Construction and Demolition Waste Marketplace | Encyclopedia.pub

Construction and Demolition Waste
Marketplace

Subjects: Construction & Building Technology
Contributor: Savindi Caldera , Tim Ryley , Nikita Zatyko

Rapid population growth and urbanization have led to an increase in Construction and Demolition (C&D) waste,
prompting government and industry bodies to develop better waste management practices. Waste trading has
emerged as a targeted intervention to divert waste from landfill sites and create a second life for waste material.
This paper examines key barriers and enablers influencing the creation of a marketplace for waste trading. A
systematic literature review was undertaken to examine global efforts in creating a marketplace for C&D waste. A
framework on enablers and barriers for developing a marketplace for C&D waste emerged from the review, based
on market-based, operational, and governance factors. References demonstrated that markets for materials such as
glass and metals have already been established, but there are increasing marketplace opportunities for other
recycled materials. Technology-based market applications are emerging as targeted interventions to facilitate online
trading, which will provide a more accessible and user-friendly marketplace for sellers and buyers. Further research
should test the complex interactions between people and technology associated with online waste trading platforms,

as well as help develop the business case for a C&D waste marketplace.

construction and demolition waste marketplace waste management barriers enablers

| 1. Introduction

While commerce, households, construction and other industries contribute to 7-10 billion tons of global waste
generation, nearly 85% of this solid waste is deposited in landfills which are costly to run and diminishing in
availability [l. Within this context, the construction industry is responsible for generating a substantial amount of
solid waste and accounts for two-fifths of the world’s energy and materials flow . The Construction and Demolition
(C&D) waste contribution to the global solid waste streams varies across different countries and regions: for
example, Europe 25-30% in 2016 [, United Arab Emirates (UAE) 80% in 2010 Bl and Hong Kong 23% in 2014 [,
Between 2008 and 2009, 19.0 million tonnes (Mt) C&D waste were produced in Australia, of which 8.5 Mt were
landfilled and 10.5 Mt were recovered and recycled . This highlights the significant need for better waste

management strategies that reuse and recycle C&D waste €.

C&D waste generally comprises of materials such as timber, concrete, plastics, wood, metals, cardboard, asphalt,
and mixed site debris such as soil and rocks 2. Generally, most C&D waste is sent to landfill sites while the rest is
recycled, reused or stockpiled [Z. With the rapid growth of the construction industry, many countries impose levies (&
[ and create jurisdictions to increase waste recovery rates 229 However, evidence suggests certain limitations in
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levies and calls for more targeted market-based instruments to create conducive conditions for market innovation
[11]

This study aims to assess global efforts for creating a marketplace for C&D waste, and to examine enablers and
barriers for developing a marketplace. The authors conducted a systematic literature review of references from the
last two decades (12 and build on a short conference paper presented at the 1st Asia Pacific Conference on
Sustainable Development of Energy, Water, and Environmental Systems 13 This study was motivated by the
following research questions: “What are the enablers for creating a marketplace for construction and demolition
waste?”, and “What are the barriers hindering C&D waste management practices?” Sections 2 and 3 outline the
theoretical and research approaches. Section 4 provides the descriptive findings followed by the thematic analysis
and findings in Section 5. The thematic findings of the structured literature review were categorized under key
themes of: (1) What? (properties of C&D waste and targeted waste management methods), (2) Who? (waste
composition and points of generation), (3) Why? (benefits of C&D waste management through waste trading) (4)
How? (closing the loop through recycled waste trading, barriers for C&D waste management). Finally, the

conclusions are presented in Section 6.

| 2. Theoretical Background

Reflecting on past urban contexts, waste management has generally been focused on eliminating hazardous
substances that pose a risk to humans 41, However, with such unsustainable management approaches, social and
financial implications have become a major challenge for many communities, prompting a major shift to more
sustainable and holistic management of waste 13I181 Within C&D waste management there is more emphasis on
the premise that ‘waste’ can be considered as a ‘resource’ 14 and that material can have second or a third life,

enabling resources to be in the loop for a longer period of time 18, The well-known waste hierarchy (Figure 1)

describes the order of preference for options—from avoiding, to reusing, recovering, treating, and disposing of

waste.
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Figure 1. Waste hierarchy (adapted from 1),

Within this hierarchical framework, the authors have turned to the key concepts of cleaner production, construction
and demolition waste management, and circular economy to use as a theoretical foundation for the review 29, With
increasing attention on sustainable construction, the use of eco-material 2 and innovative technologies have
emerged as targeted practices to lower production of byproduct waste. Cleaner production methodologies also
describe efforts to prevent and minimise C&D waste generation (22, While the authors acknowledge these upstream
strategies, this review focuses on the residual C&D waste (waste that cannot be avoided) that arises from the
industry. This residual waste can be treated and re-integrated to industrial processes through internal recycling and
external recycling [23. Many industries have also been prompted to engage in sustainable business processes with
the use of the European Waste Catalogue (EWC). This has enabled the discovery of industrial symbiosis

opportunities for many business entities [24],

While humans are typically engaged in linear economic practices (take-use-dispose) there is an increasing scope on
circular economy 23 to longer product usage through reuse, repair, recondition, and upgrade, or a combination of
those (281, Specifically, two key strategies have been established for resource cycling. These include slowing
resource loops and closing resource loops 271281 Slowing resource loops is defined as “product planning and
design aim at a long product lifetime; this extension of product use results in the deceleration of resource flow” 22,
p.309]. Closing resource loops is defined as “the periods of production and post-use stand as a closed loop,
supporting circular resource flows” (22l Creating a marketplace for reusing and recycling C&D waste will require a
substantial amount of time and experience to fully develop into a reliable, skilful, marketable, and sustainable
industry BUB1 while there are difficulties identified in commercialising waste materials 22 there are many global
efforts to venture into the reuse and recycling market [23l and contribute to a circular economy system. Building on
this previous research, the authors carry out a systematic literature review on creating a marketplace for
construction and demolition waste while appreciating the theoretical foundations elicited from circular economic

principles 241,

| 3. Descriptive Findings

This section describes the research context, types of data, methods, types of C&D waste, and geographic
distribution of the 55 academic literature sources from the Scopus, Web of Science, and ProQuest databases. Over
the period of 1999-2020 there was an increase in the number of papers on C&D waste research from around one
relevant paper per year in the initial years up to 26 papers over the last four complete calendar years (2016—2019).
This highlights the comparatively new and emerging nature of this field of research. Figure 2 shows the
geographical distribution and number of articles by the first authors. Even though some articles disclosed the exact
location of the case study, some studies gave a more generic name to the case study. The first author’s country was
used as the geographical location of the publication. Of the 55 papers analysed, 15 papers were recorded in China
while the second-highest number of papers (n = 4) was recorded in Spain, UK, and Australia . Overall, there is a

good geographical spread of case study areas and countries where the first authors are based.
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Figure 2. Geographical distribution of construction and demolition (C&D) waste research.

Figure 3 shows that most papers specifically discussed concrete (n = 19), brick (n = 14), steel (n =12), and timber (n

= 7). These materials typically have the most demand for a second life 22!,
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Figure 3. Types of C&D waste.

Figure 4 shows that most papers specifically discussed concrete (n = 19), brick (n = 14), steel (n =12), and timber (n

= 7). These materials typically have the most demand for a second life 22,
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Figure 4. Types of C&D waste.

In terms of research approaches adopted, whilst most papers (30 publications) included analysis of secondary data
in the form of literature review or content analysis of documents, a sizeable number (over 10 in each case)
incorporate primary data in the form of surveys and interviews. Most of the publications (41 out of 55 publications)
adopted mixed methods. The two most popular academic journals represented in the sample are Resource,

Conservation, and Recycling (n = 16), and the Journal of Cleaner Production (n = 10).

| 4. Thematic Findings and Discussion

As the next step, the articles were coded and categorised into four key themes which are described in detail below.
The thematic findings of the structured literature review were categorized under key themes: (1) Properties of C&D
waste and targeted waste management methods [What]; (2) Waste composition and points of generation [Who]; (3)
Benefits of C&D waste management through waste trading [Why]; and (4) Models for creating an online marketplace
for connecting sellers and buyers [How]; and, (5) Enablers and barriers for creating a marketplace for C&D waste

[How]. These themes are discussed in detail in the following sections.

4.1. Properties of C&D Waste and Targeted Waste Management Methods

The discourse on C&D waste management has evolved over the last two decades with a range of definitions and
classifications. The nuances focus on the points of waste generation, transportation, chemical properties and

management method. Table 1 provides a summary of the definitions elicited from the reviewed articles.

The authors have reconceptualized the C&D waste definition to be “A resource material after construction,

renovation and demolition activities, which needs to be transported from the site and has the potential to be
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repurposed through downcycling or upcycling”. This shift of interpreting waste material as a resource is critical for
the advancement of the waste industry.

Table 1. Definitions of C&D waste with the relevant sources.

Definitions Reference

“A material, other than the material of the earth, that is transported to another place on the project
site or used on the project site and does not conform to the specifications of the project because it

[36]
is damaged, excess and unused/unusable or a production of the construction process that is not
according to plan”.
“Waste arising from the construction and demolition of concrete structures, masonry, roadbeds
and asphalt pavements”. (37]
“The waste generated by the economic activities involving the construction, maintenance, [38]
demolition and deconstruction of buildings and civil works”
“The waste materials generated in the process of construction, remodelling, or demolition of
structures (both buildings and roads). Moreover, it includes the materials produced due to natural (39]
disasters.”
“A material which needed to be transported elsewhere from the construction site or used on the
site itself other than the intended specific purpose of the project due to damage, excess or non- [40]
use or which cannot be used due to non-compliance with the specifications, or which is a by-
product of the construction process”
“Waste which arises from construction, renovation and demolition activities including land
excavation or formation, civil and building construction, site clearance, demolition activities, (4]
roadwork, and building renovation.”

[42]

“The surplus materials arising from any land excavation or formation, civil or building construction,
roadwork, building renovation or demolition activities”
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Furthermore, C&D waste has been classified as either inert or non-inert depending on whether it has stable
chemical properties or not. The European Waste Catalogue classifies C&D waste into eight categories including
concrete, bricks, tiles, metals, ceramics, wood, glass, and plastic. Inert materials, including soil, slurry, rocks, and
broken concrete account for almost all C&D waste. Non-inert C&D waste generally comprise of metal, bamboo,

paper, and timber.

4.2. Waste Composition and Points of Generation

C&D waste typically consists of material such as timber, concrete, asphalt, plasterboard, steel, brick, ceramic and
clay, aluminium, glass, and plastic. Generally, most C&D waste is sent to landfill sites while there are limited
attempts to recycle and reuse. It is critical to investigate the waste compositions and the purity of waste material to

select the appropriate waste management technique.

When considering the demands for recycled material, it is evident that the market for materials such as glass and
metals have already been established. Metals have the highest recycling rates among the materials recovered from
C&D sites due to their value, magnetic properties, and forms. Most C&D waste generated in construction and
demolition sites consists of concrete, bricks, and blocks; these are typically landfilled due to limited market demand
for their recycled form. Recycled ceramics have a very limited market value at the moment, creating an opportunity
for recyclers and producers to procure ceramic waste free of charge 2. However, recent research shows there are
increasing opportunities for concrete and bricks materials to be crushed, repurposed for recycled aggregate

applications for road base and sub-base construction 441,

4.3. Benefits of C&D Waste Management through Waste Trading

With an increasing volume of C&D waste going into landfill sites, there are urgent calls for industrial practitioners to
take immediate measures to divert waste from the landfill. The creation of markets for recycled C&D waste is thus
seen as a solution that benefits both society and industry. These benefits include lower disposal costs for the waste
producer and the aggregate user, together with lower environmental costs for the society. The market for trading
recycled construction material is still in its infancy and creating an industrial chain requires deliberate consideration
of economic parameters and market conditions 3l This is due to its requirement of a high level of planning,
investments, and resources. Furthermore, trading C&D waste across different jurisdictions is an innovative
institutional arrangement to reuse or recycle the materials, and contributes to the achievement of “cleaner

production” in the construction sector 42!,

The cost-benefit analysis is a critical economic evaluation technique to evaluate the economic feasibility of creating
a marketplace for C&D waste 48l Previous research provides evidence for recycling markets’ ability to rapidly grow
with the increasing supply of C&D waste material indicating the opportunities to reduce the cost of recycling

leveraging economies of scale. More waste also means a need for more infrastructure for waste processing. These
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market conditions could also be further influenced by post-disaster phases. For example, after the earthquake in
Christchurch, the demand for waste concrete went from a cost negative (NZD20 per tonne disposal fee for waste
concrete) to a cost positive (NZD2 per tonne payment for waste concrete) 481, Therefore, the geographical spread of

the damage (and waste) will also affect the feasibility of recycling.

As mentioned above, cost minimization is a critical factor that could enable the formation of markets for recycled
C&D waste. However, it is important to note that the quality requirements need to be fulfilled to attract buyers who
were originally purchasing natural raw material. Furthermore, it is important to make the clients more aware of the
recycled C&D waste and encourage them to choose recycling aggregates. Within this context, transport and
additional cost for using the material are also key considerations for buyers. Subsidies play a significant role in
making recycled C&D waste more economically viable as it reduces the cost of using the recycling centre and the
cost of the use of recycled aggregates. This gives more market power to the recycling centres to make a profit by

charging a price to C&D waste makers and to users of aggregates additional to the cost of recycling.

4.4. Models for Creating an Online Marketplace for Connecting Sellers and Buyers

In the construction industry e-commerce is growing rapidly, and it adds value to waste trading related business
processes along with targeted business models. E-commerce systems can be clustered into three types including
(1) business to business model, (2) business-to-customer model, (3) combinatory model. Within this context,
business-to-business models have gained popularity in the construction industry considering its viable and
competitive nature. Its ability to create e-commerce systems have enabled large numbers of architects, designers,
and contractors to conduct more business over the Internet. The marketplace, for example, is a business platform
for integrative business courses, offering decision-making material that covers marketing, product development,

sales force management, financial analysis, accounting, manufacturing, and quality control 421,

This section specifically considers global and local examples of online marketplaces created for trading C&D waste.
Relevant examples of business-to-business models, business-to-customer models, and combinatory models were
obtained. Each example was assessed on its key features, type of e-commerce model, and its implications on
closing the loop. The coalescence of advancements of digital technologies in marketing and business presents a

unique opportunity to achieve an accessible interface to connect seller and buyers.

Through a review of these local and global precedents, several criteria were developed to compare the examples
and examine the platform, material, and cost related to these online marketplaces for sellers and buyers. Table 3
provides a matrix showing the availability of these features in the local and global examples. Table 3 presents a
suite of ten features related to material types, nature of the platform, and associated costs related to the selected

examples of online waste trading platform.

According to the above matrix, most of the platforms offered a wide range of C&D material and mixed products to
sell and buy through combinatory platforms. Of the total 13 reviewed platforms, 7 have easily accessible platforms
where navigation was intuitive and user-friendly for sellers and buyers. Of the total 13 online marketplaces, 7

platforms offer free searching options and 6 platforms offer free registration and advertising for sellers enabling
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more contractors and recyclers to sell C&D material without an advertising fee. According to the above review, it was
evident that there were 7 combinatory models available in the market under comparison and 6 business-to-business
models leveraging the easier accessibility, connections and collaborative network of businesses, organizations,
entrepreneurs and buyers. Many of these businesses acknowledged that in addition to diverting waste from landfills,
these recovery activities generate significant cost savings, energy savings, and create new jobs and business
opportunities. In addition to these marketplace functions, there is a need for holistic models with multi-user platforms
encompassing technical standards, environmental laws, tools to assess environmental impacts and circularity, and
interactive maps with geolocations. Such a platform, named DECORUM, has been developed in Italy with the aim of

improving resource efficiency in the construction sector as a whole 48],

Furthermore, clear benefits for local community and government authorities were highlighted. These include
improved education and awareness of waste/by-product resources, contribution to social enterprise activities across
the state/nation, possible amalgamation of resources and new business opportunities, and provision of value-add
services to the business community. These online business networks facilitate economic development practices
through their tailored solutions to end-users. Facilitating the reuse of materials and cross-sectoral synergies is
central to success in scaling up the transition to a circular economy. Existing marketplaces contribute to decreasing

the demand for virgin materials and energy, highlighting the critical need for mainstreaming these practices.

4.5. Closing the Loop through Waste Recycling: Enablers and Barriers for Creating
a Marketplace for C&D Waste

Circular economy incorporates a variety of strategies to take control of the end-of-life scenario, with specific focus
on being regenerative and restorative by design #2. There is an emerging consensus on considering ‘buildings as
material banks’, and actively managing accounts of the materials deposited within them through material passports,
building information modelling (BIM), and Internet of Things (IoT) devices B, While BIM has the ability to create
designs using data related to geometry, relations, and attributes, BIM-aided construction demonstrates the ability to
reduce waste across design activities and contributes to designers and architects in their decision-making [21],22],
loT standards enable smooth information flow throughout the construction project and beyond, through evaluating
proof of concept and associated frameworks 23,

Circular economy models are yet to have mainstream application and require more innovative procurement models
through Public Private Partnership, closed loop supply chains, and closed cycle construction principles B4. When
reflecting on global practices, the UK has demonstrated best practices around guiding construction
actors/stakeholders across materials’ life cycles to reduce waste generation and carbon emissions. These initiatives
includes improving resource efficiency in construction, minimize waste and to maximize reuse and develop
products from waste material (i.e.: downcycling and upcycling), . This approach has successfully diverted five million
tonnes of waste annually from going into landfills . The above-mentioned practices improve the capacity for
innovation throughout the chain of production, consumption, distribution and recovery of materials and energy,
enabling practitioners to achieve a cradle-to-cradle vision 52!,
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Creating a marketplace for C&D waste trading would create a second life for waste material and connect producers
and buyers who would benefit from lowering their disposal and purchasing costs. In order to create a viable
marketplace, there are several factors to be noted which influence the supply chain, including material procurement,
recycling process, plant management and market promotions. It is critical to have government intervention through
market-based policy instruments to encourage uptake of the circular economy by boosting C&D waste recovery and
management 8. |t is also important to establish institutions to prevent corruption and opportunistic behaviours that
could take place during negotiating, contracting, and operating. “Walking the talk” is a key highlight of inducing
positive behaviour in the market and B2 claims that when the government provides adequate information about the
guality and benefits of C&D recycled materials and uses these in its own projects, more efforts will be made to take
up this practice.

An appropriate market is required to connect sellers and buyers through easily accessible user-friendly platforms.
Online platforms have been identified as a potential marketplace due to their versatility and accessibility. With the
increasing growth of e-commerce there is more opportunity for digital techniques to add value to waste trading
related business processes. E-commerce systems can be clustered into three types of models: (1) business to
business model; (2) business-to-customer model; and (3) combinatory model. Attempts have been made to map the
process flow of waste exchange processes with options for sellers and buyers to connect through a digital interface
(58] \ithin this context Table 2 provides a summary of enablers under the three key themes of governance,
operations, and market enablers. Enablers were elicited from key literature on measures for implementing
supportive legislation and policies, identifying critical success factors such as on-site sorting, factors affecting the
management of supply chains, requirements for material recycling, and strategies for engaging key stakeholders.

Table 2. A summary of key enablers for effective C&D waste management and market creation elicited from the
literature.

Types of enablers Sub-Enablers

(1) Increased targeting of design stages in policies and extension of sustainable design

appraisal systems, (2) increased stringency of legislative measures, fiscal policies, (3)

Governance ] ) ] i - ) o
. corroboration of policy requirements with enablers and facilitators, (4) taxing virgin
enablers
aggregates, recyclable materials that are landfilled, (5) subsidizing C&D waste recycling
businesses22[60,
) (1) Reliable recycling technology, and infrastructure 1, (2) continuous supply of
Operational o ) ) ) )
. contamination-free material, 82, (3) organized transportation 83, (4) responsible
enablers

workforce, (5) effective communication and stakeholder engagement.
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(1) Increasing client awareness of the short- and long-term benefits of reusing, (2)
presence of a market for different types of products from demolition, (3) standardization

Market enablers for the quality of recycled material, (3) supportive insurance, legal advice and accounting
services, (4) commercial/marketing expenses, (5) creation of ongoing demand for
recycled material (64

Governance enablers comprise all processes including laws, norms, and rules to facilitate C&D waste trading. Five
key governance sub-enablers comprise of: (1) increased targeting of design stages in policies and extension of
sustainable design appraisal systems, (2) increased stringency of legislative measures, fiscal policies, (3)
corroboration of policy requirements with enablers and facilitators, (4) taxing virgin aggregates, recyclable materials
that are landfilled , (5) subsidising C&D waste recycling businesses .

Operational enablers comprise of all technical processes and necessary human resources to manage material
supply chains, sorting facilities, waste segregation, and recycling operations. Five operational sub-enablers consist
of: (1) reliable recycling technology, and infrastructure [86], (2) continuous supply of contamination-free material, (3)
organized transportation, (4) responsible workforce, (5) effective communication and stakeholder engagement.
Market enablers comprise creating conducive market conditions to sustain the demand for C&D waste and supply of
material.

Five market sub-enablers are: (1) increasing client awareness of the short- and long-term benefits of reusing, (2)
presence of a market for different types of products from demolition, (3) standardisation for the quality of recycled
material, (3) supportive insurance, legal advice and accounting services, (4) commercial/marketing expenses, (5)

creation of ongoing demand for recycled material.

This section analyses barriers and challenges for C&D waste management, particularly focussing on C&D waste
recycling and creating a marketplace for secondary material. Barriers related to availability, economics, and
acceptability were considered as three overarching categories. These categories were then divided into three
themes—governance, operational, and market—to align with the enablers described above. Table 3 provides a

summary of the key barriers affecting the uptake of C&D waste management practices.

Table 3. A summary of key barriers affecting the uptake of C&D waste management practices.

Types of Barriers Sub-Barriers
Governance (1) Lacking enforceable law for C&D waste generators, (2) immature strategic policies for
barriers effective C&D management and recycling (621681 (3) limited coordination among C&D

https://encyclopedia.pub/entry/3474 11/19



Construction and Demolition Waste Marketplace | Encyclopedia.pub

regulators and generators, (4) lack of institution collaboration, (5) intricate coordination is

required between provider and users 62!,

(1) Improper infrastructure for disposal of landfills and absence of treatment facilities, (2)
lack of a well-developed waste recycling market, (3) possibility of raw materials being

) ) contaminated with hazardous material such as heavy metals and other pollutants,
Operational barriers ) S o )
including asbestos, originating in building products &7, (4) lack of motives, awareness,

and incentives to manage C&D waste, (5) lack of culture for saving the resource and/or

optimum use 63!,

(1) Lack of an established market for reused construction materials, (2) limited demand

R for second-hand building materials, (3) negative attitudes and behaviors of stakeholders ,
arket barriers
(4) higher costs compared to alternative disposal methods 7, (5) contractors who pay

less attention to C&D waste reduction which results in irresponsible behavior.

If the waste producers and buyers are to engage in effective C&D waste management practice, it is critical that they
understand what enables such practice and possible barriers that might arise. The authors present the three key
barrier types supported by 15 sub-barriers and three key enabler types. This is supported by 15 sub-enablers for
developing a marketplace for C&D waste. Industrial practitioners could use these aspects as a guide to engagement
in C&D waste trading practices within the construction industry and contribute to the circular economy. Governance
barriers comprise of all limitations in structures, policies, and legislation that hinder C&D waste trading efforts. Five
key governance sub-barriers comprise of: (1) lacking enforceable law for C&D waste generators, (2) immature
strategic policies for effective C&D management and recycling , (3) limited coordination among C&D regulators and
generators, (4) lack of institutional collaboration, (5) intricate coordination required between provider and users.
Previous research has highlighted that some incentives for C&D waste recycling plants provided by government are
insufficient to sustain the economic viability of these recycling plants especially because the costs of recycled
products are particularly high compared to those made from virgin material 88, Operational barriers comprise of all
limitations, technical processes, and human resources that obstruct the management of material supply chains,

sorting facilities, waste segregation, and recycling operations.

Five operational sub-barriers consist of: (1) improper infrastructure for disposal of landfills and absence of treatment
facilities, (2) lack of a well-developed waste recycling market, (3) possibility of raw materials being contaminated
with hazardous materials such as heavy metals and other pollutants, including asbestos, originating in building
products, (4) lack of motives, awareness and incentives to manage C&D waste, (5) lack of culture for saving the
resource and/or optimum use. Hazardous waste pollutants such as asbestos can be released during the demolition
or renovation of existing structures. Removing this type of pollutant is critical as the contaminated material will be
rejected for re-use or recycling during inspection. This also means there are additional costs for contractors and

waste handlers in terms of testing for asbestos (2. Especially when the separation is done off-site, there is an
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additional risk of asbestos being mixed with general debris. Particularly, when natural disasters such as earthquakes
occur, it can lead to collapsed building material being mixed with contaminated matter. For example, collapsed
buildings in Christchurch were contaminated with asbestos and the building material could not be recycled.
Therefore, careful measures should be taken to identify, test, and remove hazardous material from C&D waste.

Market barriers comprise market, environmental, and financial conditions impeding the supply and demand of C&D
waste material. Five market sub-barriers are: (1) lack of an established market for reused construction materials, (2)
limited demand for second-hand building materials, (3) negative attitudes and behaviours of stakeholders, (4) higher
costs compared to alternative disposal methods, (5) contractors who pay less attention to C&D waste reduction

which results in irresponsible behaviour.

4.6. Emergent Framework on Enabling a Marketplace for C&D Waste

Based on these findings the authors present an emergent, novel framework of enablers and barriers that can guide
practitioners and government policymakers in creating waste trading platforms. Figure 4 presents these six key
categories of enablers and barriers along with sub-categories derived from Tables 4 and 5. Through this analysis it
was evident that market-based policy instruments could be developed through taxes, subsidies and other incentives,
to encourage waste diversion from landfills, and recycle and create another life for waste material. To market the
recycled material as a substitute for natural raw materials, it is important to increase awareness and carry out
promotional activities. A continuous supply of clean waste streams is necessary to produce high-quality recycled
materials that satisfy the given technical specifications and can be economically competitive. Finally, an appropriate
market is required to connect sellers and buyers through easily accessible user-friendly platforms. Online platforms

have been identified as a potential marketplace due to their versatility and accessibility.
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Close looped system through ChD waste recycling ansd trading

Figure 4. Emergent framework on enablers and barriers for developing a marketplace for C&D waste.
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