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Abstract: The plastic profile of construction waste is varied and complex, particularly when
compared to other waste streams such as timber, concrete, metals, and plasterboard. There
are fewer incentives for recycling this low-density, low-value waste stream. Plastic waste
generated by construction activities remains poorly characterised, obstructing efforts to
optimise reduction, reuse, and recycling practices. To understand its types and sources, and
better address plastic waste management, this study audited plastic waste produced across
six new-build construction sites in Auckland, New Zealand. A total of 7.2 tonnes of plastic
construction waste was collected on-site and audited. Plastics were separated, weighed,
and categorised by function and construction stage. Polymer type was determined using
Fourier transform infrared (FTIR) spectroscopy. In total, 62% of plastic waste was diverted
from landfill through reuse or recycling. On average, 0.61 kg of plastic was generated per
m2 of construction. Soft plastics were the most generated by mass (33%), followed by PVC
and HDPE pipes (22%), shrink wrap (12%), and expanded polystyrene (5%). The majority
of plastic waste was generated in the final stages of the projects. The authors recommend
the separation of soft plastic, pipes, shrink wrap, and polystyrene on construction sites,
particularly towards the finishing stages of construction.

Keywords: plastic waste; construction waste; circular economy; characterisation; recycling

1. Introduction
The construction industry encompasses construction, renovation, and demolition

(CRD) activities, which are energy-intensive and the most significant contributors to waste
on a global scale [1]. CRD waste ranks among the most contaminated varieties of waste
streams [2], resulting in further issues with land contamination and disposal. As a result
of New Zealand (NZ)’s prolonged urbanisation and population growth, investments in
construction works are significant, amounting to NZD 7.2 billion in 2021 [3]. About 88%
of new buildings are residential dwellings [4]. CRD waste is prolific and unlikely to
reduce soon—construction waste generation is estimated to be 943.5 kg/capita [3]. In
Auckland, commercial waste to landfill grew significantly between 2010 and 2016, due to a
spike in construction and demolition (C&D) waste, which accounts for about 40% of all
landfilled waste [5].

On a global scale, the construction industry is one of the largest users of plastics,
consuming about 19% of all plastics and 69% of all PVC [6]. NZ’s construction industry
accounts for about 16% of the country’s polymer use and 63% of NZ’s PVC consumption [7].
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This high plastic use drives the industry’s plastic waste generation. One estimate puts
the plastic component of NZ C&D waste at 4% by volume [8], which is similar to the
3% reported in Victoria, Australia [9], 3.8% reported in Galicia, Spain [10], and 1% in
Florida, USA [11].

Plastic waste is only a small proportion of the overall C&D waste sent to landfills;
however, its disposal can be problematic due to its potential toxicity. In some Nordic coun-
tries, landfilling PVC waste is banned or restricted due to the toxicity of its additives [1,12].
PVC recycling has been found to have a lower environmental impact than using virgin
PVC [13]. Additionally, the extraction of petroleum, of which 20% is estimated to be used
for plastics globally in 2050 [14], is energy-intensive. The plastic manufacturing process
itself released 390 million tonnes of CO2-eq in 2015 [15]. Landfilling plastic waste is also
problematic due to its often high volumes [1].

In comparison to other construction materials, plastic waste is usually not sorted
or addressed on-site [1]. It is often considered a low-value material; of the 300 million
tonnes of plastic waste generated globally, only 9% is recycled [16]. Common recyclable
plastics used in construction include polyvinyl chloride (PVC), expanded polystyrene
(EPS), high-density polyethylene (HDPE), low-density polyethylene (LDPE), polyethylene
terephthalate (PET), and polypropylene (PP) [1,17]. Common sources of plastic waste in
NZ construction include: sub-floor insulation (EPS); ‘soft plastic’ bags; film and wrap used
for product packaging (made mostly of LDPE and some PP); ‘shrink wrap’ which creates a
weather-resistant enclosure around a building (made of LDPE); ‘damp-proof membranes’
(DPMs); moisture barriers (made of LDPE); and pipes (made of PVC and HDPE) [4,18,19].
Some plastics are relatively easy to recognise and keep clean—for example, PP electrical
cable reels and PVC pipes. LDPE can be more difficult as it may appear similar to other
plastic films and has a wide range of uses (e.g., building protection, material packaging,
building componentry), which provide opportunities for contamination.

In NZ, there are plastic recyclers who accept certain construction materials made from
plastics, including LDPE, PVC and HDPE pipes, PP, and EPS, for recycling [20]. Materials
must be sorted correctly and be relatively free from soil, concrete, paint, chemicals, food,
and other contaminants and materials. They must also be relatively pure (not composites).
The plastics are either recycled locally, put back into building materials (e.g., pipes, timber
wrap, DPM, and EPS), or sent offshore for recycling.

Despite the need to reduce plastic construction waste sent to landfills, little is known
about the types of plastic C&DW generated worldwide and in NZ. Existing research has
investigated plastic C&DW from landfills or waste companies [21–23], as well as non-plastic
types from construction sites [24–28]. However, studies rarely focus on the types of plastic
waste produced on construction sites. When investigated, construction plastic waste is
usually grouped into broad or few categories—such as a singular ‘plastics’ category—or
combined with other materials [23,25,29,30]. Yet, there are many different forms and sources
of plastic waste—treating it as only a single category or merging it with other materials
offers limited benefits for waste management. More detailed characterisation of plastic
C&DW waste streams is needed to understand the diverse sources and develop effective
management strategies [1,31].

Llatas [25], González Pericot et al. [32], and González Pericot and Del Río Merino [33]
have investigated plastics from construction waste as packaging materials. These either
contain and protect products, group products together, or protect products during trans-
portation. Llatas [25] noted that plastic packaging was used to protect the bricks supplied.
González Pericot et al. [32] found a large amount of plastic packaging came from pallet
wraps, which were common on incoming palletised materials used during structural and
partitioning works. As a result, plastic packaging was generated at similar stages to wood
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waste. For three construction projects, ranging from 5 to 7 storeys and including hous-
ing, storage areas, commercial premises, and garages, the average plastic film WGR was
0.127 kg/m2 [33].

Chauhan et al. [34] investigated the generation of plastic film waste during the con-
struction of three apartment buildings in Finland (7–9 storeys). Plastics were collected
on-site in designated bins. The most film waste was generated during the final stages of
construction (including interior work, mechanical, electrical and plumbing installation, and
finishes). Similarly, in González Pericot et al.’s study [32], most plastic packaging waste
was generated in the final stages (interior work, building services, thermal and moisture
protection), followed by the mid stages (building structure and envelope). None was
generated in the foundation stage. The overall plastic packaging WGR of both studies was
0.34 kg/m2 and 0.53 kg/m2, respectively.

There have been few studies investigating non-packaging plastic waste, such as
building products and material offcuts. Wu et al. [29] audited plastic waste from three
Hong Kong construction sites, which was sorted into three categories: plastic and rubble,
styrofoam (EPS), and nylon. All plastic waste types were mostly generated during the final
stages of construction (including installation of sanitary fittings, screeding, and tiling). In
NZ, Berry et al. [35] and Low et al. [19] investigated all plastic waste produced from the
construction of a school and terraced residential housing; the latter reported a plastic waste
generation rate (WGR) of 0.85 kg/m2. Hernandez et al. [36] also investigated plastic waste
from an NZ construction site, with PE being the most common, followed by PVC and PP.

In this study, six newly built construction sites in Auckland, NZ, were selected for
auditing. The plastic waste generated by each site was separated and audited—weighed,
analysed, and categorised. This allowed the research team to understand the composition
of plastic waste being generated on-site and, in turn, how it could be diverted from landfills.

This research aims to identify types and sources of plastic waste across six new-build
construction sites in Auckland, NZ. It seeks to provide practical suggestions for stakehold-
ers in the construction industry to better manage their plastic waste, particularly on-site.
While the case studies are in Auckland, NZ, the challenges identified on NZ construction
sites are likely to have some similarities to sites in other countries, especially those that
have similar building typologies such as England, Ireland, Sweden, and Australia [37,38].

2. Methodology
2.1. Site Selection and Setup

Sites were selected based on the following criteria: they were new buildings (to avoid
risks associated with asbestos in demolition/deconstruction); construction companies
approved the presence of research teams on their sites and could accommodate them safely;
companies were willing to pay for plastic waste recycling and transport if required; and
the intended construction timeframe was within one year. Six was considered to be large
enough to have an overview of a range of building types (residential, institutional, small,
and large) in Auckland.

Characteristics of the six study sites are shown in Table 1. The sites varied in size, in
terms of the company size and the building itself, as well as building type.

The site setup and auditing were similar to that reported by Berry et al. [35] who
reported on the findings of Site 1, as well as Low et al. [19], who reported on Site 2.
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Table 1. Characteristics of the six study sites.

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Building Type

Institutional:
school

gym + teaching
block, multiple

storeys

Residential:
terraced houses,

two to
three storeys

Residential:
detached house,

single-storey

Residential:
42-unit

apartment
block, three

storeys

Institutional:
extension of

hospital
building, four

storeys

Institutional:
school

classroom
teaching block,
three storeys

Construction
Timeframe

Late 2020–
Late 2022

September 2021–
September 2022

February 2022–
November 2022

Mid 2022–
Late 2023

Late
2022–Mid 2024

Early 2023–
October 2024

Number of
units

Gym and
classrooms 8 1 42

15 beds,
consulting

rooms,
3 procedure

rooms,
endoscopy suite

30 classrooms

An initial waste management training session was conducted for both staff and sub-
contractors as part of the research project. This training took place when the physical
construction works began and before construction waste was generated. The training
encompassed the classification of several types of plastics, waste storage conditions, and
proper sorting procedures. During daily ‘toolbox talks’, most sites had a brief discussion
with their staff about the waste management programme. The exception was Site 1; because
it was our pilot site, staff did not receive training or site separation guidance from the
research team—only from the company’s own sustainability team.

To enable on-site waste separation, sites had an area for plastic waste collection. At
these ‘stations’, plastics were placed into assigned cubic metro bags or bins, labelled with
signage. For most sites (excluding Site 1), plastics were sorted into some or all of the
following categories. The first four categories are plastics which can be recycled locally in
NZ and are generally recycled around the world. The final category, ‘all other plastics’, was
provided for materials that staff were unsure about.

1. Pipes (PVC and HDPE);
2. Soft plastics (primarily LDPE);
3. Polystyrene (EPS);
4. Polypropylene (PP);
5. All other plastics.

Signage had specific images and details to assist with waste sorting. As new in-
formation emerged from the study (regarding the plastic materials’ polymer types and
recyclability), updated versions of the signage were used. These expanded on the types of
acceptable plastics for each category and the conditions they needed to meet.

2.2. Waste Separation, Auditing, and Recycling

Site staff sorted plastic waste on-site to preserve material quality and recyclability.
Once bags/bins on-site were full, the research team audited the waste either on-site or
off-site—this occurred about once a month. This sorting process was carried out to both
characterise the waste stream and ensure the waste was in the correct condition before
being sent for recycling. While contaminated materials were not sent to recyclers, they
were still recorded.

The waste audit included weighing the waste materials, recording the plastic type,
and retrieving a sample for Fourier transform infrared (FTIR) spectroscopy analysis off-
site. Volumes were calculated based on polymer type and mass. Plastic materials were
analysed using FTIR spectroscopy, with either a ThermoFisher Nicolet iS50R (Scoresby,
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VIC, Australia) (Site 1) or an Agilent 4500 Series (sourced from Agilent, Mulgrave, VIC,
Australia) (Sites 2–6) FTIR spectrometer in the attenuated total reflectance (ATR) mode,
equipped with a diamond ATR crystal (method described by Berry et al. [35]). This analysis
identified the polymer type for each plastic material, which was used to categorise them and
find suitable recyclers. For Sites 5 and 6, PVC and HDPE pipes were collected by recycling
operators. These data were recorded by the operators and given to the research team.

The criteria for acceptable materials and contamination thresholds were confirmed
with local recyclers chosen by the site. These criteria varied among recyclers; for example,
some LDPE recyclers required stickers to be removed and only accepted clear or uncoloured
films. Another LDPE recycler accepted small amounts of PP film. These differences depend
on the recyclers’ intended end product, and whether their process includes washing.
Materials with excessive contamination from soil, concrete, paint, or food were deemed
unacceptable. Small amounts of dirt and water were generally acceptable. Some materials
currently do not have a local reuse or recycling option, such as cross-linked PE pipes,
woven plastics, PET strapping, and composite materials. Once sorted, recyclable plastics
(categories 1–4 above) were sent for reuse, or transported by the site to the selected plastic
recycler. Non-reusable and non-recyclable plastics were sent to landfill.

2.3. Waste Categorisation

Plastic materials were also categorised with respect to time, e.g., month from start
date of construction and the construction stage. While construction stages can overlap,
they were divided into three key stages: (1) initial stage (foundations), (2) mid stages
(structure/framing and roofing), and (3) final stages (finishings and interior fitout). These
are similar to the stages defined by Wang et al. [30].

The general function of each plastic material was also considered and split into
three categories:

1. Product packaging—used for packaging componentry, materials, and tools (e.g., soft
plastic bags, polystyrene, hard plastic packaging);

2. Building componentry—used within the building itself (e.g., pipes, reinforcing bar
chairs, damp-proof course, polystyrene pods, vinyl flooring);

3. Building protection and/or tools—used to construct and protect the building
(e.g., tools, shrink wrap, safety fences).

3. Results and Discussion
3.1. Qualitative Factors Impacting On-Site Waste Management

Plastic waste sorting and waste management varied between the sites. On-site waste
separation and management was observed to be successful on Site 2—one of the smaller
sites. More effective management by the primary waste operator and site owner was
largely the reason for this, with quick and efficient transportation of waste to recyclers
being undertaken by the site owner after each audit. In contrast, larger sites such as 4,
5, and 6 faced challenges despite staff enthusiasm and the presence of well-constructed,
covered waste stations. High staff turnover and the size of the sites hindered successful
waste sorting. Furthermore, audited plastics were not immediately transported to recyclers
every time, resulting in accidental disposal.

Most sites had a staff member dedicated to overseeing waste sorting and organising
for waste to be taken away once bags were full. However, Site 3 did not have such a
staff member, which may have contributed to the lack of waste sorting and incomplete
dataset for this site. Villoria Sáez et al. [39] interviewed construction stakeholders, who
also identified the importance of having someone dedicated to on-site waste management
for it to be successful.
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In general, waste management tended to deteriorate towards the end of the project
when there was greater pressure to meet deadlines. Waste stations were often disassembled
or moved to allow work to continue, which caused some disruption. As such, the waste
separation programme became more neglected, with plastics not being sorted properly and
sometimes going into the commingled general waste bins. The consistent engagement from
site management was a crucial factor, especially towards the end stages, as this influenced
the engagement of site staff. ‘Poor supervision’ and ‘lack of management’ were leading
causes of poor waste management reported by Arshad et al. [40]. Similarly, Yuan et al. [41]
found management effort and project stakeholders’ attitudes to be the most critical factors
perceived to affect on-site waste management in Hong Kong.

Plastic building components are useful and can make construction efficient and cost-
effective. However, the lack of regulations, combined with poor management of plastic
product use and their waste streams, often result in high volumes of plastic waste ending
up in landfill [41,42]. Although government initiatives currently support research around
construction plastics and plastic recycling facilities [43,44], regulation supporting sustain-
able waste management for C&D remains limited, particularly for plastic waste. Waste
disposal charges to landfill (based on quantity, per tonne) have been steadily increasing
since 2021 [35,45], which should encourage waste reduction from a financial standpoint;
yet for lightweight plastics, this is unlikely to make a major difference. In addition to these
initiatives, stronger regulations are needed to prioritise on-site waste reduction and diver-
sion from landfill. Nationwide mandatory waste management plans and reduction targets
for construction sites could support this effort—an approach which has been proposed
previously [46] and is currently adopted in some regions [47,48] but not consistently across
the country. Improving waste transportation networks to encourage recycling, especially in
more remote areas of the country, would also support better outcomes by reducing both
the logistical and financial burdens of plastic waste management.

3.2. Plastic Waste Types and Quantities

A total of 7.2 tonnes of plastic waste was audited across the six sites, with 62% of this
diverted from landfill through reuse or recycling. A total of 677 samples were categorised
into 46 plastic materials based on their plastic type and source.

In terms of total plastic waste generated, the hospital building (Site 5) generated
the most and had the highest waste diversion rate (Table 2). All building sites differed
slightly in terms of materials used, thus affecting waste generated. Site 1 used a roll
of vinyl flooring, Site 5 used shrink wrap, and Site 6 used woven plastics for building
protection—as such, these made up a substantial proportion of their total waste (28%, 23%,
and 24%, respectively). For Sites 2, 4, and 5, pipes comprised 22%, 21%, and 26% of their
total plastic waste, respectively (Table 3; see Supplementary Materials Table S1 for results
of all plastic waste streams). Note that the amounts of pipe waste were not recorded for
Site 6 (due to a miscommunication). Due to their incomplete datasets, Sites 3 and 6 have
been excluded from the averaged results below (Figures 1–4). Recycling endpoints for
plastics were not consistently recorded for Site 1; therefore, the diversion rate has not been
included (Table 2).

Table 2. Overview of the six sites.

Site 1 Site 2 Site 3 * Site 4 Site 5 Site 6 *

Description

School
gym + teaching

block
construction

Residential—
terraced houses,

8 units

Residential—
single-storey,

detached house

Residential—
42-unit

apartment
block

Hospital
Building—4-
storey block

School
building—

3-storey
classroom block
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Table 2. Cont.

Site 1 Site 2 Site 3 * Site 4 Site 5 Site 6 *

Size (m2) 4800 857 239 2400 4500 3224

All plastic
waste (kg) 769 725 20 * 1708 3140 843 *

% Plastic waste
reused/recycled NA * 66% (wt.)

481 kg
25% (wt.)

5 kg *
62% (wt.)

1065
80% (wt.)
2515 kg

45% (wt.)
378 kg

Plastic WGR
(kg/m2) 0.16 0.85 0.08 * 0.71 0.70 0.26 *

Plastic % of
total waste 0.41% 3.23% 1.76% * 1.98% 1.70% 0.52%

Soft plastic
WGR (kg/m2) 0.02 0.32 NA 0.11 0.25 0.08

* Dataset was incomplete.

Table 3. Overview of the six sites—main plastic waste streams (excluding Sites 3 and 6) **.

Plastic Type

Site 1
Mass (kg)

Site 2
Mass (kg)

Site 4
Mass (kg)

Site 5
Mass (kg) Grand

Total (kg)
Total L R Total L R Total L R Total

Soft plastic
(LDPE)

80.9
(11%) 55.5 214.5 270

(37%) 99.6 509.6 609.2
(36%) 87.5 1056.8 1144.3

(36%)
2363.1
(33%)

Pipes (HDPE
and PVC)

58.1
(8%) 0.6 156.2 156.8

(22%) 8.4 358.1 366.5
(21%) 99.3 700.0 799.3

(25%)
1394.6
(19%)

Shrink wrap
(LDPE) 20.6 NA NA NA NA NA NA 70.0 642.3 712.3

(23%)
732.9
(10%)

Woven plastic
(LDPE and PP) 2.0 15.2 NA 15.2 133.5 NA 133.5

(8%) 45.6 NA 45.6 400.6
(6%)

Misc 227.9
(30%) NA NA NA 10.7 NA 10.7 43.9 NA 43.9 360.2

(5%)

Expanded
polystyrene

(EPS)
17.9 NA 94.9 94.9

(13%) NA 52.9 52.9 25.8 113.8 139.6
(4%)

327.1
(5%)

Grand
Total 769.1 243.8 481.2 725.1 642.7 1065.2 1707.9 624.9 2515.3 3140.2 7205.2

** L = landfilled; R = reused or recycled. (Percentages of total site plastic waste are shown in brackets).

By mass and volume (Figure 1a,b, respectively), the four most common plastics were
soft plastics, pipes, shrink wrap, and polystyrene/EPS. EPS accounted for a significantly
higher proportion of the waste when considering volume rather than mass, as it has a
relatively low density. During audits, a full cubic metre bag containing only EPS offcuts
and packaging waste weighed between 7.2 kg and 13.1 kg.

We would recommend construction sites to target soft plastics, pipes (PVC and HDPE),
polystyrene, and shrink wrap for on-site plastic waste separation. Sorting these plastics for
recycling will have the largest impact, as they are widely recyclable and easy to identify.
Cable reels made up 4–5% of the plastic waste. Since they are relatively easy to sort, we
recommend also separating them at the source when generated on-site.

Prestes et al.’s [22] audit of plastic C&D waste at a Brazilian landfill found plastic films
to account for 36.1% of plastics, and rigid PVC accounted for 32.7%. The contribution of
soft plastics is similar to the findings of this study (33%). Sites 2, 4, and 5 produced slightly
less pipe waste (21–25%) than reported by Prestes et al. [22].
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Figure 1. Plastic waste over four sites (excluding Sites 3 and 6) (a) by mass and (b) volume.

3.3. Assessment of Plastic Polymer Type

The most common polymer (as identified using FTIR spectroscopy) was PE, followed
by PVC (with a calcium carbonate filler, used for pipes) and PP. ‘NA’ refers to plastics
that could not be identified, either because they were too contaminated or were composite
materials made of a few different materials. PE plastics were primarily soft plastics, shrink
wrap, drainage pipes, woven plastics, and DPM. PVC with calcium carbonate filler was
mostly from pipes. PP was from electrical cable reels and woven plastics. PS was expanded
polystyrene for insulation or packaging; PVC from vinyl flooring; PET from strapping;
silicone polymers from the backing film of self-adhesive products (such as building wrap,
or wall underlay); polycarbonate (PC) from translucent building facades; and PP/PE
copolymers from woven plastics.

Prestes et al. [22] investigated the plastic proportion of C&D waste from a Brazilian
landfill. Their data were similar to this study’s, showing polyethylene (PE) to be the
most common polymer (54.5%), followed by PVC (32.7%), PET (7.2%), and PP (5.3%).
Hernandez et al.’s [36] audit of NZ C&D sites reported PE to be the most common (77%),
followed by PVC (19%) and PP (2%).
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3.4. Assessment of Plastic Material Functionality

About half of plastic waste came from product packaging, which included soft plastic
waste, cable reels, timber covers (made of woven plastics), polystyrene packaging, and
adhesive backing film (Figure 3). Construction components were the second largest cate-
gory, with pipes making up more than half, alongside DPM, vinyl flooring, and expanded
polystyrene insulation. Plastics used for building protection and/or tools were mostly
shrink wrap and woven plastics (used for carpet and window protection during final
stages). Li et al. [49] categorised construction waste into four main types: (1) extracted
materials (such as excavated soil), (2) construction materials (used to form the building),
(3) target building elements (designed elements of a building), and (4) packaging materials.
They estimated these categories to account for 96.47%, 2.60%, 0.91%, and 0.02% of the total
waste used in a building’s substructure, respectively. These results differ heavily to the
results of this study, as non-plastic waste types were considered. While the categories also
differ, there is some overlap between construction materials and packaging.
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3.5. Impact of Construction Stage on Plastic Waste Generation

All four sites generated most of their waste in the final stages of construction (Figure 4).
A total of 86% of soft plastics and 85% of all plastics (for four sites) were generated in the
final stages. Sites 1 and 2 generated plastics in the initial building stage—this was mostly
soft plastic packaging for Site 1 and EPS insulation pods for Site 2. Sites 4 and 5 did not
generate any plastic waste during the initial stages.

Similarly, in Wu et al.’s [29] study, the most plastic waste was generated in the final
stages of construction (61% of total reported plastic waste). Chauhan et al. [34] and González
Pericot et al. [32] also found that the most plastic packaging/film waste was generated dur-
ing the final stages, accounting for 87% and 58% of the total reported plastics, respectively.

Note that there are limitations to this construction stage analysis, as auditing for each
stage was not always consistent due to site or setup limitations. Towards the final stages
of construction, it was common for sites to be less effective at waste separation; therefore,
not all waste could be audited by the research team. Additionally, the time of collection for
pipes was not recorded for Sites 2 and 5, which affects Figure 4.
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3.6. Impact of Building Type on Plastic Waste Generation

A range of building typologies (residential, institutional, and educational) were in-
vestigated in this study, as the size and type of building may also affect the volumes and
types of waste produced [30]. Horizontal construction has been found to generate more
waste than vertical construction [50]. Buildings with more architectural detailing (such
as mosques) and partitioning and walls (such as public health buildings) can also lead to
greater waste generation [40]. In NZ, factors significantly correlated with waste generation
were the floor area, external perimeter, number of working days, and number of corners
on the building [28]. While a range of building typologies were audited for this research
(Table 1), no clear or significant trends were observed in waste generation rates. Further
studies are needed to investigate the impact of building typology on plastic waste gener-
ation. Nonetheless, by considering a diverse range of building types, this study offers a
broad average of waste generation for new buildings in New Zealand.

The average plastic WGR of the four study sites was 0.61 kg/m2 (excluding Sites
3 and 6) (Table 2). Site 2, a residential, terraced housing project, had the highest WGR
(0.85 kg/m2), while Sites 4 and 5 were very similar (apartment block and hospital build-
ing, respectively). Other studies in the literature have not reported plastic WGRs that
represent entire construction projects (i.e., from start to finish). However, in terms of soft
plastics, the WGR was on average 0.21 kg/m2, ranging from 0.02 kg/m2 to 0.32 kg/m2

(Table 2). These values are comparable to the rates found in other studies—González Peri-
cot and Del Río Merino [33] reported plastic film waste generation for three multi-storey
residential builds, with the average being 0.13 kg/m2. Across 10 multi-storey residential
blocks, González Pericot et al. [32] reported a rate of 0.53 kg/m2 for plastic packaging.
Chauhan et al. [34] reported an average rate of 0.34 kg/m2 for the construction of three
multi-storey apartment blocks.

3.7. Study Limitations

Across the six sites, performance and data collection varied. Not all plastic data
and waste data could be collected and analysed, as some plastic waste was accidentally
discarded by sites before they could be audited. For all sites, there was inevitably a small
proportion of waste that could not be audited due to contamination (i.e., items at the bottom
of the bag that were too contaminated with food, water, or soil). Site 1, being the pilot site,
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did not sort the plastics into the five designated categories. Instead, plastics were placed in
a commingled bin and audited off-site by the research team at the end of each construction
stage. Consequently, a sizeable portion of the plastics (~30%) from Site 1 could not be
audited due to contamination and health and safety concerns (Table 3). Recycling endpoints
for plastics were not consistently recorded for Site 1 and were not reported (Table 2). Sites 3
and 6 were excluded from the averaged results due to their incomplete datasets. For Site 3,
only 20 kg of plastic waste was collected, and the remainder was discarded accidentally.
For Site 6, the total amount of plastic pipe waste was not recorded due to a site error.

While the total mass of pipes was recorded for Site 2 and 5, the time at which they
were generated was not recorded; therefore, this will affect the analysis in Section 3.5.

4. Conclusions
In general, waste management on construction sites was observed to deteriorate

towards the end of the project, when the pressure to meet deadlines increased. Waste
separation setups were often disassembled at this time to allow work to continue, which
also disrupted the waste sorting process. Successful on-site waste management was largely
dependent on the engagement of management staff and the presence of a dedicated staff
member to oversee sorting.

The hospital building generated the most plastic waste, at 3.1 tonnes. Soft plastics
were the most common plastic waste generated from four construction sites, followed by
PVC and HDPE pipes, shrink wrap, and EPS. Similarly, the most common polymer type
was PE, followed by PVC and PP. In terms of waste volume, EPS was a significant waste
stream, accounting for 18% of the total plastic waste volume. The majority of plastics came
from product packaging, followed by construction components and building protection
and tools.

The average WGR for all plastics was 0.61 kg/m2, with most plastics being generated
in the final stages of construction—a result which agrees with prior studies. The high
generation rates during the final interior fitout stage could be addressed by collaborating
with manufacturers/suppliers who would also want to reduce costs and waste production.

This study presents the waste generation profile for a diverse mix of residential and
institutional buildings, offering a comprehensive overview of the waste types expected on
a typical construction site. Trends were not observed for specific building types; however,
the results provide a more representative average than previously reported and includes
plastic componentry and building protection in addition to packaging. Further research is
needed to investigate the effect of different building typologies on plastic waste generation,
enabling better prediction and planning.

We recommend construction sites in NZ to target the main plastic waste streams for
landfill diversion, which are also widely recycled—soft plastics (primarily LDPE), pipes
(PVC and HDPE), expanded polystyrene insulation and packaging (EPS), and shrink wrap
(LDPE). This recommendation may also be valid for other countries, as these plastic wastes
and their sources are common around the world. However, access to local recyclers may
impact the benefits of separating these waste types.

The C&D waste stream contributes substantially to landfill waste volumes in NZ,
which could be improved by targeted education for the sector, better incentives to reduce
waste, and more consistent local government policies. For example, nationwide regulations
that require the use of waste management plans and diversion targets could improve
on-site practices. Improvements in transport networks to move plastic waste from sites
to recyclers is needed, especially for more remote regions. The findings of this paper
can be used to help reduce plastic waste at the source, in collaboration with suppliers,
manufacturers, and future legislation. This also highlights the feasibility, practicalities,
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and relative benefits of targeting each plastic type; for example, polypropylene waste
is not a significant waste contributor from C&D, unlike LDPE. However, LDPE is more
difficult to separate and keep clean enough to recycle mechanically without pre-washing.
Therefore, regulations to improve recycling of LDPE wastes must set realistic targets,
allowing for product contamination, which is, in part, impacted by poor waste management
processes on-site.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/su17062742/s1, Table S1: Overview of the six sites—all plastics.
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