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Abstract
The construction industry is under increasing pressure to reduce carbon emissions, with material selection playing a significant role in improving environmental performance. Low-carbon materials are being advocated more and more in UK residential construction to help lower embodied carbon but incorporating them can also influence initial cost planning and the certainty of those costs. This research proposal investigates how low-carbon material selection affects early-stage cost planning in UK residential construction projects. The study seeks to clarify the relationship between sustainable material choices and the practical challenges of estimating, budgeting, and managing cost risk during the initial stages of project development. The plan involves qualitative research, where semi-structured interviews will be conducted with quantity surveyors and other construction professionals who are involved in cost planning and choosing materials.  The gathered data will undergo thematic analysis to uncover recurring challenges, attitudes, and elements that influence decisions.  The research is expected to show that while low-carbon materials may support long-term environmental goals, they can also introduce uncertainties in pricing, availability, and cost forecasting. The study will clarify how cost planning practices can better respond to sustainability requirements in residential construction.
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Introduction
Background of the Study
Material selection is an increasingly important issue in the construction industry because it influences not only building performance and quality, but also wider environmental outcomes and commercial decision-making. Embodied carbon is now recognised as a major component of whole-life building emissions, and the literature is clear that the greatest opportunity to reduce it sits at concept and early design stage, when building form, structural system and major material choices are still open to change (Röck et al., 2020; Fang et al., 2023; RICS, 2023). This makes low-carbon material selection more than a technical sustainability issue; it is part of the earliest strategic decisions that shape both project outcomes and later design flexibility.
At the same time, material selection is closely connected to cost planning. RICS (2021) positions order of cost estimating and early cost planning as core pre-design and concept-stage activities, while Amadi (2024) shows that early construction economics relies on incomplete design information, assumptions and option appraisal rather than detailed measurement. When low-carbon materials are introduced into this process, they may create additional uncertainty in relation to pricing, supplier availability, performance expectations and perceived cost risk. As a result, the choice of lower-carbon materials may affect the accuracy and reliability of early-stage estimates as well as the level of cost certainty available to the client.
This issue is particularly relevant in UK residential construction. Residential projects are often shaped by strict budgets, programme pressures, standardised design approaches and the need to make key material decisions before the design is fully developed. At the same time, the sector is under increasing pressure from policy, clients and industry guidance to reduce embodied carbon and improve environmental performance (UK Government, Department for Business, Energy and Industrial Strategy, 2022; Drewniok et al., 2023; Department for Environment, Food and Rural Affairs, 2025). This creates a practical tension between sustainability ambitions and affordability, especially where project teams must make decisions with incomplete information. For construction professionals involved in early-stage cost advice, this means that material selection is no longer only a technical or procurement issue, but also a cost planning issue.
The topic is also significant to quantity surveying practice. Early-stage cost planning plays an important role in shaping client expectations, testing design options and supporting informed decision-making before a project progresses further. Recent professional and academic sources suggest that life-cycle costing, carbon literacy and sustainability appraisal are becoming more central to QS work, not peripheral to it (RICS, 2025; Khan, Tong and Phung, 2024). If low-carbon materials are perceived as difficult to price, uncertain in supply, or risky in cost terms, this may influence whether they are considered viable at all. Although low-carbon materials are widely discussed in relation to sustainable construction, there is less clarity around how they affect the practical process of early-stage cost planning in UK residential projects. For this reason, the proposed study will investigate how low-carbon material selection influences early-stage cost planning and cost certainty in this specific project context.
Research Question(s)
How does low-carbon material selection affect early-stage cost planning in UK residential construction projects?
Aims / Objectives of the Study
To investigate how low-carbon material selection affects early-stage cost planning in UK residential construction projects.
To review relevant literature on low-carbon materials and early-stage cost planning in UK residential construction.
To examine how low-carbon material selection influences early-stage budgeting and estimating decisions.
To identify the challenges faced by construction professionals when pricing low-carbon materials at the pre-contract stage.
To assess how low-carbon material selection affects cost certainty in UK residential projects. 
Literature Review
Review of Relevant Literature
Embodied carbon and early design decisions
Across the literature, there is broad agreement that embodied carbon is heavily influenced by decisions made before detailed design is complete. Fang et al. (2023) argue that structural form, grid, span and material family selected at concept stage have a disproportionate effect on later carbon outcomes, while Röck et al. (2020) describe embodied greenhouse-gas emissions as a hidden but increasingly important challenge as operational emissions fall. Roberts, Allen and Coley (2020) reinforce this by showing that life-cycle assessment is still often used too late in the design process to influence major decisions effectively. Taken together, these studies suggest that the key question is not simply how carbon is measured, but whether early decision-making frameworks are robust enough to guide live project choices while information is still incomplete.
There is, however, a difference between literature that explains why early intervention matters and literature that explains how practitioners act on that knowledge. Victoria and Perera (2018) show that embodied carbon can be estimated parametrically before design information is complete, and Torabi and Evins (2025) demonstrate that early-stage structural choices can significantly alter embodied-carbon outcomes in residential buildings. Yet both studies remain primarily within modelling and design-support territory. They are valuable for showing what can be estimated early, but they do not explain how cost consultants or quantity surveyors decide whether a low-carbon option is sufficiently reliable, affordable or commercially defensible in pre-contract advice.
UK-focused evidence strengthens the importance of the topic while also exposing data-related uncertainty. Drewniok et al. (2023) map material use and embodied carbon across UK construction and show the scale of emissions linked to material choices, while Keyhani et al. (2023) demonstrate that carbon results for a typical UK residential building vary depending on the embodied-carbon data source used. RICS (2023) and the UK Green Building Council (2025) therefore place growing emphasis on consistent early-stage whole-life-carbon measurement. However, even this stronger professional framework is more developed on carbon assessment than on how those carbon-led decisions are translated into early-stage cost certainty.
Low-carbon materials and cost implications
The literature on cost implications is more divided. Solera Jimenez et al. (2023) argue that embodied-carbon reduction and cost reduction can be pursued together when design, system choice and material selection are considered concurrently, while Zhang et al. (2021) suggest that life-cycle costing can optimise environmental and financial performance at an early stage rather than treating sustainability as an inevitable premium. Read together, these studies challenge the simplistic assumption that low-carbon materials necessarily cost more. However, their conclusions are based on tightly defined case conditions and optimisation logics, which means they demonstrate what is possible under controlled conditions more than what typically happens in live pre-contract residential budgeting.
Practice-oriented studies present a more cautious picture. Giesekam, Barrett and Taylor (2016) found that UK construction professionals associated low-carbon materials with barriers such as perceived cost, weak responsibility allocation, limited benchmarks and insufficient product data. Chan, Masrom and Yasin (2022) similarly identify lack of demonstration projects, inconsistent information, limited technical knowledge and low market familiarity as persistent obstacles. The 2025 AECOM review for government adds a specifically commercial dimension, noting that innovative lower-carbon products may face cost variation linked to warranties, contractor risk, insurance, specialist design requirements and weak environmental product declaration coverage. In this literature, the issue is not simply whether a product is more expensive, but whether its pricing and performance claims are trusted enough to be used in early commercial advice.
This is especially important in UK residential delivery, where affordability, repeatability and procurement certainty are often prioritised. UK Government case-study evidence on low-cost, low-carbon homes shows that innovative systems can create interface, coordination and delivery challenges even where their carbon case is attractive (UK Government, Department for Business, Energy and Industrial Strategy, 2022). Morris, Allen and Hawkins (2021) also show that apparently straightforward material comparisons, such as timber versus steel, are highly sensitive to methodological assumptions. The implication for this proposal is that cost implications cannot be reduced to a single headline premium; they are mediated by data quality, supply-chain maturity, insurance, programme risk and the credibility of assumptions behind both price and carbon claims.
Uncertainty, risk, and cost certainty in early-stage estimating
The literature becomes thinnest when cost is discussed as uncertainty rather than as price alone. RICS (2021) is clear that early-stage cost planning is an order-of-cost activity undertaken before detailed design is available, and Amadi (2024) similarly shows that early construction economics depends on assumptions, appraisal and evolving project definition. RICS' cost prediction guidance also emphasises that estimates should make information completeness, assumptions and risk visible rather than disguise uncertainty behind a single precise figure. This matters because low-carbon materials enter the decision-making process at precisely the stage when design information, benchmark data and procurement routes are least settled.
Recent UK evidence suggests that the problem is not only limited information but uneven information. AECOM (2025) notes that published cost data for alternative embodied-carbon approaches remain limited across typologies, and RICS (2023) explicitly formalises uncertainty allowances in early whole-life-carbon assessment to avoid spurious precision. When this is combined with the barriers identified by Giesekam, Barrett and Taylor (2016) and Chan, Masrom and Yasin (2022), the result is a commercial environment in which risk may be transferred through contingencies, qualifications, supplier choice, insurance terms or the decision not to recommend an unfamiliar option at all.
This produces a clear tension across the literature. On one side, optimisation-based studies imply that cost and carbon can be jointly improved if analysed early enough. On the other, guidance and practitioner-facing evidence suggest that real early-stage decisions are made under imperfect information, where conservative assumptions, benchmark limitations and market unfamiliarity may dominate theoretically optimal solutions. What remains weakly explained is how professionals convert that uncertainty into practical estimating behaviour: how they judge pricing confidence, when they apply risk allowances, and how they communicate cost certainty to clients when low-carbon materials are being considered.
The specific gap in UK residential QS practice
The final theme is the gap between broad embodied-carbon research and the specific realities of UK residential quantity surveying practice. Much of the literature addresses embodied carbon at industry level, through technical life-cycle assessment, benchmarking or policy guidance. Separately, QS literature increasingly argues that the profession should contribute more actively to sustainability, carbon reporting and life-cycle value thinking (Khan, Tong and Phung, 2024; RICS, 2025). Yet these sources are stronger at defining an expanded professional role than at showing how that role is carried out when low-carbon material options must be priced early in residential projects.
This matters because UK residential projects operate under conditions that intensify the tension between carbon ambition and cost certainty: tight budgets, standardised house types, programme pressure, warranty requirements and strong delivery expectations. Evidence drawn from broader construction samples, single-material comparisons or non-UK settings is therefore only partially transferable. What remains underexplained is how UK residential quantity surveyors and related cost professionals balance sustainability objectives against affordability, procurement constraints, client expectations and incomplete information at the earliest stages of design. This unresolved issue provides the clearest justification for the proposed study.
Identification of Gaps in Current Research
Existing studies explain a great deal about embodied carbon, life-cycle assessment, carbon benchmarking and the environmental rationale for selecting lower-carbon materials. A smaller body of research also shows that cost and carbon can be considered together through optimisation models or case-based comparisons. However, far fewer studies examine how construction professionals actually manage cost uncertainty when such materials must be priced at the earliest project stages, when design information is incomplete, supplier data are inconsistent and benchmark rates are weak. The gap narrows further when attention is restricted to UK residential construction and early-stage quantity surveying advice. The most underexplored area, therefore, is not carbon performance alone, but how UK residential QSs and related practitioners form pricing judgements, apply contingencies and communicate cost confidence when low-carbon materials are being considered.
How Your Research Will Address These Gaps
This study will address that gap by focusing specifically on early-stage quantity surveying practice in UK residential construction. Through semi-structured interviews with quantity surveyors, estimators, cost consultants and related professionals, it will examine how pricing confidence is formed, what sources of uncertainty are considered most significant, and how sustainability ambitions are balanced against budget constraints, procurement pressures and client expectations. In doing so, the research will contribute practice-based evidence that is largely missing from the current literature: academically, it will add a more precise account of cost certainty to a field dominated by carbon assessment and life-cycle discussion; practically, it should help identify where better benchmark data, earlier supplier engagement and clearer guidance could improve low-carbon decision-making at pre-contract stage.
Research Design and Methodology
Research Design
This study will adopt a qualitative research design because the research question is concerned with how professionals interpret, manage and respond to cost uncertainty rather than with measuring a single numerical relationship. Tomaszewski, Zarestky and Gonzalez (2020) argue that qualitative design is particularly appropriate where the aim is to explore how people understand complex issues in context and where the study is driven by open-ended how and why questions. That logic fits this proposal, which is concerned with the reasoning behind early-stage estimates, the assumptions used when pricing low-carbon materials, and the professional judgements that shape cost advice in live residential projects.
The study will be underpinned by an interpretivist position. Ryan (2018) explains that interpretivism is concerned with understanding meaning rather than treating social reality as fully objective and measurable. This is suitable here because early-stage cost planning is shaped by experience, market familiarity, organisational context and judgement, not only by objective price data. An interpretivist approach therefore allows the research to examine how practitioners make sense of incomplete information, perceived risk and sustainability pressures, and how those interpretations influence the advice they provide to clients.
A purely quantitative design would be less suitable at this stage of enquiry. Although a survey or cost dataset might indicate how common particular views or price differences are, it would reveal much less about why professionals apply contingencies, distrust certain data sources, or treat some low-carbon options as commercially risky. Because the study is exploring a relatively underexamined practice-based issue, depth of explanation is more valuable than broad numerical coverage, making qualitative enquiry the stronger choice (Tomaszewski, Zarestky and Gonzalez, 2020).
The design is also feasible for a Level 5 research project because it focuses on one defined sector, one project stage and a small but relevant participant group. This keeps the study manageable in terms of access, interview scheduling, transcription and analysis, while still allowing the researcher to produce a credible and detailed account of current practice.
Data Collection Methods
Semi-structured interviews will be used as the main data collection method. DeJonckheere and Vaughn (2019) describe semi-structured interviewing as a guided but flexible dialogue that enables researchers to explore participants' beliefs, experiences and reasoning in depth. This makes it well suited to the present study, which requires comparable discussion of core issues such as pricing confidence, benchmark data and perceived commercial risk, while also leaving enough openness for participants to explain how decisions are shaped by particular project experiences.
Each interview is expected to last approximately 30-45 minutes. Subject to participant preference and access, interviews will be conducted online using Microsoft Teams or Zoom, or in person where practical. With consent, interviews will be audio-recorded to improve the accuracy of transcription, and brief field notes will also be taken to capture immediate impressions, emphasis and points for follow-up.
The interview guide will be structured around the research objectives and the key issues identified in the literature review. Kallio et al. (2016) argue that a rigorous semi-structured interview guide should be developed systematically through the use of prior knowledge, drafting, pilot testing and refinement. In line with that approach, core questions will address the availability of pricing data, the treatment of unfamiliar materials in early estimates, the role of supplier and specification information, the use of contingencies or assumptions, and the way sustainability objectives are weighed against affordability and programme certainty. Follow-up prompts will be used to elicit concrete examples from practice rather than general opinion.
Before formal data collection begins, the interview schedule will be checked for clarity, relevance and sequencing through supervisor feedback and, where possible, a short pilot discussion with an appropriate contact who is not part of the final sample. Tong, Sainsbury and Craig (2007) emphasise the value of transparent reporting for interview-based research, so the study will also keep a clear record of who conducted the interviews, how they were recorded and how the guide evolved before full data collection.
Sampling Methods
The study will use purposive sampling, meaning participants will be selected because they can provide informed insight into early-stage cost planning and material-related decision-making in UK residential construction. Palinkas et al. (2015) describe purposive sampling as the selection of information-rich cases that are especially knowledgeable about the phenomenon of interest. This targeted approach is more suitable than random sampling because the research requires experience-based knowledge rather than general public opinion.
To be included, participants should have direct involvement in at least one of the following within UK residential projects: early-stage estimating, cost planning, pre-contract advice, material option appraisal, or sustainability-related decision-making. The sample will prioritise quantity surveyors, estimators and cost consultants, but may also include project managers or sustainability specialists where their role gives them clear experience of pricing or advising on low-carbon material choices. Participants should have sufficient professional familiarity with residential delivery to comment meaningfully on budget constraints, risk allowances and pricing confidence.
An anticipated sample of approximately eight to ten participants is considered appropriate for this study. Malterud, Siersma and Guassora (2016) argue that qualitative sample size should be guided by information power rather than by a fixed rule: the more specific the sample and the more focused the research aim, the fewer participants may be needed. Hennink and Kaiser (2022) similarly show that many focused interview studies reach sufficient thematic depth with relatively modest sample sizes, although they caution against treating any number as universally adequate. For this proposal, eight to ten interviews should provide a workable balance between feasibility and analytical richness, provided participants are closely aligned to the research focus.
This target should be treated as a reasoned estimate rather than a rigid quota. If interviews begin to produce little genuinely new insight, data collection may stop at the lower end of the range; if important variation continues to emerge, a small extension may be justified. This approach is more methodologically defensible than selecting a sample size on convenience alone.
Data Analysis Plan
The interview data will be analysed using thematic analysis. Braun and Clarke (2006) present thematic analysis as a flexible and accessible method for identifying, analysing and reporting patterns across qualitative data, and that flexibility makes it well suited to an interpretivist interview study of professional judgement. Consistent with their approach, the analysis will move through familiarisation with the transcripts, initial coding, searching for themes, reviewing themes, defining and naming themes, and writing up the interpretation.
After the interviews are completed, audio recordings will be transcribed and read several times so the researcher becomes familiar with the dataset as a whole. The first cycle of coding will involve assigning short labels to meaningful segments of text, such as references to unreliable benchmark data, supplier uncertainty, risk allowances, client pressure or concerns about programme certainty. These initial codes will then be compared across transcripts and grouped into broader categories. A second stage of coding will refine these categories by combining overlapping codes, separating distinct ideas and identifying whether certain issues are associated with particular professional roles or project experiences.
From this process, candidate themes will be developed and reviewed against both the coded extracts and the full dataset to ensure that they are well supported and clearly distinct. Braun and Clarke (2021) stress that quality in reflexive thematic analysis depends on thoughtful interpretation rather than on treating coding as a purely mechanical exercise. Likely themes may include pricing uncertainty, material availability, perceived commercial risk, sustainability priorities and client expectations, but the final themes will depend on what the interviews actually reveal.
To support credibility, the researcher will use the same core interview guide across participants, keep clear notes on how codes were developed and maintain a transparent link between quotations, codes and final themes. Nowell et al. (2017) argue that trustworthiness in thematic analysis is strengthened by a clear analytic process, an audit trail and careful reflexive practice. In line with that guidance, the study will keep coding notes and reflexive observations so that the interpretation remains systematic, well evidenced and transparent, even though it does not aim for statistical generalisation.
Ethical Considerations
Ethical considerations are an important part of this proposed study because it involves human participants and professional opinions. The British Sociological Association (2017) states that participation should, as far as possible, rest on freely given informed consent and that researchers should explain clearly what the research is about, why it is being conducted and how the results will be used. In this study, all participants will receive an information sheet before taking part, informed consent will be obtained prior to interview, and participation will be entirely voluntary. Participants will have the right to withdraw up to the point at which the data have been anonymised and incorporated into analysis.
Confidentiality and anonymity will be protected throughout the research process, but they will not be described in unrealistic terms. Because the participant pool is likely to be relatively small and professionally networked, full anonymity cannot be absolutely guaranteed if roles or project contexts are highly distinctive. The study will therefore remove names, company identifiers and project-specific details wherever possible, use pseudonyms or generic role descriptions in reporting, and avoid requesting confidential cost figures, project names or commercially sensitive information unless they can be discussed in fully non-identifiable terms.
Data handling will follow the principle of minimisation. The Information Commissioner's Office (n.d.) distinguishes ethical consent from the lawful basis for processing personal data and emphasises safeguards such as data minimisation, secure storage and pseudonymisation where possible. In practice, audio files and transcripts will be stored securely, access will be limited to the researcher and supervisor, and personal identifiers will be removed early in the process. These measures are particularly necessary because the research may involve discussion of pricing practices, procurement decisions and perceived commercial risk.
Ethics will be treated as an issue across the full project lifecycle rather than only at the moment of consent. In line with UK Research and Innovation guidance (UK Research and Innovation, n.d.), the study will seek institutional ethics approval before data collection begins, will use a clear consent procedure, and will report findings fairly so that no participant is placed under pressure or exposed to avoidable professional harm. A further limitation is that interview data reflects professional perception rather than direct measurement of actual project costs, so the findings should be treated as context-specific insight rather than statistically generalisable evidence.
Methodological Limitations
One limitation of the proposed methodology is that the sample will be relatively small and focused on a particular sector and project stage. The findings will therefore not be statistically generalisable to the whole UK construction industry, nor will they capture every regional or organisational variation in practice. However, this limitation is acceptable because the purpose of the study is to develop detailed understanding of a specific professional issue rather than to produce broad numerical claims.
A further limitation is that the research relies on self-reported professional experience. Participants may describe practices selectively, may remember some projects more clearly than others, and may be cautious when discussing commercially sensitive decisions. To reduce this risk, interviews will avoid requesting confidential figures or project-identifying information and will encourage participants to explain reasoning, assumptions and examples in general terms. The resulting findings should therefore be treated as context-specific insight into how cost uncertainty is understood and managed, while also indicating areas for later quantitative or larger-scale research.
Timeline

	Stage
	Planned Dates
	Activity
	Notes

	Topic confirmation and proposal refinement
	Week 1
	Confirm final research title, research question, aim, and objectives. Refine the study focus so it remains manageable and clearly centred on UK residential construction.
	Ensure the scope of the study is realistic and fully aligned with the proposal topic.

	Literature search and source collection
	Week 2
	Search for and collect academic, professional, and policy-related sources relevant to low-carbon materials, embodied carbon, and early-stage cost planning.
	Build a focused body of sources to support the literature review and wider justification for the study.

	Literature review and gap identification
	Week 3
	Read, compare, and critically review the selected literature. Identify key themes, debates, and gaps in current research.
	Establish what is already known, what remains unclear, and how the proposed study will address the gap.

	Methodology design
	Week 4
	Finalise the qualitative research design, interpretivist approach, interview method, sampling strategy, and thematic analysis plan. Draft the methodology section.
	Ensure the proposed method is appropriate to the research question and feasible within the project timescale.

	Interview schedule and ethics preparation
	Week 5
	Prepare semi-structured interview questions, participant information sheet, consent form, and data handling plan. Review ethical issues such as confidentiality, anonymity, and voluntary participation.
	Make sure the study is ethically sound and that the interview schedule is clearly linked to the research objectives.

	Participant recruitment
	Week 6
	Identify suitable participants and make initial contact with quantity surveyors, estimators, cost consultants, project managers, and related professionals involved in UK residential construction.
	Use purposive sampling to recruit participants with relevant early-stage cost planning experience.

	Recruitment follow-up and interview planning
	Week 7
	Confirm participant availability, arrange interview dates, and finalise the interview timetable.
	Ensure sufficient access to participants and prepare for data collection in a realistic and organised way.

	Data collection
	Weeks 8-9
	Conduct semi-structured interviews, record responses with participant consent and keep brief field notes after each discussion.
	Generate the primary dataset and monitor whether the sample is producing sufficient information-rich insight.

	Transcription and familiarisation
	Week 10
	Transcribe interviews, check transcripts for accuracy and read the full dataset repeatedly to identify early patterns and points of contrast.
	Prepare the dataset for analysis and begin the familiarisation stage required for thematic analysis.

	Initial coding and theme development
	Week 11
	Assign initial codes to meaningful extracts, compare codes across interviews and group them into broader candidate themes.
	Move from raw interview data to a structured analytic framework linked to the research question.

	Interpretation and chapter drafting
	Week 12
	Review and refine themes, interpret the findings against the literature, and draft the findings and discussion sections.
	Explain what the themes mean rather than only listing them, and relate them back to the proposal objectives.

	Revision, proofreading and final preparation
	Week 13
	Revise the full dissertation draft, check consistency between aims, literature, findings and conclusions, and finalise references, appendices and formatting.
	Allow time for final quality checks, proof-reading and presentation improvements before submission.



Expected Outcomes
This study is expected to indicate that low-carbon material selection influences early-stage cost planning in UK residential construction projects. It is anticipated that the use of low-carbon materials may increase complexity during the initial estimating and budgeting stages, especially where pricing information is limited, supplier data is inconsistent, or material performance is less familiar to project teams.
The research is also expected to suggest that the main challenge is not simply whether low-carbon materials are more expensive than conventional alternatives, but whether they introduce greater uncertainty into budgeting assumptions, forecasting, and overall cost certainty. This is likely to be especially relevant during the early stages of residential projects, when design information is still developing and cost advice is often based on incomplete detail.
In addition, the study may identify several practical factors that affect cost planning decisions, including market availability, limited standardised pricing data, procurement constraints, and the level of professional familiarity with low-carbon options. The findings may also show that quantity surveyors and other construction professionals increasingly need to balance capital cost considerations with wider sustainability goals and client expectations when advising at the pre-contract stage.
Overall, the study is expected to contribute to a better understanding of how early-stage cost planning can respond to the growing importance of low-carbon construction. The findings may help highlight the need for improved cost data, clearer industry guidance, and greater confidence in evaluating low-carbon material options within UK residential construction projects.
The anticipated contribution is both practical and academic. Practically, the study may highlight where better benchmark data, earlier supplier engagement, and clearer carbon-cost guidance could improve estimate reliability. Academically, it should add a more practice-based account of cost certainty to a literature that is currently stronger on carbon assessment than on pre-contract commercial decision-making.
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