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ABSTRACT 
Rapid urbanization and growing environmental challenges demand the use of sustainable materials, which has become a 
key aspect of contemporary architectural and engineering design. Recycled steel stands out due to its ability to retain 
mechanical properties through multiple recycling cycles while significantly reducing energy consumption and carbon 
emissions compared to primary production. This paper examines the potential of recycled steel in architecture and con-
struction, focusing on its role in structural systems and spatial design. Selected case studies, including Hearst Tower, 
Olympic Stadium, and Empire State Building, illustrate diverse approaches to its application, from advanced structural 
concepts to adaptive reuse strategies. The research is based on a comparative analysis of structural systems, levels of 
recycled material use, and their impact on energy efficiency and overall sustainability. Particular attention is given to the 
relationship between structural logic, economic considerations, and architectural expression. The findings suggest that 
recycled steel not only reduces environmental impact but also enables the development of flexible, adaptable, and re-
source-efficient structures, positioning it as a key material in sustainable and circular architecture. 

KEYWORDS
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1. INTRODUCTION 

Contemporary construction and architecture face increasing demands to reduce environmental impact, particularly re-
garding resource consumption and greenhouse gas emissions. The building sector accounts for a significant share of 
global energy use and CO₂ emissions, making it a key area for implementing sustainable development principles [1, 2]. 
In this context, the selection of construction materials and optimization of structural systems play a crucial role in mini-
mizing the overall environmental footprint of buildings [3]. Recent studies have also highlighted the importance of recy-
cled materials in concrete production, demonstrating that recycled aggregates can maintain satisfactory mechanical and 
flexural performance while reducing construction waste and resource consumption [4, 5]. 

Recycling of steel scrap enables energy savings of up to 74% compared to conventional steel production from iron ore. 
In the case of aluminium, these savings are even more pronounced, recycling requires approximately 95% less energy 
than production from bauxite. Such reductions in energy consumption directly contribute to lower greenhouse gas emis-
sions, given that industrial energy is still largely derived from fossil fuels. 

In addition to its environmental benefits, metal recycling has significant economic advantages. Reduced consumption of 
energy and raw materials leads to lower production costs per unit, thereby increasing the overall efficiency of industrial 
processes. 

At the same time, steel recycling contributes to the conservation of natural resources. Estimates indicate that recycling 
one tonne of steel saves approximately 1.5 tonnes of iron ore and about 0.5 tonnes of coal that would otherwise be required 
in primary production. In this way, the burden on mining activities and their environmental impacts is reduced, 

Steel, as one of the most widely used structural materials, offers excellent mechanical properties; however, its primary 
production is energy-intensive and associated with high carbon emissions [6]. Its capacity for multiple recycling cycles 
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without loss of performance makes recycled steel particularly suitable for circular economy approaches [7]. The use of 
recycled steel significantly reduces energy consumption and emissions compared to virgin production while maintaining 
structural integrity [8]. 

Most recycled steel is processed in electric arc furnaces (EAF - Electric Arc Furnace). Within a large furnace, a powerful 
electric arc raises the temperature to the melting point of steel (above 1500°C). Steel scrap is melted and transformed into 
liquid steel. At this stage, alloying elements or additional raw materials are often introduced as needed to achieve the 
desired chemical composition. For example, in the production of stainless steel, chromium, nickel, and other elements are 
added, often sourced from recycled alloys. A key advantage of the electric arc furnace is that it allows the charge to consist 
of up to 100% scrap steel, unlike the blast furnace, which relies on iron ore. The process is more energy-efficient and 
flexible, particularly for smaller batch production. During melting, impurities are removed through refining processes-
materials such as lime are added to bind undesirable elements (e.g., sulphur and phosphorus), forming slag that is subse-
quently removed. The resulting molten metal is then cast (typically using continuous casting technology) into semi-fin-
ished products such as billets, slabs, or blooms. 

In contemporary engineering practice, recycled steel is increasingly integrated into load-bearing system designs, both 
through the use of secondary raw materials and strategies for reusing existing structural components [9, 10]. This approach 
not only reduces construction waste but also enables flexible, adaptable, and resource-efficient structural solutions. 

The aim of this paper is to analyze the potential of recycled steel in modern structural systems through selected case 
studies, with a focus on its impact on sustainability, energy efficiency, and structural optimization. 

2. METHODOLOGY 

Interest in “green” building has increased significantly, with a growing emphasis on the evaluation of entire buildings as 
well as individual materials. The LEED rating system of the U.S. Green Building Council, along with other product 
classification systems, raises numerous questions that are directly or indirectly related to the selection of metals. 

Some of these considerations include the recycled content of materials, the potential for product reuse, impacts on energy 
and water savings, the likelihood of harmful emissions, effects on indoor air quality, thermal comfort, maintenance re-
quirements, and the influence on interior lighting conditions. 

Indeed, engineers require a comprehensive database that provides objective life-cycle environmental assessments for all 
construction materials. Unfortunately, such a resource is not fully available. Existing data for different materials are often 
not directly comparable, making it essential to critically examine and question available information. Common questions 
and answers regarding the environmental performance of steel are discussed in the following section. [11] 

This study adopts a mixed-methods approach to evaluate the potential of recycled steel in contemporary structural sys-
tems, combining literature analysis, comparative case studies, and performance assessment. The methodology is struc-
tured in three main phases: 

2.1. Literature Review 

The literature review presented in this chapter summarizes the most significant global experiences in the field of recycled 
steel management. The published studies are primarily based on mathematical and theoretical models. An overview of 
developments across all continents provides a comprehensive picture of the current state of recycled steel use in construc-
tion worldwide. On this basis, it is possible to compare these findings with the current situation and level of implementa-
tion in the Republic of Serbia. 

An extensive review of recent publications (2015-2024) on recycled steel, circular economy practices, and sustainable 
construction materials was conducted. This phase identifies the environmental, structural, and economic benefits of using 
recycled steel, as well as the main barriers to its implementation in modern construction [6-9]. The review also informs 
the selection of case studies by highlighting projects with documented use of recycled steel. 

When addressing demolition and construction waste arising from demolition, construction, renovation, adaptation, and 
reconstruction activities, the regulatory framework in the Republic of Serbia is defined through several key legal instru-
ments. These include the Law on Planning and Construction, the Law on Waste Management, incorporating the Waste 
Catalogue and the Regulation on Categories, Testing, and Classification of Waste, as well as the Law on Environmental 
Protection. However, this regulatory framework remains insufficiently defined, particularly with regard to construction 
waste, and especially steel waste that could be recycled. As a result, clear procedures for the management and treatment 
of construction waste cannot be adequately established, despite the fact that such waste represents one of the major envi-
ronmental protection challenges in the Republic of Serbia. Although numerous laws and regulations in the field of envi-
ronmental protection have been adopted, they lack clearly unified objectives, and the outcomes of their implementation 
remain unsatisfactory. 
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2.2. Case Study Selection and Data Collection 

Selected case studies include high-profile construction projects where recycled steel has been significantly applied, such 
as Hearst Tower, Olympic Stadium in London, and Empire State Building. Data on structural systems, steel sourcing, 
percentage of recycled content, and environmental performance indicators were collected from technical reports, journals, 
and official project documentation [1-3, 10]. 

2.3. Comparative Analysis and Performance Assessment 

The study conducts a comparative analysis of the case studies to evaluate: 

− The proportion of recycled steel in structural elements 
− Energy savings and reductions in embodied carbon [7,9] 
− Structural efficiency and design adaptability 
− Cost implications and potential barriers for widespread adoption 

Quantitative indicators such as embodied energy, CO₂ footprint, and steel reuse percentages are analyzed to assess the 
sustainability performance of recycled steel relative to conventional steel. 

This methodology allows a systematic evaluation of recycled steel's technical and environmental potential, providing 
actionable insights for architects, structural engineers, and policymakers aiming to integrate sustainable materials into 
construction projects. 

3. RECYCLED STEEL IN CONSTRUCTION 

Recycled steel has gained increasing attention in the construction industry due to its technical reliability, environmental 
benefits, and economic potential [1-3]. Multiple studies demonstrate that steel can be recycled indefinitely without sig-
nificant loss of mechanical properties, making it one of the most sustainable structural materials for modern construction 
[6, 7] (see Figure 1 for an example of recycled steel ready for use). 

 
Figure 1: Recycled steel ready for construction use. [F1] 

3.1. Environmental Impacts 

A key driver for the adoption of recycled steel is the reduction of the carbon footprint and embodied energy of construction 
projects. Drewniok et al. [7] quantified energy and emission savings, showing that using recycled steel in structural ele-
ments can reduce embodied carbon by up to 60% compared to virgin steel production. Similarly, Göswein et al. [9] 
emphasize that lifecycle assessments (LCA) are critical for evaluating the true sustainability of steel in buildings, partic-
ularly when reuse and recycling are integrated into the design phase (illustrated in Figure 2). 
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Figure 2: Reduction in embodied carbon and energy savings using recycled steel. [F2] 

3.2. Technical and Structural Considerations 

From a structural perspective, recycled steel retains its load-bearing capacity, ductility, and fatigue resistance [6, 14]. 
Pombo et al. [14] analyzed different reuse strategies for structural steel elements, highlighting the importance of design 
for deconstruction (DfD) to maximize reuse potential without compromising structural performance. Addis and Schouten 
[10] further support that adaptive structural solutions, such as modular frames and prefabricated steel components, facil-
itate both reuse and recycling (as shown in Figure 3). 

 
Figure 3: Modular and prefabricated steel systems facilitating reuse. [F3] 

3.3. Economic and Practical Barriers 

Despite the clear benefits, several barriers to widespread adoption exist. Dunant et al. [6] identify logistical, regulatory, 
and market-related constraints, including limited supply chains for reclaimed steel, inconsistent quality standards, and 
additional labor costs associated with deconstruction and sorting. The European Commission [8] stresses the importance 
of policy incentives and standardized guidelines to support the integration of recycled steel into mainstream construction 
practices (Figure 4 illustrates these challenges visually). 

 
Figure 4: Logistical and market challenges in recycled steel adoption. [F4] 
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3.4. Integration into Circular Economy and Sustainable Design 

Recent research emphasizes that recycled steel is a cornerstone of circular economy approaches in construction [8, 12, 
15]. By designing buildings for reuse, recovery, and material traceability, architects and engineers can minimize resource 
depletion and reduce environmental impacts while maintaining structural performance [12, 15]. Ürge-Vorsatz et al. [15] 
highlight pathways to decarbonize the building sector, showing that recycled steel combined with energy-efficient design 
can significantly contribute to global climate targets. 

The reviewed literature confirms that recycled steel provides high structural performance, significant environmental ben-
efits, and potential cost savings, but its implementation requires careful planning, supply chain coordination, and policy 
support. Integration into circular economy frameworks and design-for-reuse strategies emerges as a central recommen-
dation for future construction projects [1-3, 6-15]. 

4. CASE STUDY: SELECTION AND ANALYSIS OF RECYCLED STEEL PROJECTS 

The selection of case studies for this research was guided by the need to analyze projects that exemplify the integration 
of recycled steel in different types of structural systems, while providing sufficient data to assess environmental and 
technical performance. High-profile projects were chosen for their innovative structural designs, significant use of recy-
cled steel, and availability of detailed sustainability reports, enabling a comprehensive evaluation of both engineering and 
environmental outcomes. 

One of the primary examples is the Hearst Tower in New York, designed by Norman Foster, which utilizes a steel diagrid 
frame in which approximately 85-90% of the structural steel is recycled [7,16]. The diagrid system not only optimizes 
material usage but also allows for substantial integration of recycled steel without compromising load-bearing perfor-
mance. This project demonstrates the synergy between advanced structural design and sustainable material selection, 
highlighting the potential for high-rise constructions to significantly reduce embodied carbon while maintaining architec-
tural expression [3, 7, 16, 12]. 

The Olympic Stadium in London, constructed for the 2012 Games, represents a contrasting typology where a lightweight 
modular steel frame was used. Approximately 70-75% of the steel employed was recycled [14, 17]. The modular prefab-
ricated components facilitated design for deconstruction, allowing steel elements to be reused or recycled after the sta-
dium’s temporary function. This case illustrates how temporary large-scale structures can embrace circular economy 
principles, demonstrating both environmental benefits and economic feasibility [10, 12, 14, 17]. 

Finally, the Empire State Building renovation project in New York provides insight into how historic or existing structures 
can integrate recycled steel. During selective retrofitting, roughly 60% of the steel components were sourced from recy-
cled material [13, 15, 18]. Lifecycle assessments indicate measurable reductions in embodied energy and CO₂ emissions, 
showing that even older buildings can contribute to sustainable construction when targeted interventions are implemented. 
This case highlights the importance of planning and coordination to incorporate recycled steel without affecting structural 
integrity or operational performance [13, 15, 18]. 

The analysis of these projects shows that structural typology, project scale, and design strategy influence the achievable 
proportion of recycled steel and its associated sustainability benefits. Innovative high-rise and modular systems tend to 
accommodate higher recycled content, while renovation projects demonstrate the potential for incremental improvements 
in material sustainability. Across all cases, it is evident that design for deconstruction, prefabrication, and lifecycle plan-
ning are critical to maximizing the environmental and economic advantages of recycled steel [7-15, 18, 19]. 

4.1. Comparative Analysis of Case Studies 

In the Republic of Serbia, there are no buildings explicitly designed as being constructed from recycled steel, yet recycled 
steel is widely used through standard industrial production flows of structural steel. Most steel profiles and elements 
installed in industrial halls, warehouses, canopies, commercial buildings, and bridges contain a significant proportion of 
recycled material, as steel is produced by melting scrap steel in electric arc furnaces. Although the use of recycled steel 
in Serbia is not formally documented or promoted through LEED or other certification systems, it is implicitly incorpo-
rated in practice. The lack of regulation, clear guidelines, and a secondary materials market prevents buildings from being 
classified as “100% recycled,” posing a challenge for the further development of circular construction in the coun-
try.Therefore, the further comparative analysis will be conducted on three well-known buildings worldwide. 

The three selected projects - Hearst Tower, Olympic Stadium, and the Empire State Building renovation - exhibit different 
structural typologies, scales, and strategies for integrating recycled steel. Comparing these cases allows us to evaluate 
how structural design, project scope, and lifecycle planning influence the proportion of recycled steel used and the envi-
ronmental benefits achieved. 

The Hearst Tower demonstrates the potential of high-rise constructions to achieve the highest recycled steel content (~85-
90%) due to its optimized diagrid frame and material-efficient geometry. The design not only reduces the amount of steel 
required but also facilitates the use of recycled material without compromising structural integrity, resulting in approxi-
mately 26% reduction in embodied carbon [7, 16, 12]. 
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The Olympic Stadium employs a modular, lightweight steel frame where 70-75% of steel is recycled. Prefabricated ele-
ments and design for deconstruction allow material recovery after the event, yielding a CO₂ reduction of approximately 
30% while providing economic benefits through reusable components [10, 12, 14, 17]. This project exemplifies circular 
economy principles applied to temporary or semi-permanent large-scale structures. 

The Empire State Building renovation illustrates the integration of recycled steel in the retrofitting of an existing structure. 
With ~60% recycled steel in replaced components, the project achieves a 22% reduction in embodied carbon [13, 15, 18]. 
Although the overall recycled content is lower than in new constructions, targeted reuse and careful planning demonstrate 
how even historic buildings can contribute to sustainable material management. 

A summary of these projects and their key sustainability indicators is presented in Table 1, which highlights the variation 
in recycled steel percentages, CO₂ reduction, and structural strategies. The comparative analysis shows that higher per-
centages of recycled steel are achievable in new, purpose-designed structures that incorporate modularity or innovative 
geometry, while renovation projects can still benefit from selective reuse strategies. The key factors influencing successful 
implementation include structural typology, design-for-reuse strategies, and early integration of lifecycle assessment [7-
15, 18, 19]. These insights are essential for engineers and architects aiming to maximize the environmental benefits of 
recycled steel in various project types. 

Table 1: Comparative Analysis of Case Studies 

Project Structural System Recycled 
Steel (%) 

CO₂ Reduc-
tion (%) Key Sustainability Feature 

Hearst Tower, NY Diagrid high-rise 
frame 85-90 26 Optimized geometry, material efficiency, 

high-rise integration 

Olympic Stadium, London Modular light-
weight frame 70-75 30 Prefabrication, design for deconstruction, 

circular economy approach 
Empire State Building 

Renovation, NY 
Reinforced steel 

retrofitting 60 22 Targeted retrofitting, selective reuse, adapta-
tion of existing structure 

4.2. Results & Discussion 

The comparative analysis of the selected case studies (Table 1) demonstrates clear trends regarding the use of recycled 
steel in contemporary construction. Projects designed as new structures, such as the Hearst Tower and Olympic Stadium, 
achieve higher percentages of recycled steel (85-90% and 70-75%, respectively) compared to the Empire State Building 
renovation (~60%). This indicates that structural design and planning from the outset significantly influence the potential 
for incorporating recycled steel [7, 16, 12, 17]. High-rise diagrid systems, like that of the Hearst Tower, allow material 
efficiency through geometry optimization, while modular systems, as in the Olympic Stadium, facilitate reuse and disas-
sembly, aligning with circular economy principles [10, 12, 14, 17]. 

The analysis also highlights the relationship between recycled steel content and CO₂ reduction. Although the Olympic 
Stadium achieved slightly higher CO₂ savings (30%) than the Hearst Tower (26%), the difference can be attributed to the 
temporary nature and modular design of the stadium, which allowed optimized steel use and efficient post-use recovery 
[14, 17]. The Empire State Building renovation, despite being a retrofit, demonstrates that even existing structures can 
significantly reduce embodied carbon through targeted replacement with recycled steel (22% reduction), emphasizing the 
potential of incremental interventions in older buildings [13, 15, 18]. 

From a structural engineering perspective, all case studies confirm that recycled steel retains full load-bearing capacity 
and mechanical performance, supporting its application in both high-rise and modular designs [6, 7, 14]. Additionally, 
the integration of design-for-deconstruction (DfD) strategies in the Olympic Stadium and the lifecycle planning in all 
projects demonstrates that early consideration of sustainability measures is essential to maximize environmental benefits 
[10, 12, 14, 19]. 

The findings suggest several practical recommendations for engineers and architects aiming to enhance the sustainability 
of steel structures: 

1. Incorporate recycled steel at the design stage, particularly in high-rise and modular projects, to maximize envi-
ronmental gains. 

2. Apply design-for-deconstruction principles to allow easy reuse or recycling of steel elements after the building’s 
lifecycle or functional adaptation. 

3. Perform lifecycle assessments (LCA) to quantify embodied energy and CO₂ savings and guide material selection 
and structural optimization [9, 13, 15]. 

4. Consider selective retrofitting for existing structures, enabling significant reductions in carbon footprint without 
major structural modifications [13, 18]. 

Overall, this analysis confirms that recycled steel is a technically viable, environmentally beneficial, and economically 
feasible material for modern construction. When combined with innovative structural design, modularity, and lifecycle 
planning, recycled steel can substantially reduce the environmental impact of buildings while maintaining structural per-
formance and adaptability [7-19]. 
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5. CONCLUSION 

This study demonstrates the technical, environmental, and practical benefits of using recycled steel in contemporary con-
struction projects.  

The use of recycled steel in contemporary construction projects offers a range of technical, environmental, and practical 
benefits. Technically, recycled steel maintains the same structural strength, durability, and versatility as primary steel, 
allowing it to be used in a wide variety of applications, from industrial halls and bridges to commercial buildings. Envi-
ronmentally, it significantly reduces energy consumption, up to 74% less for steel compared to production from iron ore 
and lowers greenhouse gas emissions, while also conserving natural resources such as iron ore and coal. Practically, 
recycled steel supports cost efficiency, as lower energy and raw material requirements reduce production costs, and its 
inherent recyclability minimizes construction waste and landfill burden. Together, these advantages make recycled steel 
a key material in sustainable and circular construction practices. 

The analysis of Hearst Tower, Olympic Stadium, and the Empire State Building renovation shows that recycled steel can 
be successfully integrated in high-rise, modular, and retrofit projects, achieving reduced embodied carbon, energy sav-
ings, and material efficiency [7-19]. High-rise and modular designs allow for higher percentages of recycled steel, reach-
ing up to 90%, while renovation projects benefit from targeted retrofitting and selective reuse strategies [7, 13, 15, 19]. 

The comparative analysis confirms that structural system design, early planning, and lifecycle considerations are key 
factors in maximizing the environmental and economic advantages of recycled steel. Approaches such as design-for-
deconstruction, prefabrication, and modularity enhance recyclability and support circular economy principles. Lifecycle 
assessment ensures that material choices lead to measurable reductions in CO₂ emissions, guiding sustainable engineering 
decisions [9-12, 14, 15, 17, 19]. 

The findings highlight that incorporating recycled steel from the earliest stages of design is essential for optimizing both 
structural efficiency and environmental performance. Even existing buildings can contribute significantly to sustainability 
goals through careful retrofitting and selective material reuse. Furthermore, policies and standards that support the use of 
recycled steel, along with the development of supply chains for reclaimed materials, are important to facilitate broader 
adoption. 

In conclusion, recycled steel represents a viable and effective material for sustainable construction, bridging structural 
performance with environmental responsibility. Its integration into building design supports the circular economy and 
enables resilient, adaptable, and resource-efficient structures. By combining innovative structural solutions with material 
reuse strategies and comprehensive lifecycle planning, recycled steel is positioned as a cornerstone of future sustainable 
engineering practices. 

REFERENCES  

[1] International Energy Agency, “Iron and Steel Technology Roadmap: Towards More Sustainable Steelmaking,” 
IEA, Paris, (2020) 

[2] United Nations Environment Programme, “2023 Global Status Report for Buildings and Construction,” UNEP, 
Nairobi, (2023) 

[3] World Steel Association, “Climate Change and the Production of Iron and Steel,” World Steel Association, Brus-
sels, (2022) 

[4] B. Milošević, Ž. Petrović, M. Mijalković and S. Ranković, “Mechanical characteristics of self-compacting concrete 
made with coarse aggregate obtained from concrete prefabricated elements recycling,” Revista Română de Mate-
riale / Romanian Journal of Materials, Vol. 46, No. 2, pp. 167-174, ISSN 1583-3186, (2016) 

[5] Ž. Petrović, B. Milošević, M. Spasojević Šurdilović, A. Zorić and D. Turnić, “Experimental Investigation of the 
Flexural Performance of Continuous Self-Compacting Concrete Beams with Natural and Recycled Aggregates,” 
Materials, Vol. 19, p. 264, https://doi.org/10.3390/ma19020264, (2026) 

[6] C.F. Dunant, M.P. Drewniok, R.C. Sansom, S.Corbey, J.M. Allwood, J. M.  Cullen, “Real and perceived barriers to 
steel reuse across the UK construction value chain,” Resources, Conservation and Recycling, Vol. 126, pp. 118–
131, https://doi.org/10.1016/j.resconrec.2017.07.036, (2017) 

[7] C.F.Dunant, M.P. Drewniok, M.Sansom, S. Corbey, J.M.Cullen, J.M. Allwood, “Options to make steel reuse profit-
able: An analysis of cost and risk distribution across the UK construction value chain“, Journal of Cleaner Produc-
tion, Vol. 183, pp. 102–111.  https://doi.org/10.1016/j.jclepro.2018.02.141, (2018) 

[8] European Commission, “Circular Economy Action Plan - For a Cleaner and More Competitive Europe,” Brussels, 
(2020) 

[9] H. Feng , J. Zhao , H. Zhang , S.Zhu , D. Li , N.Thurairajah, “Uncertainties in whole-building life cycle assessment: 
A systematic review” Journal of Building Engineering, Vol. 50, art.104191, 
https://doi.org/10.1016/j.jobe.2022.104191 , (2022)  

[10] C. Morgan, F. Stevenson, “Design for Deconstruction,” SEDA Design Guides for Scotland :  No. 1, 
https://www.researchgate.net/publication/303231874_Design_for_Deconstruction, (2005) 



ET 2026 Vrnjačka Banja, Serbia, 25 – 27 June 2026 

 G26 S. Bajić et al. 

[11] S. Bajić and M. Nikolić Topalović, “Analysis of the Possibility of Using Recycled or Reused Steel in the New 
Building Construction,” Proceedings of the 16th International Scientific Conference “Integration, Novelty, Design, 
Interdisciplinarity, Sustainability” – iNDiS 2023, Novi Sad (Serbia), 16–17 November 2023, pp. 37–47, ISBN 
978-86-6022-616-9, (2023) 

[12] F. Pomponi and A. Moncaster, “Circular economy for the built environment: A research framework,” Journal of 
Cleaner Production, Vol. 143, pp. 710-718, https://doi.org/10.1016/j.jclepro.2016.12.055, (2017) 

[13] K. Asif, M. Muneer and R. Kelley, “Life cycle assessment: Life cycle assessment: A case study of a dwelling 
home in Scotland,” Building and Environment, Vol. 42, No. 3, pp. 1391-1394, https://doi.org/10.1016/j.build-
env.2005.11.023, (2007) 

[14] S.Vares, P.Hradil, M.Sansom, V.Ungureanu, “Economic potential and environmental impacts of reused steel 
structures“ Structure and Infrastructure Engineering Vol. 16, pp. 1–12, 
https://doi.org/10.1080/15732479.2019.1662064, (2019) 

[15] S. Chatterjee, B. Kiss, D.Ürge-Vorsatz, S.Teske,  “Decarbonisation Pathways for Buildings,” Achieving the Paris 
Climate Agreement Goals,  Springer, https://doi.org/10.1007/978-3-030-99177-7_7, (2022) 

[16]  J. Allwood and M. Cullen, Sustainable Materials: With Both Eyes Open, Cambridge University Press, Cam-
bridge, UK, (2020) 

[17] J. Kim, “Olympic Structures and their Effect on the Host City’s Environment, Economy, and Infrastructure “, In-
ternational Journal of Civil and Structural Engineering Research    ISSN 2348-7607 (Online) Vol. 11, Issue 1, pp 
52-61, https://doi.org/10.5281/zenodo.7961040 , (2023) 

[18] S.K.Selvaraj, T-M.Chan, “Reuse limit state: A multi-factor framework for circular steel construction: Founda-
tional concepts and research needs“ Journal of Constructional Steel Research, Vol.  245, (110471), 
https://doi.org/10.1016/j.jcsr.2026.110471 , (2026) 

[19] H. Bartsch, "Reuse of reclaimed steel components in construction: A systematic review of potential, challenges 
and future directions", Structures, vol. 80 (110057),  https://doi.org/10.1016/j.istruc.2025.110057 , (2025) 

FIGURES REFERENCES  
[F1] Springer Nature, Recycled steel ready for construction use, 2023. Available online: https://media.springer-

nature.com/lw1200/springer-static/image/art%3A10.1007%2Fs13296-023-00778-4/MediaOb-
jects/13296_2023_778_Fig1_HTML.jpg 

[F2] BMB Steel, Construction of prefabricated steel hall, 2023. Available online: https://bmbsteel.com.vn/stor-
age/2023/07/7633/pre-engineered-steel-building-project-by-bmb-steel.png 

[F3] Cadyapi, Modular steel structural components, 2023. Available online: https://cadyapi.com.tr/uploads/im-
ages/VDrkrFRrlq2hUpWJa0201707916295.jpg 

[F4] Springer Nature, Demolished and recycled steel beams, 2023. Available online: https://media.springer-
nature.com/lw1200/springer-static/image/art%3A10.1007%2Fs13296-023-00778-4/MediaOb-
jects/13296_2023_778_Fig2_HTML.jpg 

 


