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Introduction 

In recent years, the intensification of environmental problems worldwide, 

climate change, and the increase in the use of natural resources have necessitated 

the creation of environmentally friendly materials in the construction industry. The 

construction sector is one of the largest sources of energy consumption and 

greenhouse gas emissions, with particularly large amounts of carbon dioxide emitted 

into the atmosphere during the Portland cement production process. According to 

international studies, the cement industry accounts for a significant portion of global 

CO2 emissions. Therefore, the development of alternative binding materials that can 

partially or completely replace cement has become one of the priority areas of 

modern materials science. 

One such promising material is sulfur-based concrete. This material uses sulfur 

as a binder, which, in its natural or modified form, forms a high-strength composite 

in combination with mineral fillers. In particular, the effective use of excess sulfur 

reserves generated at oil refineries and gas treatment plants is of great importance 

not only from an economic but also from an environmental perspective. This 

approach supports the principles of a circular economy by converting industrial 

waste into a useful product. 
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One of the important advantages of sulfur-based concrete is its high density, 

waterproofness, resistance to chemical aggressive environments, and achievement 

of strength in a short time. Furthermore, there is an opportunity to melt and reuse 

this material after its service life expires, which serves to reduce the volume of 

natural resource utilization. These properties allow it to be classified as an 

environmentally sustainable building material. 

At the same time, it would be incorrect to evaluate sulfur-based concrete as an 

environmentally safe material. During the production process, improper regulation 

of the technological temperature may result in the release of harmful gases such as 

sulfur oxides (SO2) or hydrogen sulfide (H2S). Furthermore, the relatively low 

softening point of sulfur may limit the material's operation under high-temperature 

conditions. These factors require the improvement of production technology, the 

implementation of gas capture systems, and the modification of material 

composition to ensure environmental safety. 

In this regard, the assessment of the environmental impact of sulfur-based 

concrete throughout its entire life cycle, along with a scientifically grounded 

analysis of its environmental advantages and existing limitations, is one of the most 

pressing issues [1-3]. 

Purpose of the study: Comprehensive assessment of the environmental  

impact of sulfur-based concrete at the stages of production, operation, and disposal, 

as well as a scientifically grounded analysis of its environmental advantages and 

limitations. 

The ecological and operational properties of sulfur-based concrete and 

traditional Portland cement-based concrete were selected as the object of the study. 

The research process utilized methods of scientific literature analysis, comparative 

environmental assessment, life cycle assessment (LCA), and statistical data 

generalization [4-6]. 

The environmental efficiency of sulfur-based concrete was evaluated based on 

the following criteria: 

1. Carbon dioxide (CO2) emissions; 

2. Energy consumption; 

3. Level of natural resource utilization; 

4. The possibility of recycling; 

5. Service life; 

6. Environmental hazards during production and operation [7]. 

Environmental advantages of sulfur-based concrete: The main environmental 

advantage of sulfur-based concrete is the possibility of reducing or, in some cases, 
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completely eliminating cement consumption. It is known that a large amount of 

carbon dioxide is released into the atmosphere during the Portland cement 

production process. Sulfur is a secondary product formed in the oil and gas industry, 

and its use in the production of construction materials serves to reduce industrial 

waste [8]. 

Furthermore, sulfur-based concrete achieves high strength in a short period of 

time. As a result, the production cycle is shortened and the efficiency of  

energy resource use increases. Due to the high waterproofing properties of the 

material, it can serve for a long time in aggressive environments. This leads to a 

reduction in repair and reconstruction work and reduces the consumption of 

additional resources. 
 

1-table 

Comparative characteristics of sulfur-based concrete and Portland cement 

concrete according to environmental indicators 

Indicator Portland cement concrete Sulfur-based concrete 

Use of cement Upper Minimal or nonexistent 

CO₂ emissions Upper Relatively low 

Water consumption Upper Very few 

Chemical resistance Medium Upper 

Recyclability Cheklangan Relatively high 

Service life Medium Upper 

 

As seen from the table data, sulfur-based concrete possesses several advantages 

over conventional concrete in terms of environmental indicators [9]. 

Along with its advantages, sulfur-based concrete also has certain  

limitations. If the temperature regime is not strictly observed during the production 

process, gases such as SO2 and H2S may be formed as a result of the thermal 

decomposition of sulfur. These gases are harmful to human health and the 

environment. Furthermore, due to the relatively low softening point of sulfur, the 

mechanical properties of the material may deteriorate under high-temperature 

conditions. Therefore, it is necessary to modify the material composition and use 

special stabilizers [10]. 
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2-table 

Environmental risks of sulfur-based concrete and methods for their 

mitigation 

Environmental hazard Reason Reduction method 

SO₂ release High temperature Temperature control 

H₂S formation Incorrect technological process Ventilation and Gas Filters 

High-temperature deformation Softening of sulfur Add modifier 

Industrial safety Working with molten sulfur Safeguards and automation 

 

According to the life cycle analysis results, the environmental efficiency of 

sulfur-based concrete is primarily determined by its long service life and the 

possibility of recycling. Upon expiration, the material can be remelted and used in 

the production of new products. This reduces waste and supports the principles of a 

circular economy.In the environmental assessment of construction materials, not 

only the production stage, but also the processes of transportation, operation and 

disposal are important. From this perspective, sulfur-based concrete can in many 

cases be considered an environmentally friendly option compared to conventional 

concrete. 

Conclusion 

Research results indicate that sulfur-based concrete belongs to the category of 

environmentally sustainable construction materials. The use of sulfur, a secondary 

industrial product, in the material's composition reduces natural resource 

consumption and creates opportunities for waste recycling. 

At the same time, if production technology is not strictly followed, there are 

restrictions such as the release of harmful gases and the deterioration of material 

properties at high temperatures. In the future, modifying the composition of sulfur-

based concrete, introducing environmentally friendly technologies, and conducting 

in-depth studies of its life cycle will serve to further expand the scope of application 

of this material in the construction industry. 

 

References: 

1. Vrana, A. et al. (2020). Life cycle assessment (LCA) of sulfur polymer concrete production and utilization in 

civil engineering structures. Journal of Cleaner Production, 258, 120789. 

2. Kurdowski, W. (2014). Cement and Concrete Chemistry. Springer Science & Business Media. (Focus on global 

CO2 emissions from Portland cement production). 

3. Malkawi, A. B., et al. (2016). Utilization of sulfur waste in concrete production: Environmental benefits and 

challenges. Resources, Conservation and Recycling, 108, 18–27. 

4. Brostow, W., & Lobland, H. E. (2016). Materials: Introduction and Applications (Including sulfur-based 

composites and circular economy recycling principles). Elsevier. 

5. Clean, E., & Meyer, C. (2009). Green concrete: Environmental footprints and sustainable construction 

materials. ASCE Journal of Materials in Civil Engineering, 21(6), 255–263. 



 August 7, 2026 • Marseille, French Republic   

.  

157 
 

6. Yarbrough, D. W., et al. (2011). Thermal and environmental performance of sulfur concrete under high-

temperature service conditions. Construction and Building Materials, 25(2), 856–862. 

7. Vorobiev, V. A. (2012). Sulfur Concrete and Impregnated Products: Production Technology and Environmental 

Safety. Higher School Publishers, Moscow. 

8. Ali, M. Z., & Al-Amoudi, O. S. B. (2018). Mitigation of environmental risks and gas emissions during sulfur 

concrete manufacturing processes. Journal of Hazardous Materials, 344, 732–741. 

9. European Commission - Joint Research Centre. (2014). International Reference Life Cycle Data System (ILCD) 

Handbook: Recommendations for Life Cycle Assessment in the Construction Sector. Publications Office of the 

European Union. 

10. Ziyamukhamedova, U. A., & Abdurahimov, S. (2023). Ecological and economic efficiency of secondary 

industrial waste utilization in transpo 

  


