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Abstract

The construction industry consumes large volumes of raw materials and is one of the largest
generators of waste, making it one of the least sustainable industries in the UK. The industry
has significant potential for reducing its environmental impact and pressure for more
sustainable practices from government, regulators and investors, is increasing. Minimising the
use of natural resources and maximising the reuse of materials is essential to reduce waste
generation and a new framework has emerged in recent years, the circular economy, which
views waste as a resource. However, the construction sector has been slow to adopt this
approach. This study investigates the barriers and opportunities to implementing a circular
economy in the construction industry, with a focus on recycled aggregates and soil reuse. A
primarily sociological approach, combining qualitative and quantitative methods, was
employed. Data was collected through three focus group discussions involving 25 industry and
government experts, followed by thematic analysis. The emerging themes (legislative,
economic, technical and social) guided a review of secondary source stakeholder perspectives
and relevant literature on waste recycling and reuse technologies. The findings of the three
methods are discussed as a series of recommendations for implementing a circular economy in
the construction industry and include (1) regulatory and legislative reform; (2) increased
taxation and incentives; (3) improved certifications, specifications and material quality; (4)
improved project planning and management; and (5) education, training and stakeholder
engagement. Several challenges were identified which are currently hindering the
implementation of a circular economy. However, by embracing the recommendations
suggested in this study, the construction industry has the potential to successfully implement a

circular economy and reduce its environmental impact.
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1 Introduction

Waste is a by-product of economic development, and the management of waste has both
economic and environmental implications. The construction industry is a significant
contributor to economic development, accounting for 13% of the global economy (Ajayi et al.,
2016), and 6.2% (approximately £117 billion) of the UK’s economic output (Panjwani, 2023).
By its nature, construction is a large consumer of natural resources (Hossain et al., 2020),
generating an estimated 30% of all global waste production (Ginga et al., 2020) and
contributing 40% of global CO; emissions (Tafesse et al., 2022). With growing concerns over
climate change, and the finite nature of natural resources, there is increasing pressure on the

industry to reduce its environmental impact (Low et al., 2020).

The construction industry currently follows a Linear Economy (LE) framework, a straight-line
approach of ‘take, make, use, dispose’ (Marino and Pariso, 2016). Many construction materials
are designed for single use (Ginga et al., 2020), and traditional construction methods generate
substantial amounts of waste during construction and demolition phases. Approximately 35%
of global construction and demolition waste (CDW), and over half of UK CDW, is landfilled
(Ghaffar et al., 2020). This waste has many adverse environmental effects, including water and
soil contamination, environmental degradation and land deterioration (Crawford et al., 2017).
It also negatively affects public health and can be a financial burden on both companies and
governments (Park and Tucker, 2017). In contrast to the LE, the Circular Economy (CE) model
has gained attention due to its consideration of waste as a useful resource, and its promotion of
reducing, reusing, recycling and recovering materials (Ghaffar et al., 2020). While there are
challenges involved in adopting sustainable construction methods, there are also many benefits

(Hossain et al., 2020).



1.1 Construction and Demolition Waste Management

Sustainable waste management is essential for preserving natural resources, minimising
environmental impacts and protecting public health (Umar et al., 2017). The construction
process produces waste (e.g., mishandled and overordered supplies) (Ginga et al., 2020) but
also includes material and debris from demolition and excavation works (Noor et al., 2020),

with the majority of UK CDW being soil and mineral waste (Figure 1).
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Figure 1: Sources of construction and demolition waste, highlighting the key waste streams
discussed in this study. The pie chart illustrates the main sources of UK construction and
demolition waste as percentages and also notes waste generated in tonnes (Figure designed by
author using information sourced from Chen et al., 2021, Papamichael et al., 2023, Ginga et
al., 2020; Construction Leadership Council, 2021; ICEC-MCM, 2023).

Technical Guidance WM3: Waste Classification (Environment Agency, 2021) contains two
main waste categories: hazardous and non-hazardous (further subdivided into inert and non-
inert) (Stelzer et al., 2023). What constitutes CDW varies across sources; for example, whilst
85% of CDW in the EU is concrete, ceramic and masonry (Soto-Paz et al., 2023), Defra
declared that around 43% of UK CDW is soil (Deftra, 2021). Definitions of CDW often exclude
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excavated waste (soil), and inconsistent reporting of classes of CDW impacts the effectiveness

of waste management principles and priorities (Menegaki and Damigos, 2018).

Most CDW has a residual value (Peng et al., 2022), yet landfilling is still a dominant CDW
management strategy, as it is an easy and inexpensive decision (Umar et al., 2017). Whilst
government priorities are usually environmental, industry stakeholders are motivated by
financial gains, and yet a 5% reduction in CDW can generate savings of £130 million in the
UK construction industry (Ajayi et al., 2015). A number of fiscal measures, such as the UK
Landfill Tax, exist to encourage the diversion of waste away from landfill (ICEC-MCM, 2023).
However, the cost of landfilling material, especially excavated material, is such a cheap and
convenient choice that it continues to be the most widely used method of handling waste. CDW
management/polices appear ineffective as the reuse of CDW is often ignored, and current

policy focuses upon landfill diversion (Ajayi and Oyedele, 2017).

Transitioning to a CE would have a number of benefits, ranging from social to economic to
environmental. By narrowing, slowing, and closing resource loops (Ginga et al., 2020), the CE
opens up new markets for reused and recycled CDW, providing other sources of income for
businesses and reducing the environmental and social impacts of waste (Ibrahim, 2016).
However, various legislative, economic and social barriers are discouraging the

implementation of a CE in the UK construction industry (the “industry”).

1.2 Aims and Objectives

The overall aim of this research is to highlight the barriers and opportunities to implementing

a CE in the industry, with particular reference to recycled aggregates and soil reuse.

The research fulfils this aim through the following objectives:

1) Highlight deficiencies within current legislation which are discouraging circularity within

the industry;



2) Use industry perspectives (from primary and secondary sources) to review the barriers
impeding the recycling and reuse of CDW;
3) Provide recommendations to improve circularity in the industry, addressing both

government and industry priorities.

1.3 Scope of Study

This study focuses on the recycling and reuse of CDW, specifically aggregates and soil, within
the broader scope of sustainable waste management. This decision reflects the importance of
these waste streams within CDW (Figure 1), and the financial impact of soil loss to landfill of
around £1.5 billion per year (Soils in Planning and Construction Task Force, 2022). The
decision to focus exclusively on recycling and reuse was informed by current legislative
frameworks, the specific research objectives and the data collected. The exclusion of other
waste management strategies is a purposeful narrowing of the study’s focus, to offer a more

detailed exploration of recycling and reuse in the industry.

1.4 Overview of Study

Background information provides the essential context needed to understand the research aim.
The research methods, the approach to data collection and analyses, and the findings of the
research will then be discussed. The results section will comprise: (1) primary stakeholder
perspectives from the focus groups conducted, (2) secondary source stakeholder perspectives
on the relevant themes identified, and (3) recent technological advancements within the
industry, including discussions on the challenges limiting CDW recycling/reuse. The findings
of the three methods will be discussed as a series of recommendations. Conclusions will be

drawn, with recommendations made for future study.



2 Background

2.1 Legislative Overview

There are a number of existing UK policies and guidance documents that address CDW.

Figure 2 outlines the key pieces of legislation, policy and guidance as of August 2024.

1990

The Environmental Protection Act 1990

BREEAM 1990 I Section 34: a duty of care to ensure that any waste

World's longest established method of assessing, produced is handled safely and within the law
rating, and certifying the sustainability of buildings

1996 Landfill Tax

Fiscal measure to encourage the diversion of waste
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Site Waste Management Plans Regulations (2008)

Repealed in 2013, but still considered good practice
EU Waste Framework Directive 2008/98/EC

Current consolidated version: 18/02/2024
Sustainable Construction Strategy 2008 I

Defra 2009 Construction Code of Practice for the
Sustainable Use of Soils on Construction Sites

A national planning guidance, last updated 2018

The Waste (England and Wales) Regulations 2011
@1 Guidance on applying waste hierarchy

CL:AIRE Definition of Waste: Code of Practice
2011 — ¢
Materials Management Plan guidelines

BS3882 2015

@———] The British Standard specified requirements for
topsoils that are moved or traded and is not intended
for the grading of topsoil in situ

The Environmental Permitting (England and
Wales) Regulations 2016
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Present

D Legislation D Guidance . Fiscal E] Regulation Governm_ep?/ . ol .Pla'n
Industry initiative (not legally binding)

Figure 2: Key pieces of legislation, policy and guidance relating to construction and demolition
waste (Figure designed by author using information sourced from BREEAM, 2024, BERR,
2008; CL:AIRE, 2011, Defra, 2009; Defra, 2013; Defra, 2021; Defra, 2023; Environment Act
2021; Gov.uk, 2024).



The main framework which regulates waste management is the EU Waste Framework
Directive 2008/98/EC (WFD), which has been implemented in the UK through the Waste
(England and Wales) Regulations 2011 (Ghaffar et al., 2020). The WFD introduced the waste
hierarchy (the “hierarchy”), a “preferential order of waste treatment options which aims to
reduce environmental impacts by prioritising prevention, reuse, recycling, and recovery over
landfill” (Van Ewijk and Stegeman, 2016, p.123) (Figure 3). Higher levels of the hierarchy
(i.e., prevention and reuse) place the onus to reduce waste on the companies that create it
(Purchase et al., 2021). However, as regulation emphasises the ‘practical feasibility’ of the
hierarchy (which includes disposal), the decision to dispose of CDW rather than reusing or

recycling it often goes unchallenged (Van Ewijk and Stegeman, 2016; Rose and Stegemann,

2018).
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Figure 3: Waste hierarchy, ranking waste management options from most to least desirable
(Figure designed by author using information sourced from Defra, 2011).

Guidance documents for the reuse of CDW include the CL:AIRE Definition of Waste: Code
of Practice (DoW CoP), which outlines the process for the reuse of excavated CDW without

permitting in England and Wales (Bardos et al., 2021), including the need for a Materials



Management Plan (MMP) for the reuse of soil. Defra published a ‘Construction Code of
Practice for the Sustainable Use of Soils on Construction Sites’ in 2009, which was to be
revised in 2022 but to date has not been updated by the Government (Soils in Planning and

Construction Task Force, 2022).

Standards include BS3882 for topsoil (British Standard), which sets out the requirements for
classification and composition, and advises about handling, to ensure topsoil is not degraded
during excavation, delivery or placement (Soils in Planning and Construction Task Force,
2022). Certifications include BREEAM which focuses on minimising waste in construction
projects through effective planning, however, it is voluntary (BREEAM, 2024) and remains

beyond the mandate of government guidelines (Umar et al., 2017).

2.2 Fiscal Measures

Industry is driven by financial gain, therefore fiscal policies are considered to be a suitable
method of diverting CDW from landfill (Ajayi and Oyedele, 2017). The UK Landfill Tax was
intended to encourage sustainable waste management by applying a cost to disposal, therefore
shifting waste management up the hierarchy. However, the cost per tonne to landfill of
uncontaminated soil has risen from only £2 per tonne in 1996, to £3.30 in 2024 (Martin and
Scott, 2003; Gov.uk, 2024), a cheap and convenient choice for CDW management,
undermining its original purpose. Similarly, to increase the reuse of aggregates the Government
introduced the Aggregates Tax in 2001, at a rate of £1.60 per tonne of natural aggregates (Ajayi
and Oyedele, 2017). As the current rate is only £2.03 per tonne, it does not function as a

motivator in encouraging the use of recycled aggregates.

2.3 Key Concept: Circular Economy

As a waste intensive industry, construction has the potential to benefit from a CE business

model. Using the CE framework (Figure 4) involves a shift in thinking (Ginga et al., 2020),



placing greater awareness on the value of resources and a more sustainable use of them
(Hossain et al., 2020). The hierarchy underpins the framework, with the ultimate goal of

preventing waste production.
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Figure 4: Ideal Circular Economy structure based upon analysis of literature, highlighting the
key aspects of this study, reusing soil and recycling aggregates (Figure designed by author
using information sourced from Ginga et al., 2020; Ghaffar et al., 2020).

Initially, the CE model emerged from the 3R’s principle (reduce, reuse, recycle) but has
expanded to include forethought of design (prevention) and recovery of waste for other projects
(Purchase et al., 2021). The CE model not only prioritises environmental goals but promotes
economic growth and social development (Baldassarre et al., 2019) and encompasses the three

main principles of sustainability: planet, people and profit (Purchase et al., 2021). The CE is



relatively new to the industry and therefore presents a number of challenges which are

discussed in further detail in Section 5.

3 Methodology

3.1 Study Approach

To address the research objectives set out Section 1.2, a primarily sociological approach was
adopted for the methodology, incorporating qualitative and quantitative methods. This
approach looks to gain empirical knowledge and an understanding of how the law, policy and

guidelines impact on the parties involved, and influences their actions.

3.2 Methods

The approach adopted involved: (1) qualitative data collection of primary stakeholder
perspectives, (2) determination of secondary source stakeholder perspectives, and (3) a review
of technological advances in the recycling and reuse of CDW. The conceptual framework is

presented in Figure 5.
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Figure 5: Conceptual framework of methods used in this study.

3.2.1 Method 1: Focus Groups

The findings of the Literature Review (Appendix 1) suggested that stakeholder commitment is
essential to the successful implementation of a CE in the industry. Stakeholder perspectives are
key in informing policy development, as they often have different interests in a system
(Freeman, 2010), and yet most waste management policies rarely consider contributions from
industry professionals (Kabirifar et al., 2020; Shooshtarian et al., 2022; Ajayi and Oyedele,
2017). Therefore, the first stage of research takes a qualitative approach to data collection,

using focus groups.
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This study uses focus group data collected as part of a larger research project Local Planning
Policy for Sustainable Soils, conducted by Lancaster University. This project aims to establish
collaboration between industry stakeholders and local authorities, to accelerate the adoption of
soil sustainability principles in local planning policy. As a project research assistant, it is
permissible to use the data collected from the focus groups within this study under the ethics
forms completed in relation to the project, and consent forms signed by all participants. The
findings drawn from the focus groups were established by a number of researchers, however,
the research aim for this study varies from that of the Soils Research project, and so whilst

there is some overlap, the interpretations made within this study are that of this author.

Focus groups target those whose opinions are often not asked and have the distinctive
characteristic of the use of ‘interactions’ as data (Carter and Henderson, 2005), a benefit of
focus groups over interviews. The participants easily converse and interact with one other, with
the potential of generating unexpected findings that would not arise in ‘one-to-one’ interviews

(Carter and Henderson, 2005).

Participants were selected through purposive sampling from a wide array of professions
relating to the industry, and included planning officers, land managers, consultants, local
authorities and regulators. This variety encourages a diversity of perspectives relating to soil
waste management. Participants received a Participant Information Sheet and a Consent Form
before attending the focus groups in order to familiarise themselves with the study and ensure

they had the chance to ask any questions.

A total of 25 industry experts participated across three focus group discussions, with the same
three facilitators present in each. The number of participants aligns with Polkinghorne’s (1989)
assertion that qualitative research requires between five and 25 information-rich participants.

There were eight participants in groups 1 and 2, and nine in group 3, following Carter and

11



Henderson’s (2005) assertion that the ideal number of participants for a focus group is between
six and eight. Participant details are included at Appendix 2. Each focus group was recorded,
with the permission of each participant, and lasted approximately 105 minutes. Given that
confidentiality and anonymity are paramount in research work, each participant was given a
numerical identifier, but the relevant sector noted as it was important that analysis gauged how

opinions differ across the industry.

The focus group recordings were transcribed into written statements and cleaned to eliminate
any potential errors in the autogenerated script. A thematic analysis of the focus group data was
then conducted, using a deductive approach. The data was coded, and key themes generated
(Caulfield, 2024). Analysis concluded when ‘theoretical saturation’ occurred, whereby further

data did not contribute to new themes (Creswell, 2014).

3.2.2 Method 2: Secondary Source Stakeholder Perspectives

Secondary source stakeholder perspectives were analysed and categorised into the key themes
generated from the focus groups, adding depth and breadth to the initial findings. These
perspectives were primarily gained through: (1) focus groups, (2) surveys, (3) interviews, and

(4) questionnaires.

3.2.3 Method 3: Review of Literature

This involved an in-depth review of relevant literature in relation to innovative technologies
available for the recycling and reuse of CDW, and conducting a thematic analysis based on the
findings of the focus groups and secondary source stakeholder perspectives, of the challenges

of implementing technological advancements. All research was sourced from Google Scholar.

3.3 Limitations and Barriers

The main limitations of using focus groups are the ‘messy’ data collection, and the time-

consuming process of tidying scripts and analysing data (Carter and Henderson, 2005).
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However, it was determined that the benefits of group interactions on the topic outweighed any
limitations. As the focus groups primarily considered sustainable soil management, and
excluded other types of CDW, secondary source stakeholder perspectives were used to evaluate

CDW management more widely and broaden the findings established from the focus groups.

The main barrier arising from the secondary source stakeholder perspective data was the lack
of government department or NGO views. However, this weakness was mitigated by the
inclusion of a regulator, CL:AIRE employee, and multiple local authority participants in the
focus groups. Combining the findings of the focus groups with the secondary source
stakeholder perspectives provides validity to the research findings. The final results represented
methodological triangulation, whereby the final themes were representative of analysis from
three sources of data: focus groups, secondary sources and literature reviews (Noble and Heale,

2019).

4 Results

This section presents the results of the study in the form of focus groups and secondary source
stakeholder perspective analysis, together with the findings of a review of literature on
technological advances in the recycling and reuse of CDW. All results are examined in the form

of thematic analysis.

4.1 Focus Groups

Each of the written transcripts were read multiple times, to ensure a detailed analysis of the
data and as the analysis was content driven, over time key themes became clear. Participant
interactions were noted in addition to participant quotes. The findings are presented under the

following themes: legislative, economic, technical and social.
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Table 1: Summary of key discussion points from three focus groups, categorised by theme:
legislative, economic, technical, and social. Ticks indicate which focus groups discussed each

issue.
Theme Issue Focus Group
1 2 3
Legislative Regulations for soil reuse too strict vy
Current specifications for soil too prescriptive v v
Landfilling regulations too lenient 4
Gaps in policy v v
Need national level interventions A A
Unclear and complex guidelines v v
Need policy pressure to initiate change in behaviour A A
Economic Financial motivations vy
Cheaper to treat soil as a waste A A
Financial disincentives for reusing soil v
Waste itself is a commodity v
Need fiscal incentives for change v
Cost constraints v v v
Technical  Site-space constraints v v
Lack-lustre MMPs v
Natural topsoil does not meet specifications v
Recycling facility capacity too small to deal with soil volumes v
Mixing subsoil and topsoil so cannot reuse v v
Lack of monitoring v v
Social Lack of knowledge v v
Lack of collaboration v v v
More education needed v
Client motivations v v
People still think in LE way v
Easier to treat soil as waste v

14



4.1.1 Legislative

All focus groups expressed that regulations governing soil reuse were too strict, and negatively
impacted upon soil reuse, even though the industry has a clear desire to. A key interaction
occurred during Focus Group 2, in which Participant 10 (Industry) criticised the regulatory
constraints placed on soil reuse by relevant regulatory bodies (the Environment Agency) and

expressed a clear desire to have fewer restrictions.

“The Environment Agency put so many restrictions on what we can and can't do with soil ...
we really want to use soils, and we want to find good places to use it, but we need less
restrictions, we need less costs, we need less authorisations in order to enable us to do that”

— Participant 10, Industry

Both Focus Groups 1 and 2 emphasised that current standards and specifications are too
prescriptive to allow soil reuse and Focus Group 3 highlighted the need to introduce policy to
enforce codes which are currently voluntary (such as CL:AIRE). In particular, Participant 9
(Regulatory Body) emphasised that clearer guidelines were needed, with Participant 22

(Industry) mentioning, “regulation and guidance need to be more straightforward”.

Participants from Focus Groups 1 and 3 noted that there were gaps within policy frameworks,
with current landfill regulations too lenient, and highlighted the importance of policy to ensure

accountability across the construction supply chain.

“There is definitely a hole, I think, in terms of the policy framework” — Participant 4, Planning

Authority

“Policy is a great way to get everyone in the supply chain to step up a bit” — Participant 1,

Industry
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A key issue raised by all three focus groups was the need for policy intervention covering waste
management at the pre-design stage of a construction project, including policies at a national
level to ensure waste was considered before being generated. The participants also emphasised
that national policy would remove the variability in local authority enforcement of CDW
management, as consistency is necessary across regions to prevent bias towards site location

selection.

4.1.2 Economic

One of the more common themes across the three focus groups was the financial motivations
of industry stakeholders. Nine out of 25 participants commented on the economic
barriers/opportunities of soil management reuse. These comments related to the financial
viability of reusing CDW, the fact that soil has been economised and the consequent value of
soil. Participants also highlighted that waste itself was a part of the economy, and many jobs

rely on the generation and disposal of waste.

4.1.3 Technical

According to industry practitioners, one of the greatest barriers to soil reuse is space-
constrained construction sites. Participants expressed that without adequate space, it is difficult
to properly store soil, and soil which would have had value if reused, is removed. During
Focus Group 2, this was a prominent issue as space constraint was mentioned six separate
times. Another barrier highlighted was the negative impact from mixing topsoil and subsoil,
reducing its ability to be reused in high-grade applications (a theme highlighted during all three
focus groups). Other technical themes drawn out were the lack-lustre MMPs completed by
industry practitioners, and the lack of monitoring of soil once planning has been granted.
Focus Group 3 emphasised the limited number of facilities available to deal with excavated

soil. The volume of soil removed across UK construction sites far exceeds the capacity of
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available facilities; as Participant 20 (Industry) explained, “With few facilities and long permit

backlogs, many resort to disposal or landfill as the most practical solution”.

4.1.4 Social

Whilst most participants agreed on the benefits of the CL:AIRE DoW CoP, with Participant 10
(Industry) stating ““it definitely serves a purpose, and it helps us to prove to the regulator that
we're doing the right thing,” they (Participant 10) also believed “it doesn't really have full
regulator support.” This caused slight tension in the group and revealed an underlying friction
between construction companies and environmental agencies, particularly relating to policy
and regulation. This also raised the point of effective cooperation between differing

stakeholders, with improved communication necessary.

Of the 25 participants, 10 made comments about the lack of knowledge and awareness of soil
functions and its value as a resource. They also emphasised that stakeholders need more
education to improve this knowledge deficiency, to encourage a move away from a LE

approach.

“Unfortunately, there are a good deal in the industry who still think in a very linear way when

it comes to soils.” — Participant 15, CL:AIRE

When discussing which key stakeholders should be involved in improving sustainability in the
industry, all three focus groups highlighted the need for government departments/officials to

become more involved, with increased collaboration between government and industry.

Increasing the extent of government involvement was linked to client motivations, which are
primarily driven by cost variables, with one participant explaining that “ultimately it always
came down to cost and program in the end, in terms of clients drivers” (Participant 22,
Industry). Participants explained that clients set the standards, and so if contracted by a client

the task will be done, including sustainably managing CDW.
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4.2 Secondary Source Stakeholder Perspectives

Whilst the focus group data provided insightful results, it is important to cross-reference the
findings with other sources to provide validity and eliminate any potential bias arising from the
focus group participants and/or personal knowledge of the researchers. Stakeholder
perspectives on all forms of CDW were needed, as the focus groups only considered sustainable

soil management.

Complex

Increase
Consideration
of CDW at
Design Stage

Inferior

Increase
Stringency of
Existing
Legislation

Guidelines

Quality

Specific
CDW

. Management
Technical Regulations . .
Legislative
On-site Lack of
Operations Certification Ambiguity

Lack of
Client

Motivations

Penalties
and
Fines

Fiscal
Incentives

Recognition

Lack of
Industry
Standards

Social Economic

Increase
Stringency of
Fiscal
Measures

Limited
Cost-
savings

Improved

Communication

Knowledge

I:I Focus groups |:| Questionnaire I:I Interviews D Survey

Figure 6: Summary of main findings from secondary source stakeholder perspectives,
categorised by theme: technical, legislative, economic, and social. The findings are derived
from focus groups, questionnaires, interviews, and surveys (Figure designed by author using
information sourced from Ajayi and Oyedele, 2017; Ghaffar et al., 2020; Jin et al., 2017;
Adams et al., 2017).

4.2.1 Legislative

Data from focus groups conducted by Ajayi and Oyedele (2017) found that participants believe
that increased stringency of existing legislation is needed to increase waste diversion from
landfill. The data also showed that waste preventative measures were needed to improve the
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market for, and ease the use of, recycled products. A survey by Adams et al. (2017) expressed

a need for more specific regulation relating to CDW management, especially in relation to the

CE.

Interviewees in Ghaffar et al.’s (2020) study noted that more regulation was necessary to
improve sustainable CDW management, with 78% of questionnaire responses stating they are
not currently satisfied with current recycling processes, and one stating “these could be
improved but it relies on [ ... ] increased investment and regulation of the waste industry”. Other
interviewees expressed that current regulations were “sometimes overly bureaucratic to

operate,” with greater rewards for recycling and reusing CDW needed.

4.2.2 Economic

Clear economic themes were found by Ajayi and Oyedele’s (2017) focus groups, with key
waste management policy measures identified as tax breaks, incentives, and increased
stringency of fiscal provisions. These included ‘Increasing Aggregates Tax’ and ‘Increasing
landfill disposal fees’ and penalties for poor waste management. Whilst Ghaffar et al.’s (2020)
study focused more on stakeholder awareness of the CE and legislation, a comment from an
interviewee highlighted that cost savings from using recycled materials was not always

reflective of the effort required.

4.2.3 Technical

Although only raised in half of the focus groups, the largest number of codes (58) in Ajayi and
Oyedele’s (2017) study were on the topic of ‘Increased consideration of design stages over
actual construction’. In Ghaffar et al.’s (2020) questionnaire, 44% of participants believed that
on-site operations must be improved, and 85% believed that contract clauses should enforce

the use of recycled materials.
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4.2.4 Social

A dominant theme of all secondary source stakeholder perspectives were the opinions and
behaviours of clients, and industry practitioners. Ghaffar et al.’s (2020) questionnaire identified
that 100% of respondents would be more likely to recycle if they received more recognition
for doing so and also that a lack of knowledge was a major challenge, as 85% of respondents

were unaware of CE principles, with 100% believing they should be more heavily promoted.

In Jin et al.’s (2017) survey, over 75% of respondents agreed with 14 of the 20 identified
challenges of enhancing CDW recycling/reuse, with top challenges being ‘Lack of demand
from the client’ (92%) and ‘Lack of industry standards’ (87%). Over 90% of respondents agreed
with 8 of the 9 suggestions made for enhancing CDW recycling/reuse, with only ‘Increase the
Landfill Fee’ scoring lower, as viewpoints of industry practitioners varied significantly.
However, given the majority of positive answers, the analysis showed a strong will of industry

stakeholders to change current practices.

4.3 Technological Development

4.3.1 Recycling CDW

Aggregates (sand, rock and gravel) are the largest tonnage of material used in construction (66
billion tonnes by 2025) (Silva et al., 2019). Natural aggregates are more widely used, but
recycled aggregates, the most common product from the recycling of CDW, have the potential
to take their place in various applications and present an opportunity for the industry to build
sustainably (Di Maria et al., 2018; Behera et al., 2014; MPA, 2022). Of significant
environmental benefit, recycled aggregates have a global warming potential seven times lower
than natural aggregates and reduce greenhouse gas emissions by around 65% (Braga et al.,
2017; Hossain et al., 2016). Studies on using recycled concrete as an aggregate show substantial

cost savings (Purchase et al., 2021) and high quality products, such as new concrete, can be
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produced (Galvez-Martos et al., 2018), aligning with the CE model as the end product is

gaining value.

When CDW is sorted and washed, clay and other fine particles are removed, and a filter cake
of silt remains (Lampris et al., 2009). Often, this by-product goes to landfill, but dry washing
(a modern technology), turns this waste into a resource: a replacement for natural aggregates
in certain applications (Renning et al., 2024). This has positive environmental and economic
impacts through decreasing the extraction of natural aggregates and prolonging the life cycle
of waste. However, currently recycled aggregate volumes produced from crushed concrete are

insufficient to meet the demands for aggregates (Lupo et al., 2020).

4.3.2 Reusing CDW

In 2018, of the 138 million tonnes of UK CDW, 58 million was excavated material (42%), with
half recovered and half going to landfill (ICEC-MCM, 2023). If it meets the requirements
outlined in BS3882, a sizeable proportion of the landfill material has the potential to be reused.
However, as soon as soil is removed from site, it is classed as waste, making reuse onerous. If
excavated soil and rock is reused, the costs and climatic impacts of a project can be reduced,

as transport and landfilling are reduced (Magnusson et al., 2015).

Over 300,000 hectares of soil in the UK is contaminated (Environment Agency, 2019) and to
reuse on site, the contaminants must be removed. This is conventionally achieved through soil
washing which has been used for many years, however, technological advances have improved
the quality of contaminant removal, and mobile soil washing plants are becoming more
commonplace (Quinnan et al., 2022) (Figure 7). The treatment of soils on site increases reuse,
decreasing costs for companies. This is an effective waste minimisation strategy as it is a

flexible approach that can be tailored to individual clients (Quinnan et al., 2022).
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Figure 7: Image of a mobile soil washing plant removing contaminants from soil, to facilitate
its reuse on site (photo from CDE, n.d.).

4.3.3 Carbon Savings

Recycled aggregates have the ability to sequester CO», due to their alkalinity. Fine recycled
aggregates are preferred, as smaller particle sizes have higher carbonation rates, i.e., sequester
more CO, (Kaliyavaradhan and Ling, 2017). Therefore, products made from recycled
aggregates, such as concrete blocks, have the potential to uptake CO; and become value-added
products, rather than waste (Kaliyavaradhan and Ling, 2017). Reusing soil has many carbon
savings, with studies estimating a saving of up to 14 kg of CO; per tonne (Magnusson et al.,
2015). With 29 million tonnes of soil sent to landfill, 191.1 million tonnes of natural aggregates
and 69.9 million tonnes of recycled aggregates produced each year, the potential carbon savings

are significant (ICEC-MCM, 2023, Mineral Products Association, 2023) (Figure 8).
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Figure 8: The carbon emissions and savings/sequestration for soil and aggregates based upon
the current linear economy model, as compared to an ideal circular economy model. Includes
calculations for total CO: emitted and sequestered/saved per year based on tons of soil sent to
landfill and tons of natural and recycled aggregates produced (see Appendix 3 for calculations)
(Figure designed by author using information sourced from: (a) Tam et al., 2018, (b) Eurofins
Agro, n.d.; (c) DFA, 2022, (d) Kaliyavaradhan and Ling, 2017, (e) Magnusson et al., 2015, (f)
Mineral Products Association, 2023; and (g) ICEC-MCM, 2023).

4.3.4 Challenges of Technological Development

Whilst there are many benefits to recycling and reusing CDW, there are also challenges. A
major barrier to using recycled products is customer perception (Tam et al., 2018), as many
stakeholders distrust the quality and integrity of the products (Silva et al., 2017). The WFD
does not specify quality standards for recycled aggregates and products can be uncertified.
Under EU regulations, products without certified performance are illegal to use for construction
purposes (Ghaffar et al., 2020; Di Maria et al., 2018). Also, some technical limitations have
been found when using recycled aggregates within new concrete, such as inferior mechanical

performance (Hossain et al., 2016).

Inconsistency in supply of recycled aggregates and inconvenient locations of recycling

facilities limit the profitability, and environmental advantages of using recycled aggregates
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(Purchase et al., 2021; Silva et al., 2017). Many recycling plants often do not correctly sort
CDW to obtain the best quality recycled aggregates, due to cost and time constraints (Menegaki
and Damingos, 2018), this can affect the final product as it cannot be used in high quality
applications (Silva et al., 2019). This is known as downcycling, and whilst many class this as
a form of recycling, the process is closer to a LE ideology, as the final product is less valuable,

lower quality, and after a few cycles needs to be landfilled (Horodytska et al., 2020).

The reuse of soil has certain challenges arising from lack of space on site, and time constraints.
Given stringent specification requirements, soil can only be used if it is uncontaminated and
stays on the same site. Once removed from site, it is classed as a waste and becomes much
more difficult to reuse. If soil is to be removed from site, it must be included in a MMP, be
granted a Ul exemption by the Environment Agency or sent to a permitted off-site waste
receiver (holding an Environmental Permit) (Bardos et al., 2021; Plimmer, 2023). This is often

costly and time-consuming. Figure 9 summarises the challenges related to the recycling and

reuse of CDW.
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Figure 9: Schematic diagram presenting the main findings from the literature review,
categorised by theme as identified in focus groups. The diagram sets out the challenges of
adopting technological advancements when implementing a circular economy.
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4.3.5 Case Studies

To demonstrate the benefits of reusing and recycling CDW, case studies of successful

implementations are presented in Figure 10, with further detail in Appendix 4.

CDW a priority from design
phase of project

~£110 million savings

Distributor Road

A34 Chieveley/ M4
junction 13
improvement

A

56,000 tonnes of recycled
aggregates used

Channel Tunnel
Rail Link
452,500 tonnes of recycled ~£2 million savings
aggregates used
Newport Southern

~£70,000 savings

>

Figure 10: Summary of case studies which demonstrate the benefits achievable when
successfully implementing the recycling and reuse of construction and demolition waste
(Figure designed by author using information sourced from Silva et al., 2019).
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5 Discussion

This study used thematic analysis as a form of data exploration, with the following key themes
identified: legislative, economic, technical, and social, with the findings often appearing in
more than one theme. To effectively interpret the complex data, this discussion section focuses

upon a series of recommendations, taking data from each theme as applicable.

5.1 Recommendation: Regulatory and Legislative Reform

5.1.1 Imbalances

The focus groups emphasised that legislative barriers are impeding the effective
implementation of a CE. In particular, regulations in relation to the reuse of soil were too
restrictive and would need to be eased to increase circularity. Focus group participants stressed
the need for regulators to support sustainable practices, and for this to occur there needed to be
less regulation of clean and reusable materials and the easing of soil restrictions was vital.
Participant 10 (Industry) expressed that the industry has a clear desire to reuse soils, but “we
need less restrictions, we need less costs, we need less authorisations in order to enable us to

do that”.

Conversely, participants stressed that legislation surrounding waste disposal to landfill is too
lenient, encouraging disposal over recycling/reuse and this was confirmed by Ajayi and
Oyedele’s (2017) focus groups. Returning excess materials to a supplier participating in a ‘take-
back’ scheme ensures useable materials do not go to waste and are a part of the recovery stage
of the hierarchy. An interviewee in Ghaffar et al.’s (2020) study noted the use of contractual
requirements, to “force companies to start innovating and investing time and money into new

recycling techniques” and “contracts could be used to re-enforce legislation”.

Mandatory use of a waste efficient contract clause in waste management regulations.
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5.1.2 Gaps

Regulations introduced in 2008, including Site Waste Management Plans (SWMPs), were
repealed in 2013 to “remove unnecessary legislation to free-up business” (Defra, 2013) (see
Appendix 1). The economic priorities of companies took precedence over effective CDW
management. This retrograde step deprioritised waste management, downgraded sustainability
commitments and diminished the accountability of companies not meeting environmental
standards. Participant 1 (Industry) and other interviewees in Ghaffar et al.’s (2020) study

highlighted that legal requirements would enforce accountability within the industry.

However, it was not until the introduction of The Environment Act 2021 that a new framework
of environmental protection was put in place. The gaps left by the repealing of the 2008
regulations could have been addressed in the 2021 Act, however, aggregates, concrete and soil
are not included in the requirements for recycling (Environment Act 2021 Part 3, 45AZB
England: separate collection of industrial or commercial waste) nor are there specific soil
reuse targets (Soils in Planning and Construction Task Force, 2022). Ambiguity in end-of-waste
regulations was ranked as the greatest legislation and policy challenge by those in Adams et
al.’s (2017) study, with a need for specific regulation for circular CDW management. Whilst
these gaps, in part, have been addressed under Regulation 5(c)(iii) pt (d)(v) and (f) of the Waste
(Circular Economy) (Amendment) Regulations 2020, they lack clear steps to follow which

would promote circularity in the industry.

Current legislation needs to be updated with guidance from industry experts to
facilitate diverting waste from landfill and increasing recycling/reuse to improve
circularity within the industry.

5.1.3 Inconsistent Enforcement

Enforcement of legislation is essential in achieving the goals of regulatory measures and it is

the remit of local authorities to regulate CDW. When enforcement is left to the judgement of
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individual authorities, a disconnect arises between policy and practice. Research by Umar et
al. (2017) shows that this inconsistency, together with uncertainty about the roles and
responsibilities of different regulatory bodies, impedes the effective implementation of
sustainable CDW management practices and enforcement of regulations. To ensure consistency
across regions, the focus groups identified a need for regulation and policy to be set at a national

level and consistently enforced.

Enforcement actions should be determined at a national level.

5.1.4 Outdated Guidelines

The absence of legislative development covering sustainability is actively discouraging
circularity. The lack of updates to government guidelines such as the ‘Construction Code of
Practice for the Sustainable Use of Soils on Construction Sites’ (last updated 2011), underlines

how lack of legislative development is hindering progressive policy on CDW sustainability.

Within the literature, studies have added further levels to the hierarchy, of re-design
(minimising waste generation through forethought of design) and re-think/re-imagine
(acknowledging the environmental impacts of CDW alongside traditional, profit driven,
construction methods) (Esa et al., 2017) (Figure 11). Currently, Defra has not adopted these
added levels, continuing a lack of attention/innovation from the Government to CDW
management. Construction practitioners use the emphasis of ‘practical feasibility’ when
following regulations and this facilitates disposal as a means of CDW management, the lowest

level of the hierarchy (Van Ewijk and Stegemann, 2016).

28



1. RE-IMAGINE
Focuses on environmentalimpact of CDW, not
just profitability

Most Desirable

2. RE-DESIGN
Waste generation minimised during the design
phase of projects

Less input of material, extending product lifetime and
use less hazardous material

Reuse the materials that you have

Turning waste into new products

Extracting value from waste materials

7. DISPOSAL
Dispose of waste into landfill

Least Desirable

Figure 11: A revised waste hierarchy acknowledging the additional levels proposed in

literature, re-design and re-imagine (Figure designed by author using information sourced
from Esa, 2017; Defra, 2011).

Policy relating to sustainable CDW management needs updating to reflect the current
understanding and goals of circularity and acknowledge the new levels of the hierarchy.
Regulations and policy should hold clear steps on how to achieve these levels in an
updated Code of Practice.

5.1.5 Voluntary Nature of Current Codes

The lack of a regulatory framework for sustainable CDW management, results in the industry
and local authorities relying on codes such as CL:AIRE DoW CoP and BREEAM. These in
turn, due to their voluntary nature, rely heavily on the goodwill of construction practitioners to
manage CDW sustainably. The focus groups found that practitioners have little motivation to

change to more sustainable methods.

“If planning policy is the tool for change, then I'm sorry to say it has to be forced because I've
been trying for 20 years to convince my clients who are developers to make changes in a more

sustainable way.” — Participant 19, Planning Authority
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As noted by the focus groups, CL:AIRE and BREEAM have the guidance needed to
incorporate sustainable steps at the pre-design stage, but these need to be a legal requirement
rather than a voluntary code. Additionally, most practitioners already complete MMPs under
the DoW CoP, therefore, making these codes mandatory would allow authorities to include
requirements for comprehensive MMPs and compulsory soil surveys before planning

permission is granted.

Voluntary codes should become a legal requirement.

5.2 Recommendation: Taxation and Incentives

5.2.1 Inadequate Fiscal Measures

Landfill Tax is an environmental tax in place to encourage alternative disposal routes for waste
(Ajayi and Oyedele, 2017). Whilst a landfill tax does little to alter construction methods (Ann
et al., 2013), there is evidence to suggest that it improves CDW management. However, the
current price to landfill at £3.30 per tonne of inert waste provides a cheap and convenient
disposal option, with half of excavated waste going straight to landfill (Gov.uk, 2024; ICEC-
MCM, 2023). As discussed by Focus Group 1, current Landfill Tax provides a “cash incentive
for doing the wrong thing” (Facilitator 1, Soil Research), by economising soil as a waste
commodity. Ajayi and Oyedele’s (2017) focus groups suggested increasing the cost of
disposing waste to landfill. This allows recycling to become an economically competitive

CDW management choice (Caro et al., 2024).

Aggregates Tax is an environmental tax in place to ensure that the environmental impacts of
aggregates extraction is more fully reflected in prices to encourage a shift in demand to
secondary (recycled) aggregates. Current fiscal measures are too low to sufficiently alter CDW

management practices. At £2.03 per tonne of natural aggregates, virgin materials are still
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widely used in the industry. Increasing the cost of use of natural aggregates would apply an
added cost to companies for using virgin material (Ajayi and Oyedele, 2017). Countries with
relatively high tax rates have higher recycling rates (Tam et al., 2018) and whilst the current
Aggregates Tax is low, it has assisted in a reduction of resource use (S6derholm, 2011), and so

an increase should further deter the use of natural aggregates.

As shown in Figure 8, the industry is carbon intensive. Therefore, a landfill tax that is levied
on carbon content per tonne, rather than absolute tonnage (Burke et al., 2019) and an aggregates
tax based on production carbon emissions would have a significant impact on soil waste
disposal and natural aggregate production. Placing a far greater cost on disposal of soil would
motivate companies to prioritise soil management earlier in the project and use recycled

aggregates, achieving higher levels in the hierarchy.

Increasing the Landfill and Aggregates taxes would move the industry towards a
circular economy. Further investigation is required to determine how a tax based on
actual and potential carbon emissions and sequestration would be structured and

implemented.

5.2.2 Financial Motivations

As discussed by the focus groups and secondary source stakeholders, the dominant driver of
industry is financial impact. Therefore, to promote circularity, any decision must be the most
financially beneficial option available. Many stakeholders are deterred by the costly early
stages associated with CE practices (Purchase et al., 2021), with Participant 7 (Planning
Authority) stating “a lot of clients and developers are reluctant to spend money on site

investigation early in the process”.

Also, to many, the cost savings of using reused/recycled materials is so small, that it proves
meaningless on largescale projects, “The saving made from reusing materials is insignificant

for them, such as a £10,000 saving on a £250 million job” (Ghaffar et al., 2020). Many in the
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industry assume that the reuse of CDW increases costs, and so they lack the motivation to

promote reuse within a project (Park and Tucker, 2017).

Participant 1 (Industry) noted that unless there is a legal requirement, an effective way to
initiate change in the industry would be by using financial incentives. This was confirmed in
the findings of Ajayi and Oyedele’s (2017) focus groups, noting that economic carrots are an
effective way of encouraging sustainable (circular) behaviour. Although subsidies can greatly
increase the amount of recycled and reused waste within construction projects (Pomponi and
Moncaster, 2017), if the cost to landfill or cost of virgin materials is still considered the cheapest

option, they will be ineffective.

Placing a subsidy or tax incentive on the use of reused/recycled material will provide a
financial reward for improving circularity within construction but this must be
combined with stringent fiscal measures to prove effective.

5.2.3 Enforcement and Penalties

UK enforcement of waste management regulations include: warnings, formal cautions,
prosecution or a fixed penalty notice up to £50,000. However, these only relate to illegal
activities such as dumping, or unpermitted waste management (Environmental Protection Act
1990). There is no procedural enforcement or penalties for poor waste management, such as
failure to recycle/reuse CDW, poorly sorted waste or landfilling of uncontaminated soil.
Financial penalties can decrease the amount of waste going to landfill but do little to motivate
companies to recycle and reuse (Liu et al., 2022), as they function as a deterrent rather than as
an incentive. Ajayi and Oyedele’s (2017) focus groups emphasised that new policies should
impose penalties on poor waste management, as it is an essential requirement for reducing

CDW generated within the industry.

Reintroduce mandatory completion of CDW management plans, subject to overview
and compliance checks by local authorities with financial penalties for poor waste
management and/or incomplete CDW management plans.
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5.2.4 Other

The production of aggregates and the collection and transportation of waste, alongside the
management of landfill sites, creates job opportunities which may be lost as the industry moves
to more sustainable CDW management. Participant 1 (Industry) stated “there are a lot of other
people further down the supply chain that are reliant on soil [...] to make their money”.
However, EU projects have shown that improving the circularity of construction materials can

create jobs (Caro et al., 2024).

As recycling facilities are not often conveniently located to construction sites, transportation is
needed, which makes moving CDW expensive, unprofitable and can counteract the
environmental benefits of using recycled CDW (Ghaffar et al., 2020). This can be addressed

through fiscal measures.

An effective CE needs to be developed such that waste generation and economic
growth are decoupled by adopting waste avoidance, sustainable business practices
and effective waste management. This includes sufficient Landfill and Aggregates
taxes, so that it becomes cost effective for companies to take on the transportation
costs of moving CDW to recycling facilities.

5.3 Recommendation: Certifications, Specifications and Material Quality

5.3.1 Lack of Certification for Recycled Aggregates

The UK has a regulated, though not universally mandatory, quality certification process for
recycled aggregates. However, under EU Regulation No 305/2011, it is illegal to use
construction products without certified performance (Ghaffar et al., 2020). While there is a
growing market for quality-assured recycled CDW (Kabirifar et al., 2020), the lack of a
universally recognised certification process can lead to consumer distrust and reduce

motivation to use these products.
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The criteria for the production of recycled aggregates from inert waste is set out in a Quality
Protocol and compliance is “considered sufficient to ensure that the fully recovered product
may be used without undermining the effectiveness of the WFD and without the need for waste
management controls” (WRAP, 2013, p. 3). The Protocol aims to improve market confidence
in the quality of recycled and recovered waste products and encourage their use by the industry,
but use is voluntary. Further, if a product previously complying with the Protocol is discarded,
it reverts to a waste and is subject to waste management controls (WRAP, 2013). This limits

the longevity of recycled products, and ultimately does not support circularity.

Despite efforts to recycle aggregates (primarily concrete), natural aggregates still meet over
70% of demand (MPA, 2022). The quality of recycled aggregates is often compromised due to
inadequate off-site sorting procedures and insufficient market incentives (De Brito and Silva,
2016; Shooshtarian et al., 2022). In Jin et al.’s (2017) survey, 87% of respondents believed a
lack of industry standards in CDW recycling/reuse is a major challenge in obtaining top levels
of the hierarchy. The findings of Ajayi and Oyedele’s (2017) focus groups confirmed that a
policy measure for the facilitation of waste prevention was required whereby certification

ensured an adequate awareness of materials and supported waste diversion from landfill.

Enhancing the sorting process and setting up a mandatory quality certification process
for recycled aggregates will improve their quality, build trust in the products, and
enable their use in high-grade applications, improving circularity in the industry.

5.3.2 Lack of Appropriate Soil Specifications

The focus groups confirmed that the provisions of BS3882 are generally followed when
considering soil reuse on construction projects. However, Defra’s ‘Construction Code of
Practice for the Sustainable Use of Soils on Construction Sites’ (2009) states that BS3882 is
“not intended for the grading, classification or standardisation of in situ topsoil or subsoil”.

Therefore, soils are assessed using incorrect specifications and this is negatively affecting their
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reuse. As soon as natural topsoil is excavated it must meet the criteria of BS3882, and as the
specifications are too restrictive, a substantial proportion does not, “leading to removal of
materials that would be fine in place” (Facilitator 1). This conflicts with the CE framework, as

soil which could be reused is instead disposed of as waste to landfill.

The focus groups found the need to introduce new specifications/standards for soil, appropriate
to the industry, which align with CE principles. Participant 10 (Industry) explained contractors
and engineers work to specifications, so “if you give them a specification, they will build to that

specification”.

A standard applicable to in-situ topsoil on construction projects would support
regulatory compliance, competitiveness, the environment and sustainability.

5.3.3 Material Quality

The absence of specific standards for material recycling/reuse forces them to compete with
virgin materials, which typically comply with established quality standards. Unlike virgin
materials, recycled/reused materials have unknown qualities, which may affect their
performance and market access (Ferriz-Papi et al., 2024) and unregulated materials tend to be
used in low-grade applications (Section 4.3.5). This reduces the usage of virgin materials,
meeting the CE principle of conserving resources, yet does not add value to the recycled/reused
material, or extend its life as it needs to be landfilled after a few cycles, in line with the LE

framework.

Concerns over the technical integrity of recycled products contribute to their use in low-grade
applications. In Jin et al.’s (2017) survey, 62% of respondents identified the inferior quality of
recycled products as a major obstacle to effective recycling of CDW. Additionally, Ghaffar et
al. (2020) found that 15% of participants opposed contract clauses requiring the use of recycled
materials, citing concerns about expense and warranty issues due to inferior quality. In contrast,
contract clauses to mandate the reuse of soil could be beneficial, as concerns over expense and
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quality are not valid (inexpensive and does not affect building integrity), allowing for an

increase in its reuse during projects.

Introduce legislation mandating minimum requirements for the use of recycled
materials and reuse of soils in projects.

5.4 Recommendation: Project Planning and Management

5.4.1 Early Waste Management Consideration

A major barrier to sustainable construction described by all three focus groups was the lack of
waste management consideration before a project began (previously included in SWMPs); this
was verified by Ajayi and Oyedele’s (2017) study, which highlighted the importance of
increased consideration at the design stage. The inclusion of MMPs in the initial phases of a
project are essential but, as discussed by Participant 1 (Industry), can be superficial and add

little value to industry circularity in their current format.

“We'll often see sites try and do a Materials Management Plan, but it's very lacklustre. It's not

really adding much value.” — Participant 1, Industry

A particular issue arises when a construction site does not have the requisite space to store soil
throughout the project (Figure 12). The focus groups noted that those in the industry have a

desire to reuse more soil, but do not have the capabilities, so must landfill useable soil.

“In order to deal with soils properly so that they're not damaged and do retain their value, we

’

need space and often we don't have that space.” — Participant 10, Industry
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Figure 12: Image showing excavated material being loaded onto a lorry for removal from site,
due to a lack of on-site storage space (Photo by the author, 2024).

The reuse of soil is promoted as part of a CE framework given its carbon sequestering potential.
Solutions need to be flexible and adaptable, to meet individual client needs (Quinnan et al.,
2022). For example, mobile soil washing facilities on-site increase the amount of soil able to
be reused on a given project. The lack of space on site also limits the recycling of other CDW,
as there is often insufficient space for on-site sorting. In Ghaffar et al.’s (2020) questionnaire,

44/100 respondents believe that increased recycling needs on-site operations to improve.

Plans for managing CDW should be finalised before a project begins, enhancing value
by considering CE principles and ensuring management of waste is designed in. For
example, a comprehensive MMP should address soil management and promote
sustainability.

5.4.2 Insufficient Monitoring

If it is not known what proportion of recovered materials have the potential to be recycled, then
achieving a CE is complex (Young, 2019) and establishing a market for recycled products

difficult. The focus groups identified that there is a lack of monitoring once planning has been
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granted, and from thereon it is difficult to track whether CDW is correctly recycled/reused, and

planning requirements met.

“It’s very difficult to monitor what happens once planning approvals are granted because 1
step away from the process. Often, when I revisit a scheme, I find that monitoring hasn't

occurred.” — Participant 19, Planning Authority

Reduced waste volumes will lead to lower emissions from landfills and from transporting waste
to landfill, whilst increased recycling reduces the need for new, raw materials, conserving
natural resources. Monitoring would address the unknown movements of CDW, and the “big

unknown movements of soil” (Participant 15, CL:AIRE).

Frameworks for monitoring should be developed to increase recycling rates, leading to
more materials being recovered and reused, which is economically beneficial.

5.5 Recommendation: Education, Training and Stakeholder Engagement

5.5.1 Lack of Industry Knowledge

Limited awareness and education are considered major challenges in the industry. Adams et al.
(2017) observed that designers, clients, and subcontractors are the stakeholders with lower CE
awareness. In Ghaffar et al.’s (2020) questionnaire, 85/100 industry experts said “No”, when
asked if they were aware of CE concepts in the industry, and all 100 said CE concepts should
be promoted more. Many focus group participants said that the industry lacked an

understanding of the value of soil, and the benefits that go with it.

“People don't see it (soil) as that beneficial resource and ecosystem service that is actually

’

there.” — Participant 6, Industry

Soil disposal into landfill increases when “the mixing of topsoils with subsoils creates an

inability to reuse them” (Participant 21, Local Authority) and is often caused by a lack of
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subcontractor knowledge of different soil horizons. Topsoil has a commercial value, “Most
topsoil is actually recycled and reused, so from construction sites, it's almost sold as a

commodity” (Participant 7, Planning Authority).

Education will help develop the market for recycled/reused CDW products (Kabirifar et al.,
2020), helping meet government sustainability goals while also satisfying industry economic
priorities. This must include the revised hierarchy (Figure 11), with a greater emphasis placed
on stakeholders to consider CDW before project commencement and recycling/reuse can then

be conducted without unanticipated time, space, and cost constraints.

Education should also cover the polices and guidelines which, if followed, do promote
circularity within the industry, such as CL:AIRE DoW CoP for the sustainable use of soil, and
the Protocol criteria for aggregates. Currently, insufficient stakeholder knowledge on the

benefits of circular CDW management make voluntary guidelines and policies ineffective.

By increasing knowledge and awareness through education and training, CE principles
can be promoted and practised by industry stakeholders.

5.5.2 Complex Regulations and Guidelines

An interviewee in Ghaffar et al.’s (2020) study acknowledges that whilst stricter regulation has
driven the industry to more sustainable practices, “the processes involved are sometimes overly
bureaucratic to operate”. Guidelines can often be complex and confusing and may deter

stakeholder participation in sustainable CDW management schemes (Caro et al., 2024).

Companies are more likely to follow voluntary codes if the guidance is easier to navigate than
complex legislation. The focus groups expressed a need for comprehensive and ‘user-friendly’
guidelines, confirmed by Participant 22 (Industry) who emphasised that “the DoW CoP is

complicated” and “regulation and guidance need to be more straightforward”.
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Provision of uncomplicated, straightforward, ‘user-friendly’ guidance would improve
adoption of sustainable practices, including the reuse of soil.

5.5.3 Lack of Demand for Sustainable Practices

Clients are focused upon profitability, and it is perceived that CDW management increases
costs and extends project timeframes, whilst recycled products are of lower quality and a higher
price. In Jin et al.’s (2017) survey, 92% of respondents agreed that lack of demand from clients
was to blame for difficulties in recycling CDW. If the client bears the cost of circularity, then

the industry will complete construction and waste management in a sustainable way.

“If the customer says do it [...], we'll pay to do it. It will get done to a good quality that adds

value.” — Participant 1, Industry

In Ghaffar et al.’s (2020) study, an interviewee said: “we change our methods for individual
projects only when the client requests us to. [...] Without a law or request from a client, I have
no incentive to use it or else I risk losing the job to other companies.” Focus group participants
highlighted the need for legislation to support circularity, as industry stakeholders are not self-

motivated in moving toward change.

Mandates or incentives would increase the recycling/reuse of materials in projects and
improving education would ensure clients understand the benefits of CE principles.

5.5.4 Insufficient Communication and Collaboration

Industry stakeholders feel governmental recognition for applying CE principles is lacking. All
respondents in Ghaffar et al.’s (2020) study noted that they would be more motivated to recycle
if they received more recognition, showing a lack of engagement between policymakers and
industry. Jin et al.’s (2017) survey also stated that 94% of respondents agreed that effective
communication enhances CDW recycling/reuse. Sustainable CDW management requires
active participation, and effective communication, but a major barrier in the industry is

insufficient communication and collaboration between the different stakeholder groups
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(Domingo and Luo, 2017). This was demonstrated when a focus group discussion highlighted
confusion between participants in interpretation of regulatory support of the CL:AIRE

DoW CoP.

Enhanced collaboration between industry stakeholders and policymakers in the
development of new regulations will ensure that both industry and government
priorities are met.
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6 Conclusion

This research aimed to show the main barriers and opportunities to implementing a CE in the
industry, with a focus on aggregates recycling and soil reuse. The three methods employed
highlighted key themes of: legislative, economic, technical and social, which then influenced

a set of recommendations to improve circularity within the industry.

Current regulation is imbalanced, discouraging circularity, with overly restrictive regulations
in relation to soil reuse and lenient regulation for waste disposal to landfill. As found by many
studies, there are gaps in legislation, meaning CDW is often overlooked. Instead, voluntary
codes of practice are looked to by industry practitioners but as these are not mandatory, they
rely too heavily on the goodwill of users. Further, many government guidelines relating to
sustainable waste management are outdated and show a lack of attention and priority by the
Government. As enforcement of regulations is left to individual local authorities, there are often
discrepancies across regions, impeding the effective implementation of CE principles.
Therefore, the first recommendation is Regulatory and Legislative Reform. This involves
reducing restrictions on soil reuse, setting national standards, making voluntary codes

mandatory, and prioritising regulatory developments for sustainable waste management.

The second recommendation implements Taxation and Incentives, as a means of encouraging
circularity. Current Landfill and Aggregates taxes are too low, making landfill a cheap and
convenient option, and virgin materials the primary choice. The study found industry
stakeholders are driven by profitability, therefore increasing the Landfill and Aggregates taxes
and imposing penalties for poor CDW management would function as an effective deterrent to
adopting unsustainable practices. In addition, the introduction of financial incentives will
encourage the adoption of sustainable practices, thereby promoting CE principles. Economic
policies are essential in ensuring that the most financially viable option for stakeholders aligns

with the CE model, therefore making circularity the most workable, and preferred, strategy.
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A key finding was the lack of industry trust in recycled products, which is hampering market
developments. Therefore, the third recommendation is improving Certifications,
Specifications and Material Quality. Currently, there is no mandatory regulatory quality
certification process for recycled aggregates, meaning this CDW has no added-value as a
product, and is often sent to landfill. Establishing an approved, mandatory certification process
should improve the use and quality of recycled CDW. In addition, soil is currently assessed
against an incorrect, and consequently restrictive, BS3882 specification and so it is
recommended that a new standard for in-situ topsoil is issued to support reuse, encouraging

circularity.

The fourth recommendation encourages improved Project Planning and Management to
minimise waste generation. Several barriers impede circularity, including site space, distance
to recycling facilities, time and cost constraints. To overcome these challenges waste
management should be considered earlier in the process, so it can be designed in and
improvements to on-site recycling practices promoted. The requirements of MMPs need to be
more robust, and monitoring of CDW needs to be improved by developing monitoring
frameworks, which address unknown movements of CDW, and increase recycling/reuse on

sites.

There is a growing awareness for sustainable practices to be at the forefront of global
development, yet this ideology has not been fully embraced by the sector as industry
stakeholders lack motivation to adopt more circular practices. The research found this stems
from a lack of knowledge of the value of CDW, and CE principles. As client demands are a
major driver of construction activities, recommendation five is to influence behaviour through
enhanced Education, Training and Stakeholder Engagement. Focus group participants
stressed guidelines and regulations are too complex, and to increase the adoption of sustainable
practices they need to be simplified and more ‘user-friendly’. In addition, or alternatively, legal
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mandates could enforce sustainable practices, ensuring that CE principles become the standard
rather than a choice based on the opinion of stakeholders. Combining social strategies with

stringent legal and economic measures ensures sustainable behaviour is adopted.

Limitations and Recommendations for Future Work

As mentioned in the introduction, the main limitation to this study is that it focused specifically
on recycling and reuse as methods for sustainable CDW management. Therefore, future
research should address how prevention and re-design can play a role in policy development,
as these strategies are integral to comprehensive waste management. In addition, future studies
should explore the effectiveness of various fiscal measures, including potential carbon pricing
and taxes on CDW. Policy development would benefit from a collaborative, interdisciplinary
approach, integrating perspectives from industry practitioners, policymakers, and academic

researchers to form more robust and effective CDW management strategies.

To conclude, several challenges are hindering the implementation of a CE in the construction
industry. However, with targeted improvements to legislative and fiscal measures, alongside
the adoption of regulatory certification, new standards and improved education, the industry

has the potential to successfully and effectively implement circular practices.
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Appendices

Appendix 1: Literature Review

Note to markers: the Literature Review is appended here for reference and is not intended for
marking. This was agreed with the module convenor and my supervisor, as reference to it was
determined necessary in this study.

1 Introduction

The construction industry is the backbone to economic development worldwide; it provides
job opportunities and socioeconomic growth (Tafesse et al., 2022). Globally, it is the largest
consumer of raw materials and the greatest contributor to waste production, generating one
third of all waste (Ginga et al., 2020). Construction waste has a negative impact on the
environment, causing soil and water contamination, landscape deterioration, environmental
degradation and significantly contributing to global greenhouse emissions (40% of global
carbon dioxide emissions) (Tafesse et al., 2022). Of particular concern in the UK is that “more
than half of construction and demolition waste (CDW) is disposed directly into landfill”

(Ghaffar et al., 2020, p. 1).

This review assesses current literature to gain an understanding of what CDW is, the policies
and guidance in place and describes the current construction economy which is dominated by
linear processes. It explores the concept of a circular economy, where waste is reduced to a
minimum by replacing the ‘end-of-life’ concept with reducing, reusing, recycling, and
recovering materials (Ghaftar et al., 2020). This review discusses the benefits and potential
challenges to the construction sector of adopting a circular economy, using case studies, and

then outlines the aims and objectives of the dissertation this literature review supports.

2 What constitutes construction waste?
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CDW refers to the debris produced during the construction process and also the material and
debris from demolition and excavation works (Noor et al., 2020) (Fig. 1). CDW is classified
into two main categories: hazardous and non-hazardous (further subdivided into inert and non-
inert) (Stelzer et al., 2023), in accordance with the Technical Guidance WM3: Waste

Classification (Environment Agency, 2021a).
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e.g., cement, e.g., concrete, e.g., soil, clay, e.g., aggregates, e.g., metals, e.g., bricks, wood,
metals, packaging bricks, asphalt, sand, gravel, concrete, asphalt, paper, glass, metal, concrete,
materials wood, metals rock metals, gypsum plastic asphalt, glass etc.

Figure 13: The different sources of CDW and examples (adapted from Chen et al., 2021,
Papamichael et al., 2023; Ginga et al., 2020, Construction Leadership Council, 2021).

The definition of CDW in literature is varied and it is evident that excavation waste (soil) is
often excluded. Coronado et al. (2011) define CDW as “concrete, asphalt, wood, metal,
drywall, and smaller amounts of packaging materials, such as paper and plastic”, notably
excluding excavated soil; similarly, Hiete et al. (2011) also exclude excavated soil and rock
from the definition. By way of contrast, Noor et al. (2020) include excavated soil within their
definition, together with green wastes. Soto-Paz et al. (2023) state that in the European Union
85% of construction waste is concrete, ceramic and masonry whilst Defra identified that around
43% of construction waste in the UK is soil (Defra, 2021). This lack of consideration of soil as

a constituent of CDW also impacts construction management. Zhang et al.’s (2022) study on
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waste management in Europe excluded soil in their framework; this diminishes its role in CDW

and prevents effective management of the total waste stream.

3 When is soil classed as a waste?

A major challenge in the construction industry is waste classification (Environment Agency,
2021b). In England and Wales, any soil which is discarded, is intended or is required to be
discarded, is considered to be a waste product. If waste soil is being removed from a site, then
it must be classified as either hazardous or non-hazardous (Plimmer, 2023). Soil is not classed
as a waste if it is uncontaminated natural soil which is intended to be reused on the same site,
but if reuse is intended on a different site, then certain permits/plans are needed (this is
discussed further in Section 4). In several countries, such as in Norway and Sweden (Hale et
al., 2021) and Scotland (Plimmer, 2023), once soil is removed from a site it is immediately

classified as waste.

4 Policies and Guidance

The are many existing policies and guidance documents which address waste in construction,
including some specific to soil management. Figure 2 outlines the key pieces of legislation,

policy and guidance in place as of May 2024, relevant to this review.
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1990 Environmental Protection Act

BREEAM 1990 Section 34: a duty of care to ensure that any waste
produced is handled safely and within the law

World's longest established method of assessing,
rating, and certifying the sustainability of buildings

Site Waste Management Plans Regulations

(2008)
EU Waste Framework Directive 2008/98/EC Repealed in 2013, but still considered good
Current consolidated version: 18/02/2024 I practice

Sustainable Construction Strategy 2008

Defra 2009 Construction Code of Practice for
the Sustainable Use of Soils on Construction
Sites

The Waste (England and Wales) Regulations
Last updated 2018 2011

Guidance on applying waste hierarchy

CL:AIRE Definition of Waste: Code of Practice
2011 I The Environmental Permitting (England and

Wales) Regulations 2016

MMP guidelines

Replaced previous 2010 regulations, to consolidate
multiple amendments

The Waste (Circular Economy) (Amendment)
Regulations 2020

The Environment Act 2021
Gives power to relevant authorities to make new
regulations with the aim of eliminating avoidable

| The Environment Improvement Plan 2023 I— waste
I:I Legislation I:I Regulation I:I Guidance SEUEIELS P Government/ Industry
(not legally binding) initiative

Figure 14: Key pieces of legislation, policy and guidance relating to CDW (BREEAM, 2024,
BERR, 2008; CL:AIRE, 2011; Defra, 2009; Defra, 2013; Defra, 2021; Defra, 2023;
Environment Act 2021).

Underlying UK waste management policy is the EU Waste Framework Directive 2008/98/EC
(WFD), which was implemented through the Waste (England and Wales) Regulations 2011
(Ghaffar et al., 2020). It introduced the waste hierarchy (Fig. 3) into European policy, a guide
to sustainable waste management, with priorities based upon what is best for the environment.
Van Ewijk and Stegemann (2016) define the waste hierarchy as “a preferential order of
waste treatment options that aim to reduce environmental impacts by prioritising prevention,

reuse, recycling, and recovery over landfill”.
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Figure 15: Waste hierarchy, ranking waste management options from most to least desirable
(adapted from Defra, 2011).

Van Ewijk and Stegemann (2016) argue that regulations often emphasise the ‘practical
application’ of the waste hierarchy, such as the “technical feasibility, economic viability and
environmental protection” achievable. This allows regulation to undermine the hierarchy, and
support the less environmentally desirable options (i.e., disposal), by facilitating a claim of lack
of practicality. UK Landfill Tax was introduced to encourage diversion of waste away from
landfill, however, one tonne of uncontaminated soil costs £3 to landfill, making it a cheap and
convenient waste management choice (ICEC-MCM, 2023), thereby undermining its original
purpose. Rose and Stegemann (2018) also state that the decision to dispose of CDW often goes
unchallenged given the inclusion of disposal within the waste hierarchy. The Sustainable
Construction Strategy 2008 (BERR, 2008) sets targets to divert CDW from landfill, however,
Ghaffar et al. (2020) argue that even with strategies in place, landfill remains a dominant

method of handling waste, and that CDW management is ineffective.

Adams et al. (2017) identified that one of the largest challenges to those in the construction

industry was the ambiguity in regulations relating to the end-of-life of CDW. Policy has a
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greater focus on landfill diversion, which is to the detriment of CDW reuse. Regulations were
introduced in 2008 with the purpose of identifying potential waste generated throughout the
life of a construction project and establish waste management actions across the waste
hierarchy including re-use, recycling, recovery, and disposal (Defra, 2009). These included Site
Waste Management Plans. However, these Regulations were repealed by the Government in
2013 as part of the ‘Red Tape Challenge’ to “remove unnecessary legislation to free-up
business” and allow businesses to save costs (Defra, 2013). The repeal process noted that
further efforts were needed to reduce waste, with more thought given to the top priorities of the

waste hierarchy i.e., waste prevention (Defra, 2013).

Under the terms of the Environmental Permitting (England and Wales) Regulations 2016, soil
waste must be sent to a permitted off-site waste receiver (holding an Environmental Permit
(EP)) for disposal, and landfill tax paid. An EP is either standard or bespoke, depending on the
complexity of the scenario (Bardos et al., 2021). If soil waste is low-volume (less than 1000
tonnes) and low-risk, an exception can be granted by the Environment Agency commonly

known as a Ul Exemption (Plimmer, 2023; Bardos et al., 2021).

CL:AIRE initiated the Definition of Waste: Code of Practice (DoWCoP) to provide a clear and
consistent process for the “reuse of excavated waste without permitting in England and Wales”
(Bardos et al., 2021, p74). A requirement in the DoWCoP is a Materials Management Plan

(MMP), which allows the re-use of soil without the need for EP disposal or exemption.

As outlined in Defra’s ‘Construction Code of Practice for the Sustainable Use of Soils on
Construction Sites’ (2009) (a National Planning Guidance), if excess soil from a site is disposed
of without an EP, Waste Exemption or a MMP, it would be classed as unauthorised under the
WED. The Code of Practice further emphasises the need for soil resource surveys and a soil

resource plan as part of a MMP. The Government failed to publish a revised Code of Practice
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in 2023 (previously expected in 2022) (Soils in Planning and Construction Task Force, 2022).
This continued pushback highlights how legislation (or lack of) can undermine a progressive

policy on CDW sustainability.

In the construction industry, the main British Standard for soils is BS 3882:2015 Specification
for topsoil. This sets out the requirements for topsoil classification and composition, and
advises about topsoil handling, to ensure soil is not degraded during excavation, delivery or

placement (Soils in Planning and Construction Task Force, 2022).

The Environmental Improvement Plan 2023 outlines plans to develop a ‘Soil Re-Use and
Storage Depot scheme’, to stop soil (otherwise classed as waste) going to landfill, with a greater

focus on its reuse (Defra, 2023).

BREEAM (not mandatory in UK) is a certification that focuses on planning to minimise waste

in construction projects (BREEAM, 2024).

S Why is this topic important?

The construction industry accounts for 6.2% (around £117 billion) of the UK’s economic output
and 6.2% of the workforce (Panjwani, 2023). It is instrumental in generating economic growth

and continues to expand to meet the rising demand for infrastructure.

The industry also “generates 62% of UK waste, and accounts for 40% of waste sent to landfill”
(ICEC-MCM, 2023, pl). In UK statistics, CDW comprises construction and demolition waste,
with excavation waste separately reported. In 2018, it was claimed that of the 68 million tonnes
of construction and demolition waste reported, 92% was recovered, with only 5 million tonnes
sent to landfill. Yet, of the 58 million tonnes of excavation waste reported, 29 million tonnes
were sent to landfill (50%) (ICEC-MCM, 2023). As previously noted, excluding soils from

construction waste classification provides uncertainty as to the amount of waste generated and
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yet it is only with a clear understanding of what constitutes CDW, will it be possible to manage

and reduce the waste stream.

5.1 Economic Implications

Ajayi et al. (2015) identified that reducing UK CDW by as little as 5% could save up to
£130 million. Whilst CDW (excluding soil) has potential to be financially beneficial, the largest

opportunity lies within soil sustainability.

When looking at the wider function of soil, the cost of soil loss to landfill in the UK is around
£1.5 billion per year (Soils in Planning and Construction Task Force, 2022) and whilst
environmental issues are the drivers of government action, industry professionals are usually
influenced by financial gains (Ajayi et al., 2015). Downcycling (discussed further in Section
6.1) CDW can make a project seem more commercially viable, yet the ecological value placed
on materials is rarely evaluated during the construction process (ICEC-MCM, 2023). To change
this view, sustainable management practices must be more financially appealing to

stakeholders than the disposal of CDW to landfill.

5.2 Environmental and Social Implications

The most common CDW management method is still landfilling (Ibrahim, 2016), which poses
a threat not only to the environment, but also to public health. The conventional method of
disposal to landfill ultimately leads to the saturation of landfill capacity (Ibrahim, 2016) when
large proportions of CDW have further value. Soto-Paz et al. (2023) noted that of the 35% of

global CDW landfilled, 75% has potential added value.

A major benefit to promoting sustainability within the construction industry is to reduce the
amount of waste (including soil) going to landfill. Soil is a non-renewable resource as it takes
hundreds of years for 1cm of soil to form (Hernandez-Soriano and Junod, 2019), and this can

be lost within hours of a construction project starting. Soil is an essential natural resource, and
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is vital for human survival (Walsh et al., 2019), delivering an array of ecosystem services
(O’Riordan et al., 2021). Whilst soil is returned to the ground in landfill, its benefits are lost as

the impermeable landfill cell degrades the soil, and destroys its structure (ICEC-MCM, 2023).

Non-hazardous soil can be reused, and its many ecosystem functions retained. In the UK in
2018, of the 29 million tonnes of soil sent to landfill, only 0.6% was classified as hazardous
(Soils in Planning and Construction Task Force, 2022). Therefore, a substantial proportion has
potential to be re-used, helping to meet sustainability goals. Hale et al. (2021) state that sending
uncontaminated excavated soil to landfill goes against the UN Sustainable Development Goal
11. Ogunmakinde et al. (2022) also highlight that the construction industry presents a major
challenge for promoting sustainability goals due to its staggering resource consumption and

waste generation.

Soil is the largest terrestrial store of carbon (European Commission, 2011), and one of its
primary functions is carbon sequestration. UK soil contains around 10 billion tonnes of carbon,
an amount equivalent to 80 years’ worth of greenhouse gas (GHG) emissions (Environment
Agency, 2019). When soil is excavated a considerable proportion of the carbon is released back
into the atmosphere (Soils in Planning and Construction Task Force, 2022). Waste landfill itself
produces about 91 kg of GHG per ton of waste (Liu et al., 2023). If CDW was sustainably
managed, with a greater focus on recovery and reuse, the environmental benefits of soil could

be retained and emissions from landfilled CDW reduced.

6 From a Linear to Circular Economy in Construction

Throughout the life cycle of construction, little consideration is given to waste management,
with 50% of CDW produced from the end-of-life phase, as many materials are not reused
(Benachio et al., 2020). The construction industry needs more sustainable practices, as many

raw materials used are from finite resources.
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6.1 Linear Economy

The construction industry currently follows a Linear Economy (LE) framework, a straight line
from extraction of resources to disposal of waste (Fig. 4). The main focus is financial (obtain
a profit), and waste management is not a priority (Low et al., 2020), with raw materials viewed

as single use only.

NATURAL
RESOURCE

TAKE MAKE USE DISPOSE

Figure 16: Linear Economy (adapted from Marino and Pariso, 2016).

The WFD highlights recycling as one of the main methods of waste management. Currently,
the recycling method most widely used is the crushing of secondary aggregates (Zhang et al.,
2020). Ajayi et al. (2015) note that recycling decreases the use of raw materials and ensures
that waste materials are reprocessed and not disposed of in landfill. However, Zhang et al.
(2020) conclude that many methods of recycling in the construction industry are actually
downcycling. Horodytska et al., 2020 state that whilst downcycling is labelled as a form of
‘recycling’, the process is closer to the LE model, as the final recycled product is significantly
less valuable and after a few cycles would, in any case, need to be landfilled. Therefore, whilst
the construction industry appears to be taking steps towards more sustainable practices,

ultimately it is still following a LE approach.

6.2 Circular Economy

In comparison to LE, a model known as the Circular Economy (CE) has gained attention given

its consideration of waste as a useful resource, and not just something to be disposed of (Ginga
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et al., 2020). The principles of a CE are to replace the ‘end-of-life’ concept with reducing,
reusing, recycling, and recovering materials (Ghaffar et al., 2020) (Fig.5). It strengthens
sustainability (Hartley et al., 2023) by preserving natural resources (Purchase et al., 2021), and
keeping materials in use as long as possible, thereby extending their value (Nasir et al., 2017).
It involves a shift in thinking from waste as something to dispose of, to instead waste as a

potentially useful resource (Ginga et al., 2020).
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Figure 17: Ideal Circular Economy structure based upon analysis of literature (adapted from
Ginga et al., 2020; Ghaffar et al., 2020; DTU, n.d.).

Baldassarre et al. (2019) suggest that CE is an attractive model as it not only promises to reduce
resource use and prioritise environmental goals, but also promotes economic growth and goals,
an essential requirement for business engagement. Within the construction industry there are
three main framework strategies to a CE: narrowing resource loops (less material input equals
less waste output), slowing resource loops (extending ‘use’ phase of materials), and closing the
resource loop (including recycling and reuse) (Ginga et al., 2020).
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6.2.1 Benefits

CE within construction has many benefits, ranging from economic to social to environmental.
As new markets open up for using CDW (e.g., recycling into new construction material), other
sources of revenue become available to businesses (Ibrahim, 2016). Soto-Paz et al. (2023)
describe the reduced risk of environmental degradation, and public health impacts from
limiting CDW in landfill. Chittoori et al. (2012) describe the economic and environmental
benefits of reusing excavated soil, which can reduce the climatic impacts and material
management costs by 85%. One of the greatest benefits of a CE approach is the potential carbon
savings which occur through reusing construction waste. McKinsey & Company and the World
Economic Forum reported that if a CE were established, the carbon dioxide emissions from the
construction industry could be reduced by up to 75% by 2050 (Circular, 2024). Indirect benefits
include lower emissions from vehicles, given reduced transportation of waste to landfill (Ginga

et al., 2020).

6.2.2 Challenges

Purchase et al. (2021) identified that the main challenges to implementing a successful CE fall
into the following categories: legal, economic, technical, and social/behavioural. This literature
review found that most government policies inadvertently support disposal due to legislative
gaps and relatively low landfill charges. Ghufran et al. (2022) emphasise that policy support
and incentive schemes are vital in implementing a CE in the construction industry. Yu et al.
(2020) also suggest a lack of incentives in government policy and regulation is a major
challenge in implementing CE methods, such as recycling. Therefore, it is clear that current
legislation lacks the guidance and tools needed to promote circularity. Munaro and Tavares
(2023) highlight the inflexibility in building regulations, making the use of recycled/recovered

material more challenging.
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Adams et al. (2017) identified that the highest ranked challenge for stakeholders was financial
uncertainty, a sentiment shared by 24% of respondents in a study conducted by Munaro and
Tavares (2023). Stakeholders lack incentive to design for end-of-life issues in construction
projects, taking the easier route of disposal often due to financial motivations (Adams et al.,
2017). Raw materials are cheaper than their recycled counterparts, and the recovery and
recycling of materials has to be financially and logistically workable (Munaro and Tavares,
2023; Adams et al., 2017), with many stating that there is little economic benefit associated
with recycling (Husgafvel and Sakaguchi, 2021). Smaller companies lack the funds necessary
to implement CDW management (e.g., deconstruction, separating, treating, transportation, and
storage) (Purchase et al., 2021; Munaro and Tavares, 2023). To engage with circularity,

commercial viability is an essential for stakeholders (Adams et al., 2017).

Low et al. (2020) observed that in a closed CE, over time the supply of quality reclaimed
materials can decrease and be of inferior quality to raw materials. As they are considered lower
quality, technological advancements are needed to achieve circularity to encourage use of
recycled materials. In addition, there are limited tools available to identify, classify and certify

recovered material (Munaro and Tavares, 2023).

Husgafvel and Sakaguchi (2021) referenced a general lack of understanding of CE
opportunities. Similarly, Hossain et al. (2020) highlighted the lack of information within the
construction sector on the importance of a CE, and limited knowledge amongst stakeholders
of CE principles. Stakeholders emphasised that delivery by example, through awareness

campaigns and best practice case studies are necessary (Adams et al., 2017).

7 Case Studies

Different approaches to CE, and the disparity in CDW definitions is explored through the use

of case studies.
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Austria: works with its own national list of waste, and strictly separates soil and stones from
construction and demolition waste (European Commission, 2015). The majority of
construction and demolition waste is recovered, and it was ranked as having one of the highest

recycling rates by the European Environment Agency in 2021 (EEA, 2023).

The classification of CDW plays a crucial role in how effectively a country is deemed to apply

a circular approach, as whilst Austria recycled almost 86% (7.2 Mt) of CDW in 2013 (Fig. 6a),

seemingly showcasing a circular approach, its lack of inclusion of excavated soil and the
consequent landfilling of this material (14.2 Mt, 53% of total) (Fig. 6b) (European
Commission, 2015) indicates sustainable CDW management is not being fully addressed, and

a true CE is missing.

b)

[ JRecovery  [randfic [ ]Backiing [ other [ ]Landscape corrections/dams

Figure 18: a) The percentage breakdown of CDW treatment methods in Austria in 2013 and
b) the percentage breakdown of deposition of excavated materials in Austria in 2013, with
over half sent to landfill (adapted from European Commission, 2015).
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Further, a recovery method favoured in Austria is backfilling, a low-quality recovery method
(EEA, 2020), which often involves soil compaction which destroys soil structure and has little

benefit to soil sustainability.

The WFD sets a CDW recycling target of 70% by 2020, excluding soils (Sdez and Osmani,
2019), and many European countries met this target, but the question posed here is whether
countries can be said to have met recycling targets, and achieved circularity, if a large category

of waste has been excluded from reported data.

Japan: “the first country to enact CE legislation” (Ogunmakinde, 2019, p.7), where policy
focuses upon recycling and reducing waste generation (Husgafvel and Sakaguchi, 2021) (high
levels of the waste hierarchy). Circularity is vital to Japan, as landfill space is lacking given the
mountainous terrain. There is effective collaboration between manufacturers and consumers,
with support through incentives, advancing technology and improved education on CE
(Ogunmakinde, 2019). Sumikura and Katsumi (2022) recognise the effect that continuous
initiatives for recycling/reuse and the setting of clear/reasonable targets has had on CDW
circularity (Fig. 7), and particularly noted the results on the reuse of excavated soils, which

rose from 61% in 2000 to 89% in 2018.
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Figure 7: Reuse/recycle/reduction ratio of the wastes from construction works in Japan
(adapted from Sumikura and Katsumi, 2022).

New Zealand: there are a number of government incentive schemes to encourage sustainable
construction, and all were met with a high level of interest and a willingness from contractors
to try to achieve more sustainable practices (Perkins and McDonagh, 2012). Whilst there was
some reduction in waste production (Ginga et al., 2020), there was a low implementation rate
across authorities, with many blaming the lack of financial and human resources, and a “lack
of integrated sustainability policies across different levels of the Government” (Perkins and
McDonagh, 2012, p.1). Whilst these initiatives can be successful, Ginga et al. (2020) argued
that deterrents (e.g., higher landfill taxes) over sustainability schemes would force construction
companies to either lower their waste production or face lower profits. From Environmental
Performance Reviews, it can be seen that countries with higher landfill taxes have lower landfill
rates (OECD, 2019). Whilst Figure 8 refers to municipal waste, the principle is still applicable

to CDW.
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Municipal waste landfilling and tax rates 2013

D Maximum landfill tax rate (EUR) . Landfill rate (%)
100

Note: *tax rates refer to Flanders for Belgium, to New South Wales for Australia, to Catalonia for Spain, and to
New Jersey, North Carolina, Mississippi and Indiana for the United States

Figure 8: Countries with high landfill taxes often have lower landfill rates (adapted from
OECD, 2019)

From the literature, it is clear that if given a choice companies will take the more profitable
route, and so ensuring circularity is the cheaper option and supporting this with policy (ensuring
this includes soils within the definition of waste) can shift the construction industry’s approach

towards sustainability.

8 Conclusion

It is clear from the available literature that a transition from a linear to a circular economy is
needed to achieve sustainable waste management in the construction industry. This review
identified current regulations relating to waste, and the current LE approach adopted by the

construction industry. The reasons why a LE approach is preferred need to be fully understood.

It highlighted benefits arising from the implementation of a CE approach, together with the
challenges experienced by those in the sector. It further identified that waste regulation in the
UK often undermines the waste hierarchy and that one of the greatest challenges to
implementing a CE in the construction industry is a lack of knowledge and interest to make the

switch, as well as concerns over the financial impact of implementing the relevant practices.
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The dissertation this review is intended to inform will highlight the areas/gaps within current
regulations and policies which are discouraging circularity within the UK construction
industry. It will then make suggestions for improvements, whilst acknowledging both

government (environmental) and industry (economic) priorities.

Ginga et al. (2020) identified that most research and studies over the last few decades have
focused upon recycling of CDW into new construction applications, with little focus on the
reuse of construction waste. This review identifies that the greatest opportunity for promoting
a CE is the reuse of CDW (including soil), instead of disposal in landfill, and the resulting
carbon savings. Therefore, the dissertation will focus upon the carbon savings available from
sustainable CDW management, and the new technologies being explored within the

construction industry.
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Appendix 2: Focus Group participant information, , including number identifiers and

relevant sector each participant was from.

Focus Group Participant (P) Number

Participant Sector

1 Facilitator 1
Facilitator 2
Facilitator 3
P1
P2
P3
P4
P5
P6
P7
P8

2 Facilitator 1
Facilitator 2
Facilitator 3
P9
P10
P11
P12
P13
P14
P15
P16

3 Facilitator 1
Facilitator 2
Facilitator 3
P17
P18
P19
P20
P21
P22
P23
P24
P25

Soil Research

Soil Research
Research

Industry

Local Authority
Local Authority
Planning

Local Authority
Industry

Planning Authority
Local Authority
Soil Research

Soil Research
Research
Regulator (Environment Agency)
Industry

Water company
Local Authority
Soil Research
Planning

Charity (CL:AIRE)
Local Authority
Soil Research

Soil Research
Research

Local Authority
Local Authority
Planning Authority
Industry

Local Authority
Industry

Local Authority
Wrye River Trust
Land Manager
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Appendix 3: Figure 8 carbon calculations
For soil sent to landfill:
1 ton soil carbon = 3.67 tons of CO; (Eurofins Agro, n.d.)

Assuming an average 2% SOC per ton of soil, the lowest percentage stated by DAF,
2022.

3.67x 0.02 =0.07 tons

e Total CO; emitted per year from natural aggregate production:
0.046 x 210,602,241= 9,687,703
(Tam et al., 2018; Mineral Products Association, 2023)

e Total CO; emitted per year from soil landfilling:
0.07 x 31,967,000 = 2,237,690
(Eurofins Agro, n.d.; Mineral Products Association, 2023)

e Total CO; sequestered per year from using recycled aggregates:
Note: tonne from Mineral Products Association, 2023 converted to ton
0.01 x 76,685,976 = 766,860
(Kaliyavaradhan and Ling, 2017; Mineral Products Association, 2023)

e Total CO; emitted per year from recycled aggregate production
Note: tonne from Mineral Products Association, 2023 converted to ton
0.0024 x 76,685,976 = 184,046
(Tam et al., 2018; Mineral Products Association, 2023)

e Total CO; saved per year from reusing soil:
Note: tonne from ICEC-MCM, 2023 converted to ton
0.015 x 31,967,000 = 479,505
(Magnusson et al., 2015; ICEC-MCM, 2023)

Total COz2 (in tons) emitted per year following Linear Economy model:
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9,687,703 + 2,237,690 = 11,925,393

Total COz (in tons) saved and sequestered per year following Circular Economy model:

766,860 - 184,046 + 479,505 = 1,062,319

Appendix 4: Further Information of Case studies for Figure 10

Country Project Recycling/Reuse Aspect Economic Implications
UK Newport Southern ~ — Maximised use of project — Direct savings: ,
Distributor Road derived excavated £1,034,135
materials — Indirect savings:

— 95% of aggregates used
were recycled
— RA used: 452,500 tonnes

UK Channel Tunnel — Reuse of tunnel spoil for
Rail Link development of platforms
and motorway
embankments
— Clients saw waste as a
priority issue from outline
of design phase

UK A34 Chieveley/M4 — NA reduced by over
junction 13 50,000 tonnes
improvement — RA used: 56,000 tonnes

— Soil stabilised: 7,350
tonnes

— NA limited to 16,650
tonnes

£941,360 (avoiding
waste disposal charges
and landfill tax)

— Saving for Channel
Tunnel Rail Link
project: upwards of
£100 million

— Savings for Highway
Agency: ~ £10 million

— Savings to client of
~£70,000
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