack. Chemical 
admixtures used in geopolymer concrete help enhance durability, strength, and other 
performance properties. 

This type of concrete is produced using a binder synthesized through a special chemical 
reaction involving a highly alkaline liquid and activators rich in silica and alumina. The main 
components of geopolymer concrete—such as fly ash, metakaolin, ground granulated 
blast furnace slag (GGBFS), and other minerals—can be combined with admixtures to 
improve strength. These admixtures also enhance the workability and early-age strength 
of geopolymer concrete. 

4.11. Energy Savings Through Insulation 

Air-entrained concrete is a lightweight construction material produced using air-
entraining admixtures and, in many cases, lightweight aggregates. Air-entraining 
admixtures are designed to introduce a controlled amount of air into the concrete. The 
resulting system of microscopic air voids can improve the thermal and acoustic insulation 
properties of concrete. 

Air-entrained concrete is widely used in structures that require high thermal insulation. 
Compared with conventional concrete, this type of concrete is lighter and has a lower 
thermal conductivity. In addition, air-entrained concrete contributes to enhanced acoustic 
insulation and improved fire resistance. 

By incorporating air-entrained concrete in non-structural elements of buildings, heat loss 
can be reduced, thereby decreasing the overall energy demand of the structure. As a 
result, the carbon footprint of the building is also reduced. 

4.12. Service Life of Structures 

Water-reducers and superplasticizers decrease the amount of water required to achieve 
the desired workability while simultaneously reducing capillary voids in hardened 
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concrete. This leads to improved durability of the concrete—and thus the structure—
resulting in a longer service life, reduced need for maintenance and repair, and lower 
overall environmental impact. Other benefits of using chemical admixtures include 
enhanced impermeability of reinforced concrete, reduced cracking, and improved 
protection of steel reinforcement. 

By using specialized chemical admixtures, it is possible to achieve the required strength 
and durability with lower binder or clinker content. This offers additional potential for 
reducing carbon emissions. The use of air-entraining admixtures further enhances 
performance and durability for concrete exposed to freeze–thaw conditions. 

5. KÜB’s ASSESSMENT 

The sustainable transformation of reinforced concrete structures is a critical factor in 
achieving the highly ambitious goal of net-zero carbon emissions by 2050. More efficient 
use of raw materials, the reuse and/or recycling of reinforced concrete elements, digital 
transformation, and—most importantly—the decarbonization of concrete will significantly 
reshape processes across the entire value chain and substantially reduce the carbon 
footprint of the construction industry. However, measures aimed at decarbonizing 
concrete must not compromise its durability or mechanical performance. Considering the 
increasing population and rapid urbanization, the global demand for cement and 
concrete is expected to rise further, making the effective reduction of their carbon 
footprint one of the most important challenges of the coming decades. At this point, the 
importance and benefits of chemical admixtures in concrete become even more 
prominent. 

Concrete and cement chemical admixture technologies continue to contribute to the 
concrete and construction sectors—technically, economically, and in terms of 
sustainability—through continuously evolving R&D and innovation processes. As KÜB, we 
closely monitor this transformation and actively pursue R&D and innovation activities. 
Moreover, we are fully aware that we are one of the key solution partners in the 
increasingly important pursuit of low-carbon cement and concrete production within the 
broader context of combating climate change. 

Following the publication of our 2022 report titled “The Role of Cement Additives in 
Achieving the Net-Zero Carbon Target,” we prepared this report, “The Role of Concrete 
Admixtures in Decarbonization of Concrete” with the aim of further enhancing awareness 
among our industry and all stakeholders. As outlined throughout the report, chemical 
admixtures are highly effective in reducing the carbon footprint of concrete. The most 
significant contributions stem from reduced cement and water demand, improved 
durability performance, increased use of mineral additives, and—depending on the 
application—reduced operational energy consumption. 
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As KÜB, together with all our stakeholders, we will continue to lead the sector in taking 
steps toward lowering greenhouse gas emissions, and we remain committed to 
producing transparent, reliable, and accessible information throughout this transition. 
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