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Introduction: In New Zealand, the construction sector is responsible for a large 
proportion of waste sent to landfill. The plastic profile of construction waste is varied 
and complex in comparison to other waste types (e.g. timber, concrete, metals, 
plasterboard). Therefore, the diversion of plastics from landfills is less straightforward, 
and there are less obvious benefits to recycling this low-density, low-value waste stream. 
Plastic waste generated by construction activities has not been well-characterised, 
which has affected opportunities for waste reduction, reuse and recycling. To fill 
this knowledge gap, this study characterised the plastic waste generated from a 
residential construction site. This was used to identify opportunities to address the 
full waste hierarchy through reduction, reuse and recycling and ultimately enable 
more sustainable plastic waste management.

Methods: Plastic waste generated from a construction site in Auckland, New 
Zealand (construction of eight terraced houses) was separated during the 
project into several categories (pipes, soft plastics, other plastics and hazardous 
waste). This was followed by in-depth auditing which further sorted waste types 
by main composition, followed by analysis for polymer type using fourier-
transform infrared spectroscopy (FTIR). The research was phased to determine 
the plastic waste generated across each of the main construction stages. 
Once the main polymer types had been identified, local waste providers were 
contacted to establish opportunities for reuse or recycling.

Results: The total mass of plastics generated from all construction stages was 
725 kg, 66.4% (by wt.) of which was recycled. Soft plastics, predominantly low-
density polyethylene, were the most common plastic type; this was followed by 
pipes and expanded polystyrene. Plastic packaging, primarily soft plastics and 
polystyrene, accounted for 60% of total plastics and were mostly generated in 
the final stages of construction (i.e. fittings and fit-out). This characterisation of 
construction plastic waste can be used to demonstrate the feasibility of sustainable 
plastic waste management in Auckland and to identify construction plastic waste 
sources on an international scale. More studies on a variety of construction types 
(e.g. detached residential, apartment blocks, commercial) are required to address 
the full breadth of plastic materials used and to drive a more circular economy 
for this potential resource.
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1 Introduction

On a global scale, construction and demolition (C&D) waste 
contributes significantly to landfilled waste, comprising 27% of 
landfilled waste in Canada (Yeheyis et al., 2013), 62% in the UK (2018) 
(Department for Environment, Food & Rural Affairs, 2023) and 30% 
in Australia (2016–2017) (Pickin et  al., 2018). In Auckland (New 
Zealand), about 40% of all waste sent to landfill comes from C&D 
(Auckland Council, 2018), amounting to 570,000 tonnes of waste in 
2019. The building and construction sector has a growing range of 
applications for plastics, including insulation, piping, window frames 
and interior design. It has been estimated that this sector consumes 
around 10 million tonnes of plastics, annually amounting to 20% of 
total European plastics consumption (Plastics Europe, 2022), and 26% 
in Canada (Santos et al., 2023). There is currently not enough official 
data available for Auckland or New Zealand to show variation in 
plastic C&D waste over time (i.e., Class 2 C&D waste landfills); the 
only estimate available is that C&D waste in New Zealand is comprised 
of approximately 4% of plastic materials (Ministry for the 
Environment, 2007). Although New Zealand’s C&D waste is relatively 
small compared to the USA, France and Australia, the plastic 
proportion is much higher (Figure 1). It is estimated that Auckland’s 
construction industry alone sends 25,000 tonnes of plastic waste to 
landfills each year (Hernandez et al., 2023), where they can take up 
large volumes, degrade into microplastics in landfills and enter the 
surrounding environment (Wojnowska-Baryła et al., 2022). As with 
other waste types, it is important to provide the quantity (i.e., 
measuring mass or volume of waste types) and characterisation 
(identifying waste type) of plastic waste to be able to create appropriate 
waste management plans (Villoria Sáez et  al., 2012; Córdoba 
et al., 2019).

Despite the high contribution of the C&D sector to plastic waste 
generation, there is a general lack of knowledge and focus on C&D 
plastic waste management. In New  Zealand, advice and 
recommendations on the management of construction waste is 
relatively limited on a regional scale, and generally provided by local 
authorities on request. There is also a lack of infrastructure available for 
the recycling of construction waste plastics, in terms of both waste 
providers and transportation. Recycling is not the ultimate solution for 
plastic waste at its end-of-life; however, studies have found it to have the 
lowest Global Warming Potential and Total Energy Use when compared 
to disposal in landfills and incineration, making it the preferred solution 
from an environmental standpoint (Ferdous et al., 2021). There are 
options available to recycle and divert plastic construction waste from 
New Zealand landfills, albeit not widely established; therefore, research, 
investment and education are required to assess potential options. 
Additionally, in 2025, changes to New Zealand’s building regulations 
(Building Act 2004, 2009) will require waste management plans to 
be provided for the construction and demolition of buildings (Ministry 
of Business, Innovation and Employment, 2022) which will push the 
need for the identification and characterisation of C&D waste types.

The composition of C&D waste can vary greatly between sites due 
to the nature of the construction projects, construction stages and 
material selection, alongside regional, national and global variations. 
New  Zealand’s houses are predominantly timber-based, e.g., for 
framing and flooring (BRANZ, 2020; Domingo and Batty, 2021; Finch 
et al., 2021). Timber-based weatherboard is also more popular than 
brick (clay and concrete) for wall cladding, with expanded polystyrene 

(EPS) as the dominant choice for concrete slab insulation (BRANZ, 
2020). It is common for buildings to be  covered by polyethylene 
building wrap (“shrink wrap”) during construction or renovation, 
which protects buildings from weather damage (Mclntosh and 
Guthrie, 2008). This variation may also be found in countries with 
similar climates and/or building typology, including England, Ireland, 
Sweden (Jonsson, 2009) and Australia (Navaratnam et  al., 2020). 
Therefore, such countries may produce similar C&D waste profiles.

Qualitative characterisation is difficult to apply to construction 
waste due to the time and manual screening required due to high mass 
and volume (Córdoba et al., 2019). Waste may be directly weighed and 
measured, or indirectly calculated based on the site’s characteristics 
(e.g., of activities taking place on-site, building area and financial value 
of the project), lifetime analysis methods, and assumptions around 
material wastage in the region (Lau et al., 2008; Wu et al., 2014). Waste 
generation rates (WGR) for construction sites are commonly used to 
quantify construction waste at a country, regional or project level (Lu 
et al., 2011; Wu et al., 2014; Islam et al., 2019). Many of these studies 
have taken place in Asia, where high-rise buildings of reinforced 
concrete structures are common (Table 1). Currently, WGR data is 
both sparse and variable for different construction types, e.g., 
residential, commercial and infrastructural.

Previous studies have determined C&D waste types using 
sub-samples of C&D waste from construction sites (Katz and Baum, 
2011; Llatas, 2011) or C&D waste landfills (da Silva and da Costa 
Marques Neto, 2021). Other studies have dealt with the smaller 
fractions of waste (in terms of mass) by combining waste streams, for 
example, plastics, cardboard and paper; partly based on their perceived 
recyclability (Lima and Cabral, 2013). However, this approach does 
not explore the variation within complex and diverse wastes, such as 
plastics. In 2019, Córdoba et al. used image analysis for their qualitative 
characterisation which proved to be efficient for the characterisation 
of samples with high-volume parts, such as beams, columns and 
concrete slabs but inefficient for other lower-volume C&D waste types, 
for example, plastic sheeting, cardboard and packaging (Córdoba 
et al., 2019). Lahtela et al. (2019) manually audited and analysed the 
polymer type of C&D waste from two Finnish waste companies, 
finding acrylonitrile-butadiene-styrene (ABS) to be the most common, 
followed by polypropylene (PP) and polyvinyl chloride (PVC). Prestes 
et al. (2012) also audited and analysed plastics by hand, from an inert 
landfill in Brazil, where they found PVC to account for the most plastic 
waste, followed by polyethylene-mixed plastic films and high-density 
polyethylene (HDPE) rigid plastics. The results of these two studies are 
varied; however, they are based on relatively small samples of plastic 
C&D waste from landfills, and the contribution from new building 
construction is unknown. Chauhan et al. (2023) manually audited all 
film plastic waste from three construction sites (apartment buildings); 
they found film plastic waste to account for 0.5–1% of the total waste 
mass. Their analysis took place over five stages of construction and 
concluded that plastic film waste was most common during the final 
stages of construction (encompassing interior work, mechanical, 
electrical & plumbing works and finishes and closures). Most of this 
was generated from furniture installation. In New Zealand, studies 
have characterised plastic waste from a new educational building 
(Berry et al., 2022) and across various stages of the construction of new 
commercial buildings (Hernandez et al., 2023).

Waste characterisation is essential to address challenges associated 
with managing plastic C&D waste, however, this has largely not been 
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investigated (Santos et  al., 2023). Physical and chemical 
characterisation is an important step before applying strategies for 
waste management or treatment strategies (Laadila et  al., 2022). 
Understanding when and why plastic waste is generated requires 
examination of the whole waste stream, detailed quantification (plastic 
mass/volume) and qualification (plastic type).

Therefore, the main objective of this study is to provide a 
comprehensive characterisation of the plastic waste stream generated 
from the three stages of a residential construction project, which can 
help to identify appropriate waste reduction management strategies. 
These results may be used to estimate general waste generation rates 
of residential construction sites, set realistic targets for waste 
minimisation, and inform the implementation of waste management 
policies. On an international basis, this study will identify key 
products that contribute to plastic waste generation that should 
be targeted for reduction, replacement, reuse or recycling.

This study aims to answer the following questions:

 1 What are the main types of plastic waste coming from a 
residential construction site, and what are their characteristics?

 2 What is the plastic waste generation rate?
 3 What proportions of plastic wastes are generated at different 

stages of the project?
 4 How much plastic waste can be feasibly recycled in Auckland, 

and at what cost?

2 Research methodology

2.1 Site

A new residential development of eight terraced houses was built 
from September 2021 to September 2022 in Auckland, New Zealand 
(Figure 2). This was led by a local construction company, who set a 

FIGURE 1

C&D waste and plastic proportion produced per country (1 – Coelho and de Brito, 2011; 2 – US EPA, 2020; 3 – Menegaki and Damigos, 2018; 4 – Wu 
et al., 2020; 5 – Ministry for the Environment, 2007; 6 – Wilson and Lewis, 2023).

TABLE 1 Waste generation rates (WGR) from construction projects.

Reference Country Building/material type WGR (kg/m2)

Li et al. (2013) China High-rise residential; reinforced concrete structure 40.7

Mah et al. (2016) Malaysia Mix of small, medium and large buildings; Conventional construction 98.8

Mix of small, medium and large buildings; Mixed construction 32.9

Ram and Kalidindi (2017) India NA 60

Islam et al. (2019) Bangladesh NA 63.7

Wang et al. (2020) China High-rise residential; reinforced concrete structures 32.9

Domingo and Batty (2021) New Zealand Single storey detached residential building 32.2

Double storey detached residential building 24.8

Tong et al. (2022) Vietnam Three-to-four storey detached homes 34.5

Al-Sari et al. (2012) Palestine Mix of residential, commercial and public building projects 17–81

This study New Zealand Two-to-three storey terraced residential houses 26.2
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FIGURE 2

Map of New Zealand and study site location.

target to divert 90% of all construction waste from landfill disposal. 
The development was made up of six three-storey (terraced) and two 
two-storey units (duplex), constructed of timber framing, and with a 
total building coverage of 317 m2. The floor area of the two different 
units was 117.8 m2 and 75 m2 (respectively), giving a total floor area of 
856.8 m2. No building wrap was used on this site. Before physical 
construction began, the research team and the site owner reached an 
agreement to use the site for the study, part of a Building Research 
Association of New Zealand (BRANZ) -funded project.

2.2 Site setup

In order to support the collection of plastics for the study, an 
initial waste management training session was conducted for both 
staff and subcontractors as part of the research project. This training 

took place during the physical construction works began, and before 
construction waste was generated. The training encompassed the 
classification of various types of plastics, waste storage conditions, and 
proper sorting methodologies. At the start of each week, a concise 
briefing on waste management was delivered to the staff to ensure 
smooth operations and gather feedback from them.

To facilitate effective waste separation, a waste station was 
established on the construction site premises. This station was 
equipped with four distinct categories, chosen to cause as little 
disruption as possible to the construction works; Pipes (polyvinyl 
chloride (PVC) and high-density polyethylene (HDPE)), Soft Plastics 
(low-density polyethylene (LDPE) and linear low-density polyethylene 
(LLDPE)), Other Plastics (plastics of any other category – e.g. HDPE, 
polypropylene (PP) and polyethylene terephthalate (PET)), and 
Hazardous Waste (e.g., adhesives, sealants and solvents) (Figure 3). 
Each category was accompanied by signage and a designated cubic 
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metre bag. Additionally, the staff had access to a comprehensive waste 
plastic catalogue detailing the different types of plastic waste and their 
respective categories.

2.3 Waste separation and auditing

The waste separation procedure was conducted in two stages. 
Initially, construction staff segregated the waste on-site into the four 
plastic categories (Figure 3). In the second stage, these items went 
through a detailed waste audit off-site, where the research team 
segregated items into categories based on their respective functional 
attributes, composition, and potential for recyclability. Each category 
was weighed. Volumes were determined by weighing a full metre-
cubed bag of each plastic waste material (based on plastic category). 
When this was not feasible, plastic density was used to calculate the 
volume, which varies depending on the polymer type. Samples of each 
plastic type had their polymer type identified using fourier transform 
infrared (FTIR) spectroscopy, with a ThermoFisher Nicolet iS50R 
spectrometer in the attenuated total reflectance (ATR) mode equipped 
with a diamond ATR crystal (method described by Berry et al., 2022). 
This analysis allowed for polymer types to be identified, and their 
subsequent categorisation and recycling. In total, 205 samples of 
plastics were analysed and sorted into 29 categories. Where possible, 
these audited plastics were then delivered to local recyclers. This 
process was conducted on a monthly basis, with flexibility for earlier 
auditing if waste stations reached capacity. Most of the non-plastic 
waste, including timber, metals, paper, and plasterboard, was 
separated, weighed, and managed by third-party waste management 
companies. This data was provided to the research team.

3 Results and discussion

3.1 All waste

A total of 22,470 kg (210 m3) of waste materials were collected, 
sorted and audited from this site (Figure 4; Table 2). By mass, the most 

common material was timber, followed by builder’s waste and 
plasterboard. The dominance of timber as a waste material is 
unsurprising as the majority of New Zealand houses use timber for 
cladding, framing and floor joists (Domingo and Batty, 2021; BRANZ, 
2020). Concrete waste was not recorded for this study; however, it was 
considered negligible as relatively little was generated, and any excess 
was returned via supplier trucks or used as backfill. Plastics accounted 
for 3.2% (wt.) of the total waste. Of the total waste generated, 84% 
(wt.) was diverted from landfills.

By volume, timber waste was most generated, followed by 
cardboard and plastic waste (Figure  4; Table  2). Note that waste 
volume refers to the uncompressed volume of waste; the unprocessed 
form in which the waste is disposed of.

Nelson et  al. (2022) estimated the waste generated from the 
construction of average, single-storey residential building envelopes 
in New Zealand. This was based on the estimated mass of materials 
used in an average detached house (area of 195 m2) and approximate 
waste generated by construction (Figure  5). The average waste 
generated for an average house was 3,003 kg of waste – the majority of 
this was concrete, plasterboard and timber.

In comparison, this study had an average area of 96.4 m2 and 
generated about 2,808 kg of waste per terraced house. More timber 
was generated than that estimated by Nelson et al., less plasterboard 
and less plastic (Table  2). However, these studies are not directly 
comparable as the size and type of the houses are different. 
Additionally, Nelson et  al.’s estimate are solely for the building 
envelope of a detached house, thus excluding electrical wiring, 
plumbing, internal fixings, and kitchen and bathroom componentry.

The average WGR of this study’s site was 26.2 kg/m2 (assuming all 
units produced the same amount of waste), which is lower than those 
reported in the literature on high-rise residential buildings (Table 1). 
The differences in WGR may be  due to differences in general 
construction practices for each country, waste management 
regulations, environmental awareness and GDP (Tam and Lu, 2016). 
Domingo and Batty (2021) estimated that the WGR for a typical, 
timber-framed, detached New Zealand home was 32.2 kg/m2 for a 
single-storey house, and 24.8 kg/m2 for a double-storey house 
(Table 1). The WGR of this project’s (26.2 kg/m2) multi-storey terraced 

FIGURE 3

Overview of research methodology.
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TABLE 2 All waste materials generated from site.

Waste material
Volume (m3) (% 

of total vol)
Mass (kg) (% 
of total wt.)

Timber 94 (45%) 12,080 (53.5%)

Builder’s waste 20.25 (10%) 2,558 (11.3%)

Plasterboard 10 (5%) 2,500 (11.1%)

Fence palings/posts 10 (5%) 1,500 (6.6%)

Cardboard 28.5 (14%) 831 (3.7%)

Metal 12 (6%) 763 (3.4%)

Fibre cement board 0.5 (<1%) 742 (3.3%)

Plastic 27.7 (13%) 725 (3.2%)

Construction fixtures 2 (<1%) 328 (1.5%)

Sweepings 2 (<1%) 310 (1.4%)

Waterproof roof membrane 0.05 (<1%) 74 (0.3%)

Paper 2 (<1%) 40 (0.2%)

Miscellaneous 0.8 (<1%) 19.3 (0.1%)

Grand total 210 22,470

houses sits between these two values; however, the WGR can only 
be taken for the eight units as a whole, as the waste generated could 
not be assigned to each of the different units (i.e., two-storey and 
three-storey; duplex or terraced homes). Despite this, the WGR 
comparison between this study and Domingo & Batty’s study suggests 
that these terraced, multi-storey homes produce more waste than a 
double-storey, detached home. This is somewhat surprising, as it may 
be expected that the terraced nature of the units would reduce the 
amount of waste produced, relative to detached homes – as indicated 
by Carpio et al. (2016), who found that detached single-unit family 
homes produced less building construction waste than semi-detached 
(i.e., duplex dwelling) home. The reason for this may be that six of the 
eight units had three storeys instead of two – as such, it would 
be  useful to compare this study’s WGR to that of a detached 

three-storey house. Additionally, using the volumetric unit of kg/m3 
may provide a fairer comparison for the waste generation of multi-
storey buildings and apartments.

3.2 Plastic waste

3.2.1 Plastic waste generated
A total of 725.1 kg of plastic waste was generated by this site, 

giving a plastic WGR of 0.85 kg/m2. Soft plastics were the most 
common plastic type, with a total mass of 270 kg (Table 3). These 
were predominantly bags, film and wrap used in the packaging and 
protection of construction materials, made of low-density 
polyethylene (LDPE). Soft plastics accounted for 1.2% of the total 
waste mass, which is similar to that (0.5–1%) reported by Chauhan 
et al. (2023) study. The second most common plastic was pipes 
made of HDPE and PVC, followed by expanded polystyrene (EPS) 
and damp proof membrane (DPM – made of PE) and strapping 
(made of PET or PP). These results are also reflected in Figure 6, 
which shows the results of our FTIR analysis of each sample. This 
result has some similarity to Prestes et al. (2012) study of C&D 
landfill waste, where 33% of plastic waste was PVC, 23.2% came 
from mixed PE plastic films, and 18.5% from HDPE. However, the 
specific type of construction for Prestes et al.’s study (e.g., building 
construction, demolition) is unknown, therefore the results are 
not directly comparable. The dominance of PE and PVC in plastic 
waste was also reported by both Berry et  al.’s plastic 
characterisation of a new educational building (Berry et al., 2022) 
and Hernandez et  al.’s study of new commercial buildings 
(Hernandez et al., 2023).

3.2.2 Plastic waste recycled and discarded
Of the total plastics generated and audited, 66% was recycled by 

weight and 73% by volume. Soft plastics were the most-recycled 
plastic type, followed by pipes and EPS (Table 3). These three types 
have recyclers willing to specifically recycle construction plastic waste 

FIGURE 4

All waste materials generated from site, by mass and volume.
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within Auckland. Of the total plastic mass discarded or unresolved, 
the majority were soft plastics followed by DPM and strapping 
(Table 3). The soft plastics and DPM discarded were typically too 
contaminated with dirt or paint to recycle. Strapping does not 
currently have a recycler in Auckland due to its often-tangled and 
woven structure which is difficult to physically process, and the 
general lack of non-food grade PET recyclers.

3.2.3 Plastic categorisation – use type and 
construction stage

All plastic materials were classified as being used for either:

 1 Plastic packaging (used to hold construction materials together 
during purchase/transportation, e.g., soft plastic bags, 
strapping, containers, timber covers, and packaging EPS).

 2 Construction components (used in the building itself, e.g., 
offcuts or excess DPM, EPS insulation pods, and pipes).

 3 Building protection & tools (used for the construction process, 
e.g., gloves, safety glasses, silt fences, and safety fences).

They were also sorted into three construction stages:

 1 Initial stage – until floor level, including earth works and 
foundations (~3 months).

 2 Mid stage – timber framing and roofing (~2 months).
 3 Final stage – interior & exterior finishings, fixtures and fit-out 

(~7 months).

The majority of plastic waste generated was used for “product 
packaging”, followed by “construction components” and “building 
protection & tools” (Figure 7). On this study’s residential, multi-unit 
site, product packaging may have been higher due to the larger 
number of bathroom and kitchen fixtures and fittings used per unit 
area, thus increasing the overall proportion of plastic packaging. This 
differs from the result found by Berry et al. (2022), where construction 
components made up the majority of plastic waste on a commercial 

construction site (68% wt.). This may be  due to the difference in 
building type and, thus, differences in the volume of fixtures and 
fittings used. Additionally, a roll of unused vinyl flooring accounted 
for the majority (59%) of construction components in Berry et al.’s 
study, which may not be seen on a typical site.

Plastic packaging is mostly generated in the final stage. Soft plastic 
was the most common plastic type for the mid and final stages 
(Figure 8). EPS waste was almost evenly split between waste from 
building insulation pods in the initial stage (49%) and packaging 
waste (51%) for kitchen whiteware and bathroom installations in the 
final stage (Figure 8). Strapping was also most common in the final 
stages. In comparison, the generation of plastic packaging materials 
was relatively consistent between the three stages of the study by Berry 
et al. (2022) ranging between 36 and 58 kg. In terms of construction 
stages, both studies found that the greatest plastic generation occurred 
in the final stages (Figure 9). The stage at which pipes were generated 
was not captured in this study; however, they were mostly generated 
in the final stage (31.2 kg) of the study by Berry et al. (2022).

Wu et al. (2019) also audited the waste from three stages of three 
different construction sites in Hong Kong. Their results were similar 
to the findings of this study, where plastic waste (Plastic & Rubber, 
Nylon and Styrofoam/EPS waste) generated in the final stage greatly 
outweighed that of the mid and initial stages (Figure 9). However, 85% 
of all EPS was generated in the final stage of Wu et al.’s study; this 
difference may be due to differences in construction styles (e.g., using 
little to no EPS for building insulation in the initial stages). Chauhan 
et al. (2023) study of apartment buildings also found plastic films (i.e., 
soft plastics) to be most commonly generated in the final stages of 
construction (during interior work and mechanical, electrical and 
plumbing work) (Figure 9).

The data from this study can be used to inform construction sites 
in New Zealand and other countries. For example, the increase in soft 
plastic and polystyrene waste due to packaging, especially during the 
final stages of construction, would not be  specific to residential 
construction or to New Zealand (Chauhan et al., 2023). Interior and 
exterior furnishings of any building type often come wrapped in soft 

FIGURE 5

Comparison of waste generation for this study and construction of the average NZ house (Nelson et al., 2022).

https://doi.org/10.3389/frsus.2024.1455480
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org


Low et al. 10.3389/frsus.2024.1455480

Frontiers in Sustainability 08 frontiersin.org

TABLE 3 Endpoint of plastic waste materials generated on site.

Plastic 
material type

Recycled/
Reused 

(kg) (% of 
plastic 

material 
wt.)

Mass 
Discarded 
(kg) (% of 

plastic 
material wt.)

Total Mass 
generated

(kg) and % of 
Grand Total

Soft plastic 214.5 (79%) 55.5 (21%) 270.0 (37%)

Pipes 156.2 (100%) 0.6 156.8 (21%)

Polystyrene 94.9 (100%) 0.0 94.9 (13%)

DPM 0.0 41.4 (100%) 41.4 (6%)

Strapping 0.0 22.9 (100%) 22.9 (3%)

Sealant tubes 0.0 21.8 (100%) 21.8 (3%)

Other plastic 0.0 20.3 (100%) 20.3 (3%)

Plastic backing 0.0 19.5 (100%) 19.5 (3%)

Hard plastic 1.5 (12%) 11.0 (88%) 12.4 (1%)

Woven plastic 0.0 8.7 (100%) 8.7 (1%)

Silt fence 0.0 8.4 (100%) 8.4 (1%)

Timber cover 0.0 6.5 (100%) 6.5 (1%)

Cable reels 6.5 (100%) 0.0 6.5 (1%)

Chemical bottle 0.0 6.0 (100%) 6.0 (1%)

JH accessory 0.0 5.5 (100%) 5.5 (1%)

Nail gun link 0.0 5.0 (100%) 5.0 (1%)

Containers 3.3 (70%) 1.4 (30%) 4.6 (1%)

Misc 0.0 4.5 (100%) 4.5 (<1%)

Container lids 3.5 (97%) 0.1 (3%) 3.6 (<1%)

Hard plastic 

packaging
0.1 (5%) 1.9 (95%) 2.0 (<1%)

Wire casing 0.0 1.7 (100%) 1.7 (<1%)

Strapping—thick 0.5 (42%) 0.7 (58%) 1.2 (<1%)

Excess fittings 

structure
0.0 0.3 (100%) 0.3 (<1%)

Reo bar chairs 0.3 (75%) 0.1 (25%) 0.3 (<1%)

Corflute 0.0 0.1 (100%) 0.1 (<1%)

Excess foundations 

structure
0.0 0.1 (100%) 0.1 (<1%)

Cable ties 0.0 0.1 (100%) 0.1 (<1%)

PPE 0.0 0.1 (100%) 0.1 (<1%)

Plastic siding 0.0 0.04 (100%) 0.0 (<1%)

Grand total 481.2 243.8 725.1

FIGURE 6

Results of FTIR analysis – plastic polymer proportions (% of total, 
wt.).

plastic bags and polystyrene for product protection (Wu et al., 2019). 
As such, site managers can prepare for this by asking suppliers/
installers to collect this packaging on their departure, or by collecting 
these plastics during the fitout stage and sending it to local recyclers 
where possible.

3.3 Costs and other benefits

After the project was completed, site staff expressed that they 
found on-site waste separation to be easier than anticipated. While it 

did increase time and cost compared to the use of a traditional skip, it 
was also an effective method for reducing waste-related hazards, 
keeping the site tidy, and diverting waste from landfill.

The total cost of the project (including design, regulatory and 
construction costs and excluding cost of land) was approximately 
NZD $3 million. Waste management on this site, including recycling 
costs and transportation of waste to recyclers, cost approximately NZ 
$20,000 (0.61% of total project cost). The plastic waste management 
itself was estimated to cost NZ $3,750 (0.11% of total project cost). 
This included costs and time of transporting plastics to the recycler 
but excluded additional labour costs of construction site staff for waste 
separation and handling (which was reported to be minor).

In comparison, we calculated that the cost of traditional waste 
management (all waste into commingled “skip” bins) would cost 
$9,000 (0.27% of total project cost) and require a total of twenty-three 
9 m3 skips for disposal.

FIGURE 7

Use types of plastic waste materials.
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A common barrier to sustainable waste management and waste 
separation is the conception that it is expensive (Tam, 2008; Yuan, 
2013; van der Lans et al., 2023). This project shows that the cost 
difference between on-site waste separation and using traditional 
commingled skips for waste disposal was 0.33%. In our case study, 
implementing sustainable strategies resulted in higher costs (NZD 

$11,000); however, the cost difference between traditional and 
sustainable waste management depends on factors such as the waste 
suppliers used, available regional transportation, and local recycling 
costs. Costs are also likely to increase with site size. The perceived 
reasonableness of waste management costs will vary by region and 
site owner, though the site owner in this study found the costs 

FIGURE 8

Plastic waste types generated in each construction stage (top seven waste types for case study site) (Note: pipes are not included in this graph as their 
time of collection was not recorded).

FIGURE 9

Comparison of total plastic waste generated in each construction stage (*  =  only investigating plastic films).
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reasonable. The additional cost passed on to each homebuyer was 
calculated to be  NZD $1,400, representing 0.16% of the house’s 
selling price.

The New Zealand government has announced its commitment 
to a low-emissions, low-waste society built upon a circular economy 
by 2050 (Ministry for the Environment, 2024a). To support this 
transition, the waste disposal levy has increased from NZ $10 per 
tonne in 2009 to NZ $60 in 2024 and will continue to increase to 
NZ $75 in 2027. Waste management plans for construction sites are 
currently only required in certain regions, (Wellington City 
Council, 2020; New Plymouth District Council, n.d.), however, they 
will eventually be  mandated across the country (Ministry of 
Business, Innovation and Employment, 2022). In addition, the 
New  Zealand government has declared plastic packaging as a 
“priority product”, requiring action to manage its waste. This can 
involve implementing a product stewardship scheme and/or 
regulating its sale or disposal (Ministry for the Environment, 
2024b). The construction industry, which uses large quantities of 
soft plastic packaging such as timber covers, will need to contribute 
to this effort.

3.4 Limitations

This data was collected from a single construction site. Due to 
factors such as location, materials used and construction style, the 
plastic profile of this site is not necessarily representative of 
typical New Zealand or international construction sites; therefore, 
more studies are needed to produce a more representative profile 
of plastic waste generated on construction sites. However, 
inferences can be made from some of the findings, such as the 
stages in which plastics are generated (e.g., final stages of 
construction) as well as the prevalence of some plastic types (e.g., 
soft plastics). This information can be  used to manage plastic 
waste sustainably on construction sites on a national and 
international scale.

The researchers audited the plastic waste generated off-site, which 
was provided by the site owner; as such, some plastic waste may not 
have been captured if they were not separated into the corresponding 
collection bags by site staff.

3.5 Significance of the results

Existing research in this field investigates certain plastic types and 
the effect of the construction stage on C&D plastic waste; however, 
research is relatively limited as these characteristics are seldom 
investigated together. This research is an in-depth study of 
construction plastic waste, giving a full characterisation of plastic 
types, polymer type and use category. Waste generation has been 
related to construction stage and provides a plastic waste profile of a 
new residential building. The key findings may be useful for other 
countries with similar building typologies and can be used by site 
managers to achieve more sustainable waste management. This 
includes more targeted plastic waste collection and recycling during 
final stages of construction and addressing the largest contributors to 
plastic waste generation, such as soft plastics, pipes and 
expanded polystyrene.

4 Conclusion

This study describes the plastic waste profile of a residential 
construction site based in New Zealand, including a timeline for the 
generation of specific plastic categories. This is a unique area of 
research which has not been previously investigated in detail. Across 
all waste categories generated, timber was the dominant waste 
material, representing 54% (wt.) of the total waste generated. Plastic 
waste accounted for only 3.2% of the total waste mass; however, by 
volume, it was the third-most generated waste type (13% of all waste). 
This underscores the need to manage and address plastic construction 
waste, which is a low density material that can occupy significant 
volumes in landfills.

The findings demonstrate that on-site waste separation can yield 
positive outcomes, resulting in an 84% (wt.) diversion of all waste 
from landfills, and 66% (wt.) diversion of plastic waste. Waste 
management costs were less than 1% of the total project costs, which 
challenges the common perception that sustainable waste management 
is prohibitively expensive.

The study site had a plastic WGR of 0.85 kg/m2 and an overall 
WGR of 26.2 kg/m2, similar to the reported overall WGR for double 
and single-storey houses in New Zealand. Soft plastics (largely PE) 
were the most generated plastic waste type, followed by pipes and EPS; 
these waste materials contributed 72% (wt.) of the total plastics 
generated and 97% of the recycled plastics. As such, targeting these 
three types of plastics on New Zealand construction sites for waste 
separation would likely have the greatest impact on plastic waste 
diversion. The largest volume of plastic waste was generated during 
the final stages of construction, particularly soft plastics and 
polystyrene – therefore, planning for the collection and diversion of 
these plastics during the final stages would improve site waste 
management and landfill diversion rates.

As New  Zealand moves towards stricter waste management 
regulations, the insights from this study can inform policy and 
practices within the construction sector. While the results are based 
solely on this construction site, the findings can be generalised to 
advise plastic waste management on other construction sites in 
New  Zealand and other countries. More studies of different 
construction site types (e.g., commercial, infrastructural, detached 
residential, and apartment blocks) are needed to identify other plastic 
types which may not have been captured in this study and to calculate 
WGR, which can be  used for waste management planning. 
Additionally, conducting waste audits at construction sites across 
various locations would give a more representative plastic profile of 
local sites, as differences in building materials, typology and available 
waste management services can impact waste generation rates.
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