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[bookmark: _Toc226979630]Abstract 
The construction industry is a major contributor to global carbon emissions, driving increased interest in sustainable construction materials  to improve environmental performance. This research proposal aims to investigate the impact of sustainable construction materials on building performance, with a focus on energy efficiency, durability, lifecycle cost and environmental impact. Materials such as cross laminated timber (CLT), recycled aggregates and low carbon concrete are increasingly adopted however, their real world performance remains under debate.
A mixed method research design is proposed, combining quantitative analysis of case study data with qualitative insights gathered from industry professionals through surveys and interviews. Key performance indicators will include thermal efficiency, embodied carbon, maintenance requirements and whole life cost.
The study will address gaps in existing literature, focusing on the lack of real world performance data and the discrepancy between theoretical and actual outcomes. The findings are expected to provide practical recommendations for construction professionals in the UK, contributing to more informed decision making and supporting the transition introducing more sustainable construction practices, in line with Net Zero targets.
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[bookmark: _Toc226979633]Background of the Study
The global construction industry is known as one of the largest contributors to environmental degradation, the construction industry is responsible for approximately 37% of energy related carbon emissions (UNEP, 2021). In the UK more regs are coming into place including commitments to achieve Net Zero carbon emissions by 2050 this has intensified the need for more sustainable construction practices. Therefore, choosing and applying construction materials has become a key priority.
Traditional construction materials such as concrete, steel, and brick are associated with high levels of embodied carbon due to energy intensive manufacturing processes. “Cement production alone contributes approximately 8% of global CO2 emissions” (Scrivener et al., 2018). As a result, there has been a shift toward alternative materials that offer reduced environmental impact, including cross laminated timber (CLT), recycled aggregates, and low carbon concrete.
Sustainable construction materials are designed to minimise environmental impact throughout their lifecycle, from raw material extraction to disposal or reuse. However, while their environmental benefits are widely promoted, there remains uncertainty regarding their overall impact on building performance. Building performance encompasses a range of factors, including energy efficiency, thermal comfort, structural integrity, durability, and lifecycle cost.
A key issue within the industry is the gap between theoretical performance and real-world outcomes. Many studies rely on modelling and simulations rather than empirical data, raising questions about the reliability of reported benefits. Furthermore, practical considerations such as cost and availability can influence the effectiveness of sustainable materials in practice.

[bookmark: _Toc226979634]Research Problems
Despite increasing adoption, the construction industry lacks comprehensive evidence on whether sustainable materials consistently deliver improved building performance. While environmental benefits are often emphasised, there is limited research examining long term durability, maintenance requirements, and cost implications in real world projects.
Additionally, decision making in construction is heavily influenced by economic and programme constraints. Developers and contractors may prioritise short term cost savings and risk reduction over long term sustainability benefits. This creates a disconnect between sustainability objectives and industry practices.
[bookmark: _Toc226979635]Research Questions
This study seeks to address the following research questions:
· How do sustainable construction materials impact overall building performance? 
· To what extent do sustainable materials improve energy efficiency and reduce lifecycle costs? 
· What challenges or limitations are associated with their adoption in the construction industry
[bookmark: _Toc226979636]Aims and Objectives
My aim is to research the impact of sustainable construction and how it may affect building performance.
I will :
· Identify commonly used sustainable construction materials with moder building projects
· Analyse the impact of sustainable construction materials on structural, thermal and energy performance of the building.
· To compare building performance between sustainable materials and non-sustainable materials.
[bookmark: _Toc226979637]Literature Review
[bookmark: _Toc226979638]Overview of Sustainable Construction Materials
“Sustainable construction materials are defined as materials that minimise environmental impact through reduced energy consumption, lower emissions, and efficient resource use” (Kibert, 2016). Examples include cross-laminated timber, recycled steel, and low carbon concrete.
“Cross-laminated timber has gained popularity due to its renewable nature and carbon sequestration properties.” According to Churkina et al. (2020), 
“Timber structures can significantly reduce embodied carbon compared to steel and concrete alternatives. Similarly, recycled aggregates reduce the need for virgin material extraction, contributing to resource efficiency” (Tam et al., 2018).
“Low-carbon concrete, incorporating supplementary cementitious materials such as fly ash and ground granulated blast-furnace slag (GGBS), has also been widely studied for its potential to reduce emissions” (Scrivener et al., 2018).
[bookmark: _Toc226979639]Definition and Classification of Sustainable Materials
“Sustainable construction materials are broadly defined as materials that reduce environmental impact while maintaining functional performance” (Kibert, 2016). These materials typically aim to minimise energy consumption, reduce emissions, and promote efficient use of resources.
However, defining sustainability in construction is complex. Materials may be considered sustainable based on factors such as recyclability, renewability, or low embodied carbon. For example, timber is often regarded as sustainable due to its renewable nature, while recycled steel is valued for its ability to reduce resource extraction.
A key issue is that sustainability is context-dependent. A material that is environmentally beneficial in one scenario may not be in another, depending on factors such as transportation distance, construction methods, and end-of-life disposal. Brischke
[bookmark: _Toc226979640]Impact on Building Performance
“Building performance encompasses factors such as thermal efficiency, durability, and structural integrity. Sustainable materials often demonstrate improved thermal performance, particularly timber-based systems, which provide natural insulation”(Gustavsson and Sathre, 2011).
However, concerns have been raised regarding durability and long-term performance. For example, timber structures may be more susceptible to moisture damage if not properly designed and maintained (Brischke and Rapp, 2008). Similarly, while low-carbon concrete reduces emissions, questions remain regarding its long-term strength and performance consistency.
This highlights a key issue: while sustainable materials offer potential benefits, their performance is highly dependent on design, construction quality, and maintenance.
[bookmark: _Toc226979641]Environmental Impact
A key advantage of sustainable materials lies in their reduced environmental impact, particularly in terms of embodied carbon. “Embodied carbon refers to emissions generated during material extraction, manufacturing, and transportation” (RICS, 2017).
Studies indicate that embodied carbon can account for up to 50% of a building’s total emissions over its lifecycle (Pomponi and Moncaster, 2016). As operational energy efficiency improves, embodied carbon becomes increasingly significant.
“Life Cycle Assessment (LCA) is commonly used to evaluate environmental impact. However, inconsistencies in LCA methodologies can lead to variations in results, making comparisons difficult” (Ortiz et al., 2009).
[bookmark: _Toc226979642]Economic Considerations
“Cost remains a significant factor influencing material selection. Sustainable materials often involve higher upfront costs, which can deter adoption” (Häkkinen and Belloni, 2011). However, when considering whole-life cost (WLC), these materials may offer long-term savings through reduced energy consumption and maintenance requirements.
The concept of whole-life costing, as promoted by RICS , it emphasises the importance of evaluating costs over the entire lifecycle rather than initial capital expenditure alone. Despite this, many developers continue to prioritise short-term cost savings.
[bookmark: _Toc226979643]Barriers to Adoption
Several barriers hinder the widespread adoption of sustainable materials, including:
· Higher initial costs 
· Limited availability and supply chain constraints 
· Lack of knowledge and expertise 
· Perceived risk among contractors and developers 
According to Darko et al. (2017), “resistance to change within the construction industry is a significant challenge, particularly where established methods are perceived as more reliable.”
Despite the recognised benefits of sustainable construction materials, their widespread adoption remains limited within the UK construction industry. A number of interrelated barriers continue to restrict implementation, many of which are rooted in economic, organisational, and cultural factors.
One of the most significant barriers is cost perception. Sustainable materials are often associated with higher upfront costs, particularly when compared to traditional materials such as concrete and steel. Although whole-life costing (WLC) demonstrates that these materials can provide long-term financial benefits through reduced energy consumption and maintenance requirements, many developers and contractors prioritise initial capital expenditure due to tight project budgets and short-term financial objectives. This reflects a broader industry tendency to focus on immediate cost certainty rather than lifecycle value.
Another key barrier is supply chain limitation. Sustainable materials such as cross-laminated timber (CLT) are not yet as widely available as conventional materials, leading to concerns regarding procurement reliability, lead times, and price volatility. This issue is particularly relevant in the UK, where the supply of engineered timber products has historically relied on imports, increasing both cost and embodied carbon associated with transportation.
Lack of technical knowledge and expertise also presents a significant challenge. Many contractors and project teams have extensive experience working with traditional materials but limited familiarity with newer sustainable alternatives. This can lead to design inefficiencies, construction errors, or reluctance to adopt unfamiliar systems. As a result, sustainable materials may be perceived as higher risk, particularly on projects with strict programme and quality requirements.
Closely linked to this is risk aversion within the construction industry. The industry is inherently risk-sensitive, with stakeholders often favouring proven methods over innovation. Concerns regarding durability, fire safety, insurance, and compliance with building regulations can discourage the use of sustainable materials, particularly in large-scale or high-profile developments.
Finally, regulatory and standardisation challenges can also hinder adoption. While UK policies increasingly promote sustainability, inconsistencies in guidance, assessment methods (such as Life Cycle Assessment), and certification systems can create uncertainty. This lack of standardisation makes it difficult for project teams to confidently evaluate and compare materials.
Overall, these barriers highlight that the challenge is not purely technical but also cultural and economic. Addressing these issues requires not only improved material performance but also changes in industry practices, procurement strategies, and regulatory frameworks.

[bookmark: _Toc226979644]Critical Analysis and Research Gaps
While existing literature provides valuable insights into sustainable construction materials, several limitations and inconsistencies remain. A critical review of current research highlights significant gaps that justify the need for further investigation.
“One of the most prominent issues is the over-reliance on theoretical modelling and simulation-based studies. Many studies assess the performance of sustainable materials using predictive models, particularly in relation to energy efficiency and carbon emissions. While these models provide useful insights, they often fail to account for real-world variables such as construction quality, workmanship, and occupant behaviour. This contributes to the widely recognised performance gap, where actual building performance differs significantly from predicted outcomes” (de Wilde, 2014).
Another key limitation is the lack of long-term empirical data. Sustainable materials such as CLT and low-carbon concrete have not been in widespread use for as long as traditional materials, resulting in limited data on durability, maintenance requirements, and lifecycle performance. This creates uncertainty for industry professionals, particularly when making decisions for projects with long design lives.
There is also a notable lack of industry-focused research, particularly from the perspective of contractors, quantity surveyors, and project managers. Much of the existing literature is academic in nature and does not fully reflect the practical challenges faced during construction. Issues such as procurement constraints, programme pressures, and cost management are often underrepresented.
Furthermore, inconsistencies in Life Cycle Assessment (LCA) methodologies present challenges in comparing findings across studies. Variations in system boundaries, assumptions, and data sources can lead to significantly different results, reducing the reliability of conclusions.
This research seeks to address these gaps by:
· Incorporating real-world case studies 
· Including industry perspectives through surveys and interviews 
· Evaluating both technical performance and practical challenges 
By adopting a mixed-methods approach, the study aims to provide a more balanced and comprehensive understanding of sustainable material performance.
[bookmark: _Toc226979645]Research Design and Methodology
Research Philosophy and Approach
This research adopts a pragmatic research philosophy, which is particularly appropriate for construction related studies that aim to bridge the gap between theory and practice. Pragmatism allows the researcher to utilise both qualitative and quantitative methods to gain a comprehensive understanding of the research problem. Rather than adhering strictly to a single methodological paradigm, this approach focuses on selecting methods that best address the research objectives.
The complexity of evaluating sustainable construction materials requires consideration of both measurable performance data and subjective industry experiences. Quantitative methods are essential for analysing building performance indicators such as energy efficiency, embodied carbon, and cost metrics. However, these alone are insufficient to fully understand the practical challenges faced by construction professionals. Qualitative methods, including interviews and surveys, provide valuable insights into decision-making processes, perceptions of risk, and barriers to adoption.
The research therefore adopts a mixed methods approach, combining the strengths of both methodologies. This approach enhances the robustness of the study by enabling data triangulation, where findings from different sources can be compared and validated. It also supports a more holistic understanding of sustainable material performance, aligning with the study’s aim to evaluate both technical and practical aspects.
[bookmark: _Toc226979646]Research Design
The research design is structured around a sequential mixed-methods framework, where quantitative data collection and analysis are followed by qualitative investigation. This design allows initial findings from case studies to inform the development of survey and interview questions, ensuring that qualitative data is grounded in observed performance trends.
The quantitative component focuses on analysing case studies of buildings that have incorporated sustainable construction materials. These case studies will be selected based on the availability of performance data, including energy consumption, maintenance records, and cost information. The aim is to establish measurable differences between sustainable and traditional materials.
The qualitative component involves gathering insights from industry professionals through surveys and semi-structured interviews. This stage aims to explore the reasons behind material selection decisions, perceived risks, and barriers to adoption.
By integrating these two components, the research design ensures that findings are both data-driven and contextually relevant. The sequential approach also allows for deeper exploration of key issues identified in the quantitative phase, enhancing the overall quality of the research.
Stage 1 – Quantitative (Cost & Performance Benchmarking)
This stage mirrors early-stage cost planning and feasibility assessment. It involves analysing case study data to compare:
· Capital costs (£ /m²) 
· Embodied carbon (kgCO2e/m²) 
· Operational energy costs 
· Maintenance and lifecycle costs 
This allows the research to establish whether sustainable materials provide measurable value for money when assessed by a Qs.
Stage 2 – Qualitative (Industry Decision Making)
The second stage investigates how decisions are made in practice, focusing on:
· Procurement routes  (traditional or design and build) 
· Contractor risk perception 
· Value engineering pressures 
· Client priorities 
This stage reflects the reality that even where sustainable materials offer long-term benefits, they may be value engineered out during procurement due to cost constraints.

[bookmark: _Toc226979647]Data Collection Methods
Data collection will involve both primary and secondary sources, ensuring a comprehensive dataset.
Quantitative Data Collection
Quantitative data will be obtained through the analysis of case study buildings that utilise sustainable construction materials. Data sources may include:
· Energy performance certificates (EPCs) 
· Building performance reports 
· Maintenance and lifecycle cost data 
· Published case study documentation 
Key performance indicators (KPIs) will include:
· Energy consumption (kWh/m²) 
· Embodied carbon (kgCO₂e/m²) 
· Maintenance costs 
· Construction costs 
This data will enable comparison between sustainable and traditional material performance.
[bookmark: _Toc226979648]Qualitative Data Collection
Qualitative data will be collected through:
· Online surveys distributed to construction professionals 
· Semi-structured interviews with selected participants 
The survey will include both closed and open-ended questions, allowing for quantitative analysis of responses as well as qualitative insights. Interview questions will be designed to explore:
· Experience with sustainable materials 
· Perceived advantages and disadvantages 
· Barriers to adoption 
· Decision-making processes 
Semi-structured interviews provide flexibility, allowing participants to expand on key topics while ensuring consistency across responses.
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A purposive sampling strategy will be used to select participants with relevant experience in the construction industry. This approach ensures that the data collected is directly relevant to the research objectives.
The target sample will include:
· Contractors 
· Quantity surveyors 
· Project managers 
· Design consultants 
These professionals are directly involved in material selection and project delivery, making them well-positioned to provide valuable insights.
The sample size is expected to include:
· 20–30 survey respondents 
· 5–8 interview participants 
Case study selection will also follow purposive criteria, focusing on buildings that:
· Incorporate sustainable materials 
· Have accessible performance data 
· Represent a range of building types (residential, commercial) 
While purposive sampling limits generalisability, it enhances the relevance and depth of the findings.
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The analysis will involve both quantitative and qualitative techniques.
Quantitative Analysis
Quantitative data will be analysed using comparative methods to identify differences between sustainable and traditional materials. This may include:
· Descriptive statistics (mean, range) 
· Comparative analysis of energy and cost data 
The aim is to identify trends and patterns in building performance.
Qualitative Analysis
Qualitative data from surveys and interviews will be analysed using thematic analysis. This involves:
1. Transcribing responses 
2. Coding key themes 
3. Identifying patterns and relationships 
Themes may include:
· Cost concerns 
· Risk perception 
· Knowledge gaps 
· Sustainability benefits 
The combination of these methods ensures that the analysis is both rigorous and insightful.
[bookmark: _Toc226979651]Reliability and Validity
Ensuring reliability and validity is critical to the credibility of the research.
Reliability will be enhanced through:
· Consistent data collection methods 
· Use of standardised survey questions 
· Cross-checking data sources 
Validity will be addressed through:
· Triangulation of data (case studies, surveys, interviews) 
· Use of established performance metrics 
· Clear alignment between research questions and methods 
By combining multiple data sources, the research reduces the risk of bias and strengthens the overall findings.
[bookmark: _Toc226979652]Ethical Considerations
The research will adhere to ethical standards in line with university guidelines.
Key considerations include:
· Informed consent: Participants will be fully informed of the research purpose 
· Confidentiality: Personal data will be anonymised 
· Data protection: Compliance with GDPR regulations 
· Voluntary participation: Participants can withdraw at any time 
Ethical approval will be obtained prior to data collection.
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The research will be conducted over a 13-week period, structured to ensure systematic progression through each stage.
· Weeks 1–2: Finalisation of research proposal and ethical approval
· Weeks 3–5: Comprehensive literature review
· Weeks 6–7: Case study selection and quantitative data collection
· Weeks 8–9: Distribution of surveys and conducting interviews
· Weeks 10–11: Data analysis
· Week 12: Drafting of findings and discussion
· Week 13: Final editing and submission
Potential risks include delays in obtaining data or limited participant responses. These will be mitigated through early engagement and use of multiple data sources.
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The research is expected to demonstrate that sustainable construction materials can significantly improve building performance, particularly in terms of environmental impact and energy efficiency. Materials such as cross-laminated timber and low-carbon concrete are likely to show reduced embodied carbon compared to traditional materials.
However, the findings are also expected to highlight a trade-off between short-term cost and long-term value. While sustainable materials may involve higher initial costs, they are anticipated to provide long-term benefits through reduced energy consumption and maintenance requirements.
The research will likely identify a performance gap, where predicted benefits are not fully realised in practice. This may be due to factors such as poor installation, design limitations, or user behaviour.
From an industry perspective, the study is expected to confirm that adoption is influenced by:
· Cost pressures 
· Risk perception 
· Lack of knowledge 
The findings will provide practical recommendations, including:
· Greater emphasis on whole-life costing 
· Improved training and awareness 
· Enhanced supply chain development
UK Case Study 1: Dalston Works, London
Dalston Works utilised cross-laminated timber to reduce embodied carbon and programme duration. From a QS perspective:
· Reduced structural weight lowered foundation costs 
· Off-site manufacture reduced labour costs and programme time 
· However, higher material costs increased upfront expenditure 
This highlights the need for whole-life cost analysis rather than capital cost comparison alone.
UK Case Study 2: BedZED, London
BedZED demonstrated strong environmental performance but revealed:
· Higher initial costs 
· Maintenance challenges 
· Performance gaps in operation 
This reinforces the importance of post-occupancy evaluation and lifecycle costing.
UK Case Study 3: One Angel Square, Manchester
This commercial building incorporated sustainable materials and systems:
· High initial capital cost 
· Significant operational savings 
· Strong long-term value 
From a QS perspective, this demonstrates the benefits of client-led sustainability strategies and long-term investment thinking.
Quantitative Data:
· Case studies of buildings using sustainable materials

[bookmark: _Toc226979655]Conclusion
This research proposal has presented a detailed investigation into the impact of sustainable construction materials on building performance. As the construction industry continues to evolve in response to environmental challenges, the importance of material selection cannot be overstated.
The study highlights that while sustainable materials offer significant environmental benefits, their impact on overall building performance is complex and influenced by a range of technical, economic, and organisational factors. The presence of a performance gap between predicted and actual outcomes further emphasises the need for empirical research.
By adopting a mixed-methods approach, this research aims to provide a comprehensive understanding of both measurable performance and industry perspectives. The inclusion of real-world data and professional insights ensures that the findings will be relevant to both academia and practice.
Ultimately, this research will contribute to improving decision-making within the construction industry, supporting the transition toward more sustainable building practices. It will also provide a foundation for future research, particularly in the area of long-term performance evaluation.
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