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Executive summary
Background

most top-down and circular-economy analyses,
we take a bottom-up approach to assess the
use of six main (‘bulk’) plastics1 in four sectors
– packaging, construction, automotive, and
electrical and electronic appliances. These sectors
together accounted for around 60% of plastics
consumption in 2015, while the six bulk plastics
accounted for 80% of all plastics production
(Geyer et al., 2017).
These sector studies illustrate both the
technical and high-level political feasibility of
phasing out fossil plastics production and use in
these sectors. They do not assess the likelihood
of it being achieved, nor explore in detail the
economic, political and behavioural dimensions
of these changes.

Today, almost all plastics are made from fossil-fuel
raw materials (oil, gas and coal) and use fossil-fuel
energy in their manufacture. Globally, they were
the source of about 4% of greenhouse gas (GHG)
emissions in 2015 (Zheng and Suh, 2019) – more
than the whole continent of Africa. By 2050, on
current trends, emissions from plastics will be three
times present levels. Simply put, current trends in
plastic production and use are incompatible with
averting catastrophic climate change.
Analyses and campaigns on the negative
aspects of plastics have focused predominantly
on plastic waste, ocean pollution and threats to
human health. The climate impacts of plastics
must be filtered into this discourse to inform
solutions to the various challenges posed by
current plastic consumption. Tackling these
challenges separately will not suffice. Better
materials handling and waste management may
help with pollution and waste, but will not
address plastic’s climate footprint. Similarly, the
substitution of plastics derived from fossil fuels
with ones from carbon-neutral sources will still
cause waste and pollution. To have any chance of
managing these challenges, we must scale down
the problem. It is imperative from a climate
and broader environmental perspective that we
curtail the consumption of new plastic materials.

Method
Our analysis uses current trends to forecast
business-as-usual (BAU) demand for plastics
in the sector in 2050. We then investigate
the different uses of each bulk plastic type
in the sector today to provide a basis for
reducing future consumption in a low-plasticsconsumption scenario. We estimate the technical
potential to reduce the use of new plastic
materials compared with BAU in 2050 by
considering the potential for dematerialisation
and reuse (avoiding the need for new plastic
demand) and substitution (shifting the
demand for new plastics to demand for other
materials). The implications of this reduction
and the opportunities to manage residual
plastic production (for example, by using
recycled plastics) are covered holistically in the
companion synthesis report.

Context
This technical analysis serves part of a broader
research project investigating the technical
potential for phasing out virgin plastic materials
produced from fossil fuels by 2050. Unlike

1

Polyvinyl chloride (PVC), polyethylene (PE), polyurethane (PUR), polystyrene (PS), polypropylene (PP), and polyethylene
terephthalate (PET).
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Plastics in construction today

construction are optional or substitutable. In
many cases, plastics have been used to replace
previous materials, rather than to create entirely
new products. Plastics use is not primarily based
on consumer demand or taste, but on producer
or supplier choice.
At a general level, plastic-containing
products tend to be manufactured in domestic
and regional markets rather than transported
globally. Although relatively few companies
produce the bulk materials used in construction
products, significantly more firms turn those
bulk materials into plastic components and
incorporate them into products. Indeed,
thousands of companies use bulk plastics to
produce components or products used in the
construction sector in the UK alone, while
thousands more act as intermediaries that sell the
plastic products to end users.

The construction sector is the second-largest
consumer of plastic resins globally (65 million
tonnes (Mt) in 2015) and its consumption has
been growing at a rate of 4.3% per year for
the past two decades (Geyer et al., 2017). Few
applications involve products that are entirely
made from plastic. Rather, plastics tend to be
used as subcomponents or additives in more
complicated products for a broad range of
uses. Most plastics are consumed in building
construction, which is the focus of this report,
rather than in infrastructure construction (such
as roads, railways or utility mains).
In terms of sheer mass, the six bulk plastic
types account for around 90% of the plastics
used by the sector. The construction industry
dominates the polyvinyl chloride (PVC) market,
in particular, and PVC is the largest single plastic
consumed by the construction sector. Leading
applications for plastics include: tubing, piping,
ducting and guttering (PVC, polypropylene (PP)
and high-density polyethylene (HDPE)); thermal
and acoustic insulation (polyurethane (PUR) and
polystyrene (PS)); door and window frames and
other external profiling, such as cladding, soffits
and fascia boards, flooring and cabling (PVC);
and waterproofing and linings (low-density
polyethylene (LDPE) and PVC).
In-use lifespans vary significantly depending
on the application but, at an average of 35 years
(Geyer et al., 2017), are considerably longer than
those of plastics used in other sectors. It is possible
to recycle some construction-sector plastics,
but it occurs rarely. Even in the most advanced
circular economies, where industries are actively
pursuing plastic recycling, fewer than one-sixth of
new products are made from recycled materials.
Elsewhere, the figure is much lower. In many
cases, reclaimed plastic is of lower grade than
virgin plastic, and ‘recycling’ actually means that
plastics are downcycled to uses with less stringent
specifications. In some cases, recycling is further
constrained by additives in plastics from previous
decades, which are now known to be toxic.
Although the consumption of plastics by the
construction sector has grown in recent years,
most plastic-containing products used in modern
2

Opportunities to reduce demand in 2050
Our low-plastics-consumption scenario illustrates
how the construction sector presents an enormous
opportunity to reduce the use of plastic materials
in 2050 compared with BAU (Figure 1). Our
scenario builds on projections set out in Grubler
et al.’s (2018) low energy demand (LED) scenario,
which makes substantial progress towards
achieving the Sustainable Development Goals
(SDGs) – especially those related to poverty (SDG
1), hunger (SDG 2), health (SDG 3), clean energy
(SDG 7), responsible consumption and production
(SDG 12), and climate change (SDG 13).
About half the reduction in demand (55%
compared with BAU) comes from a model of
urbanisation that pivots away from large, singleoccupancy buildings that are demolished before
the end of their useful life towards compact cities
that prioritise renovation and refurbishment.
The average physical size of houses envisaged in
2050 is similar to that being built today in the
UK, Spain and Italy – larger than the average
dwelling built in China or Russia, but far smaller
than that in the United States or Australia.
Urban densification creates synergies that are
also essential to constraining plastic demand in
the automotive sector2 and is key to achieving

See the accompanying automotive-sector report, entitled ‘Phasing out plastic: the automotive sector’.
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SDG 11 (sustainable cities and communities).
This approach would limit construction activity
in 2050 to 26% above current rates, meaning
demand for all construction materials (including
plastics) would grow far more slowly than if
business continued as usual.
The remainder of the reduction in demand
arises from reducing the intensity at which the
construction sector uses plastics, by substituting
them (a 42% reduction compared with BAU).
For almost all the major uses of plastics by the
sector, this report details non-plastic alternatives
that are not derived from fossil fuels, which are
available today, plainly demonstrating that it is
technically possible to significantly reduce the
demand for plastic materials by 2050. Some
uses (for example, for frames, cladding, flooring
and certain pipework) have readily available
alternatives that have lower carbon footprints.
Others (such as cabling and lining materials)
require development and changes to production
systems to meet future demand in a less carbonintensive way.
Figure 1

Under this scenario, the combined reduction in
plastic demand could lead to a significant decrease
in GHG emissions from plastics production and
use (a reduction of 300 Mt of carbon dioxide
equivalent (MtCO2e) in 2050 compared with
BAU). However, the net effect on emissions would
depend on the carbon intensity of any materials
used as substitutes. The synthesis report that
accompanies this study considers the potential for
plastics from recycled and non-fossil feedstocks to
satisfy residual demand.3

Prevailing trends
The construction industry is growing and
becoming more plastics-intensive. A key
component of the increase in plastics intensity is
that products containing plastic are often cheaper
for construction firms to buy and install than
non-plastic alternatives. However, plastics are often
used even if they are not the most economic choice
for the end user, who may have to replace them
sooner than non-plastic options. The difference in

Potential to reduce plastics demand in the construction sector in 2050
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See the accompanying synthesis report, entitled ‘Phasing out plastic’.
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economic incentive between users and construction
companies is an obvious market failure, similar to
that involving other low-carbon building materials.
There are other compelling reasons to reduce
the use of some plastics in the construction
sector, irrespective of their climate impact.
Recent tragedies such as the fire in London’s
Grenfell Tower block have reopened the debate
on the combustibility of plastic and the toxic
smoke they release when they burn. Elsewhere,
the leeching of toxic compounds and the
contamination of indoor air by plastics and their
additives are prompting ever tighter regulations
that are narrowing the market for plastics in
construction applications.
The construction industry’s growing
recognition of the need to act on climate change
may soon affect plastics, too. A systemic focus
on the carbon footprint and whole-life costs of
longer-lived buildings, and the ongoing transition
to offsite construction could combine to speed
up the industry’s shift away from choosing
plastic components.

sectors. Equally, the emergence of a wider
sustainability agenda within the construction
industry and growing awareness of the true costs
of using plastics across a building’s lifetime could
reduce the sector’s plastic demand.
The combination of powerful vested
interests, the misaligned incentives of consumers
(the industry) and users (occupants) and a
perceived sectoral reluctance to change all present
considerable barriers to disrupting the projected
growth of plastics in the construction sector.
However, much can be learned from the regulatory
experience of developing low-energy buildings and
other low-carbon building materials.
Public procurement policies, voluntary and
mandatory standards for the private sector,
better quality and more comparable full life-cycle
data, shorter supply chains and increased offsite
construction could focus attention on more
sustainable construction choices and reduce
plastic demand. Key challenges include making
the environmental impact of plastic elements
used in construction more tangible to the
general public and remedying plastics’ cheapness
compared with alternatives.
Various actors in the sector are already
promoting action on each of these themes; the
challenge is to coordinate and scale up these
efforts to move them from the fringes to the new
status quo.

Pathways to reducing demand
Policies that disincentivise urban sprawl and
promote more densely populated, compact cities
would contribute to a low-plastic-consumption
scenario in both the construction and automotive

12

1
1.1

Introduction
Background

1.2

Almost all modern plastics are made from
fossil-fuel raw materials (oil, gas and coal) and
use fossil-fuel energy in their manufacture.
They account for 9% of total demand for oil
and 3% of total demand for gas and, by 2050,
could account for 20% of all oil demand
(World Economic Forum et al., 2016). Plastics
are also problematic for the global climate
emergency. They were the source of about 4%
of global GHG emissions in 2015 (Zheng and
Suh, 2019) – more than those emitted by all of
Africa. We calculate that by 2050, emissions
from plastics will be three times greater on
current trends. But global GHG emissions need
to reach net zero by 2050 if the world is to have
a chance of averting catastrophic climate change
(IPCC, 2018).
Recently, plastic waste and pollution have
dominated the negative narrative on plastics.
Along with the effects of plastic pollution on
sea life, concerns have arisen about toxicity and
health problems related to plastic microfibres
found in the air, water and food. Better materials
handling and waste management will not be
enough to address these challenges. Nor will
they be resolved by substituting plastics derived
from fossil fuels with those made from biomass
– these will also lead to waste and pollution.
It is imperative from a climate and broader
environmental perspective that the demand for
new plastic materials is curtailed.

4

Context

This technical analysis is part of a broader research
project investigating the technical potential for
phasing out virgin plastic materials produced
from fossil fuels by 2050. It complements existing
forecasting and circular-economy analysis, but our
method is different. We take a bottom-up approach
to assessing the use of plastics in four sectors
(packaging, construction, automotive, and electrical
and electronic appliances), which together account
for around 60% of total plastics consumption
(Geyer et al., 2017). Our analysis focuses on the six
main types of plastic (polyethylene, polypropylene,
polystyrene, polyvinyl chloride, polyethylene
terephthalate and polyurethane). These ‘bulk
plastics’ accounted for about 80% of total plastics
production in 2015 (Geyer et al., 2017).
We consider the upstream and downstream
aspects of the plastic value chain to operate
outside the individual sectors, in other words, the
production of plastic pellets and the collection
of waste plastic materials to be largely separate
to – and cut across – the sectors in which
plastic products are used. We, therefore, discuss
opportunities to reduce the environmental impacts
of plastics demand through changes to the
production, recycling and disposal processes in
the accompanying synthesis report.4 The technical
reports in this study series focus on minimising
the demand for plastic materials, because any
reductions in aggregate demand facilitate easier
management of the associated processes.

See the accompanying synthesis report, entitled ‘Phasing out plastic’.
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The purpose of these detailed sector studies
is to illustrate both the technical and highlevel political feasibility of phasing out fossil
plastics production and use in these sectors.
The target audience for the synthesis report
is broad, including policymakers, advocacy
groups, the private sector and other researchers.
The audience for the technical reports is
narrower, primarily researchers and those
working directly in the sector.

1.3

1. dematerialisation and reuse (avoiding the need
for new plastic demand)
2. substitution for non-plastics (shifting demand
for new plastics to demand for other materials)
3. plastics recycling (optimising wastemanagement schemes associated with plastics)
4. non-fossil feedstocks (for residual demand that
cannot be reduced by the above approaches).
This report focuses on the first two steps, namely,
how to reduce demand. Steps 3 and 4 (how to
accommodate residual demand) are addressed
holistically in the companion synthesis report.
Figure 2 illustrates the process across the
technical and synthesis reports.
We round out our focus on the technological
feasibility of making changes by 2050 with some
high-level insights into the political economy of
bringing about such a transition – the interests,
incentives and policies that influence key sector
stakeholders and how these would need to change.
However, the study does not assess the likelihood
of the vision being achieved, nor explore in detail
the economic, political or behavioural dimensions

Methodology

Our analysis begins by identifying the amount of
plastic currently used in the construction sector
and using recent trends to project BAU sectoral
demand for plastics in 2050. We investigate the
different uses of each type of bulk plastic in the
sector today to establish a basis for reducing
future consumption. We then calculate the
technical potential to reduce the demand for new
plastic materials versus a 2050 BAU scenario
by considering the following opportunities in
cascading fashion:

Figure 2

How to cut demand for fossil-fuel plastics by 2050
Synthesis report
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Technical report

of these changes. Rather, we aim to present one
possible outcome and illustrate how it might come
about, rather than to predict the future.

•

1.4

•

•

Structure of the report

The remainder of the report is structured as follows:
•
•

Chapter 2 provides an overview of plastic
consumption by the sector.
Chapter 3 details the uses of plastics in
the sector.

•
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Chapter 4 sets out our 2050 vision for
reducing the demand for virgin fossil plastics.
Chapter 5 provides a high-level analysis of
steps to achieve this vision.
Chapter 6 illustrates the potential outcomes
in 2050, illustrating total demand for
plastics in the sector under the low-plasticsdemand scenario, the associated impact on
CO2 emissions, and the amount of waste
generated.
Chapter 7 provides an overall conclusion to
our analysis of the sector.

2 Plastics in the
construction sector
2.1 Sector overview: main types,
uses and trends

high-density polyethylene (HDPE), polyurethane
(PUR),6 polystyrene (PS), polypropylene (PP)
and low-density/linear-low-density polyethylene
(LDPE/LLDPE). The leading applications for
products that use plastic as a major component
and account for the greatest mass usage include:
tubing, piping, ducting and guttering (PVC,
PP, HDPE); thermal and acoustic insulation
(PUR, PS); door and window frames and other
external profiling, such as cladding, soffits and
fascia boards, flooring and cabling (PVC); and
waterproofing and linings (LDPE, PVC). Many

Few products used in the construction sector are
made entirely from plastic. Rather, plastics are
generally used as subcomponents or additives
in more complicated products. The construction
sector is the second-largest consumer of plastic
resins globally and demand has been growing
at a rate of 4.3% per year for the past two
decades, marginally slower than demand for
plastics overall (Geyer et al., 2017). In 2015, the
construction sector consumed 65 Mt of plastic
resins (Geyer et al., 2017).5
Plastics are used in a broad range of
applications, but we do not know what fraction
of the tens of thousands of products used by the
construction industry contain plastic (Corbey,
2018). Most plastics are consumed in the
construction of buildings, which is the focus of
this report, rather than in the construction of
infrastructure, such as roads or railways. In part,
this is because current infrastructure uses of plastic
usually involve the downcycling of waste plastic
rather than the use of virgin plastic materials
(see, for example, Arora, 2015; Booth 2019).
The major exception is plastic for pipes and
conduits in large-scale transmission, distribution
and collection networks (such as water and sewer
mains and underground cables), which we also
cover insofar as information is available.
On the whole, six bulk plastics account for
around 90% of plastics used by the construction
sector (see Figure 3): polyvinyl chloride (PVC),

Figure 3 Global construction-sector consumption of
polymer resins
Other plastics

Additives

LDPE, LLDPE
PP

PVC

2015 (Mt)

PS

PUR
HDPE
Source: Geyer et al. (2017)

5

No further data were available to disaggregate this figure by geography.

6

We assume this also includes polyisocyanurate (PIR), which is made from the same plastic monomers as PUR.
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other products used in the construction industry
contain plastics (both the bulk ones examined here
and those based on other polymers).
The use of plastics in the construction sector
has grown for numerous reasons depending on
application. A recent think piece by the global
engineering services company WSP illustrates
how most of the plastic-containing products
used in modern construction are optional
or substitutable (McGarvey et al., 2019).
However, for some uses, there are currently
few alternatives. There is growing interest in
using recycled plastics for some applications.
Although the degree to which recyclate is used
varies from region to region (see, for example,
CalRecycle, 2019) and company to company
(see, for example, Voltimum, 2018), across the
industry as a whole, recycling is expanding from
a very small base and can involve downcycling to
lower-grade products rather than a circular flow.
For non-visible components (such as linings and
pipework), in particular, material decisions for
construction projects are often specified during
the design stage and rarely taken by the end
Figure 4

2.2 The lifespan of plastics in
construction
Geyer et al. (2017) model plastic products used
in the construction industry as having an average
lifetime of 35 years (with a standard deviation of
7 years). However, it is not clear how these values
have been derived, whether they reflect weighted
design or in-use lifetimes, how they have changed,
or how they might continue to change over time.
Looking deeper into the construction sector,
lifetimes vary considerably between different
plastic-containing components. Figure 4 illustrates
expected lifetimes for the various products
discussed in this report. The broad ranges for

Indicative lifetimes of plastic-containing products used in the construction industry
Pipes

0

user (Zoran, 2016). Alternatives to plastics are
likely to face similar barriers to other low-carbon
building materials (for a summary, see Giesekam
et al., 2016). Combined with plastic products’
low upfront costs and ease of installation,
this suggests current growth trends are likely
to continue without major interventions (see
Market Research Gazette, 2019).
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Source: Biatz et al. (2004); ETool Global (2015); Geyer et al. (2017); TEPPFA (2019); InterNACHI (n.d.)
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some illustrate the differences between design
lifetimes and in-use lifetimes, where, for example,
renovation replaces functional plastic-containing
components before the end of their useful life.

2.3

same level of coloration as that produced from
virgin material and may contain higher levels of
additives than are permitted today (particularly
heavy metals like lead or cadmium) (see
Hahladakis et al., 2018 for a full discussion).
Similarly, Calton et al. (2016) report that almost
half of PVC recyclate used in pipe manufacture,
which has relatively low aesthetic requirements,
comes from PVC windows. The use of recycled
PVC is also constrained legally: the same study
details six EU product standards that limit or
forbid the use of PVC recycled from other uses.
As a result, a survey of European Plastic Pipe
Producers found that slightly over 80 kt of
‘recycled’ PVC was used as an input in creating
new pipes in 2014, including factory waste that
was directly recycled. This equates to roughly 7%
of the total PVC consumed in Europe to make
new pipes and fittings (PVC4Pipes, n.d.a).
Similar to the end-of-life disposal routes
for plastics in general (Geyer et al., 2017), the
end-of-life fate of most plastic materials used in
the construction sector appears to be landfill or,
increasingly, combustion in incinerators (with or
without associated energy recovery). However,
verifying this and tracking plastic waste from
the construction sector over time is hampered by
countries’ varying approaches to measuring and
classifying construction waste.
In most cases, plastic materials account for
a very small percentage of the overall mass
of waste – less than 2%, according to Bio
Intelligence Service (2011) – and so is often
subsumed into the ‘non-mineral waste’ category.
In general, the 2018 snapshot from Plastics
Europe (for Europe) in Figure 5 supports this
trend. Around a quarter of plastic waste was
recycled in 2018, almost half was burned
in energy-recovery incinerators (mixed with
other materials, as refuse-derived fuel) and
the remaining quarter was either landfilled or
disposed of in some other way. Care should be
taken here, as the total of 1.7 Mt of plastic waste
shown in Figure 5 is only equal to 13% of the
total global waste generation estimated for the
sector by Geyer et al. (2017).

End-of-life treatment

The fate of construction-sector plastic products
at the end of their useful life also varies. Largediameter plastic pipes that are buried underground,
such those used for water mains or sewage, can
often be filled and abandoned in place (see, for
example, City of Milpitas, 2016). The plastic
industry claims that some products are easily
(for example, window frames) or economically
(for example, cables, owing to the high value of
other co-recycled components such as copper)
disassembled to yield near-pure plastic components
that can be recycled into other products – and this
is borne out to some extent in certain jurisdictions.
No global data were available for plastics
recycling in the construction sector. However,
limited data are available for some plastics in
some regions. In 2017, the European Union
(EU) construction industry’s voluntary VinylPlus
programme, for example, resulted in more than
600 kilotonnes (kt) of PVC being recycled.
Almost half of this (300 kt) came from window
and door profiles. PVC from cables yielded
around 135 kt, as did PVC from membranes and
flexible products, while about 75 kt came from
pipes (VinylPlus, 2018). The target for 2020 is
800 kt, corresponding to around 14% of total
PVC produced in Europe (PVC4Pipes, n.d.a).7
Much of the plastic that is designated
‘recycled’ is perhaps more accurately
‘downcycled’, as reclaimed plastic is often unable
to meet the same aesthetic or safety requirements
as that from virgin sources. This is an issue for
the construction sector, in particular, owing to
the relatively long lifespans involved (compared
to, say, packaging or electronics end uses) and
the changes in permissible additives over these
periods. PVC recycled from window frames
or flooring products that were installed 25
years ago, for instance, is unlikely to attain the
7

In an attempt to reconcile these numbers with the 309 kt of PVC reported as recycled by Plastics Europe (Plastics Europe,
2018), it appears that VinylPlus considers incineration and recovery of the non-carbonaceous parts of PVC to be recycling
(VinylPlus, n.d.).
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Figure 5
Recycled

End-of-life fate of construction-sector plastic waste in Europe in 2018
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Source: Plastics Europe (2018)

2.4

Regions and markets

in the UK alone using bulk plastics to produce
construction-sector components or products
and thousands more acting as intermediaries,
selling the plastic products to end users (for UK
examples, see InsightData, n.d.). Similar large
numbers are found elsewhere. For example,
despite some consolidation in prior years, there
were reportedly more than 5,000 companies
producing some type of plastic pipe in China in
2014 (Zhanjie, 2014). Mature markets may have
fewer actors, however; a 2008 paper reported that
there were just 200 companies producing HDPE
pipes in all of Europe (Škarka, 2008). More
developed markets also have strong trade groups,
some of which cover plastics across the sector,
while others focus on specific product groups.8

The value chains for plastic products used in the
construction sector vary by region and by market.
Comprehensive data are not available. Rather,
the following discussion reflects the limited data
that are publicly available. In general, production
seems to be for domestic or, on occasion, wellconnected regional markets (such as western
Europe or the United States/Canada). Although
relatively few companies produce the bulk
materials used in construction products, far more
turn those bulk materials into plastic components
and incorporate them into products used in the
sector, sometimes alongside products used in
other sectors. There are thousands of companies

8

See, for example, Modern Building Alliance (n.d.); Plastics Europe (n.d.); PVC4Pipes (n.d.a); Vinyl Council Australia
(n.d.b); European Plastics Converters (n.d.); ERMFI (n.d.); TEPPFA (n.d.); ESWA (n.d.)
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3 Uses of plastics
in construction
3.1

By plastic type

example, in the EU) or for specific plastic types
(such as PVC). Table 1 presents global aggregate
construction-sector demand for the main plastic
types in 2015 (the most recent data available).

Useful data on the uses of different plastic types
in the construction sector are scarce. National
data are rarely available and, where they are,
differences in methodologies and terminology
frustrate comparisons, especially over time. For
example, the percentage distribution of plastics
used in new pipes in China varied from 40%
PE, 40% PVC and 11% PP in 2005 (Zhe et al.,
2008) to 60% PVC in 2007 (Zhanjie, 2008)
and 50% PE, 36% PP and 10% PVC in 2011
(Zhanjie, 2014). These values are not comparable
with data found for the US (Folkman, 2018).
There, an in-service survey of water mains found
that 22% of pipes were made from PVC and just
0.5% of pipes were made from HDPE. Limited
data are freely available at regional level (for

3.1.1 PVC
The construction industry dominates the PVC
market, and PVC is the largest single plastic
consumed by the construction market. Recent
global data disaggregating PVC consumption by
use were not available, but data were available
for Europe (Figure 6). The sum of the four most
obvious construction uses in Europe (profiles,
pipes and fittings, cables and flooring, together
accounting for 63% of the total) suggests these
categories capture the vast majority of uses in
the construction sector worldwide (per Table 1,
construction consumes 69% of all PVC).

Table 1 Total global consumption of different plastic types by the construction sector in 2015
Plastic type

2015
consumption
(Mt)

Plastic type as a
% of total plastic
consumption

Sector plastic
consumption as a
% of global total

PVC

26.2

40%

69%

Doors, windows, pipes, tubes, guttering,
flooring, cable sheaths

HDPE

10.7

16%

20%

Pipes, tubes

PUR

7.8

12%

29%

Insulation

PS

7.1

11%

28%

Insulation

PP

3.9

6%

6%

Pipes, tubes, liners, cabling

LDPE, LLDPE

3.6

5%

6%

Films, proofing, roofing, cladding

Other polymers

1.6

2%

10%

–

Additives

4.3

7%

17%

–

65.0

100%

19%

Total
Source: Geyer et al. (2017)

20

Main uses

Figure 6

PVC applications in the EU

Others, 9%
Rigid plates, 2%
Profiles, 27%

Coated fabrics, 3%
Flexible tubes
and profiles, 2%
Construction
Applications
63%

Miscellaneous rigid, 6%

Pipes and fittings, 22%
Flooring, 7%

Flexible film
and sheets, 8%

Cables, 7%

Rigid film, 8%
Source: Reproduced using 2017 European Council of Vinyl Manufacturers data via PVC4Pipes (n.d.a)

Other uses (such as rigid films and flexible piping)
may include some construction end uses, but are
believed to be mainly used in other sectors (such
as packaging and consumer goods, respectively).
We note, however, that the recent growth of
plastics consumption in China suggests caution
is warranted in extrapolating these values.9 Also,
while European profile consumption may be higher
than the global average, that of PVC flooring
may be lower than the global average, given
the dominance of PVC flooring in the Chinese
market (Grand View Research, 2019). Overall
these factors should act to balance each other out
in terms of impact on PVC consumption by the
construction sector, so for this high-level analysis,
we assume that the data are broadly representative
and focus on these four uses of PVC.

3.1.2

and cabling is negligible in comparison, and that
insulation accounts for all of the PUR and PS used
by the construction sector.10
No data were found to quantify the use of PP or
LDPE/LLDPE. There is some evidence to suggest
PP has a wide range of uses that are similar to
those of other plastics in the construction sector,
including piping and cabling applications, and
as fibres for direct use (for example, in carpets)
or to stabilise other materials, such as concrete
(Designing Buildings, 2019). PP can also be
used for waterproof sheeting and liners (see, for
example, Dupont, 2017), which are considered to
be the sector’s dominant uses of LDPE/LLDPE.

3.2

Unplasticised PVC (uPVC) is a common material
used in window and door frames and is particularly
common in wealthier and colder climates, where
double-glazed glass panes are increasingly used to
improve thermal insulation. uPVC can also be used
for weatherproofing or aesthetic elements, such
as soffits, fascia boards or cladding. No further
data were available on the number of PVC profile
applications, or on how they vary geographically.

Other bulk plastics

HDPE is mainly used for the large-scale transport
of water (for example, in water mains, sewers and
agriculture), but is also used to a lesser extent for
cable ducting and the transport of industrial gases
and fossil fuels. PUR and PS are mainly used for
thermal and acoustic insulation. For simplicity,
we assume that PUR’s contribution to flooring

9

Profiles

For example, consider the growth in plastic pipe production in China: 1.8 Mt in 2005 (Zhe et al., 2008), 3.5 Mt in 2007
(Zhanjie, 2008) and 12.1 Mt in 2013 (Zhanjie, 2014) – almost a fifth of all plastic used by the sector in 2015, according
to Geyer et al. (2017).

10 However, the styrene monomer is extensively used in poly(styrene-butadiene-styrene), or SBS, as a flexible and waterproof
roofing material (van der Berg, 2018).
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3.3 Pipes, tubes, gutters and fittings

2018), yet in China, HDPE accounted for half
of all plastic pipes installed by municipal water
authorities, equivalent to almost a quarter of
all of the piping they installed (Zhanjie, 2014).
Approximately 20% of the EU’s consumption of
HDPE was for pipes in the 2000s, suggesting that
the situation in the EU lies somewhere between
that of China and the US (Škarka, 2008).

Many plastics are used for pipes, tubes and
fittings – for instance, in connectors or elbow
joints – in part because the use of push-fit
or solvent cement means they are relatively
quick to install. PVC appears to be the most
common plastic used, but types vary according
to requirements. uPVC is mainly used for coldwater pipes of relatively small diameter, for
example, while chlorinated PVC (c-PVC) and PP
are more often used for warm- and hot-water
applications. Various types of PVC are also used
for guttering, drainpipes and soil/waste pipes
(PVC4Pipes, n.d.b; n.d.c).
Plastics are also used for larger-scale pipes, such
as for municipal or industrial infrastructure. For
example, molecularly-oriented PVC (PVC-O) and
HDPE are used in large-scale water transit and
non-drinking-water situations (for irrigation or
sewage, for instance). High-impact PVC (HI-PVC)
pipes are also used for the low-pressure transport
of gases (including natural gas) and HDPE is used
for natural gas and oil transport (PVC4Pipes,
n.d.b; n.d.c; Plastic Pipe Institute, n.d.).
The degree to which various plastics are
employed for these uses differs around the world.
For example, a survey of US water mains showed
that around 22% of pipes were made from PVC,
and almost none made from HDPE (Folkman,
Figure 7

3.4

Flooring

Vinyl Council Australia (n.d.a) says PVC is
the most commonly used polymer in flooring
there. It is not clear whether this is also globally
representative, but PVC is widely used in many
countries for flooring alongside PUR coatings,
PE felt and PP fibres (Plastics in Construction,
2015; Designing Buildings, 2019). In residential
buildings, PVC is commonly found in synthetic
linoleum or laminate floor tiles. Building areas
with higher footfall (such as atria in shopping
centres) or more stringent cleaning requirements
(for example, in hospitals) tend to use thicker and
heavier variants. Some of these come in tiles that
can be melted together to form a waterproof seal,
while others are produced as rolled sheets.
Estimating the mass of PVC used by this sector
globally is difficult, because freely available
data on the size of the market are inconsistent
(Figure 7) and different types of PVC flooring

Examples of PVC flooring-market estimates

FMI [CAGR: 6.3%]

Technavio [4.0%]

IMARC [5.3%]

3.5

Flooring area (billion m2)

3
2.5
2
1.5
1
0.5
0
2014
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2026

Sources: Future Market Insights (2018); Business Insider (2017); Research and Markets (2019)
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2028

2030

contain different amounts of PVC per square
metre (thickness varies and they also contain
other materials, such as adhesives, plasticisers,
additives and backing layers).

3.5

Analogous to the growth in uPVC windows
and doors, plastic-based insulation has tended to
be installed in cooler regions in richer countries
to improve the building envelope’s thermal
efficiency. The impact of climate and geography
on demand vary between and within countries.
For example, the United States is divided into
seven zones with different thermal-barrier
requirements for windows, doors and insulation
(US Department of Energy, 2012).

Cables

PVC is used extensively in electrical cables to
create cable insulation, sheathing and the flexible
tubing that surrounds the cables. PVC is usually
plasticised (often using phthalates) to make
it softer and more flexible, though different
additives can be selected to change the properties
of the covering to best suit the end use. Other
plastics (notably PE and PP and PUR) are also
used in relatively niche cabling applications
(Galaxy Wire, n.d.; Gannon, 2014; BASF, n.d.).

3.6

3.7

Liners

Based on its material characteristics, we attribute
LDPE/LLDPE use in the construction sector
entirely to the plastic sheeting and films used
for waterproofing or sealing non-waterproof
components. Many of the other uses of LDPE
appear to be in infrastructure construction, for
example, to line earthworks, water courses or
transport channels. PVC is also used for sheeting,
especially for roof lining. In some cases, the
ethylene monomer appears to be bound with
other plastic monomers; for example, copolymers
such as ethylene vinyl acetate (EVA) and
ethylene copolymer bitumen (ECB) may be used
with other plastics (see, for example, Dacheng
Building Material, n.d.).

Insulation

PS and PUR are commonly used to provide
thermal and acoustic insulation in residential
and commercial buildings.11 Both PUR and
PS can be used to create insulation boards or
rolls that can then be installed as the building
structure is erected. PUR can also be sprayed
into a void where it can expand to yield the
thermoset plastic.

11 Within these bulk material categories, there are a number of other options, such as PIR and expanded and extruded
polystyrene (EPS and XPS, respectively).
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4 Plastics in the
construction sector in 2050
of this growth in the Global South. In the Global
North, floorspace demand remains relatively
constant, at around 30 m2 per capita; the 7%
increase from 44 million m2 to 47 billion m2 is
mainly driven by a similar percentage increase
in population (of around 100 million) over the
period. In the Global South in 2050, there is 63%
more residential floorspace than in 2020, driven
by an increase in demand per capita (from 22 m2
to 29 m2) and a population increase of about
800 million over the period. This increase in per
capita floorspace in the Global South is key to
the LED scenario’s progress towards the SDGs,
in particular, SDG 1 on the reduction of poverty
(Grubler et al., 2018).
Under the LED scenario, commercial
floorspace in the Global North grows 46% to
35 billion m2 (an average of 23 m2 per capita).
Unlike the residential sector, per capita floorspace
in the commercial sector in the Global South
does not equal that in the Global North, growing
to just 9 m2. This lower figure is offset by (and
may be a result of) the larger population, as
total commercial floorspace in the Global South
reaches 68 billion m2 in 2050, double that of the
Global North. Total global floorspace for the
residential and commercial sectors in 2050 is
264 billion m2 and 104 billion m2, respectively,
corresponding to compound average growth
rates of 1.3% and 1.7%.

As outlined in chapter 1, our approach is to
compare two possible 2050 scenarios: BAU and
low plastic demand. We approximate BAU as 3%
growth per year. The low-plastic-consumption
scenario is based on the 1.5°C-compatible LED
scenario published by Grubler et al. (2018). As
the LED scenario is mainly focused on energy
demand, it does not relate to all of the SDGs.
However, energy use under this scenario translates
into living standards that surpass the relevant
Decent Living Standards (Rao and Min, 2017).12
The amount of plastic used by the construction
sector can be approximated by the sector’s activity
(the number of new building projects and the
renovation/replacement of existing buildings)
and its plastic intensity (the amount of new
plastic in each new building).The LED scenario
provides a framework to investigate changes
in activity – the demand for the services that
plastic materials provide compared with the BAU
scenario – through dematerialisation and reuse.
We then augment this with an analysis of reducing
the sector’s plastic intensity – the potential to fulfil
residual demand for plastic materials with other
materials – through substitution.

4.1 Vision 2050: sustainable
living in compact cities
4.1.1 The area covered by the built
environment

4.1.2 Comparison with other scenarios

The LED scenario projects the global population
to reach 9.2 billion by 2050. Residential
floorspace is assumed to grow from 180 billion m2
in 2020 to 260 billion m2 in 2050, with almost all

For context, Table 2 provides floorspace
estimates from the IEA’s Transition to sustainable
buildings report (IEA, 2013). The regional

12 Specifically, in terms of shelter, consumer goods, mobility and nutrition. See Supplementary Note 12 in Grubler et al.
(2018) for more detail.
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Table 2
Scenario

LED

IEA

Changes in built area under the LED and the IEA’s buildings analysis scenarios
Region

Year

Population
(billion)

Residential floorspace

Commercial floorspace

Total
(billion m2)

Per capita
(m2/person)

Total
(billion m2)

Per capita
(m2/person)

Global North

2020

1.5

44

30

24

16

Global South

2020

6.2

134

22

39

6

World

2020

7.6

178

23

62

8

Global North

2050

1.6

47

30

35

23

Global South

2050

7.6

218

29

68

9

World

2050

9.2

264

29

104

11

OECD

2050

1.4

82

134

31

22

Non-OECD

2050

8.1

212

83

32

4

World

2050

9.5

294

31

63

7

Note: Totals may not sum due to rounding.
Source: Grubler et al. (2018); International Energy Agency (IEA) (2013)

Figure 8 Total floorspace projections under various
scenarios

figures are not directly comparable because
of definitional differences (the Organisation
for Economic Co-operation and Development
(OECD) used by the IEA does not equate to
the Global North used by Grubler et al., for
example). At a global level, the lower residential
floorspace requirements projected under the
LED scenario reflect a lower population estimate
and more compact housing. Conversely, the
increase in prosperity in the Global South
envisaged under the LED scenario leads to far
greater commercial floorspace requirements
than projected by the IEA. As Figure 8 shows,
overall, the total floorspace estimate under the
LED scenario is between 80% and 103% of
that projected under other scenarios for which
data were available. Of note is that all these
projections show a considerable reduction in
the annual growth rate of 3% observed between
2000 and 2017 (IEA, 2019b). We found no
comparable data estimating infrastructure
activity in 2050, so we assume that its growth is
proportional to that of buildings.13

500

Total floorspace (billion m2)
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(Grubler (Statista,
et al.,
2016)
2018)

2050
(IEA,
2013)

2050
(IEA,
2019b)

2050 LED
(Grubler
et al.,
2018)

Sources: IEA (2013; 2019b); Grubler et al. (2018);
Statista (2016)

13 As we calculate activity in percentage terms relative to a BAU scenario, this does not affect our results. Indeed, we would
argue that the increase in densification under the LED scenario would fuel a decline in infrastructure-related activity
compared with BAU, owing to the economies of scale possible with greater urbanisation.
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In Figure 9, we illustrate the variation
between the space allocated per person for new
houses built in different countries by dividing
the average size of new housing by the average
household size in each country. Figure 9 also
shows that the average residential footprint in
the LED scenario equates to something similar
to the average new home built in Spain, Italy or
the UK. This is considerably more space than
in Russia, China and Hong Kong, but far less
than in North America, Germany and Australia.
The LED average is also notably higher than the
minimum level set by the UK’s building standards
for four-person households (19–23 m2 per person)
and similar to that for two-person households
(26–30 m2 per person) (DCLG, 2015).
The constraints on space requirements in the
LED scenario stem from its emphasis on ‘living in
the city’ in the Global North owing to substantial
improvements in urban air quality and mobility
resulting from progressive planning decisions
already being trialled today (such as Barcelona’s
superblocks; see Bausells, 2016). Urbanisation
in the Global South continues, but urban sprawl
is contained, leading to greater densification
and a continued shift towards multi-occupant
dwellings (flats and apartments) in the compact,
Figure 9

connected and clean cities outlined in the recent
report by the Coalition for Urban Transitions
(2019). This also aligns the LED scenario with
SDG 11 on sustainable cities and communities.
As an example of the potential within countries,
in the US in 2018, an average single-family unit
was 240 m2, but the average for a new home
in a multiple-occupancy building was 108 m2
(USCB, 2019).

4.1.3 Longer-lived buildings
Under the LED scenario, demolition and
replacement rates decrease from current levels
in both the residential and commercial sectors.
This is in part driven by the fact that decisionmaking during the construction and renovation
of buildings is being rebalanced away from its
current focus on capital costs to take better
account of lifetime costs (Menzies, 2013). This is
similar to the trend seen in the automotive sector
and the growth of electric vehicles (see, for
example, Palmer et al., 2018).
Another contributor to longer building
lifespans is an increased focus on far higher
levels of energy efficiency (which can be more
capital intensive than alternative, less efficient
construction choices) and global recognition of

Illustration of housing footprints (m2 per capita) for new houses built in different countries

France
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Australia
Canada

Japan
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LED
Average
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USA

Germany

Note: Data limitations mean this graphic should be considered illustrative only.
Source: Shrinkthatfootprint.com (n.d.); UNDESA (2019).
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Hong Kong

China

4.1.4 Impact on construction activity

the need to reduce embodied emissions in order
to meet the Paris climate-change goals. Policy
that supports renovation over demolition and
new construction is already beginning to emerge:
the city of Stockholm recently introduced
legislation requiring developers who want to
demolish a building to carry out a life-cycle
assessment to demonstrate that the new building
will result in a lower carbon footprint than could
be achieved through renovation (J. Jarvinen, pers.
comm., 2020).
Average building lifespans are assumed
to increase in line with those set out in the
IEA’s recent report on material efficiency
(IEA, 2019a). This projects average lifespans
of 80 years for the residential sector and
50 years for the commercial sector (up from
50 and 30 years, respectively, today), with the
global average essentially converging on values
observed today in western Europe (IEA, 2019a;
2019b; Johansson et al., 2012). This marks a
considerable deviation from current practices in
rapidly growing construction sectors: average
lifespans in China, India and Brazil are currently
less than 35 years (IEA, 2019a).

We have so far discussed the impact of the above
factors on the total floor area of residential and
commercial buildings, but to understand the
impact on demand for construction in 2050, we
need to calculate the construction activity this
will entail. This is a combination of net additions
(to satisfy the global increase in floorspace) and
replacement buildings, which have no impact
on total global floorspace. Under the scenario
modelled here, using the assumptions detailed
above, net construction activity in the residential
and commercial sectors in 2050 is 48% and
66% higher, respectively, than in 2020. As noted,
infrastructure activity, which is largely beyond
the scope of this analysis, is considered to grow
proportionally with building construction
activity. Figure 10 shows how we interpret
construction activity to grow under the LED
scenario, with the above-mentioned replacement
(demolition + new construction) rates.14 In
both the residential and commercial sectors,
replacements form a smaller part of total activity
in 2050 than in 2020, reflecting the increase in
average building lifespans over the period.

Figure 10 Construction activity in the residential and commercial sectors 2020–2050 for longer-lived buildings
Net additions
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Source: Authors’ calculations based on Grubler et al. (2017)
14 We neither provide activity comparisons to other projections nor disaggregate beyond the global data, as we could
not find replacement rates for the alternative scenarios and only have a global aggregate for the construction sector’s
consumption of plastic.
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4.1.5 High-level impacts on demand
for plastics

improve energy efficiency, which play a key role
in extending building lifespans under the LED
scenario. Other things being equal, an increase
in renovation could be interpreted as leading
to an increase in plastic use. However, as we
will see in the following sections, most plastic
use is for building aspects that are unlikely to
be replaced during renovation (insulation, for
example) or for which there are readily available
non-plastic substitutes (for example, uPVC
windows). This leads us to discount the potential
increase in plastic demand caused by an increase
in renovation rates.
In addition to these changes in activity, the
LED scenario also proposes various ways in
which the intensity of use by the construction
sector may be decreased, by reducing the
demand for the services plastics provide
(further dematerialisation) and through
substitution with other products (covered in the
following section).
One suggestion relates to densification. A shift
from single-family homes to multiple-occupancy
buildings significantly decreases the number
of roofs and exterior walls per dwelling. This
could reduce per-home demand for insulation,
roofing materials and external door and window
profiles compared with continued building of
single-family homes. Similar approaches could
be taken to reduce per-home or per-business
requirements for piping and cabling as part of
the strategies to optimise building design to
improve material efficiency set out in Figure 11.
There are also clear opportunities for the direct
reuse of serviceable plastic materials that can
be harvested from demolition and renovation
projects (insulation, for instance). Despite
their obvious potential to reduce the demand
for plastic materials, we have been unable to
quantify their impact.

The consumption of plastics by the construction
sector is a function of construction activity
(m2 added or replaced) and the plastic intensity
of that activity (the amount of plastics used per
m2 added or replaced). Recent growth in plastics
consumption by the construction sector has been
driven by growth in both factors.
The LED scenario implies that annual
residential construction activity in 2050 will be
22% higher than in 2015 and 34% higher in the
commercial sector. This would correspond to an
increase of 26% for the sector overall compared
with 2015 (the latest data available on sectoral
plastics consumption). Crudely, if the intensity
at which plastic was used in 2015 continued to
2050, this would result in a construction sector
that consumed 82 Mt of plastic in 2050. For
comparison, annual growth of 3%, as assumed
under the BAU scenario (which combines growth
in construction activity and plastics intensity),
would result in plastics consumption of 183 Mt
in 2050. Thus, the decrease in construction
activity in the low-plastic consumption scenario
presented here, compared with BAU, would
reduce construction-sector demand for plastics
by 55% if intensity remained unchanged.15 For
comparison, the growth assumed under the
BAU scenario is considerably lower than many
short-term market forecasts, which project
annual growth of 5.4% (Market Insight Reports,
2019) to 6.9% (SBWire, 2019) for plastics in
the construction industry – itself slated to grow
by anything from 4.2% (Research and Markets,
2018) to 7.1% (Damodaran, 2019) a year over
the next five years.
These figures only capture new construction
activity, but plastics are also used today in
building refurbishments, including retrofitting to

15 The LED scenario assumes a uniform dematerialisation factor (-50%) for all plastics derived from fossil fuels (see
supplementary material to Grubler et al., 2018: 62). We do not include this top-down factor here, as our focus is on
looking at sectoral opportunities for reducing plastic demand from the bottom up.
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Figure 11

Material efficiency strategies across the building construction value chain
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4.2 Alternative ways to meet
construction demand for plastic
materials in 2050

commercially available in many markets, many
predating the introduction of PVC. Steel-framed
windows are often a popular choice in the
commercial sector and are increasingly used in
boutique residential designs (see, for example,
Dynamic Architectural Windows and Doors,
2012). Around half of leading window installers
in the UK offer timber or aluminium frames
alongside uPVC options for double- and tripleglazed windows and doors (The EcoExperts,
n.d.). Although PVC profiles are often marketed
for their durability, Figure 12 illustrates that
both timber and aluminium-clad timber frames
tend to have considerably longer lifespans if
they are adequately maintained (Menzies, 2013).
Technology developments are helping to extend
the lifetime of uPVC windows in some areas, but
average service lifespans remain close to the top
end of the range cited by Menzies (2013) (see, for
example, ETool Global, 2015; NBS National BIM
Library, n.d.). This generally means that while the
initial capital outlay for uPVC windows is lower
than for alternatives, over the whole lifespan of a
building renovation (typically 50–80 years) they
are considerably more expensive (Figure 13), as
they will need to be replaced sooner than those
made from other materials (Menzies, 2013).

In addition to reducing demand for plastic
materials through dematerialisation and reuse,
it is possible to use alternative materials or
methods to meet demand for plastics. The range
of proven substitutes suggests there are no
technological barriers to the direct substitution
of plastics for profiles, pipes and tubes, flooring
and insulation products with non-plastic variants.
This is echoed in a recent publication by global
engineering services company WSP (McGarvey
et al., 2019). For cabling, the use of non-fossilderived alternatives is possible, but they are
currently produced on a relatively small scale.
For liners, there are no suitable substitutes as yet,
but non-fossil-derived options are currently being
pursued and should be technologically realised
by 2050. Each of these key uses of plastic in the
construction sector is explored in more detail in
the following sub-sections.
Normal body font
Bolder body font

4.2.1

Profiles

Alternatives to PVC profiles include wood
Key boxsteel and aluminium, which are already
(timber),
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Figure 12

Whole-life cost (net present value) of installing different window frames
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Figure 13

Service life of window types, as reported in industry literature
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For non-frame uses (such as fascias, soffits
and cladding), wood, fibre, cement, steel and
aluminium are already used in place of PVC
profiles (Biatz et al., 2004).

4.2.2

alternatives are available. We note that acceptance
and use of different materials for piping applications
varies significantly from country to country. A
review of US water mains found very little HDPE
(0.5%) in use there (Folkman, 2018), while it was
the most common option in China (Zhanjie, 2014).
Elsewhere, another report found there was little
interest in plastic pipes for water mains overall in
the UK, Germany and France (Zoran, 2016).

Pipes, tubes, gutters and fittings

Alternatives to plastics for piping, tubing and
guttering vary by application. Table 3 illustrates
the main uses of plastic in these sectors and where
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Table 3 Plastic uses and alternatives for different pipe requirements
Use

Current use

Non-plastic alternatives
already in use

Reference

Small-diameter water pipes, including
hot/cold/potable (domestic, commercial,
light industrial) (up to 3 inches diameter)

Common (PVC and PP)

Copper, stainless steel

Biatz et al., 2004

Medium- and large-diameter pipes
(3–12 inch and 12+ inch) for cold water,
sewage and other fluids (such as natural
gas) at low to moderate pressure, electrical
and communication cables

Common (PVC, HDPE)

Asbestos cement, cast iron,
ductile iron, steel, vitrified
clay, concrete

Folkman, 2018;
Zoran, 2016;
Muñoz, 2016

Guttering/downpipes, soil pipes

Common (PVC)

Aluminium, steel, copper,
wood, non-guttering waterdispersal systems

Citywide Gutters
and Exteriors, 2015;
Rainhandler, n.d., Wood
Gutters, n.d.

4.2.3

Flooring

research into the potential of creating insulation
from wheat, rice, maize, sawdust, date palm,
cotton, sunflower, hemp, sugarcane, bark and
bamboo residue (Muthuraj et al., 2019).

There is a wide range of alternatives to PVC
flooring, depending on the application. Examples
include (Biatz et al., 2004; Green Building
Supply, n.d.):
•
•
•
•
•
•
•
•

4.2.5 Cabling
Almost all cable insulation and sheathing is made
from plastic. Historically, bitumen-impregnated
paper and natural rubber were used, but both
have been superseded by synthetic materials
(OElectrical, n.d.). Most cables are protected
with the plastics discussed here (particularly
PVC and PE), but many others can also be used,
including silicones, synthetic rubber and plastic
materials such as polytetrafluoroethylene (PTFE),
nylon and fibreglass (plastic materials reinforced
with glass fibres) (Webro, 2016; Grainger, n.d.).
All of these alternatives are partially or wholly
derived from fossil fuels, so not considered
suitable substitutes.
The polyamide biopolymer Rilsan PA 11 is
100% renewable and derived from castor oil,
however, and has reportedly been used for cable
sheathing for 50 years, offering benefits over
conventional plastic types, such as resistance to
termites (Arkema, n.d.). It is likely that other nonfossil-fuel options exist, albeit in niche markets.

marmoleum (bio-linoleum)
wood and wood panels (non-plastic composites)
cork
concrete
ceramic tiles
stone
rubber
carpet (non-plastic).

4.2.4

Insulation

A large number of non-plastic insulation
materials are already available. Stone and glass
wool are the main competitors in the insulation
market; combined, they have a larger market
share than EPS and PUR. The last decade has
also seen a substantial increase in the number of
biomass-based materials being reported as useful
insulation products (Asdrubali et al., 2015; Liu
et al., 2017; ASBP, n.d.). Some involve using
locally sourced, non-edible agricultural waste,
while others use bio-based materials recycled
from other sectors – such as fibres, which are the
focus of the EU-funded Sustainable Bio & Waste
Resources for Construction industrial–academic
collaboration (Construction21 International,
n.d). Many of these resources are globally
available and a recent paper cites various

4.2.6 Liners
The chemical composition of most liners
(LDPE and PVC) make them hydrophobic and
intrinsically useful as waterproofing agents.
With low demand for alternatives until now,
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there has been relatively little interest in creating
non-fossil plastic materials. For roofing, a major
use of polymer sheeting, the most common
alternative is roofing felt. However, a major
constituent of this material is bitumen, which
is derived from crude oil. Although this is not a
plastic, it is not deemed a useful substitute, as
the aim is to remove fossil-fuel-based materials
from the supply chain. The sustainability agenda
is accelerating research in this area and some
companies already offer lining materials mainly
constituted from recycled non-fossil materials,
with a much lower plastic content (for example,
the pro clima DB+ range; see Ecological Building
Systems, 2015). In addition, BMI, the world’s
largest roofing and waterproofing business, is

currently undertaking research with a view to
create ‘a 100% bio-based roofing membrane
… that is a true ‘drop-in’ alternative to existing
roofing materials’ (van der Berg, 2018).
If a direct substitute cannot be created from
biomass-derived products, it will be necessary to
create a similar product to today’s sheeting liners,
but based on recycled or non-fossil hydrocarbon
feedstock. To reduce the amount of virgin
materials used in these applications, most of the
material requirements would need to come from
recycled sources. One benefit of this is that plastics
used in liners generally have lower technical and
aesthetic requirements than those used in other
applications, potentially opening up a wider range
of materials that could be ‘downcycled’.
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5

Pathways to 2050
5.1 Technical possibilities for change

Achieving the 2050 vision would require action
in various parts of the sector over the next 30
years. This section is set out in three stages. The
first outlines some of the most important changes
the sector would need to make to achieve the
2050 vision and when these will be technically
possible. The second provides a brief analysis
of current trends in the sector and whether
these are moving towards or away from the
low-plastic-demand scenario. The third builds
on these trends to provide a high-level politicaleconomy analysis that investigates what might
be done, and by whom, to shift the sector away
from BAU towards achieving the low-plasticdemand scenario in 2050. This includes outlining
the interests and incentives of various key
stakeholders that sustain BAU within the sector
and how these would need to change.

Table 4 lists key actions required to achieve the
low-plastics-demand scenario in 2050 and when
each of these actions will be technically possible.
This is distinct from when they are likely to
be implemented (which involves political,
economic and behavioural considerations).
Consistent with the approach in other reports,
we divide the actions into three degrees of
technological readiness, as follows:
•
•

possible now – changes that can be made
today with existing technology
possible soon – changes for which the
technological requirements are already
being developed and which typically require

Table 4 Indicated timescales for technical advances to achieve the low-plastic-demand scenario
Action

Possible
now

Substitute PVC profiles for alternative materials



Substitute PVC, PP, and PE pipes, tubes and guttering for alternative materials



Substitute PVC flooring for alternative materials



Substitute PS and PUR insulation for alternative materials



Possible soon
(by 2035)

Develop sustainable alternatives for cabling uses



Develop sustainable alternatives for sheeting/waterproofing uses



Include plastics in life-cycle assessment calculations and expand the scope to
cover cradle-to-grave emissions (for example, expand the minimum requirements
for reporting, see RICS, 2017: 29–31)



Establish embodied emissions targets for buildings and provide side-by-side
Environmental Product Declarationsi for plastic and non-plastic materials



Require new designs to include lifetime costs for buildings and components



Create urban master plans to build compact, clean cities and enact policies to
support their realisation



Possible later
(by 2050)

Note: Environmental Product Declarations provide standardised data on the environmental impacts of a product over its
life cycle.
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•

incremental advances in or repurposing of
existing technologies
possible later – changes that require
fundamental technological advances, which
may be at the concept stage of technological
development or require a plausible but
unrealised technological breakthrough.

easier to manufacture and install (requiring less
specialist knowledge). This latter takes on added
significance in view of the construction sector’s
chronic lack of investment in training (McKinsey
& Co., 2017). Plastic use may also have increased
because of regulation. In China, official mandates
to minimise the use of wood shifted demand to
uPVC profiles (Markets Insider, 2017).
Arresting this trend towards higher plastic
intensity is likely to encounter similar barriers to
other low-carbon building materials (Giesekam
et al., 2016). The construction industry is known
to be highly fragmented, conservative and slow
to adapt (McKinsey & Co., 2017; WEF, 2016).
The spread of new technologies is hampered
by a lack of knowledge transfer (WEF, 2016).
Economic incentives are often confounded by
persistent market failures (McKinsey et al., 2017)
and, in many countries, promoting change
through regulation often sees poor levels of
compliance (see, for example, CCC, 2019).

These actions are specific to plastics used in
the construction sector and complement those
set out in the synthesis report for plastics in
general (for example, to develop wide-scale
chemical recycling). These plastics-focused
technical actions also complement the broader
societal changes that would lead to the outcomes
envisaged in the LED scenario (clean, compact
cities) and the policy and sectoral trends
described in the following sub-section.

5.2

Directions and trends

5.2.1 Increasing intensity of plastic use in
new buildings

5.2.2 Composite materials

The construction industry is becoming more
plastics-intensive; its demand for plastic materials
has increased faster than construction-sector
activity overall. On average, a new 100 m2
building today will contain more plastic than
a 100 m2 building completed in the past. This
is not universal, however. The IEA (2019a)
notes stark geographic differences in the
building materials used: local materials that
are not derived from fossil fuels are much more
common in Africa, the Nordic countries and
parts of North America and Japan than on new
developments in China, for example.
Much of this growth comes down to upfront
costs. Although their useful lives may be shorter
than those of non-plastic alternatives, plastics are
considered fit for purpose in most applications,
especially by construction firms. Yet, some plastics
may not be the most economic choice for the
end user. For example, while cheaper initially,
plastic components may need to be replaced
more often than non-plastic alternatives. This
difference in economic incentives between users
and suppliers is an obvious market failure.
Construction firms’ preference for plastics over
non-plastic alternatives is further compounded
by the fact that plastics’ uniformity makes them

A subsidiary of the major plastics trade body in
the US notes that all of the main plastic types
analysed in this study are routinely used in
composite materials (Green Building Solutions,
n.d.). The range of polymer binder and substrate
materials yields a very large number of potential
materials, each with different potential uses.
Current use of these bulk plastics in composite
materials is thought to be relatively small
compared with the uses discussed previously.
However, new composite products continue to be
launched and this area has substantial political
and commercial backing (see, for instance,
Composites Leadership Forum, 2016), suggesting
it could be a much more prominent consumer of
plastic materials in years to come. One notable
impact of growth of this area would be on plastic
waste, as the close integration of materials in
composites may prevent mechanical recycling
and complicate chemical recycling.

5.2.3 Fire safety regulations
The combustibility of plastic and the toxic
smoke released upon combustion has gained
considerable attention in recent years after
several tall-building fires linked to plastic-based
cladding (see, for example, BBC, 2017). An

34

investigation into causes of death in the Grenfell
Tower fire in London in 2017 pointed to PE
droplets from a composite fascia board, which
set light to PIR insulation boards, releasing a
toxic cocktail of gases that overwhelmed many
of the residents (McKenna et al., 2019). Recent
research has shown that the addition of flame
retardants, such as those used in plastic products,
may not prevent fire-related deaths – and may
even contribute to them. While fire retardants
delay ignition, they usually do not prevent it and,
instead, create far more toxic fumes – the leading
cause of fire-related deaths (Stec and Hull, 2011).
The same research showed that alternatives to
the plastic-based insulation materials, such as
glass wool or stone wool, did not catch fire or
release toxic materials when exposed to fire.
There is precedent for related policy: plastic-filled
cladding has been banned in tall buildings in
Germany since the 1980s (Davies et al., 2017).

Reducing embodied carbon by choosing lesscarbon-intensive materials has been facilitated
by the increased availability of comparable
Environmental Product Declarations and wholelife costs for construction projects (WEF, 2016).
Whole-life costing is now routinely carried out
in many countries, driven by developments in
building information modelling (BIM) tools (see,
for example, Bentley, 2015), the integration of
tools that assess environmental and financial
costs (such as OneClickLCA, n.d.) and national
standards like those issued in the US by the
National Institute of Standards and Technology
(Fuller, 2016).
Greater focus on the carbon footprint of
buildings, longer-lived buildings and wholelife costs could promote a shift towards
specification of components with a lower
carbon footprint. The decarbonisation of the
energy sector envisaged under the LED scenario
would make most alternatives to fossil-derived
plastic produced in 2050 less carbon intensive,
even for those materials with more carbonintensive production routes at present. As seen
in the energy-efficiency sector (Morrissey and
Horne, 2011), such approaches could reduce
the importance of upfront costs, helping to
overcome the higher capital costs faced by
many plastic alternatives. To date, this trend has
overwhelmingly concentrated on the emissions
embodied in steel and concrete, which are
mainly employed for structural purposes (such as
foundations, walls and load-bearing supports),
with many plastic components not considered
in minimum embodied emission analyses (RICS,
2017). This may be because the embodied
emissions in plastics are a small proportion of
a building’s total mass and, hence, its overall
embodied emissions. However, the recent WGBC
(2019) report explicitly mentions plastics,
suggesting a more holistic view that includes
plastics may soon emerge.

5.2.4 Embodied emissions and whole-life
costs
National and international groups are beginning
to advocate reductions in buildings’ embodied
carbon emissions – those involved in the
production and disposal of building components
– in addition to emissions released through use
(such as from heating and power). A recent
report by The World Green Building Council
(WGBC) (an international network of around 70
national green building councils) proposes targets
for new buildings to have 40% less embodied
carbon by 2030 and net zero embodied carbon
by 2050 (WGBC, 2019). The IEA has called
for a life-cycle approach to improve the design,
reuse and recycling of building components
and for ‘increasing material use data collection
and benchmarking’ and for ‘life-cycle CO2
emissions per m2 targets to promote low-carbon
buildings construction’ (IEA, 2019a: 1, 64). The
Embodied Carbon Review found more than 100
regulations and certification systems in place
across 26 countries that specifically address
embodied carbon, more than double the number
of regulations and certification systems five years
previously (Bionova, 2018). Even so, sustainable
building standards and their enforcement vary
from country to country and most people still
live in countries without any such standards.

5.2.5 Indoor air quality and toxicity
There is a growing awareness of the potential
impact of plastic additives and the materials
used to install them. Some types of laminate
flooring that contain the thermosetting
plastic melamine have been shown to release
formaldehyde at levels well in excess of indoor
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air-quality standards (CDC, 2016). Other studies
on newborn children report that phthalates
(suspected endocrine-disrupting chemicals) added
as a plasticiser to PVC flooring can be absorbed
by humans (Carlstedt et al., 2012).
Although such research findings are contested
(Blakey et al., 2012), the trend appears to be
towards phasing out plastics with toxic potential.
A recent review of the extent to which the
various health impacts of PVC could be mitigated
concluded that, ‘The totality of issues revealed
in relation to PVC presents a compelling case
for a call for complete elimination of use of this
material in sustainable construction’ (Petrovic
and Hamer, 2018: 1). The EU has already banned
the use of the most common phthalates and,
as Pecht et al. (2018: 6233) notes: ‘It is likely
that all phthalates will eventually be found to
be harmful and banned, since they all have the
same foundational composition.’ It is possible
to use more benign additives, yet it seems
equally possible that public opinion may turn
away from plastic materials altogether where
alternatives exist.

5.2.6

EIT, 2012). In the UK, it features in three of
the ten recommendations of the governmentcommissioned Farmer Review into how to
modernise the construction industry (Farmer,
2016) and is part of the Construction Sector Deal
with government to boost industry productivity
through innovation and training (BEIS, 2019).
Recent public procurement drives have prioritised
offsite manufacturing for housing and government
departments, partly in recognition of offsite
manufacturing’s potential to reduce buildings’
embodied carbon (London Assembly, 2017; IPA,
2018). Europe and North America are already
mature markets for offsite construction, and the
Chinese construction industry is accelerating its
spread throughout the industry (Dou et al., 2019).
Sector experience of the offsite construction
of timber building products could also apply to
plastic products and suggests there are three main
areas that could affect plastics in construction:
1. Offsite manufacture drastically reduces
wastage compared with on-site construction,
by eliminating off-cuts and precise designs
avoiding overspecification (House of Lords,
2019).
2. Offsite and modular construction can also
be combined with design for deconstruction,
increasing the reuse of any plastic materials
used (BRE, 2015).
3. Offsite construction also reduces the number
of decision-makers involved in any given
construction project and could give designers
much more control over the materials procured
for projects (as opposed to current models,
which often rely on individual contractors to
make these decisions) (Taylor, 2009).

Offsite construction

There are increasing signs that the construction
industry is beginning to transition towards
projects where building components are
prefabricated offsite and then installed, rather
than manufactured in situ. In the UK, the
technique became popular as a way to rapidly
building housing estates during the 1950s
(London Assembly, 2017), but it has expanded
more recently into the creation of bespoke build
with high sustainability levels and now accounts
for 7% of the industry’s value (Southern, 2016).
Prefabricated projects can yield considerable
benefits over traditional projects, both in
terms of cost and speed. Offsite construction
of a 50-storey office building in London saved
£36 million (7% of total costs) compared with
an on-site construction model (Southern, 2016),
while in China, in 2011, Broad Sustainable
Buildings famously constructed 93% of a 30storey hotel offsite and then assembled it in
15 days (Peiffer, 2016).
Offsite construction has received support
from international, national and subnational
agencies for many years (see UKCES, 2015;

5.3 High-level political-economy
analysis
5.3.1 The current situation
Plastics are used for a variety of construction
purposes, largely based on producer or supplier
choice rather than consumer demand or taste.
In many cases, plastics have been employed
to replace previously used materials rather
than to create entirely new products. Plastics’
relatively low cost and acceptable performance
in a wide range of contexts explain their
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continued prominence. Their diverse uses have
spawned thousands of supply-chain companies
that transform bulk plastic materials into
usable products for the construction industry.
Government policy on building materials
primarily targets building safety, while
environmental policies are overwhelmingly
aimed at incentivising energy efficiency to
reduce in-use carbon emissions, rather than
regulating the embodied carbon in building
materials. Even where embodied carbon is a
focus, the contribution of plastic materials is
usually overshadowed by that of steel and cement
used in features such as walls, foundations and
load‑bearing supports.

5.3.2

alternative policies could include ‘construction
permitting fees, impact fees, and targeting
subsidies to buildings that provide positive
externalities’. These could be informed by detailed
case studies of actions taken by EU countries to
progress towards the bloc’s Near-Zero-Energy
Buildings standard (Toleikyte et al., 2016) and
be enmeshed with building codes, such as those
that already exist in at least 111 countries (FM
Global, 2016). Public procurement policies could
lead the way and encourage industries to provide
alternatives to plastic, for example, by regulating
the use of plastics in new public housing or
office developments. Here, governments could
draw on existing initiatives, for example, the
UN-led One Planet Network (n.d.), which
includes workstreams for both Sustainable
Buildings and Construction, and Sustainable
Public Procurement.
As mentioned, there are growing calls on the
construction industry to account for embodied
emissions, not just energy efficiency, in reducing
the carbon footprint of buildings. Achieving the
2050 vision requires complementing the visibility
of a building’s carbon footprint with consideration
of its whole-life costs. Combined, these
approaches favour the construction of buildings
that are designed to last longer and be renovated,
rather than demolished and replaced. The recent
WGBC (2019) report provides a number of
suggestions about how this may be achieved.
There are other trends that could inspire a
move away from plastics, including concerns
over the fire safety of plastic building materials
and indoor air quality being affected by
volatile organic compounds used with some
plastic products (such as flooring). As with the
automotive sector, the low-plastic-consumption
scenario relies on the creation of densely
populated compact cities (and, thus, fewer
external walls/roofs per capita), so advocacy
for policies to disincentivise urban sprawl (as
discussed in the accompanying automotive
sector report) would be mutually supportive.
To this end, as a first step, the Coalition for
Urban Transitions (2019) suggests focusing on
the different tiers of government responsible
for policies on minimum lot areas, maximum
building heights, plot coverage ratios and
land‑use restrictions.

Pathways to change

A fundamental route to change in the
construction sector is to adjust the relative
cost of plastics and, in particular, make current
alternatives to PVC (such as wood, steel or
aluminium) relatively more economic. Some of
the pathways to these changes may come from
upstream changes, such as increasing the price
of fossil fuels as a feedstock for plastics through
national and international policies. Policies to
make plastics relatively more expensive may
be insufficient, however, and would need to
be supplemented with regulation that restricts
producer choice of building materials.
Over the past two decades, there has been
greater policy attention on the sustainability of
construction and building design. This has resulted
in a proliferation of policies aimed at energy
efficiency and reducing the environmental impact
of buildings (Harrison, 2017; Matisoff et al.,
2016). One of the more common types of policy is
a certification scheme to accredit buildings – such
as the UK’s Building Research Establishment
Environmental Assessment Method (BREEAM)
certification – for meeting environmental
standards, aimed at spurring demand from
environmentally conscious consumers.
All EU countries now have some form of
environmental performance certificate for
buildings (Arcipowska et al., 2014; European
Commission, 2014). One initial step towards
the 2050 vision is to expand these policies to
disincentivise the use of virgin plastic materials.
According to Matisoff et al. (2016: 343),

37

5.3.3

Obstacles

economic viability and sustainability of such
reforms is dramatically weakened.’ Adding
to this challenge is the fact that the costs of
environmentally unsustainable construction
are currently borne more by users (and society
at large) than the construction industry, an
issue that public policy will need to address
(CCC, 2019b).

Construction itself is clearly visible and,
as a result, the construction industry has
often been a target for activism, including
on the perceived environmental impact of
construction. The challenge, however, is to
make the environmental impact of plastics
used in construction more publicly tangible.
This is difficult, as the benefits of more
sustainable building materials in homes do
not accrue directly to consumers, even after
occupation (in contrast to other ‘green’
measures, such as energy efficiency, which can
be marketed as saving direct costs). In addition,
the environmental impacts of many plastic
construction elements are doubly overlooked
– their ‘invisibility’ limits their green signalling
effect for end users while, even for climateconscious construction firms, their carbon
footprint tends to be overshadowed by those of
cement and steel.
In addition, growth in demand for new
construction may be difficult to slow. Expected
growth in building floor area is concentrated in
the Global South, where construction is forecast
to continue apace (in China and India, in
particular) (GABC, 2016). The key, then, must
be to alter the incentives behind plastics usage
in new construction in emerging economies.
This is likely to face resistance from industry
trade bodies that often lobby for the use of
plastic products. This lobbying includes arguing
for plastics on environmental grounds, citing
their ability to reduce buildings’ energy demand,
or their lower carbon footprint than some
alternatives (see for example, Plastics Europe,
n.d.), narratives that will need to be countered
to achieve the low-plastic-consumption scenario.
In the United States, Harrison and Seiler
(2011) found that a greater rental premium
accrued to environmentally certified buildings
in liberal areas.16 As Harrison (2017: 91)
describes, ‘To the extent the adoption of
environmentally friendly, energy-efficient
building design and construction processes are
driven by ideological values rather than inherent
cost savings or productivity advantages, the

5.3.4

Building a coalition for change

A first step would be to push the green,
environmentally friendly and energy-efficient
building movement to take account of the
embodied emissions in plastic building
materials, for example, by including the
limited use of plastics in the criteria for the
‘green certification’ of buildings. Certification
policies also need to be expanded to and
institutionalised in those emerging economies
where new building construction is likely to
grow most rapidly. Chinese Green Building
certification systems, for example, are relatively
new compared with the Green Mark ratings
in Singapore, or the Energy Star or Leadership
in Energy and Environmental Design (LEED)
rating in the United States (Keitsch et al., 2012;
Zheng et al., 2012). Getting a commitment
to reduce embodied emissions into these
certification schemes provides an opportunity
to create visibility for the hidden environmental
benefits of reducing plastic use. ‘Green building’
advocates are, at least in theory, natural allies
of a plastics phase-out. While there are many
producers of plastic building materials, they are
relatively diffuse and dispersed, which may limit
their political resistance.
There is some evidence (Arcipowska et al.,
2014; Chegut et al., 2014; Deng and Wu,
2014; Eichholtz et al., 2012) that greencertified buildings offer economic value to
their owners, as the certification generates
demand. Campaigners could, therefore, build
on expanded certification policies, to make a
growing economic case to developers for the
use of fewer plastics in building construction.
They could also engage in public campaigns
to increase environmental consciousness

16 Democratic and Republican voting results from the 2008 Presidential election were used as a proxy for political ideology.
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on construction and, thus, signal the value
of a ‘green building’ to buyers, tenants
and occupants.
Longer term, however, the broad use of nonplastic building materials is likely to require
more than certification schemes that influence
consumer demand. Rather, policies will be needed

to influence the decisions of the construction
industry. This could include making non-plastic
alternatives more affordable than equivalent
plastic products, potentially through upstream
policy measures, or through direct regulation
that gradually limits the use of plastic materials
in construction.
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6
6.1

Outcomes in 2050
Material forecasts

consumption, respectively (Geyer et al., 2017).
Rather, we assume that the reduction in other
plastic types and additives is proportional to the
average reduction in bulk plastics. Table 5 details
the changes in consumption by plastic type. For
aggregated data, see Figure 1.

Our projections for the reduction in
consumption of virgin plastic products in 2050
compared with BAU are based on several steps.
The first is the reduction in activity compared
with BAU (55%), as set out in chapter 4. As
chapter 5 shows, the intensity of plastics use
in the remaining 45% may be decreased by
substitution. The extent will vary, depending on
use and the availability of alternative materials.
Most plastic uses in construction have
readily available non-plastic substitutes, which
can be substituted entirely from a technical
point of view. Two major uses of plastic in the
sector do not yet have ‘drop-in’ substitutes:
waterproofing and sheeting materials, and
cables. For simplicity, in our material forecast,
we include all cables under PVC and all sheeting
under PE. Technically, therefore, the demand for
most plastic types (PS, PP, PUR, HDPE) could
be avoided completely, as could most of the
demand for PVC and LDPE. Absent any other
data, in cases where alternatives are not already
commercial competitors, we conservatively
assume that the existence of some non-fossil-fuel
plastic alternatives (cabling) and active research
by market leaders into substitutes (liners) could
enable half of demand to be met by non-plastic
sources in 2050. The remainder would need to
be met by plastic material that was (in order
of preference) reused,17 mechanically recycled,
chemically recycled or derived from nonfossil sources. We carried out no analysis on
additives or ‘other’ plastics used by the sector,
which account for 6.5% and 2.5% of total

6.2 GHG emissions and
sustainability considerations
Reducing the consumption of virgin plastics
in this way could reduce GHG emissions by
as much as 300 Mt CO2e in 2050, equivalent
to a 97% absolute reduction. The scale of any
reduction will depend on the effectiveness
of controls to limit the GHG intensity of
substitute materials (for example, to avoid
creating emissions through land-use changes)
and decarbonisation efforts throughout the
value chain (in transportation and end-of-life
disposal, for instance). Estimating net changes
will require comparisons based on service
requirements, rather than other metrics (for
example, GHG emissions per unit of service
rather than per kilogram of material). Where
using alternative (including recycled) materials
also creates GHG emissions, the net reduction
in GHG emissions from avoiding virgin plastic
use will be smaller. Conversely, alternative
materials that act as carbon stores, such as
products derived from timber and agricultural
residue, could yield larger net reductions in
GHG emissions.
Five of the six substitutes considered by
McGarvey et al. (2019) for plastic construction
products using today’s technologies resulted

17 The long lifespan of products in the construction sector may limit opportunities for direct reuse, so we do not consider
it explicitly here (we include it in our estimate of reduced demand). Examples of direct reuse include insulation removed
from deconstructed buildings or sheeting used for temporary industrial purposes (such as lining or covering earthworks).
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Table 5 Estimated change in fossil-fuel plastic demand in 2050
Use

Plastic
type

Mass under
BAU (Mt)

Reduction due to
55% decrease in
activity vs. BAU (Mt)

Reduction due to
substitution
%

Mt

Change vs.
BAU (Mt)

Residual
plastic
demand (Mt)

Profiles

PVC

31.6

–17.4

–100

–14.2

–31.6

0.0

Pipes, tubes, fittings

PVC

25.7

–14.1

–100

–11.6

–25.7

0.0

HDPE

30.0

–16.5

–100

–13.5

–30.0

0.0

PP

10.9

–6.0

–100

–4.9

–10.9

0.0

PVC

8.2

–4.5

–100

–3.7

–8.2

0.0

PS

20.0

–11.0

–100

–9.0

–20.0

0.0

PUR

21.8

–12.0

–100

–9.8

–21.8

0.0

Cabling

PVC

8.2

–4.5

–50

–1.8

–6.4

1.9

Waterproof liners

LDPE

10.0

–5.5

–50

–2.3

–7.8

2.3

12.0

–6.6

–87

–4.7

–11.3

0.7

Other

4.5

–2.5

–87

–1.8

–4.3

0.3

Total

183.0

–100.6

–87

–77.3

–177.9

5.1

Flooring
Insulation

Additives

Note: Totals may not sum due to rounding.
Sources: Authors and Geyer et al. (2017)

6.3

in net reductions in GHG emissions.18
However, assessing the GHG impacts in detail is
beyond the scope of this study, not least because
much of the data required for our purposes (in
2050) does not exist. Our focus on 2050 also
cautions against making comparisons using
current life-cycle data, as production systems in
2050 – especially energy-production systems,
which are a key driver of life-cycle GHG
emissions for manufactured products – under
the LED scenario are vastly different to those
today. Our primary focus on virgin (rather than
recycled) plastics relates specifically to their
embodiment of fossil carbon in the truest sense
of the word, which is not a feature of many
other building materials.
In addition to any impacts on GHG emissions,
any substitution consideration would also need
to include a full range of sustainability elements
such as other environmental pollutants and
social impacts.

Waste

Geyer et al. (2017) model plastics use in
construction based on an average lifespan of 35
years and estimate current (2015) plastic waste
production by the construction sector at 13 Mt
(20% of consumption). As Figure 4 in chapter 2
indicates, this average lifespan includes a broad
range of plastic types and uses. We assume
that, in 2050, plastics recycling is carried out
holistically across all sectors. Geographically,
we assume waste is produced in proportion
to demand for new (mainly recycled) plastic
materials. Without data on what plastics are
used for what purposes in what regions today,
we are unable to project disaggregated wastegeneration profiles for 2050. The long lifespan
of plastics in the sector suggests that legacy
plastics will play an important role in wastegeneration rates. Thus, we do not assume a
constant turnover factor for the construction

18 Non-plastic alternatives considered for windows, hard flooring, carpet, cladding and guttering had smaller carbon
footprints, based on production processes today. The only non-plastic alternative that had a larger carbon footprint,
based on today’s production processes, was a cork-based insulation product, though the calculation did not account for
carbon sequestered within the cork during the growing process.
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sector as we do with other sectors. Rather,
noting the 35-year average lifespan, we assume
that the amount of waste for each plastic type

generated by the construction sector in 2050
will be equal to the amount consumed in 2015
(in other words, a total of 65 Mt).
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7

Conclusions

The construction sector is the second-largest
consumer of virgin plastic materials. This report
illustrates how and where plastics are used by the
sector and shows how more than 90% of demand
can be attributed to just six bulk plastics, primarily
PVC. Sectoral growth in the use of plastics has
stemmed mainly from plastic substitution of other
materials, born more out of choice than necessity.
For the construction industry, plastic materials are
typically cheaper, lighter and easier to install than
non-plastic alternatives. End users (namely, the
building’s occupants) are rarely responsible for the
specification of plastic products, many of which
are invisible. This allows the industry to choose
plastics over alternatives that might be preferable
from an end user’s point of view. The relatively
long lifespan of plastics in construction compared
with other sectors limits the amount of demand
that can be met from recycled plastic waste. Where
recycling infrastructure exists, downcycling or the
substitution of other materials appears to occur.
Our low-plastics-demand scenario illustrates
how the consumption of plastic construction
materials could be drastically reduced in 2050
compared with a BAU scenario, while making
substantial progress towards other SDGs. About
half the reduction in consumption would come
from a model of urbanisation that pivots away
from large single-occupancy buildings that are
demolished before the end of their useful life,
towards compact cities that prioritise renovation
and refurbishment. This would limit construction
activity in 2050 to 26% above current rates,
slowing growth in demand for all construction

materials (including plastics) compared with a
BAU scenario. The remaining reduction in demand
considered in this report would stem from reducing
the intensity of plastics use by substituting plastic
materials. For almost all of the major sector uses
of plastics, our analysis has found non-plastic
alternatives that are not derived from fossil fuels
and are available today. This clearly demonstrates
that it is technically possible to significantly reduce
the consumption of plastic construction materials
in 2050. Under the 2050 low-plastics-consumption
scenario, the combined reduction in plastic
demand could lead to a significant reduction in
GHG emissions.
The emergence of a broader sustainability
agenda within the construction industry and
growing awareness of the true costs of using
plastics across a building’s lifetime suggest the
potential to realise this reduction in plastic
demand. However, the combination of powerful
vested interests, the misalignment of producer/
builder and consumer incentives and a perceived
sectoral reluctance to change present significant
barriers to disrupting the forecast growth of
plastics in construction. Voluntary and mandatory
standards, better quality and more comparable lifecycle data, as well as shorter supply chains through
a shift to pre-fabrication, could focus attention
on making more sustainable construction choices
and reduce plastic demand. Various players within
the sector are already promoting action on each
of these issues. The challenge will be to coordinate
and scale up these efforts to move them from the
fringes to the new status quo.
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