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Abstract
This paper provides an in-depth exploration into critical factors affecting the use of on-site waste segregation strategies in the UK C&D market. Utilising data from two separate survey questionnaires; this study confirms usage of on-site segregation strategies by many UK contractors where physical site space and project budgets allow. However, through assessment of stakeholder perceptions, this paper also identifies several key barriers that are impeding overall effectiveness. Amongst many factors, this study indicates how issues such as poor attitude and a lack of knowledge of the benefits amongst workers, could be having a profound effect on successful adaptation of ground level recycling initiatives. This research project then finishes by ranking existent barriers by importance, with the goal of suggesting proposals for overcoming these challenges. Ultimately, weighing the critical factors and prospective barriers to on-site segregation in the UK C&D sector, this study makes recommendation of multiple incentives, but suggests that enhanced training initiatives could be a crucial element for instigating long-term industry improvement in respect of recycling and on-site waste segregation strategies.
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1. Introduction
It is widely accepted that one of the greatest challenges faced by humanity is sustainability and how to ensure the long-term protection of our environment and its natural resources.  As conveyed by many scientific researchers such as Meadows (1992), current levels of resource consumption and pollution are drastically exceeding rates at which resources can be regenerated and wastes assimilated by the Earth’s natural systems. As such, the issue of increasing the efficiency with which materials and energy are used, has become a key focus point for policymakers and academics worldwide (Gertsakis & Lewis, 2003).  Of all the different aspects where sustainable thinking has been applied, it is arguable one of the most crucial is waste management. This is in respect of diminishing natural resources, limited remaining land available for landfilling and the resultant contamination which can be attributed to illegal or unsatisfactory waste disposal practices (Mahpour, 2018; Poon et al., 2003).
Despite most industries being accountable for some degree of waste production, construction, demolition, and excavation (CDE) activities are established as major contributors of waste worldwide (Faniran and Caban, 1998). Figures suggest that the UK is no exemption to the rule, with large volumes of CDE waste still going into landfill each year (DEFRA, 2021a, b). Substantial pressure has therefore been to the UK construction and demolition market to implement better waste management strategies, which not only reduce overall waste production but also seek to improve the industries' recycling performance. This has led to the development of many research papers which explore topics such as the causes of waste production on site, how waste can be reduced through design or collaboration and the potential for increasing industry uptake of recycled materials (Osmani et al, 2006; Oyedele et al, 2013; Zhao et al, 2010).
Currently, the focus employed by C&D contractors and academics in the UK would appear to be targeted at prevention of waste altogether. However, on the basis that waste production is an inevitability, it is arguably equally as important to improve the capacity for materials to be diverted from landfill via recycling or recovery (Gertsakis & Lewis, 2003). One of the most commonly used methods to do this at present, is for contractors to consider on-site segregation of waste streams at source, which then makes for more efficient processing of waste at the end destination. Evidence from studies into the use of such techniques in foreign C&D markets, has suggested many attainable benefits for contractors including reduced overall project waste costs and significantly improved recycling performance (Hossain et al, 2017). Yet despite the potential advantages on offer, there have been seemingly limited studies dedicated to exploring the effectiveness of on-site segregation as a strategy for improving recycling on UK construction and demolition projects. The main aim of this research project is therefore to bridge this existent gap in literature, investigating whether on-site segregation of waste streams is being implemented in the UK C&D market and more importantly, how effectively it is being carried out day to day.  Having fully examined the few studies into on-site segregation strategies in foreign markets and drawn upon key themes in existing waste management literature, these core research questions have been established and will be explored in this study: 1) how importantly do stakeholders operating in the UK C&D sectors view on-site waste segregation as a means for reducing waste to landfill?  And 2) with reference to existent barriers and motivational factors, what could be recommended to improve the use of on-site segregation at the ground level for UK construction and demolition sector projects?
2. Literature Review
2.1 Current waste management practices in the construction industry
Across most industries and construction specifically, one of the most effective strategies to minimize waste is to apply a tool known as the waste hierarchy, better known as the four R’s – Reduce, Reuse, Recycle and Recover (Menegaki & Damigos, 2018). As established in a recent paper by Zhang et al. (2022) the waste hierarchy is designed to try and ensure minimization of waste through implantation of the principles of a circular economy. Many academic studies offer a consensus that the most effective means of applying the waste hierarchy to construction projects, is through prevention of waste during earlier project stages. Osmani et al. (2006, 2007 & 2008) as an example have published multiple papers suggesting that waste can be reduced through smarter design and better forward planning from architects and project participants during project early stages. Lu et al. (2021) argued that there are many barriers to a zero-waste construction site including difficulties ensuring all project stakeholders are working towards the same goal, increased costs from the manufacturing of prefabricated elements and a significantly slower overall process, which in turn can cause a heightened risk of time and cost overruns. Key of these barriers for this research, is a preference by contractors to rely on off-site segregation by waste providers, as opposed to applying best practice on-site segregation of different waste streams. As explored in several papers, this reluctance to apply best practice on-site can be seen to be hindering the overall recycling performances of construction projects worldwide (Poon et al. 2001; Yuan et al. 2013; Hasmori et al. 2020). Whilst waste segregation itself is not a strategy for waste reduction, it is a pre-requisite act which can significantly ease the processing of materials for reuse and recycling.
2.2 Applications to the UK construction market

Focusing on the UK market, application of the waste hierarchy principles and associated practices can be seen to have become increasingly commonplace for construction projects in recent years. However, a recent statistic published by DEFRA (2021a) convey that in 2018 over 220 million tonnes of waste were still generated in the UK. Of this figure, the vast majority was CDE waste at 63% as opposed to 12% household waste, 19% commercial & industrial wastes and 6% other wastes. Even more alarmingly is the fact that of this total waste produced 52.4 million tonnes still went to landfill (DEFRA, 2021a), which suggests that the UK construction industry still has much more to do to improve its environmental impact in respect of waste. One of the key studies concerning CDE waste in the UK was conducted by Oyedele et al. (2013) who critically evaluated the different methods available for reducing waste and improving recycling on construction projects. This study identified several contributary factors to poor waste management and waste production on UK projects. This included a lack of commitment from sub-contractors to assist with hitting project waste targets, materials arriving on site damaged, poor handling of materials of good quality and lastly a lack of on-site storage space forcing contractors to dispose of materials to prevent build-ups and project delays. Ajayi and Oyedele (2017) provided a range of proposed policy suggestions to their participants and asked them to vote on which they thought would be most effective. Example policy suggestions included raising landfill and aggregate taxes, introduction of a tax against disposing of reusable materials and modern methods of construction.
2.3 Stakeholder engagements in waste management practices and on-site sorting
Tam and Hao (2016) suggest that another key area of discussion in respect to effective construction waste management practices is the implication of the attitudes of various project stakeholders, which can seek to help or hinder the adaptation of best practice. Osmani et al (2006) conducted a field study and sent questionnaires to fifty top UK architectural practices and fifty top UK contractors and found that architects took very little responsibility for waste reduction. Over 90% of respondents claimed they never undertook feasibility studies that addressed waste reduction in this study. Based on the findings of both studies by Osmani et al. (2006) and Tam and Hao (2016), it can be argued that there is a significant problem in the construction industry both globally and in the UK with respect to the attitudes of major stakeholders and how important they deem the issue of waste reduction and recycling to be.
To better engage stakeholders in waste management, incentives were one of the methods adopted. Liu et al (2020) and Ajayi & Oyedele (2017) explored a range of incentives, both those implied from external forces such as government initiatives and those implied internally by project stakeholders and management teams. Ultimately these studies have been focused on ascertaining which of type of incentives can be considered most effective in increasing participation in construction waste reduction, guiding spontaneous use of the waste hierarchy and improving awareness of environmental management (Liu et al, 2020).

One of the most recent studies of this nature is that of Liu et al. (2020), who produced research into how waste reduction is being incentivized in Chinese construction projects, by testing a range of different hypotheses. Mahpour and Mortaheb (2018) found that financial incentives in the shape of penalizing or rewarding stakeholders could improve overall waste reduction on construction projects. In addition to better training regimes and financial rewards, it is also important to establish the potential impact which legislation and fiscal policy can have as an effective tool in driving sustainable initiatives (Pitt et al, 2009). Most of the studies conducted to date have focused on incentives to aid overall reduction in CDE waste. Little focus has been drawn to how the different type of incentives could be used to address the issue of on-site segregation as will be the goal of this research.
3. Research Methodology 
The research strategy in this study comprised of a step-by-step approach in which sequential research was conducted in two core phases: the first phase of research project involved comprehensive secondary data collection, exploring existing literature and key themes surrounding the chosen research field through Literature Review. Figure 1 illustrates the full research process employed for this study and highlights the two sequential phases. Another key phase to discuss from the research design as shown in Figure 1, was ensuring that the chosen data collection methods and associated questions were peer reviewed prior to sending to ensure relevance to the chosen research area. 
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Figure 1: Research Workflow Diagram
Quantitative data collection enables a researcher to conduct a much broader targeted study as opposed to qualitative research, because questionnaires can be sent to many participants quickly and efficiently. The choice to run a quantitative study ensured a wider snapshot of industry opinions and trends could be captured over a short space of time (McQueen & Knussen, 2002). To enable accurate depiction of trends reflecting on site segregation of C&D waste streams across the UK, the optimum data collection method decided upon was the use of a survey questionnaire sent to a variety of industry professionals. Although what separates this research project from previous academic studies on waste management, is the fact that questionnaires were sent not only to professionals working in the UK construction sector, but also to professionals working in the UK waste management sector. It was believed that this would ensure a two sided and comprehensive method of data collection, which captured contrasting views on the subject which enabled more accurate conclusions to be drawn. Two separate 15 - 25 question surveys were designed for this study, with one being sent to a range of UK skip hire / waste processing businesses and the other sent to a range of UK construction service providers. 
The optional survey responses were designed using similar principles to a Likert scale and responses included Strongly Disagree, Disagree, Agree or Strongly Agree. The benefit of this was that it offered no midpoint or neutral response, which in turn guaranteed that a genuine attitude / opinion could be obtained from chosen responses. As identified by Chyung et al. (2017), one of the key issues with five-point Likert Scale’s is that by offering a midpoint or neutral option, there is the chance that respondents might select a midpoint even if their opinion is not neutral. This is often the case when a participant either doesn’t care for or is ambivalent about a particular topic, or simply wishes to provide a response which they feel is more socially acceptable. To streamline data collection based on the short timescale within which this project had to be completed, it was decided that the two survey questionnaires once finalized would be prepared using Google Forms and sent out via email electronically. Once data was collected and the Google Forms results interpreted, data analysis could begin. Data was analysed on a basis of how many of the total respondents selected specific answers. 
4. Results and Discussion
4.1 Participation and response rate
The survey sent out to UK construction & demolition businesses achieved a significant rate of return with a total of 26 completed responses – thus an overall return of around 26%. Whereas the survey sent out to UK waste management processing businesses received 12 responses in total. The survey targeted at UK construction and demolition businesses for example was responded to by participants from a wide range of job roles, with varied experience in the C&D sector and working for companies that provided extensive trades or services. Most responses came from Site Managers, General Foremen, Assistant Site Managers or Site Agents, with Company Buyers and other positions such as Directors / Surveyors relatively equal in response. This was very beneficial based on the nature of the research project, as it was important to try and capture the views of both those who are on site day to day at the ground level, as well those that are office based with greater decision-making powers. Additionally, most respondents held over 10 years’ experience in the C&D industry, which when combined with the range of job titles and the range of services offered, ensured a wider variety of internal opinions addressing the effectiveness of on-site segregation in the UK C&D market.
In contrast, survey respondents in the waste processing side of the survey had varying job titles, but most were managerial positions or Directors. The reason for targeting these individuals was on the basis that they would perhaps much more of an idea of waste processing figures and turnovers for their businesses than those working at the ground level on waste transfer sites. However, on reflection it could be argued that this limited responses on questions related to waste commonly coming into the facilities, as those at the ground level might have more of an insight on this day to day than likely office-based managerial positions. Despite this, responses again came from a variety of businesses across different regional areas with different turnovers. This meant that resultant data from the survey questionnaire contained opinions which were representative of UK waste processing businesses at all levels, not just those at the top end of the scale. It is key to note that the data collected was from businesses with varying processing capacities when it came to average annual recycling / recovery rates. This again ensured fair representation of UK waste businesses regardless of the amount of capital they had been able to invest in machinery and more advanced waste sorting processes.
4.2 Stakeholder perceptions of on-site segregation in the UK C&D sector
Beginning by assessing responses from waste sector professionals, it is noted that all participants confirmed outright that segregation of waste streams at source increases the capacity for materials to be recycled, reused, or sent for recovery, with 83.3% of respondents strongly agreeing with this and the remaining 16.7% slightly agreeing. This was a positive result for two reasons: Firstly, this result forms a strong positive correlation with current literature and affirms previous research findings such as that of Hossain et al. (2017) highlighting how waste segregation onsite can provide significant net environmental benefits. Secondly, this finding validates the fact that on-site segregation is effective in assisting those processing the waste to achieve greater levels of recycling, recovery and reuse of construction and demolition waste. This result alone therefore proves the benefit that on-site segregation can potentially have for overall improvement of the UK C&D market’s recycling performance if used effectively at the ground level. 
Similarly positive responses were also received from UK C&D sector respondents. All C&D sector respondents agreed that waste management was an important issue for the UK C&D industry in general, with 84.6% saying it was a very important issue and 15.4% saying it was a slightly important issue. This is a promising result as a range of stakeholders with varied job roles have agreed that waste management is an important issue for the industry to take note of, which at the very least provides evidence that those working within the industry do care about the issue individually. However, what does need to be factored is that this question was perhaps one which had moral implications for recipients and might have forced them to decide they felt could be socially considered the ‘correct’ response. As expressed by Davies et al. (2002), when it comes to sensitive subjects such as the environment and recycling, many people’s making decision might be affected by social pressures. Therefore, it could be argued that when asked this direct question participants responded in a way which could be viewed as the moral norm.

In addition to direct questions which focused on stakeholder perceptions, it is also possible to ascertain some idea of stakeholder perception indirectly through analysis of other survey responses. On the waste sector survey for example, questions were not only targeted at establishing whether respondents believed contractors to be implementing effective waste management, but also how efficiently they thought segregation activities were being carried out day in day out by site teams. Whereas, on the opposing survey sent to C&D professionals’ corresponding questions could be seen to enable some underlying perceptions to be drawn.

In defence of C&D contractors and site workers an interesting point was raised by one waste sector respondent within the final open-ended question. This participant raised a significant point which has not been picked up in other studies, stating that one of the key causes of segregation failing at the ground level is when non-contracted employees or agency forklift drivers or labourers are on site. This is because by perception they have less responsibility or ties to the principal contractor, therefore are far more likely to stray from segregation procedures and ultimately cause problems when it comes to waste processing. 

When analysing the C&D professionals’ responses for indirect industry perceptions, arguably the most important thing to note is most respondents stating they received minimal training on the importance and benefits of waste segregation. A total of 46.2% of C&D respondents advised that it was not very often training of this nature was undertaken and 11.5% even said they had never received any training or toolbox talks on the importance of on-site segregation at all. This suggests that again despite most UK C&D contractors portraying themselves to be driving sustainable initiatives (Zuo et al, 2012), they are failing to provide effective training to their operatives on the importance of on-site segregation and waste management initiatives in general. This suggests that some UK C&D businesses either do not perceive waste management training as important or feel the responsibility to instigate training of this nature should not fall on themselves to initiate. This would support the arguments of Osmani et al. (2006), who has established a trend in respect of a lack of willingness for C&D stakeholders to work together on waste management initiatives and rather a tendency to push the blame onto others, such as the design team or client. 
Whilst this does present another relevant argument, it does need to be noted that question 10 did directly ask C&D professionals who they felt the responsibility for waste management strategies should sit with. Whilst some participants stated the responsibility should sit with architects, clients, or principal contractors, at least 50% of the 26 respondents said that effective waste strategies are the responsibility of all stakeholders working in collaboration. As such, this challenges Osmani et al. (2006) and suggests that things may have moved forward since their previous study and that modern UK C&D stakeholders are trying work together to induce change rather than serve their own best interests.
Finally worth mentioning in support of the prior argument made around non-contracted employees or agency forklift drivers / labourer’s, is the fact every respondent on the C&D side of things confirmed how poor attitude from labourers can have a negative impact on waste management strategies. A total of 65.4% of respondents strongly agreed and 34.6% slightly agreed that poor attitude often had a significant impact on the overall effectiveness of on-site waste initiatives. This presents further evidence that poor perceptions on the importance of waste segregation can have implications for the success or failure of waste strategies for UK construction and demolition projects. Overall, the findings from this part of the data analysis indicate that better training initiatives and stakeholder collaboration might be key to influencing effective on-site waste segregation strategies.
4.3 Assessing barriers and enablers for effective on-site waste segregation
As already identified within the literature review, various academics have established numerous barriers which prevent effective waste management strategies and more specifically on-site waste segregation techniques (Kang et al, 2006; Lu et al, 2022; Mahpour, 2018; Poon et al, 2001 & Yuan et al, 2013). Therefore, in addition to exploring how frequently on-site segregation was being utilised in the UK C&D market, it was also important to explore the sorts of barriers currently hampering its use. It was important to establish what those working in the UK C&D and waste sectors perceived to be major prevalent barriers to segregation strategies, to be able to suggest incentives to provide a means of overcoming these. 

All waste sector respondents confirmed that industry schemes were boosting the use of on-site segregation and recycling strategies, with 50% of respondents slightly agreed and the other 50% strongly agreed. Whilst therefore not necessarily barriers and perhaps more enablers, it could be argued in line with findings of Rezallah et al. (2012), that industry schemes are working effectively to enhance contractor’s implementation of better recycling practices on UK C&D projects. In contrast to this, the question of whether fiscal policy had affected the use of on-site segregation strategies produced varied results. Whilst large amount of waste respondents did agree (33.3% slightly, 25% strongly) that aspects such as landfill tax increases and the aggregate levy was having a positive effect on usage of better waste management strategies, a large section also disagreed (33.3% slightly, 8.3% strongly). This could indicate that there are questions raised by some waste professionals over how impactful government and industry schemes are in respect of effecting decision making by UK C&D contractors.

On the other hand, the survey sent out to C&D professionals addressed the issue of barriers in slightly more detail. These questions asked respondents how much they agreed with statements suggesting different types of barriers established by previous academics. The selected barriers suggested included poor attitude of site workers and labourers, lack of space on site for multiple containers, increased time & costs from double handling of waste and lastly a lack of forward planning during project planning stages. All C&D respondents agreed that poor attitude from site workers and labourers could have an impact on use of waste segregation strategies. However, the suggested barrier which received the strongest response from participants was lack of space on site, with 76.9% of respondents strongly agreeing and 19.2% slightly agreeing that this was a majorly significant barrier to on-site waste segregation. Further to this, most participants who gave open ended responses in the final question also mentioned space on site being a big factor. The next strongest response came from the suggestion of the risk of increased time and cost as with 40% strongly agreeing and 56% slightly agreeing with the statement given. Another barrier was lack of forward planning during earlier project stages, with 34.6% strongly agreeing and 61.5% slightly agreeing with this statement. 
These findings are important as they not only provide further support to the findings of Kang et al. (2006) amongst others, but they also enable barriers to be ranked by importance based on the strength of opinion by participants. The results therefore confirm that the most prevalent barriers to on-site segregation for C&D projects in the UK specifically, are lack of space on site and the potential for increased time and cost. This is echoed by some of the open-ended question responses given at the end of the survey. One C&D respondent insightfully affirmed that they would love to implement separate skips, but under most circumstances the cost of doing so outweighs the value of the works they are completing, or the lack of site space prevents this from happening.
What is interesting however and presents a different argument to pre-existing papers on this topic, is another open-ended response suggesting that another barrier to on-site segregation could be the commercial practices of waste processing companies themselves. The response in question comments that contractors often receive financial penalties if waste containers are left too long on site without movement. This presents a whole different argument in that waste companies themselves could also be held responsible for limiting segregation on site if contractors are not allowed enough time to fill segregated waste containers. This presents a whole new subtopic which could potentially be explored in future studies surrounding barriers to recycling, because as established by Bakshan et al. (2015), not all waste streams are produced in high volumes during every stage of a construction project. Whilst demolition on the other hand might be more likely to have various waste streams coming off site at any one time, construction projects can be complex with different waste requirements as a project moves forwards. As an example, most internal works can only commence once external works are complete, therefore the amounts of gypsum waste being produced might be significantly less at the start of a project whilst external works incomplete, but then be much greater once full-scale internal finishing commences. This finding therefore suggests that waste related financial penalties could already be in use by certain UK waste processors, but potentially for the wrong reasons and inhibiting on-site segregation rather than enabling its use.
4.4 Possible incentives for on-site segregation in the UK

Primary data collection has affirmed that on-site waste segregation is being used by the UK C&D sector whilst at the same time establishing links to themes discussed in pre-existing literature. But on the basis that 50% of UK C&D sector respondents commented that waste management strategies are not often used and at least 20% confirmed the same for on-site segregation, it is suggested that more needs be done to incentivize engagement in waste management and segregation strategies at both an individual and corporate level. 
The first step in implementing this is to overcome pre-existent barriers which have been discussed. Whilst some of these barriers are unavoidable such as lack of site space, it is arguable that factors based around individual perception such as poor attitude from some site workers or preconception’s regarding time and cost, could be overcome through with the right forms of incentive. Therefore, the final few questions on both surveys were related to possible incentives which have been established in the literature review. Participants were asked to what extent they would be motivated by suggested incentives including financial rewards, financial penalties, additional waste management training programmes and lastly opportunity to gain industry recognition for their parent companies. Additionally, respondents were given an opportunity during the final question to express their own opinion on any further incentives they felt would provide further motivation.
Starting with the suggestion of financial penalties and rewards it is noted that responses from both sets of participants varied slightly. On the survey sent out to C&D contractors financial incentives received a strong response with over 80% of respondents agreeing that they would feel motivated to engage with on-site segregation if there was financial reward for doing so and over 90% agreeing they would be the same if financial penalties were introduced. Whereas on the waste sector survey again whilst over 50% agreed that financial incentives could improve engagement, there was quite a high proportion of respondents who disagreed with this. The level of agreement with this statement was somewhat expected and correlates with previous academic proposals that the implication of financial incentives or penalties at the ground level can provide significant motivation for site teams and other stakeholders to engage with recycling strategies (Osmani et al, 2006; Mahpour & Mortaheb, 2018; Liu et al, 2020). 
However, the fact that so many respondents namely from the waste sector disagreed with this statement sheds suspicion over limitations with this form of incentive. One of the largest unknowns would likely be regarding resource requirements and logistics to monitor and maintain penalty and reward schemes, a barrier to recycling based financial initiatives previously established by Shaw and Maynard (2008). Ultimately any such scheme requires additional staff and systems to monitor, record and collate information underpinning incentive delivery. In the case of monitoring on-site segregation on UK C&D projects, it would likely require a massive logistical effort to have auditors attending sites across the country to assess contractor performance. This might therefore be a major barrier to the prospective use of financial incentives in reality. Another issue which might affect the successfulness of such a strategy as suggested by Liu et al. (2020), is the risk of certain stakeholders seeing no benefit from financial reward schemes. For example, if specific stakeholder participants such as assistant quantity surveyors felt an unlikeliness to receive any personal benefit from such financial reward systems, they would predictably be much less motivated to engage.
The next incentive suggested was better training to be made available to site teams and stakeholders working in the UK C&D industry. This incentive received a strong response and is arguably the fastest and most realistic to introduce of all the possible options. All respondents proposed that better training would be effective with over 80% of respondents strongly agreeing with this statement. Whereas the response from C&D professionals was also positive with just over 80% agreeing with this statement and only a few respondents in slight disagreement. Again, this correlates with the findings of Liu et al. (2020) conveying that strengthening stakeholder awareness on the importance of recycling and on-site waste segregation strategies could significantly boost engagement on projects across the UK. It is suggested that this sort of training would need to address the importance of improving the industries recycling footprint and could be achieved either via external agencies providing CPD style training, or through on-site toolbox talks as has been introduced industry wide for topics such as health and safety in recent years (Olson et al, 2016). Further to this, an additional suggestion by one waste sector respondent proposed that C&D industry stakeholders could even perhaps undertake visits to waste transfer stations, thereby gaining a deeper understanding of end destination recycling processes and thus be more likely to pass on knowledge of best practice to their peers. 
The final point worth mentioning in respect to incentives was a suggestion from one C&D participant commenting that clients being able to insert waste segregation-based clauses in contract documents might also be effective. Whilst this might be considered a more complex form of financial penalty, it would ensure that contractors are forced to factor recycling strategy at the point of tendering. This would likely induce pressure for greater engagement in and monitoring of best practice waste management from earlier project stages. This is an excellent suggestion and one not suggested in previous studies surrounding waste segregation. It is noted off the back of this finding that contractual implications for C&D waste could present a worthwhile focus for future studies.
5. Conclusion 
Overall, this research project set out to explore the critical factors affecting the use of on-site waste segregation strategies in the UK construction and demolition sector. Using a two-pronged survey strategy and critical analysis of key themes, this study has not only demonstrated significant insight into trends regarding usage of ground level recycling strategies by UK C&D contractors, but also has suggested potential recommendations for incentivizing further industry engagement moving forwards.

Comparing perceptions from both C&D and waste sector stakeholders, despite some minor contrast of opinion the consensus was that on-site segregation is being utilized on UK projects by C&D contractors. Whilst this result does suggest an onus from contractors to implement on-site segregation where viable on UK projects, contrasting opinions when it came to questions on effectiveness of use presented an imperfect picture. Perhaps most important of these findings, is the fact waste sector responses implied a portion of UK C&D contractor stakeholders were still unaware of the environmental and commercial benefits available from on-site segregation and show little interest in implementing and engaging with such recycling strategies. Further evidence in support of this was suggested though waste sector stakeholders confirming a tendency for waste containers coming back into facilities contaminated, despite best efforts to implement segregation. Whilst both sets of stakeholders suggested this could be down to agency workforces with lesser invested interest, poor worker attitude and poor stakeholder collaboration came out as emerging themes hindering the effectiveness of on-site segregation strategies in the UK. In addition to physical barriers and efficiency issues, this research project also set out to explore which other factors were ultimately preventing implementation of on-site segregation strategies by the UK C&D sector. Barriers identified in previous studies were proposed to both sets of study participants, with the target of ascertaining which of these might also be relevant to the UK and to identify any variances. The results of this primarily confirmed that more obvious barriers which tend to apply are those that can be unavoidable on C&D schemes, such as lack of site space for multiple waste containers or risks concerning additional project duration / cost. 

The final aim of this study was to utilise this information to suggest possible incentives for industry improvement. Through a combination of participants views on motivational factors and other findings from primary data collection, it is recommended that the most effective solution to instigate industry improvement would be tailored waste management training programmes for all industry stakeholders. Whilst a few different incentives were explored including financial rewards or penalties and the possibility of greater industry recognition for contractor recycling initiatives, it is believed that the implementation of frequent training programmes on the benefits of effective waste management and on-site segregation would be most impactful. This is not only based on this incentive being the least resource heavy solution, but also as it would likely have the power to induce natural growth of improved recycling practices through social transmission. 
In summary, whilst evidence would suggest that C&D contractors try to use on-site segregation where viable, existent barriers and certain individual perceptions can be seen to be restricting overall potential gains. It is proposed that if greater numbers of UK C&D workers were taught the commercial and environmental benefits that waste segregation can bring and could see the results in practice, it would likely be the most effective driver to encourage organic long term industry improvement. 

References
Ajayi, S. and Oyedele, L. (2017) ‘Policy imperatives for diverting construction waste from landfill: Experts’ recommendations for UK policy expansion’, Journal of Cleaner Production, Vol. 147 pp. 57-65 

Bakshan, A., Srour, I., Chehab, G. and El-Fadel, M., (2015), ‘A field based methodology for estimating waste generation rates at various stages of construction projects’, Resources, Conservation and Recycling, Vol 100 pp.70-80

Chyung, S.Y., Roberts, K., Swanson, I. and Hankinson, A. (2017), ‘Evidence-Based Survey Design: The Use of a Midpoint on the Likert Scale’, Performance Improvement, Vol 56 (10) pp. 15-23

Davies, J., Foxall, F.R. and Pallister, J. (2002), ‘Beyond the intention-behaviour mythology: An integrated model of recycling’, Marketing Theory, Vol 2 (1) pp. 29-113

DEFRA (2021a) ‘UK Statistics on Waste’, Available at: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1002246/UK_stats_on_waste_statistical_notice_July2021_accessible_FINAL.pdf - Last accessed: 13/04/2022

DEFRA (2021b) ‘Waste Management Plan for England’, Available at: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/955897/waste-management-plan-for-england-2021.pdf - Last Accessed: 04/06/2022

Faniran, O. and Caban, G. (1998) ‘Minimizing waste on construction project sites’, Journal of Engineering, Construction and Architectural Management, Vol 5 (2) pp. 182-188

Gertsakis, J. and Lewis, H. (2003), ‘Sustainability and the waste management hierarchy’,  Retrieved on January 30, pp. 1-15 

Hasmori, M.F., Md Zin, A.F., Sasitharan, N., Deraman, R., Norhaslinda, A., Yunus, R. and Klufallah, M. (2020), ‘The on-site waste minimization practices for construction waste’, IOP Conference Series: Materials Science and Engineering, Vol 713 pp. 1-11

Hossain, U., Wu, Z. and Poon, C.S. (2017), ‘Comparative environmental evaluation of construction waste management through different waste sorting systems in Hong Kong’, Waste Management, Vol 69 pp. 325-335

Kang, X.P., Wang, J.Y. and Tam, W.Y. (2006), ‘On-site sorting of construction waste in Mainland China–a survey made in Shenzhen’. In CRIOCM 2006 International Symposium on Advancement of Construction Management and Real Estate, Beijing, China (pp. 191–200)

Liu, J., Yi, Y. and Wang, X. (2020), ‘Exploring factors influencing construction waste reduction: A structural equation modelling approach’, Journal of Cleaner Production, Vol 276 pp. 1-16

Lu, W., Zhikang, B., Lee, W., Chi, B. and Wang, J. (2021) ‘An analytical framework of “zero waste construction site: Two case studies of Shenzhen, China”, Waste Management, Vol 121 pp. 343-353
Mahpour, A. (2018), ‘Prioritizing barriers to adopt circular economy in construction and demolition waste management’, Resources, Conservation & Recycling, Vol 134 pp. 217-227

Mahpour, A. and Mortaheb, M. (2018), ‘Financial-Based Incentive Plan to Reduce Construction Waste’, Journal of Construction Management and Engineering, Vol 144 (5) 

McQueen, R. and Knussen, C. (2002), ‘Research Methods for Social Sciences: An Introduction’, Second Edition, Pearson Education Ltd, Harlow, Essex

Meadows, D. (1992), ‘Beyond the limits: global collapse or a sustainable Future’, Earthscan Publications Ltd, London

Menegaki, M. and Damigos, D. (2018), ‘A review on current situation and challenges of construction and demolition waste management’, Current Opinion in Green and Sustainable Chemistry, Vol 13 (8) pp. 8-15

Olson, R., Varga, A., Cannon, A., Jones, J., Gilbert-Jones, I. and Zoller, E. (2016), ‘Toolbox talks to prevent construction fatalities: Empirical development and evaluation’, Safety Science, Vol 86 pp. 122-131

Osmani, M., Glass, J. and Price, A. (2006) , ‘Architect and contractor attitudes to waste minimisation’, Waste and Resource Management, Vol 159 (WR2) pp. 65-72 

Osmani, M., Glass, J. and Price, A. (2007), ‘Architects perspectives on construction waste reduction by design’, Waste Management, Vol 28 pp. 1147-1158 

Osmani, M., Glass, J. and Price, A. (2008), ‘An investigation of design waste causes in construction’, Waste Management and the Environment, Vol 4 pp. 491-498

Oyedele, L.O., Regan, M., von Meding, J., Ahmad, A., Ebohon, O.J. and Elnokaly, A. (2013), ‘Reducing Waste to Landfill in the UK: Identifying Impediments and Critical Solutions’, World Journal of Science, Technology and Sustainable Development, Vol 10 (2) pp. 131-142

Pitt, M., Tucker, M., Riley, M and Longden, J. (2009) ‘Towards sustainable construction promotion and best practices’, Construction Innovation, Vol 9 (2) pp. 201-224.

Poon, C.S., Yu, A.T.W. and Ng, L.H., (2003) ‘Comparison of low-waste building technologies adopted in public and private housing projects in Hong Kong’, Engineering, Construction and Architectural Management, Vol 10 (2) pp. 88–98

Shaw, P.J. and Maynard, S.J. (2008), ‘The potential of financial incentives to enhance householders kerbside recycling behaviour’, Waste Management, Vol 28 (10) pp. 1732-1741

Tam, V.W.Y and Hao, J.L. (2016) ‘Attitudes towards recycling on construction sites’, Waste and Resource Management, Vol 169 (WR3) pp. 131-136

Yuan, H., Lu, W. and Hao, J.J. (2013), ‘The evolution of construction waste sorting on-site’, Renewable and Sustainable Energy Reviews, Vol 20, pp. 483-490

Zhang, C., Mingmung, H., Di Maio, F., Sprecher, B., Yang, X. and Tukker, A. (2022) ‘An overview of the waste hierarchy framework for analyzing the circularity in construction and demolition waste management in Europe’, Science of the Total Environment, Vol 803 pp. 1-13

Zhao, W., Leeftink, R.B. and Rotter, V.S. (2010), ‘Evaluation of the economic feasibility for the recycling of construction and demolition waste in China – The case of Chongqing’, Resources, Conservation and Recycling, Vol 54 pp. 377-389

Zuo, J., Zillante, G, Wilson, L., Davidson, K. and Pullen, S. (2012) ‘Sustainability policy of construction contractors: A review’, Renewable and Sustainable Energy Reviews, Vol 16 pp. 3910 – 3916

PAGE  
43

[image: image1]