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EXECUTIVE 
SUMMARY

We expect increased regulation to: 
• reduce the annual growth rate of virgin plastics 

demand from the recent annual rate of 3.5-4.0% 
to 1.1-2.5% over the next decade, depending on 
the extent of the new regulations, 

• increase plastics recycling, 
• impose extra cost burdens on makers and users 

of plastics, and 
• thereby threaten industry profitability.

Plastics manufacturers 
are only just beginning 
to react to this threat and 
the stock market seems 
not to have significantly 
discounted it.

Marine plastic pollution 
will increase from the 
already unacceptable 
level: the plastics already 
in the oceans will only 
break up but never go 
away, and new plastic 
waste will enter the 
oceans.

Pressure to restrict 
plastic consumption 
and encourage recycling 
will increase: the timing 
and extent of regulatory 
tightening are uncertain 
but this trend is already 
evident.

The more severe future 
regulatory environment is 
a major long-term threat 
to the world plastics 
manufacturing industry.
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Report Conclusions
The amount of waste plastic in the 
oceans, especially from Single-Use 
Plastics (SUP), is likely to grow at the 
current rate, probably about 10 mn 
Tpa, - or even more quickly UNLESS 
waste reduction practices are speedily 
implemented. 
There are two main ways of reducing 
the amount of plastic waste entering 
the oceans:
1. Use less plastic.
2. Collect and securely dispose of a 

greater proportion of the waste 
plastic before it enters the oceans.

1 requires changes in consumer 
behaviour and also by companies 
which use SUP (e.g. makers of FMCG – 
fast-moving consumer goods, such as 
beverages).
2 similarly requires changes in consumer 
and corporate behaviour but also 
investment in new infrastructure and 
the development of new technologies to 
collect and recycle the waste.
1 would result in less demand for 
conventional plastic resins.
2 would generate more collected waste 
which, if successfully recycled, would 
further reduce demand for virgin 
plastic resins.
Using more biodegradable or 
compostable plastic is unlikely 
significantly to reduce the rate at which 
the amount of plastic in the oceans is 
rising. The practical and cost problems 
with such plastics at their current state 
of development will likely cause them 
to have, at best, only a slight impact on 
the overall pollution problem.
Beach clean-ups have educational 
and publicity value but do not directly 
address the causes of plastic pollution 
and so will not solve the core of the 
problem.
The largest risks for investors in the 
plastics manufacturing industry, caused 
by marine plastic pollution, are the pace 
and extent of regulatory change aimed at 
the achievement of 1 and 2. The pressure 
to tighten regulations is already evident.
That threatens a crisis for the plastics 
industry. Dornbusch’s Law may apply:

The crisis takes a much longer time 
coming than you think, and then 
it happens much faster than you 
would have thought.

World demand for plastics is growing 
at about 3.5% annually in volume 
terms and, in the absence of external 
actions to slow growth, would likely 
continue to grow at this rate for the 
foreseeable future.

• Independent estimates made by 
other analysts are that the long-
term CAGR of demand for virgin 
plastics will fall from the current 
3.5% to about 3.0% because of 
environmental pressures.

• We think that increased regulation 
will cause a greater deceleration.

• We estimate that the 2018-2030 
CAGR for world virgin plastic 
demand growth will be between 
2.5% (best case for plastics 
producers) and 1.1% (worst case).

• Even so, the amount of plastic 
pollution in the oceans and 
so public pressure for action, 
including more regulation, to 
prevent additional pollution will 
likely rise, not fall, by 2030.

• Asia is seeing especially rapid 
growth in plastic consumption but 
is “behind the curve” in taking steps 
to counter plastic pollution, in part 
due to the lack of financial support 
to deal with the waste. 

Makers of plastic resins are just 
beginning to react to this threat, 
with Western companies being more 
proactive than Asian ones, but few 
concrete steps have yet been taken.
Larger, more diversified companies 
have more resources to devote to 
this threat (e.g. by developing new 
recycling technologies) but the impact 
of the threat is more severe for smaller, 
less diversified companies – especially 
those in Asia.
Equity markets seem not to have fully 
discounted this threat.
Plastics manufacturers heavily exposed 
to basic plastic resins will be most 
vulnerable to the likely slowdown in 
virgin plastic demand growth. 

• We measure this exposure by 
calculating “monomer ratios” 
for each company: the ratios of 
monomer production capacities to 
annual revenues.

• Monomers are the basic chemicals 
used in the production of most 
plastics, including the resins used 
in SUP.

• Major specialist resin makers 
like LyondellBasell, Braskem and 
SABIC have large such exposures.

• Plastics manufacturers based in 
East Asia, although often of smaller 
size than these industry leaders, 
also have large exposures to the 
threat of slower demand growth.

• The highest-volume producers 
of plastics tend to be widely 
diversified companies, like Exxon-
Mobil or PetroChina, so their other 
businesses cause their proportional 
exposures to the plastic resin 
market to be relatively small.

The manufacture of plastic monomers 
has been healthily profitable for 
the past two years. A cyclical short-
term downturn is now underway but 
longer-term expectations are still 
positive. Disappointment with long-
term earnings is likely if demand 
suppression results in long-term 
oversupply of plastics.
Plastics manufacturers which can 
exploit the opportunities presented by 
technological and regulatory change 
to recycle used plastics could be major 
“winners” in the plastics industry over 
the next decade or two.

• It is not yet clear which companies 
will succeed in recycling.

• Investors should therefore monitor 
developments carefully.

WWF’s Global Position
“An effective global response to this crisis 
requires a comprehensive international 
treaty with clear obligations and 
responsibilities to prevent and control 
marine plastic pollution. It must include 
ambitious targets, binding measures and 
sufficient support mechanisms. Such an 
agreement will coalesce the efforts of 
member states for tackling the problem 
of marine plastic pollution, establish a 
measure of accountability and provide 
non-governmental actors, including 
businesses, a level playing field and a 
harmonized legal framework against 
which to measure performance.”

Improved regulation, and especially 
improved international regulation, is 
in the economic interest for an investor 
in a circular economy. A level playing 
field and harmonization of regulations 
across borders also improves economic 
efficiency, as a company would then be 
facing similar requirements in different 
countries. As such, responsible investors 
should support new global regulations 
on plastic pollution, as it would be in 
their best interest over the long term.

Investor Actions
1. For all investee companies: 

encourage them to: 

• Reduce the amount of plastic they 
use, 

• Reuse that plastic, and 

• Recycle waste plastic and support 
improved collection and disposal 
of waste plastic.

2. For investee companies in the 
plastics manufacturing industry:

• Encourage them to develop 
and use new plastic recycling 
technologies.

• Ask them to disclose their plans to 
cope with the likely deceleration of 
growth in virgin plastic resin sales 
caused by technological change 
and tighter regulations against 
plastic pollution.

• Revise investment strategies to 
reflect the risk of decelerating 
demand on plastics manufacturers 
whose policies to cope with that 
risk are inadequate.

• Revise investment strategies 
to reflect the risk of additional 
taxes or other financial penalties 
being imposed on the plastics 
industry because of increased 
public concern over waste plastic 
pollution.

3. Encourage investee companies 
which use plastic packaging (e.g. 
beverage bottlers, retailers) to take 
responsibility for dealing with their 
waste and to introduce extended 
producer responsibility schemes. 
This could include simplifying 
packaging designs and reducing the 
overall amount of plastic packaging 
used in order to facilitate recycling 
and reduce plastic consumption.
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Figure 1: Monomer ratios for major plastics makers

Company Stock Code Main Operations Monomer Ratio Market Cap (US$ bn)
Korea Petrochemical 006650 Asia 75% 1.0

Lotte Chemical Titan TTNP Asia 52% 2.4

Braskem BRKM5 Americas 46% 11.4

LyondellBasell LYB World 34% 32.3

Lotte Chemical Corporation 011170 Asia 30% 8.9

Petro-Rabigh PETROR Middle East 25% 4.7

SABIC SABIC World 23% 99.3

Westlake WLK Americas 20% 8.9

PTT Global Chemical PTTGC Asia 19% 9.6

Mitsui Chemicals 4183 Asia 18% 5.2

Formosa Plastics Group 1301 Asia 16% 21.8

DowDuPont DWDP World 6% 76.1

LG Chem 051910 Asia 14% 23.0

Showa Denko 4004 Asia 14% 5.0

Reliance Industries Limited RIL Asia 10% 121.2

Tosoh Crop 4042 Asia 10% 5.0

BASF BAS World 6% 76.1

Mitsubishi Chemical 4188 Asia 4% 11.0

ExxonMobil XOM World 4% 339.4

Sinopec 386 Asia 4% 106.3

Shell RDSA World 3% 306.9

PetroChina 857 Asia 2% 199.4

Sources: Bloomberg (Nexant Inc), company reports and interviews.
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Marine plastic pollution is 
continuing to grow, even though 
public awareness of the problem 
is increasing and, with it, 
public pressure to prevent that 
pollution. Consumers adopting 
"reduce, reuse and recycle" will 
help to reduce plastic pollution. 
Increasing regulation, as well as 
additional taxes and subsidies, 
will support and stimulate these 
changes in behaviour. 

THE PROBLEM
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People are increasingly aware of and keen to reduce marine plastic pollution 
because:

• This pollution is unsightly and damaging to wildlife.

• It now threatens the human food chain.

Each year, about 10 mn T of new plastic pollution is added to the oceans.

There is no effective mechanism to remove plastic from the sea and it will only 
break up but never go away, so the total amount of plastic in the sea (estimated 
at 150 mn T now) will inevitably rise in future.

Public concern about marine plastic pollution is likely to increase.

The plastic pollution problem is especially severe in Asia, where plastics production is 
growing more quickly than in the developed world.

Much of this plastic pollution comes from single-use plastics, which are at the 
centre of efforts to reduce consumer-driven marine plastic pollution.

Plastic pollution can be reduced by: 

1. Consumption of fewer plastic items (e.g. less plastic packaging).

2. Re-use of existing plastic items (e.g. shopping bags).

3. Collection of a greater proportion of the world's plastic waste, together with

4. Increased recycling.

Plastic is a major and growing consumer of oil and gas so the pressure to 
conserve these will also encourage reduced plastic consumption.

Items 1 and 2 will be driven by governmental regulation and user incentivisation 
(taxation or subsidies).

Items 3 and 4 require similar support from regulation and incentivisation 
(including public sector investment) and also require development of new 
technologies.

Regulation and incentivisation are in their early stages with future details 
unclear and undecided but both are likely to increase rapidly in the next decade.

Plastic recycling is difficult and expensive. It currently has only a slight impact 
on usage of plastic and demand for plastic. We estimate it will have a modest 
impact in the next decade.

Cost and performance problems with biodegradable and compostable plastics 
make them likely to have little impact on the plastic pollution problem for the 
next decade.

Plastics makers, especially in the developed world, are increasingly aware of the 
marine pollution problem and its threat to their operations but have yet to take 
actions sufficient to counter that threat.

Asian plastics makers seem to be experiencing less external pressure on the 
plastic pollution issue and are laggards to their Western peers in reacting to that 
threat.

Equity markets also seem not to be fully discounting the risks of tighter 
regulation.
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Figure 2: Level of NGO campaigning and public interest 
(Google searches) in the plastic pollution issue. 

Source: Sigwatch19

One of the greatest changes in daily life over the past century is the usage of 
plastics – almost unknown at the start of the 20th century but ubiquitous in 
the 21st. They are enormously useful materials and are widely used in many 
applications. They contribute to many improvements in human existence, 
from reduction of food waste (by providing better packaging) to reduction of 
carbon dioxide pollution (by reducing the weight of motor vehicles). It is hard 
to imagine how advanced societies could function without them. Plastics will be 
part of our lives for generations to come.

However, there are also negative aspects to plastics, centred on their resistance 
to decay. 

1. Discarded plastics remain in the environment forever and disfigure the 
natural world. 

2. Clean-up costs are a financial burden to society while the presence of plastic 
pollution may reduce tourism revenues. 

3. Plastic is entering the human food chain as fish eat smaller fragments of 
plastic (“microplastics”- often almost invisible to human observers yet already 
a massive presence in the oceans) and, in turn, are eaten by people.

In the past two years, public awareness of the presence of plastic waste in the 
oceans has increased sharply. That waste is also painfully evident to visitors to 
our coasts. 

The pressure to “do something” to eliminate this pollution from waste plastic 
is rising quickly (Figure 2). When the Financial Times considers this worthy of 
editorial comment, that pressure to act must be already large1. The most obvious 
consequence of this pressure is the movement of developed Western societies to 
reduce or eliminate plastic from everyday, disposable applications: single-use 
plastics (SUP). This is a trend that is likely to continue and it implies increasing 
pressure on the makers and users of plastics to reduce plastic waste – and so, 
probably, to reduce plastic consumption.

This report discusses the impact on the plastics makers of this emerging trend.

Introduction: Plastic is useful but 
waste plastic pollution is ugly

The SUP pollution problem is 
going to get worse, not better

So will public concern about 
marine pollution

Plastic pollution is especially 
severe in Asia

Pollution can only be reduced by 
using less plastic and recycling 
more waste plastic

Consumer behaviour needs to 
change

Increased regulation is on the way

Recycling is more a long-term 
than near-term solution

Biodegradable plastics are not yet 
a significant part of the solution

Plastics makers know that the 
problem exists but have yet to act 
to remove it

Asian makers lag the awareness of 
Western makers

Equity markets have not 
discounted the risk

Plastics are enormously useful…

… but they don’t decay naturally 
so waste plastic is a pollutant

Public awareness of the problem 
creates pressure for action against 
plastic pollution…

… and public concern is rising 
quickly
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The amount of plastic waste entering the oceans from land each year in 2010 
was estimated to exceed 4.8 million tonnes (mn T) and may be as high as 12.7 
mn T20. We doubt that the annual inflow has fallen since then. Total plastic 
waste in the oceans is estimated to be about 150 mn T2 and is estimated to reach 
500 mn T in 2050 by the IEA, if current trends and policies continue3. The IEA 
report suggested that the current level (which it estimated at about 100 mn 
T) is “unacceptable” so it is hard not to think that 500 mn T will be even more 
unacceptable.

Once the plastic is in the oceans, it mostly stays there. It will be broken up into 
ever smaller pieces (“microplastics”) but there is no natural mechanism to 
remove even the small pieces from the water – other than being eaten by fish, 
which has negative consequences for humanity.  

This distinguishes the plastic pollution problem from another major 
environmental issue caused by humans: the increase in atmospheric carbon 
dioxide. There are natural mechanisms which remove carbon dioxide from the 
atmosphere (e.g. trees) so, if mankind was able to reduce its output of carbon 
dioxide below the level removed by those natural mechanisms, the overall level 
of carbon dioxide in the atmosphere would fall. Because there is no such natural 
mechanism to remove plastic from the oceans, every piece of plastic waste added 
to the ocean today is likely still to be there a hundred years from now – and we 
can only hope to maintain the total amount of plastic waste in the oceans if we 
add no more plastic waste AT ALL to the oceans hereafter. That is a desirable 
outcome but a very unlikely one. So, the amount of plastic in the oceans will 
continue to rise and the political pressure to “do something about it” will 
increase further.

The rise in oceanic plastic pollution is a particular problem for Asia. Figure 3 
shows that the main country sources for waste plastic entering the oceans in 
2010 were in East Asia, with China the largest single source. Some but not all of 
this pollution probably results from the recycling of imported plastic waste in 
these Asian countries. Waste may leak into the environment, either by accident 
(e.g. poor management of landfills) or through deliberate action (e.g. illegal/
unauthorised dumping). China’s recent ban on imported plastic waste and the 
similar regulations being studied by other Asian countries are likely to reduce 
the Asian import of rubbish and so reduce Asian’s gross contribution to the 
plastic waste problem – but may only shift the pollution problem back to the 
countries that have been shipping their rubbish to Asia. 
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Figure 3: Plastic waste entering the oceans, 2010

Source: Jambeck et al20

Figure 4: Where the plastic came from in 2014: 38% from Asia-Pacific
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and EPS. PET and PP are excluded from the analysis due to lack of region-specific data.

Source: UNEP21
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World ethylene production by region (indexed)

Source: Bloomberg (Nexant)

Apart from the problem of imported plastic rubbish, the above-average 
economic growth of Asia and the especially rapid growth of both plastic 
manufacturing and plastic consumption in Asia (see Figure 5 below)  suggest 
that indigenous plastic pollution is likely to rise in future.

UNEP data (Figure 4) shows that, even if imports are excluded, a great deal of 
the world’s plastic waste is generated in Asia. That proportion is likely to rise 
because of the above-average economic growth seen in Asia and so the likely 
increasing usage of plastic packaging.

Moreover, Figure 5 shows that the production of ethylene, one of the core 
components of plastics, has been growing more quickly in Asia (i.e. the Middle East, 
China and “Other Asia Pacific”) than anywhere else. If ethylene production has 
been growing relatively quickly in Asia, it is likely that plastics production has been 
growing more quickly in this region, too.

Plastic pollution: large, growing and 
especially problematic in Asia 

About 10 mn T of newly-created 
plastic waste enters the oceans 
every year

It adds to that already there 
because plastic does not decay

The earth can remove certain 
amounts of some other pollutants, 
such as carbon dioxide, from the 
environment – but not plastic

The amount of plastic waste in the 
sea is bound to increase…

… especially from sources in Asia
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Plastic rubbish originating from land-based users, rather than sea-based users (e.g. 
fishing boats) is estimated to represent 60-80% of all plastic rubbish found in the 
oceans4. Waste from the fishing industry (e.g. lost nets, foam floats) is a significant 
part of the rubbish from sea-based users: 27% of all beach litter in the European 
Union, according to the European Commission’s draft rules on SUP, released on 
28 May 20185, consists of fishing gear. 
Much of the rest of the plastic waste found in the oceans is SUP, such as 
packaging materials and plastic eating utensils:
• A survey of plastic beach waste in California found that most plastic waste (in 

volume terms - Figure 6) was related to packaging, especially for food, drink 
and other personal consumable items.

• The Ocean Conservancy analysis of the items collected in its 2017 coastal 
clean-up campaigns, which collect both plastic and non-plastic trash all around 
the world, showed similarly heavy weightings for plastic waste items, especially 
those used in packaging (Figure 7).

The different types of plastic resins used in products are indicated by marks on 
those products, shown in Figure 11 in Box A below. Because these resins have 
different physical and chemical properties, each is most suitable for specific 
applications. – e.g. PET is preferred for soft-drink bottles, HDPE for shopping bags.  

A number of different types of plastics are used in these “single use” 
applications. Each has different physical properties and is manufactured in 
different ways. This complicates their recycling: different types of SUP cannot 
be easily recycled together because of their differing physical properties (see Box 
A). The various types of plastic therefore have to be separated from one another 
before recycling can occur.

The types of plastic used in the various SUP applications are shown in Figure 8:

Plastic pollution in the sea and on the coast is unsightly. There are other problems:

I. The negative impact on the health of marine species is eye-catching and 
distressing to the general public. Widely-accessed media (e.g. the BBC’s “Blue 
Planet” series and the “A Plastic Ocean” film) have boosted public awareness 
of these issues. The likely continuing increase in marine plastics pollution will 
probably also increase public pressure to reduce marine pollution from plastics.

II. There are human health concerns about plastic waste. As it enters the marine 
food chain through fish or other marine species consuming plastic waste, 
especially microplastics, so the likelihood that some ends up in human 
food increases. The long-term impacts on human health of eating food 
contaminated by plastic waste are not yet clear. Those potential impacts are 
not caused just by the eventual human consumption of plastics originally 
eaten by marine species but also by the consumption of other potentially 
toxic materials which may have attached themselves to, been created from or 
been absorbed by plastic waste while in the oceans. It is unlikely that human 
societies will want to think of themselves eating plastic waste as part of their 
seafood, especially if there are real health dangers as well as the instinctive 
objection to eating plastic, so pressure to reduce plastic pollution for health 
reasons is likely to rise.

Public pressure to reduce marine plastic pollution is likely to increase over time.

Much plastic pollution is caused by SUP Plastic pollution is not one problem but 
a series of problems

Other consequences of plastic pollution: 
marine and human health may suffer

Rubbish created by individual consumers, rather than by industrial consumers, 
is the main cause of marine pollution.
Bags, drinks bottles and food utensils have attracted the greatest amount of 
recent public attention as marine pollutants and so are most likely to suffer from 
increased environmental concern in the near term. However, all applications of 
single-use plastic are likely to come under environmental pressure over the longer 
term because all have to be disposed of in some way after usage and that implies 
a risk of pollution.

Most waste in the oceans 
originates on land

Much of that waste is SUP
(Single-Use Plastic)

Public attention is focused
on SUP pollution

Plastic is not one class of pollutant 
but many classes of pollutant

Each class has to be separately 
recycled

Different types of plastic have 
different physical properties and 
so different applications, even 
within SUP

Plastic pollution is not just 
unsightly…

• It kills wildlife

• It enters the human food-chain 
and threatens human health

Public pressure to reduce plastic 
pollution will likely increase

Figure 7: 10 most 
common plastic 
items collected 
during 2017 world-
wide coastal clean-up 
campaigns (based on 
units collected)

Source: Ocean Conservancy23
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Figure 6: Plastic 
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Source: 5Gyres Institute22

Single-Use Plastic Application Resin Type
Bags, trays, containers, film for food 
packaging LDPE

Bottles, ice-cream containers, freezer bags HDPE

Drinks bottles PET 

Cutlery, plates & cups PS

Insulated items (cups, food packaging) 
and fragile packaging EPS

Bottle caps, ice-cream tubs, potato chip 
bags, microwave dishes PP

Note: See page 51 for the full names of the plastic resins listed in this table.
Source: UNEP21

Figure 8: Main 
single-use plastic 
applications and 
their constituent 
resins:
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Figure 9: Global Flows of Plastic Packaging Material in 2013

The obvious solution to plastic pollution is to collect waste plastic and recycle it. 
Apart from the physical differences in plastic types, there are numerous other 
reasons why this is much less straightforward than one might expect (See Box A 
for details). 
This is why so little waste plastic packaging material – only 14% in 2013 – is 
actually collected for recycling. Of waste plastic packaging material, 40% went 
into landfill, 32% was lost (presumed to be polluting the environment) and 14% 
was burnt (Figure 9).
Moreover, most of the plastic that was recycled experienced “cascaded recycling” 
(also known as (“open-loop recycling”), whereby it was used to make lower-quality 
plastics which could not be used in the applications where the original plastic had 
been used. This open-loop recycling is technically easier and financially cheaper 
than “closed-loop” recycling, which returns the recycled plastic to its original 
condition (e.g. allowing used drinks bottles to be recycled and turned into new 
drinks bottles). 

A warning about terminology
In discussions of plastics recycling, the word “recycling” is often used to imply 
different activities. It may mean:
• Closed-loop recycling. Most inexpert observers probably think that “recycling” 

always means closed-loop recycling but, as Figure 9 shows, this is a major 
misunderstanding.

• Open-loop recycling, which prevents plastic waste from entering the 
environment but does not necessarily reduce virgin plastic demand.

• The collection of plastic waste by a “recycler”, who may burn the waste or put it 
into landfill, rather than turn it back into other products.

In some cases, “recyclers” may be responsible for the unapproved or illegal 
dumping of plastic waste, instead of its safe disposal.
In the next chapter of this report, where we model the impact of recycling on 
demand for virgin plastic, we use the term “recycling” only for closed-loop 
recycling. We do not consider the burning of waste to be a form of recycling.
We expect closed-loop recycling to remain a minor method of plastic waste 
disposal for the next decade.
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98% VIRGIN
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4% PROCESS LOSSES

2% CLOSED-LOOP
RECYCLING1

8% CASCADED RECYCLING2

40% LANDFILLED

32% LEAKAGE

1 Closed-loop recycling: Recycling of plastics into the same or similar-quality applications
2 Cascaded recycling: Recycling of plastics into other, lower-value applications

Source: Project Mainstream analysis – for details please refer to Appendix A in World Economic 
Forum, Ellen MacArthur Foundation and McKinsey & Company, The New Plastics Economy — 
Rethinking the future of plastics, (2016, http://www.ellenmacarthurfoundation.org/publications).
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Lack of recycling: most plastic is not recycled Box A: Why plastic recycling is so difficult
The main problem with plastic recycling is that it is not  profitable and there 
is little incentive for anyone (consumers, government or industry) to pursue 
it. In addition, to date the burden of addressing the issue has fallen mainly on 
consumers and their behaviour, with less pressure put on the other components 
of the system – governments and businesses – to develop the infrastructure to 
resolve the problem.

For consumers, plastic recycling may seem very easy: just put your used SUP 
into a rubbish bin. For recyclers, the current mainstream recycling process 
(“mechanical recycling”) is vastly more complicated. The more complicated it 
is, the more it costs to recycle plastic (Figure 10). We have split the mechanical 
recycling process into three stages:

• Prevent littering
• Collect rubbish to keep it out of the environment 

(e.g. drains)
• Have consumers separate rubbish by type
 (e.g. metal, glass, paper, plastic) when disposing of it
• Have consumers wash rubbish before disposal

• Avoid accidental or deliberate discharge of 
collected waste into the environment

• Stop exporting rubbish to countries that cannot 
recycle it effectively

• Separate different types of plastic
• Separate different colours of plastic
• Recycling the same material more than a few 

times is difficult

Figure 10: How mechanical recycling works

Stage 1: Waste collection

Stage 2: Deliver to recycling facilities

Stage 3: Mechanical recycling

Result: Recycled plastic
Source: WWF

Stage 1: collection
Collection is the first major problem in plastic recycling. 

• It is hard to change consumer behaviour so that rubbish is always placed in 
bins or other receptacles, rather than dropped at random. 

• Waste plastic may also be put into drainage or sewerage systems. In many 
places, such systems deposit their contents directly into rivers or seas, without 
treatment or filtering, providing a direct route from the user of the SUP to the 
sea and avoiding all land-based collection systems.

• Even when the tendency to litter is reduced, consumers typically react 
negatively when first asked to facilitate recycling by separating recyclable 
rubbish into different categories (e.g. glass, plastic, metal). 

• Plastic rubbish, including SUP, is often mixed with other types of rubbish 
(paper, glass, metal) when it is first collected. Because separation of recyclable 
and non-recyclable waste is potentially difficult and expensive, such mixed 
waste may all end up in landfill, even though some of its constituents are 
capable of being recycled.

• Consumers are often reluctant to wash rubbish before discarding it – and 
plastic rubbish that contains food waste is harder and more expensive to 
reprocess than washed rubbish.Source: Ellen MacArthur Foundation24

Most recycled plastic is not usable in 
a “circular economy”

“Recycling” means different things to 
different people

We focus on closed-loop recycling, 
needed in a “circular economy”

This will remain a small part of plastic 
waste disposal for many years

Most plastic waste is not recycled

Mechanical recycling is 
complicated and expensive

Consumers are not good at 
putting waste into collection bins, 
etc.

Different types of waste are 
collected together…

… and are often soiled with other 
materials
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Figure 11: Main plastic resin types and their applications in packaging
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Source: Ellen MacArthur Foundation24

This is not an insoluble problem. The Japanese example suggests that consumers 
can adapt to most of the requirements of recycling: household plastic rubbish is 
washed, separated from other rubbish and then collected separately from other 
rubbish categories, providing plastic rubbish which is relatively easy to recycle. 
However, even in Japan, much rubbish is not separated before collection and it 
will take many years before most countries can approach Japan’s current levels 
of public discipline in rubbish collection.

The first challenge for society is therefore to ensure that the infrastructure exists 
to collect rubbish in ways that facilitate recycling (i.e. separated by material type 
and cleaned of non-plastic contaminants, such as food.) Once that infrastructure is 
in place, consumers can be encouraged or incentivised to recycle items using it.

Stage 2: delivery to recycling facilities
Delivery of collected rubbish to recycling facilities no longer entails a trip to a 
city’s waste dump: it can entail transport to the other side of the world. There are 
opportunities for rubbish to be lost into the environment before it can be recycled.

• Collected rubbish must be delivered to places where recycling can take place. 
It is likely that a lot of rubbish is not safely delivered to such places but is lost 
during the collection process, either by carelessness or by deliberate actions 
that just dump the rubbish in unauthorised locations. 

• The enormous amount of rubbish entering the seas from East Asia (see Figure 
4) is probably in part caused by the inefficient disposal of rubbish sent to some 
East Asian countries by more developed countries in the expectation that it 
would be securely recycled there – but is not. 

• China’s import ban6 and rising pressure for similar actions in other East Asian 
countries suggest that developing countries are increasingly unwilling to 
recycle developed countries’ garbage, so those developed countries will have to 
find new recycling routes. 

Society needs to ensure that collected rubbish is securely delivered to its 
intended destination and not dumped or lost into the environment.

Stage 3: actual mechanical recycling 
This is technically complicated and potentially expensive, especially if waste plastic 
material is to be recycled sufficiently to be reused in its original application (i.e. 
closed loop recycling).

• Collected plastic waste is likely to need further sorting before actual recycling 
can commence. 

  > Plastic waste collected from consumers typically contains a wide range of 
different plastic materials (Figure 11 below and page 17 above), which have 
to be recycled separately because of their different chemical and physical 
characteristics, especially their “melt indices” (i.e. flow speed when melted), 
which determine how they are reused after recycling. Different plastic types 
therefore have to be separated before recycling begins. (The types of plastic 
within plastic waste from industrial applications are often fewer, making such 
waste easier and cheaper to recycle.)

  >Waste plastic of different colours also needs to be separated because the colours 
of plastic inputs will affect the colours of the plastic products produced by 
recycling processes, restricting the possible uses of such recycled plastics (e.g. 
coloured plastic will probably be unacceptable for plastic drinks bottles). 

  >Rubbish sorting is increasingly automated but involves high capital costs, 
which may delay implementation. 

• It is especially difficult to recreate similar products by recycling single-use 
plastics. For instance, plastics bags can be recycled but it is usually cost-
ineffective to make them into items similar to their original shape because 
the cost of recycling is higher than the cost of making new bags from “virgin” 
plastic resins. Instead, recycled plastic bags will typically experience “open 
loop” recycling – (see Figure 9 and page 18 above).

• Recycling is not cheap, especially in developed countries where labour costs are 
high. The high capital costs of automated rubbish sorting equipment require 
intensive utilisation rates to justify the capital investment while considerable 
technical skill may be needed to operate those machines. In most cases, 
making plastic from recycled materials costs more than making plastic from 
virgin materials when oil prices are, as now, relatively low.

• Unsubsidised plastic recycling is often not profitable in current circumstances.

Rapid growth in recycling therefore requires: 

• a regulatory environment which makes it expensive not to recycle, and/or 

• users of plastic who are willing to bear increased costs to facilitate recycling, 
perhaps seeing those as the price of also obtaining improved brand images for 
“social responsibility”, or

• new technologies which provide potentially more cost-effective and 
comprehensive ways of recycling plastic – see Box B for details.

Waste collection systems should be 
enhanced and consumer behaviour 
changed

Delivery of collected rubbish to 
reprocessing facilities is prone to 
leakage

Plastic waste must be sorted by 
plastic type and colour before starting 
mechanical recycling

Mechanical recycling is not cheap 
and may be unprofitable, especially 
without subsidy

Increased recycling needs 
• More regulation
• Subsidies
• New technologies
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The basic raw materials from which plastics are made are oil or gas. Their 
manufacture requires extensive use of fuel – also likely to be oil or gas. Rising 
use of plastics implies rising consumption of oil and gas in their manufacture in 
the future, even while oil and gas used for transport is reduced by electrification. 
The desire to conserve oil and gas is likely to be a further source of pressure to 
reduce plastic consumption.

The IEA estimates that over 500 mn T (over 3.5 bn barrels) of oil-equivalent (oil, 
gas and coal) is used each year to manufacture chemicals3. BP estimates 2017 
world energy consumption at 13,511 mn T of oil-equivalent, of which 11,509 
mn T are hydrocarbon fuels (i.e. oil, gas and coal) so the chemical industry 
would have consumed about 4% of that total energy consumption and 4-5% of 
hydrocarbon consumption7.

Relative to total consumption of oil alone, the chemicals industry consumed 12% in 
2017 but the growth in plastic production should push that to 14% in 2030 and 16% 
in 20503. In 2017, oil demand for passenger vehicles was much greater than that for 
chemicals (27% versus 12%) but this should change dramatically in the next three 
decades so that the chemical industry takes up most of the oil demand reduction 
caused by the electrification of motor vehicles. The IEA predicts that chemicals 
will consume 16% of total oil demand in 2050 while passenger vehicles will 
consume only 22% (Figure 12).

The energy used in plastic production is most likely to result from the burning of 
fuel so increased concern about greenhouse gas pollution will probably become 
an increasing problem for the chemical industry and, in particular, the plastics 
producers, as the share of chemical demand in total oil demand rises.

Used plastics still contain the hydrocarbon content used to make them and so 
represent a potential store of value for companies which can recycle them and 
re-use those hydrocarbons. In an ideal world, used plastics would be recycled 
and the hydrocarbons contained within them reused. Unfortunately, that ideal 
outcome is rarely achieved, as is discussed in the previous section. 

Source: IEA3
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Figure 12: Share of total oil demand by sector

Plastics consume large volumes of valuable 
hydrocarbon materials

Many countries are still considering or have yet to start considering how to prevent 
plastic pollution. Relatively little firm action has occurred so far and much has been 
local or small in scale – but the pace of new regulation has accelerated sharply in the 
past three years (Figure 13). 

More policies will be developed and implemented over the next decade. We 
expect that regulatory pressure on the plastics industry and its customers, 
especially those companies which use plastic for packaging their own goods, 
will increase. Those regulatory pressures are likely to seek to suppress plastic 
packaging demand by taxes or similar monetary measures and to encourage the 
recycling of waste plastic through subsidies or similar incentives.

Because recycling will only resolve part of the problem of plastic waste pollution, 
we think that other actions will be critical:

1) The main current methods of disposing of plastic waste – landfill and 
incineration – are likely to remain the main disposal methods for years to come. 

  > The problems caused by landfill disposal, such as the difficulty of finding 
sufficient sites to absorb all the rubbish and the leakage of rubbish from 
landfill, will therefore remain.

  > The problems caused by incineration, including the production of noxious 
gases, if incineration is not conducted perfectly, and the creation of poisonous 
waste products, including dioxins, will also remain. This is especially a 
problem in developing countries where incineration may take place in less 
than ideal conditions which produce especially large amounts of toxins.

2) The most likely ways of reducing the amount of pollution from SUP waste and 
also reducing raw material consumption are:

  > Not to use SUP items at all, whether by eliminating them altogether (e.g. not 
using drinking straws), replacing plastic items with similar items made from 
other materials (e.g. wood or paper, but without causing as much or greater 
environmental damage as the plastic products) or by consumers who take 
their own receptacles and eating utensils with them when away from their 
homes, which they use instead of retailer-supplied items. 
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Figure 13: New regulations affecting the use of 
SUP and plastic packaging

What will the world do about plastic waste? 
More government action to regulate plastics usage 
and incentivise recycling

Plastics are made from oil or gas

Pressure to make better use of this 
oil will probably increase

Growing plastic production should 
increase the chemical industry’s 12% 
share of world oil usage in 2017 to 
16% in 2050

Regulation of plastic consumption is 
just starting

It is accelerating quickly

Most plastic waste will probably go 
to landfill or incineration for at least 
the next decade

Using less plastic and re-using 
what has been used once are the 
best near-term ways to reduce new 
plastic pollution

Source: WWF-HK
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Both makers and users of SUP are concerned about the potential consequences 
of rising public concern over plastic pollution, especially of the seas. Plastic 
industry trade associations often discuss this problem in their published 
materials and various dedicated organisations have been created to advance the 
debate - e.g. Marine Litter Solutions.
Plastics industry participants often point out that much of the pollution results 
from inadequate systems for collecting waste and failures in the way it is treated 
after collection – and that the plastics manufacturers do not control those 
systems and so are not primarily responsible for plastic pollution. 
• The FIA has suggested that the greatest impediments to increased recycling 

are the absences of efficient systems to collect used plastic items and then 
reprocess them8,9 – see Figure 14 below. 

• Plastics Europe’s publications often highlight that recycled plastics can be used 
valuably, either to create new plastics or to generate energy.10,11
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Figure 14: Poor collection of waste and marine leakage in Indonesia.

Source: FIA8

Other relevant opinions proffered by plastics makers are:

• The ways in which plastics are used complicate recycling and so do not 
encourage it. If SUP and other plastic products were designed in ways that 
made recycling easier (e.g. by ensuring that bottle caps were made of the same 
type of plastic material as the related bottles), the time and cost involved 
in sorting plastic rubbish could be reduced and so the economic viability of 
recycling enhanced. This implies that the corporate users of plastic resins (e.g. 
the soft drink bottlers) should redesign their products, rather than that the 
plastic resin manufacturers take specific actions to reduce pollution. 

• The replacement of plastic items by similar items made from other materials 
often costs much more and also entails environmental damage. Tighter control 
of SUP might reduce marine plastic pollution but may have other undesirable 
consequences (e.g. increased energy consumption to make products from 
alternative materials, such as glass or paper). 

These observations also suggest that some parties inside the plastics industry 
think that there is little that they can do to reduce marine plastic pollution but 
that other parties outside the industry can do more.

The collection and recycling of plastic waste are indeed matters substantially 
beyond the control of the plastics makers or the plastics users. They require 
large governmental/public sector involvement and, probably, significant public 
sector spending. 

However, the makers and users of plastics can help, as shown by the launch 
of the Alliance to End Plastic Waste on 16th Jan 201912. The Alliance aims to 
support efforts, including governmental efforts, to control plastic waste and so 
reduce plastic pollution. It remains to be seen whether this Alliance is merely an 
exercise in greenwashing by the plastics industry. 

Nevertheless, we doubt that the public sector will act quickly enough to improve 
collection and recycling sufficiently to remove the problem of plastic pollution 
from public concern for many years. Similarly, we do not expect rapid changes 
in the design of all SUP items to simplify recycling (although there will probably 
be a steady shift towards simpler designs), nor do we expect major switches 
from plastic to other materials.

This suggests that the pressure to reduce usage of SUP, as well as or instead of 
increased recycling, will probably increase. The most likely consequence 
for the plastics industry is slower long-term growth in demand for 
SUP than would otherwise be expected or has been the case in the 
past. Society’s failure to collect and recycle plastic waste or to use alternative 
materials may not be entirely the fault of the plastic makers but those failures 
will affect the future business prospects of the plastics industry.

From the point of view of the plastics manufacturers, the main consequence of 
increased recycling, of increased re-use of plastic products and reduced new 
usage of plastic is the subsequent reduction in the demand for new single-use 
plastics and the raw materials used to make them. We think that this is going to 
be an increasing problem for the world plastics industry and will depress future 
plastic resin demand, which we discuss in the next chapter.

Our conversations with plastics manufacturers suggest that Western companies 
are more sensitive to and concerned about the rising public pressure to reduce 
SUP consumption than are Asian companies. Public interest in the pollution 
issue seems greater in developed countries but the demand for plastic is also 
growing more quickly in developing countries.  Per capita consumption of 
plastic in developing countries is typically far below the levels seen in developed 
countries so Asian plastics makers expect the continuing rise in that per capita 
consumption level to increase demand for plastics in these markets, despite the 
environmental consequences. The plastics industry therefore expects the trend 
of more rapid historical production growth in Asia shown in Figure 5 to continue 
indefinitely. Asian plastics makers do not seem to be under as much pressure to 
act on the plastic pollution issue as do Western plastics makers.

The attitude of the plastics industry:
 “it’s not our fault, but…”

  > Not to use so much of these plastic materials in the first place. Many items 
bought in shops are packed in several layers of plastic. It is likely that 
manufacturers of consumer goods and retailers will seek to use less such 
packaging in future.

  > To re-use plastic items without putting them through an industrial recycling 
process (e.g. reusable shopping bags). 

3) Biodegradable and compostable plastics are also seen as a possible way 
forward, although handicapped at present by their cost, availability and doubts 
about how well such materials will degrade in landfills or ocean depths. Box B 
below explains some of these matters further. Several of the plastics makers to 
whom we spoke during the preparation of this report both share the concerns 
about the economic viability of biodegradable and compostable plastics and 
see such plastics as a waste of potentially useful hydrocarbons: if these plastics 
are recycled, rather than left to decay or compost, the hydrocarbons contained 
within them can be reused. We do not expect these plastics to have a major 
impact on the overall plastic market in the next decade.
4) Bio-based plastics are also discussed more in Box B.

Biodegradable and compostable 
plastics will probably not have much 
effect on overall plastic demand in 
the next decade

Makers and users of plastics
are increasingly aware of the 
pollution issue

They argue that the main cause of 
pollution is inadequate collection, 
which is not their fault

Redesign of plastic products to 
facilitate recycling would help

Replacement of plastic by other 
materials may cut plastic pollution 
but create other problems – e.g. 
increased greenhouse gas emissions

Neither the public sector nor 
other actors outside the plastic 
manufacturing industry is likely 
to act quickly enough to solve the 
pollution problem

To cut new pollution, demand for 
plastic has to be controlled

This will depress demand growth for 
plastic resins

Western plastics makers are 
responding more quickly to the 
threat than are Asian plastics 
makers
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Figure 17: Share prices of LyondellBasell and DowDuPont relative to S&P500 
Index compared to US spot prices for ethylene and ethylene-ethane spreads

Figure 18: Share price of BASF relative to Euro Stoxx 50 Index 
compared to spot price for ethylene 

Source: Bloomberg N.B. Ethylene spot price is Gulf Coast FOB Future.

Source: Bloomberg N.B. Ethylene spot price is Ethylene Spot CIF NWE.

We note that, to date, equity prices have not been significantly affected by the 
threat of tighter regulation. This may explain some of the plastics makers’ 
apparent low level of concern about the rising threat. For instance, the European 
Commission published its draft proposal to ban SUP on 28 May 20185. In 
general, share prices of leading plastics makers have been underperforming 
their local market indices (Figure 15) and also falling in absolute terms over the 
past 15 months (Figure 16). However, there was no significant negative share 
price reaction to the European Commission’s proposal on either a relative or 
absolute basis.

Equity markets, like plastics manufacturers, do not yet seem to be seriously 
worried by the threat of increased regulation in the plastics industry.

Instead, we think that equity markets have been more concerned about the 
squeeze on plastics manufacturing industry profitability now underway, 
triggered by slower demand growth that has in turn been caused by decelerating 
overall economic growth at a time of rising ethylene supply capacity. North 
American spot ethylene prices and ethylene spreads had been moving broadly 
sideways from 2015 until spring/summer 2018, when they broke down through 
the bottom of that range (Figure 17). The share prices of major North American 
plastics makers relative to the S&P500 Index had similarly been moving 
generally sideways until 2018 but started to fall at the beginning of 2018 and 
have since fallen below their ranges of the previous four years.

BASF’s relative share price performance is also similar to the movement of spot 
ethylene prices (Figure 18).
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Figure 15: Indexed share price performance of BASF, LyondellBasell 
and DowDu Pont relative to local market indices

Figure 16: Absolute share price performance of BASF, LyondellBasell 
and DowDu Pont in local currencies

Source: Bloomberg NB. Local market indices are Euro Stoxx 50 
(BASF) and S&P500 (LyondellBasell and DowDuPont)

Source: Bloomberg N.B. Local currencies are Euro (BASF) and 
US$ (LyondellBasell and DowDuPont)

Public equity markets seem 
unconcerned by the threat of tighter 
regulation and slower growth 

Public equity markets seem, as 
usual, to be more concerned about 
near-term profit trends than long-
term regulatory threats



Actions to reduce plastic 
pollution will probably cut 
the CAGR of plastic demand 
from 3.5% to 1.1%-2.5% in 
2018-2030.

The final nature and timing 
of those actions – and 
so their impact – are still 
undecided.

SIZE OF
THE PROBLEM
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“1.4 BILLION
PEOPLE HAVE
NO ACCESS
TO RELIABLE
ELECTRICITY”
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Packaging is the largest 
single application of 
plastic, consuming about 
40% of world production, 
and is likely to be the 
main target of new 
regulations.

World plastic production has been growing at a 
CAGR of 3.5-4.0% over the past decade. The driving 
force of overall plastics demand growth is increased 
per capita usage of plastics in developing countries: 
demand in developed countries is relatively stable.

World plastics demand is likely to continue at that 
~3.5% annual rate over the next decade unless: 

1. External limitations – e.g. tighter regulations – are 
placed on plastics usage.

2. Recycling expands quickly.

The replacement of “virgin” resins by recycled 
plastic is a major long-term threat to that 3.5% 
CAGR.

That impact has been minimal to date, is still small 
now but is likely to be proportionally greater after 
2030 than before it because of technological change.

Consensus expectations are for a reduction in the 
long-term CAGR of virgin plastics demand of ~<0.5 
ppt due to recycling, cutting that CAGR from 3.5% 
to >~3.0%.

Increased regulation, especially of plastic packaging, 
is coming but its timing and extent are uncertain: it 
is a major medium-term risk to the plastics industry.

Packaging is the largest single application of 
plastic, consuming about 40% of world production, 
and is likely to be the main target of new 
regulations.

Those regulatory changes might boost the negative 
impact on virgin plastic demand CAGR to 1 ppt so 
the actual 2018-2030 CAGR would fall to 2.5%.

Our “worst case” scenario for the plastics 
manufacturers has a 2.4 ppt cut in virgin plastic 
demand CAGR to only 1.1% in 2018-2030.

Tighter regulation and increased 
recycling are the major long-term 
threats to the growth of the plastics 
industry

Independent forecasts are for a 
reduction of ~<0.5 ppt from the 
current ~3.5% growth rate

Greater regulation threatens an 
additional squeeze on the CAGR

There is more downside to the future 
CAGR: we estimate a range of 2.5% 
to 1.1%
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Figure 19 shows various forecasts for the CAGR in plastic resin demand over the 
next 10-15 years as well as our estimate of 3.5%.

Most of these forecasts, but not the IEA Reference Technology Scenario (RTS), 
assume that there will be no changes in the external environment affecting the 
plastics industry – e.g. little tightening of regulations on plastic usage or targets 
for minimum levels of usage of recycled plastics.

This 3.5% growth estimate therefore has to be modified to reflect likely 
regulatory changes and the probably increased use of recycling, which will affect 
both final demand for plastics and the amount of that demand which is met 
by recycled plastics, replacing demand for virgin plastics. The actual demand 
experienced by makers of virgin plastics will probably be less than the 3.5% 
growth rate of total plastics demand. We modify our 3.5% forecast accordingly 
later in this chapter.

Historical trend extension
Total world plastics production, including plastics for fibres, has been growing 
healthily ever since plastics were first commercialised (Figure 20). There has 
been a slight deceleration over the long term but the average annual growth rate 
was still close to 4% up to the end of 2015. 

The CAGR of world plastics production, excluding plastics for fibres, was 3.7% 
for the 2011-2016 period and 3.3% for the 2005-2011 period11 – i.e. production 
has been growing at ~3.5% annually for the past decade, despite the global 
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Figure 20: YoY growth in world plastic production (including fibres) 1981-2015

Source: World Bank, Geyer 20174

Total world plastic production, excluding fibres of PET, PA, PP and polyacrylic 
resins, was 335 mn T in 201610. We assume that production in 2017 will have 
been ~350 mn T, +4.5% YoY, maintaining the recent trend and in line with the 
IEA estimate of output of “key thermoplastics” (see next section).

Of total plastics production, various estimates10,13 suggest that packaging 
materials consume about 150 mn T annually, equivalent to ~40% of standard 
thermoplastics output. This makes packaging the largest single application of 
plastics, about twice as large as the next largest: building and construction.

financial crisis (GFC) in 2008-9. This is very similar to the growth rate seen for 
plastics production including plastics for fibres.

CAGRs calculated by PlasticsEurope10,11, the IEA3 and the Geyer, Jambeck & 
Law 2017 report13 for various periods over the past 17 years also show recent 
actual CAGRs of 3.5-4.0%. (N.B. The Geyer 2017 data includes plastic for fibres 
whereas the other statistics exclude plastic for fibres – see Figure 20)

The short-term growth rate in plastics demand is influenced by real economic 
growth, as shown by the sharp drop in annual plastics demand growth during 
the 2008-9 GFC and its rapid recovery thereafter (Figure 20). Unless one 
predicts major economic crises, it is sensible to think that world economic 
growth is not going to change that much over the next decade and that plastics 
demand CAGR will similarly remain close to 3.5%.

Closed-loop recycling has made only a very small contribution to overall plastics 
production to date, as shown by Figure 9. We estimate that the impact of closed-
loop recycling on the CAGR of world plastic production over the past decade 
has been of the order of 0.2-0.3 ppt. This is almost negligible. However, the 
impact of recycling on demand growth in future is likely to be more significant, 
especially a decade or more from now, as discussed later in this chapter.

The IEA RTS model
The IEA RTS3 estimates that world production of “key thermoplastics” 
(including PET, PE, PVC, PP, PS – i.e. the main plastics used in SUP products) 
will grow at a CAGR of 1.6% in 2017-2050. IEA data for 2017 production is in 
line with our estimate of 350 mn T but the forecast growth rate for the period 
up to 2050 seems low.  

The main driver of the demand growth forecast is the increase in per capita plastic 
production (and so per capita plastic consumption) from 47 kg in 2017 to 60 kg in 
2050. Rapid economic growth in Asia is likely to result in rapidly increased plastic 
consumption. For instance, the average Indian consumes 11 kg of plastic annually 
while the average American consumes 109 kg, suggesting massive upside to the 
Indian per capita figure as India’s economy develops14. 

In developed countries in general, typical annual per capita plastic consumption is 
55-100 kg. If the average Indian per capita consumption reaches half the current 
American level by 2050, without any change in the Indian population, that 
alone would add ~60 mn T to world plastic consumption or one quarter of the 
total increase in world demand for “key thermoplastics” shown in the IEA’s RTS 
scenario. This suggests that there is upside to the IEA’s expectations for per capita 
plastic consumption.

Economic growth is the key short-
term driver plastic demand

Unless there is a major economic 
crisis, the recent growth trend 
should continue

Closed-loop recycling has had only 
a very slight impact on plastics 
production growth to date

The CAGR of global plastics demand 
has been 3.5-4.0% in the past decade

There is a steady long-term 
deceleration in the CAGR, which 
was ~6% at the start of the century

Rising per capita plastics 
consumption in developing countries 
is the main long-term growth driver

Packaging is the largest single 
application of plastic

It takes 40% of total plastic output

Tighter regulation and increased 
recycling will slow growth in virgin 
plastic demand

Total plastic demand should 
continue to grow at about 3.5% 
annually

Demand model for plastics overall: 
future plastics demand CAGR 3.5% 

Amount of plastic produced:
40% goes to packaging 

Forecast Source Time Frame Forecast
Average of recent prod’n incl fibres 10 years to 2015 3.8%

Average of recent prod’n excl fibres 10 years to 2015 3.5%

IEA RTS 2017-2030 2.6%

IEA high-demand variant 2017-2030 3.5%

Bloomberg/Nexant ethylene and propylene 2024-2035 3.5%

WWF estimate 2017-2030 3.5%

Figure 19: Virgin plastic demand growth forecasts
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Bloomberg/Nexant forecasts
The Bloomberg/Nexant forecasts, in Figure 21, predict 3.5% CAGRs for 
production of both ethylene and propylene (the core monomer “building blocks” 
for plastic resins) over the eleven years to 2035.
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Figure 21: Estimated growth in world ethylene and 
propylene production (indexed)

The IEA RTS high-demand growth forecast
The core RTS growth rate forecast for the period to 2050 implies a sharp 
deceleration in 2030-50 from a much faster CAGR of 2.6% in 2017-2030. Given the 
difficulty of making long-term forecasts for the world plastics market as it faces 
major regulatory and technological changes, we suspect that the IEA is being 
cautious in making these forecasts. 

Even this 2.6% CAGR for 2017-30 may be a conservative forecast because the 
IEA RTS includes an assumption of greater plastic recycling and so less demand 
for virgin plastics. The impact of that assumption on the CAGR for 2017-2030 
is <0.1 ppt. That still leaves the RTS CAGR below 3.0% and so much less than 
other estimates.  

The IEA does provide an alternative, high-demand growth estimate, which is 
about 25% greater than the RTS and implies CAGRs of 3.5% to 2030 and 2.4% 
to 2050. These seem to us to be more realistic forecasts for what will happen to 
plastic demand if there are no changes to the external influences on the plastic 
industry and, in particular, if there are no major changes in regulation to curb 
plastic pollution. They are also in line with other forecasters’ estimates.

Future scenario:
more recycling and more regulation
Two possible but extreme scenarios
Scenario A - In an environmentally ideal world (Figure 22): 

i. All waste plastic would be securely collected (so there is no plastic pollution 
from leakage).

ii. All of that collected waste plastic would undergo “closed loop” recycling so 
that it is essentially reused in the same application as its original usage.
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Figure 22: How a closed-loop “circular” plastics industry would operate

Source: based on Figure 9, which was based on The New Plastics Economy report24

Source: Nexant Chemical Systems/Bloomberg

Scenario B - Alternatively – from the point of view of increasing virgin plastic 
demand (i.e. boosting the revenues of the plastics manufacturing industry) – the 
most favourable outcome would be (Figure 23): 

i.  All the waste plastic is securely collected (so there is no plastic pollution from 
leakage).

ii. All of that collected plastic is burnt or put into secure, leak-free landfills.

iii. There is no closed-loop recycling, so there is no replacement of virgin plastic 
by recycled plastic.
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Figure 23: How a pollution-free plastics industry would operate without recycling

Source: based on Figure 9, which was based on The New Plastics Economy report24

The perfect solution to the pollution 
problem is 100% collection and 
closed-loop recycling of waste 
plastics

100% collection but no recycling 
would be great for plastics makers’ 
revenues

IEA forecasts for plastics demand 
growth are mostly conservative

The IEA high-growth forecast of a 
3.5% CAGR until 2030 seems most 
appropriate to us

The Nexant forecasts also predict a 
3.5% long-term CAGR
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The rate of growth of recycling: 
typical forecasts are for a 0.5 ppt cut in future 
virgin plastic demand CAGR

The current situation
With only 2% of plastic packaging waste having undergone closed-loop recycling 
in 2013 (Figure 9) and that proportion unlikely to have risen by more than a 
few ppt since then, we think that the negative impact on the CAGR of demand 
for virgin plastic caused by closed-loop recycling has, to date, been almost 
insignificant.

It should be possible to increase sharply the amount of plastic waste that is recycled 
and so the amount that can replace virgin plastic. However, it will take a long time 
for the scale of this replacement to have a major impact on virgin plastic demand. 
Typical estimates for the next 20 years or so are that recycling will reduce virgin 
plastic demand CAGR, which we previously estimated at 3.5% pa, by up to 0.5 ppt 
annually. Improvements in waste collection and recycling technology will take time, 
imply that recycling will make greater contributions to reduced demand for virgin 
plastics towards the end of this period, rather than in the very near future.

Closed-loop recycling is the exception, not the rule
The recycling situation for plastic packaging waste in 2013 is shown in Figure 9. 
Only 2% of plastic packaging waste experienced closed loop recycling so 98% of 
used plastic packaging was not recycled into new plastic packaging and did not 
affect demand for virgin plastic.  The great majority of plastic packaging waste 
(72%) either escaped the rubbish collection and recycling process altogether or 
went to landfill. Some of this 72% ended up in the oceans.
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Figure 24: European recycling of collected plastic packaging waste

Source: PlasticsEurope10

The future: somewhere between the two extremes
We expect the amount of plastic waste which is recycled to rise in future because 
of increased regulatory pressure and subsidy (see next section). However, we 
do not expect the closed-loop recycling ratio to get anywhere close to 100% (i.e. 
scenario A) within the next few decades. Major increases in the recycling ratio 
depend particularly on both much further investment in recycling infrastructure 
and further development of closed-loop recycling technologies. 

Nor do we expect scenario B to happen because of the difficulty of collecting all 
plastic rubbish and preventing leakage. The imperfections of the collection and 
delivery systems for rubbish mean that leakage of plastic rubbish, including 
packaging, into the environment will probably continue. 

To lessen that additional pollution (although sadly not to eliminate it), we expect 
regulation of SUP to increase, as discussed later in this chapter.

Recycling ratios can rise significantly
In some countries, especially the more economically developed ones, the 
recycling ratio has risen. Figures 24 and 25 show that the proportion of collected 
European plastic packaging waste that has been recycled grew by an average 1.3 
ppt annually between 2006 and 2016. If the entire world has matched Europe’s 
performance in the past four years (i.e. from 2013), the world ratio for overall 
recycling of plastic packaging waste would have risen from 10% then to 15% in 
2017. Even if the world has done as well as Europe, which is unlikely given the 
severity of European regulations on waste, recycling would still remain a minor 
method of plastic waste disposal. Moreover, the percentage of plastic rubbish 
that experiences closed loop recycling would probably remain in the low single-
digits, if we assume that closed-loop recycling is about one quarter of overall 
recycling (i.e. the sum of open-loop and closed-loop recycling), as was the case 
in 2013, according to Figure 9.

Additional recycling is expected 
to cut the CAGR of virgin plastics 
demand by only 0.5 ppt in the next 
two decades 

That negative impact on demand 
CAGR will increase as time passes 
and new technologies are adopted

Recycling rates can rise quickly

European recycling has grown fast…

Progress towards the perfect solution 
will be slow so….

• Marine plastic pollution will 
increase

• Regulatory actions intended to 
stop it will increase, too
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The data in Figures 24 and 25 does not distinguish between closed and open 
loop recycling. It also may well overstate the real extent of recycling because 
just over one third of total European 2016 plastic waste was recycled “outside 
the EU” in 201610 yet it is increasingly apparent that much waste sent to Asia for 
recycling has not been properly recycled, with significant amounts polluting the 
environment. There is a risk that the recycling figures shown in Figures 24 and 
25 are overstated. 

The IEA’s Clean Technology Scenario (CTS) has high 
hopes for plastics recycling
IEA data for all plastic waste, rather than the plastic packaging waste described 
in Figure 9, is shown in Figure 26. The IEA uses a different 3-stage split for the 
recycling process from that shown in Box A:

 1. Collection

 2. Processing (i.e. turning the waste back into plastic)

 3. Displacement(i.e. closed-loop recycling)

The IEA data shows that most plastic waste is not collected and that most of that 
which does pass through recycling processes is unable to replace “virgin” plastic 
in the high-end applications for which it was originally used. The total recycling 
ratio calculated by the IEA of 3.6% in 2017 is compatible with the estimates of 2% 
for closed loop plastic packaging recycling in 2013, shown in Figure 9. 

Figure 26 suggests that very little plastic is currently recycled into material that can 
be reused in its original application and only a small amount is reused in any form.

In its CTS (“Clean Technology Scenario”), the IEA considers what might happen 
if the world chemical industry is to succeed in cutting CO2 output by 45% by 
2050, relative to the 2017 level and in line with the Paris Agreement targets. One 
requirement is to reduce production of chemicals, including plastics.

As Figure 26 shows, the IEA thinks that this will require a sharp increase in the 
displacement rate and so a major improvement in the quality of the outputs 
from plastics recycling processes. Whether this is either possible or likely is 
unknowable now. Its achievement – or not – will depend on both technical 

advances and regulatory changes. However, the required rate of improvement in 
the total recycling ratio of ~0.5 ppt annually (0.47 ppt annually until 2030 and 
0.67 ppt annually in 2030-2050) is greater than the rate of ~0.3 ppt annually 
implied by Europe’s achievement of a 1.3 ppt annual improvement in recycling 
in 2006-16, shown in Figure 25. 

If it is achieved, the CTS would sharply reduce the output of virgin plastics by 
2050. CTS predicts 2050 key thermoplastic resin output of only 520 mn T, 
implying a CAGR in 2017-2050 of only 1.2%, 0.4 ppt lower than the RTS and 2 
ppt lower than the high demand scenario (Figure 28). Note that the RTS already 
includes a negative impact on plastic demand of <0.1 ppt annually because of 
recycling so the impact of the CTS relative to no additional recycling at all would 
be close to 0.5 ppt annually.

Geyer also expects increased recycling
Geyer 201713 predicts that the overall proportion of global plastic waste that is 
recycled (both open-loop and closed-loop) will grow at just below 1 ppt annually 
from now (when the rate is about 20%) until 2050 (when about 45% of plastic 
waste will be recycled). This is similar to the rate of increase in overall recycling 
seen over the past 25 years and, by implying an annual increase of about 0.3 ppt 
in the closed-loop recycling ratio, is at about half the level of the IEA’s CTS (Figure 
28). However, even in 2050, the Geyer 2017 forecast predicts that more than half 
of global plastic waste will either be burnt or dumped (landfill or other). 

Plastics industry plans for recycling
The American Chemistry Council’s (ACC) Plastics Division, whose members 
include the major US plastics makers, is targeting a massive increase in the non-
polluting disposal of plastic packaging over the coming two decades. Specifically:

 • 100% of plastics packaging to be re-used, recycled or recovered by 2040 - i.e. 
no plastic packaging waste will go into landfill in 2040.

 • 100% of plastics packaging to be recyclable or recoverable by 203015.

N.B. “Recoverable” means that an item is capable of being converted into fuel, 
energy or new plastics – i.e. that it does not have to be dumped into landfill.

The IEA estimates that this would 
take 0.5 ppt off the long-term CAGR 
in virgin plastics demand

Achievement of the Paris Agreement 
targets on CO2 emissions requires 
rapid growth in closed-loop 
recycling

The recycling growth forecast in 
the Geyer report13 is lower: about 
0.3 ppt annually from closed-loop 
recycling 

Developed world plastics industry 
associations are promoting recycling

…but most of this is not closed-loop 
recycling

IEA data also shows the small 
current level of closed-loop recycling

2006 2016 Years Growth CAGR

Total plastic consumption 49.5 49.9 10 1% 0.1%

Packaging 37% 40% NA NA NA

Packaging (mn T) 18.3 19.9 10 9% 0.8%

Total waste collected (mn T) 14.9 16.7 10 12% 1.1%

Collection ratio 81% 84% 10 3% 0.3ppt

Recycled waste (mn T) 3.9 6.8 10 74% 5.7%

Recycling ratio 21% 34% 10 60% 1.3ppt

Energy recovery (mn T) 3.8 6.5 10 71% 5.7

Energy recovery ratio 21% 33% 10 57% 1.2ppt

Figure 25: European recycling of collected plastic packaging waste

Source: PlasticsEurope10,11,30

RTS CTS

2015 2017e 2030 2050 2030 2050
IEA output forecast 330 350 490 590

Collection 14% 15% 17% 18% 26% 41%

Process yield 73% 73% 74% 75% 78% 84%

Displacement 33% 33% 33% 33% 48% 67%

Total recycling 
ratio 3.4% 3.6% 4.2% 4.5% 9.7% 23.1%

Annual ppt 
change in ratio NA NA 0.04 0.03 0.47 0.59

Figure 26: World yield rates for overall plastic closed-loop recycling

Source: IEA3
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Currently, it is infeasible for many US consumers to send many types of 
plastic waste for recycling or recovery16. The ACC plans to end this situation 
in North America by 2030 and then ensure that all such materials are indeed 
collected by 2040. 

The ACC estimates (telephone interview, 17th Dec 2018) that 68% of US plastic 
packaging waste is currently put into landfill, with only 15% recycled (both open-
loop and closed-loop) and the rest used to generate energy (i.e. burnt). In order 
to meet the ACC target, all of that 68% of current plastic waste which is put into 
landfill therefore has to be recycled or burnt by 2040, with the ACC expecting 
that most of the 68% will be recycled, rather than burnt.

Plastics Europe27 has identical 2040 targets to those of the ACC but a slightly 
different target for 2030 of 60% re-use or recycling of plastic packaging. The 
European recycling ratio has been rising by approximately 1.3 ppt annually from 
2006 to 2016 (Figure 25) yet the achievement of the 60% target by 2030 implies 
an acceleration to ~1.8 ppt annually from 2016. That is a demanding target, 
especially because some of the increase in the decade to 2016 was probably 
achieved through the export of waste to East Asian recyclers who are likely to 
be prevented by new government regulations from processing European waste 
in future. The 100% target for re-use, recycling or recovery in 2040 is also 
ambitious because it implies an increase in the European plastic packaging 
waste collection rate of ~0.7 ppt annually, well above the 0.3 ppt annual rate 
seen in 2006-16. 

Note that Europe had already reduced its disposal to landfill to only 20% of 
plastic packaging waste in 201610 so it is far ahead of the US, at 68%. It should be 
easier for the US to reduce its landfill usage by 2040 than it will be for Europe.

If developed markets, i.e. North America and Europe, succeed in increasing 
the recycling of plastic packaging waste and hit their 2040 targets, the impact 
on virgin plastic demand would be significant. If we assume that 70% of plastic 
packaging waste in developed markets is recycled, with half of that experiencing 
closed-loop recycling with a yield rate of 80%, the recycled raw materials will be:

40% x 70% x 50% x 80% = 11% of plastic demand in those markets.

N America and Europe produce about 37% of world plastics10 so achievement 
of these targets would displace about 4% of world demand for virgin plastics in 
2040, implying a reduction in the CAGR for virgin plastic demand of ~0.2 ppt. 
This is consistent with the Geyer estimate but below the IEA’s CTS scenario. 

If the entire world met the West’s 2040 targets for plastics recycling, the CAGR 
of virgin plastic demand would be reduced by ~0.5 ppt, in line with the IEA’s 
CTS scenario. 

Regulatory action to suppress SUP consumption: 
little so far but much more coming
In response to the rising public concern about marine plastic pollution, 
governments have started to impose of tighter regulations on plastic packaging and 
are considering further measures (see Figure 13 on page 23 above). Because we do 
not think that recycling can grow rapidly enough to stop this pollution worsening, 
the pressure on governments to act will probably increase.

Governments seem to hope that tighter regulation will reduce initial consumption 
of plastic packaging and other SUP, thereby reducing the amount of waste and, 
ultimately, the amount of marine plastic pollution. Some of the early measures, 
such as the UK’s compulsory charge for plastic bags supplied by retailers (effective 
in Wales from 2011 and in England from 2015), have indeed reduced usage of 
SUP: plastic bag consumption fell by over 70% in Wales in the four years after the 
charging scheme started and by 86% in the three years since the similar scheme 
started in England.

Many of the current governmental proposals are more wide-reaching than the 
UK’s ban on plastic bags and have quite long lead times (i.e. they are not effective 
immediately), so they are likely to be modified before implementation as lobbies 
present alternative proposals. Some are shown in Figure 27. We have no certainty 
about which measures will be adopted or when – but we expect that some measures 
will be introduced within the next five years. We think it likely that these eventual 
measures will combine targets for both reduced plastic consumption and increased 
plastic recycling, as well as taxes or other charges (e.g. bottle deposits) to encourage 
reduced consumption and increased recycling. 

We have made some assumptions about possible SUP suppression measures in the 
next section. We do not expect to be completely right in these specific assumptions 
but we hope that the range of possibilities covered by our assumptions is realistic, 
covering most likely outcomes.

Tighter regulation of the plastics 
industry started slowly but much 
more is coming

The uncertainty – and so risk – 
of the extent and timing of these 
measures are great

Proposed measures have wide 
scopes but long lead-times 

They have targets for 2040 recycling 
levels

Meeting those targets would reduce 
growth in global virgin plastic 
demand CAGR….

• By 0.2 ppt annually if the targets 
are achieved only in N America 
and Europe

• By 0.5 ppt annually if achieved all 
over the world

Location Proposed Measures Timeframe
Malaysia 100% ban on SUP 2030

EU Ban single-use cutlery, cotton buds, straws, stirrers, 
etc. (70% of marine litter) 2021

25% reduction in non-replaceable plastic items 
(i.e. not those in the earlier list) 2025

10 mn T of plastic waste to be re-used in new 
products 2025

UK
Plastic packaging tax
No tax for packaging that contains >=30% recycled 
material

Apr 2022

Japan 25% cut in disposable plastic waste 2030
60% of household and industrial waste to be recycled 2030

Likely to be a theme of the Osaka G20 Summit 2030

New Plastics Economy Global Commitment June 2019

All plastic packaging to be reused, recycled or 
composted 2025

Figure 27: Some SUP suppression strategies 
currently being considered:

Source: WWF
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Our two scenarios combine 
increased recycling with tighter 
regulation of the plastics industry

Scenario 1 cuts virgin plastic 
demand CAGR by 1 ppt

Scenario 2 cuts that CAGR
by 2.4 ppt

Scenario 2 is probably
`the “worst case”

WWF’s “No Plastic In Nature” target 
for 2030 requires much larger cuts 
in plastic production

Both our scenarios are more severe 
than other forecasts

Source Time period Reduction (annual ppt)
IEA CTS 2017-2050 0.5* 

Geyer 2017 2017-2050 0.3*

ACC & PlasticsEurope 2017-2040 0.2-0.5*

WWF #1 2017-2030 1.0

WWF #2 2017-2030 2.4

Figure 28: Scenarios for reduction in virgin plastic demand 
CAGR because of recycling and demand suppression

Our demand forecast for virgin plastic demand 
growth deceleration: greater than consensus if 
regulation and incentivisation force increased 
plastics recycling
We have estimated world demand for virgin plastics by making assumptions about 
both the amount of recycling that takes place and the possible restrictions imposed 
on sales of SUP products made from “virgin plastic”. Our scenarios assume that 
regulatory change forces a more rapid increase in recycling than might otherwise 
occur

In our first scenario (“WWF #1”), we assume that:

 • 40% of “virgin plastic” resins are used in packaging.

• 30% of all plastic packaging has to be made of recycled plastic by 2030 (in 
line with the UK’s outline proposal for its domestic regulations).

The overall demand for plastic resins will thereby be depressed by 12% by 2030 – i.e. 
a reduction in the demand CAGR of about 1 ppt. 

In our second scenario (“WWF #2”), we add another assumption:

• No increase in plastic packaging consumption (i.e. reduced usage of plastic 
packaging, relative to economic output).

With 40% of virgin resins being used in packaging and the packaging market having 
traditionally grown in line with the overall plastic market, this implies a reduction 
in the CAGR of overall plastics of 40% x 3.5 ppt = 1.4 ppt, in addition to the 1 ppt 
impact of the two assumptions used in WWF #1.  This implies a total 2.4 ppt cut in 
the likely CAGR of virgin plastic demand over the next decade, from 3.5% to 1.1%. 

WWF #2 is probably a “worst case” scenario for the world plastics industry 
because of the large deceleration in demand growth for virgin plastic. However, the 
enthusiasm of governments for increased control of plastic pollution does not make 
it infeasible. 

WWF itself is calling for even larger cuts in plastic consumption and production17. 
The target in the “No Plastic In Nature” (NPIN) report implies that virgin plastic 
production would drop at a CAGR of 2.3% until 2030 because of reduced usage 
(particularly of SUPs) and increased recycling. Such an outcome would have a much 
larger impact on the world plastics industry than any of the scenarios which we have 
discussed above, all of which contain forecasts for positive CAGRs.

N.B. * These forecasts do not make explicit allowance for regulatory 
impacts. Our forecasts assume regulatory impact
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Biodegradable and compostable plastics
The idea of using plastics which will easily and quickly decay in landfills 
or the oceans, like paper or wood, is attractive. Unfortunately, it is hard to 
achieve in practice.
• Conditions (temperature, sunlight, pressure, water) will affect the decay 
process and may prevent it altogether. If decay does not occur or takes many 
years, there is little effective difference in the pollution impact of biodegradable 
and non-degradable plastics.
• Many biodegradable or compostable plastics cost more to manufacture and/

or do not have all the desirable physical properties of conventional plastics. 
The users of such biodegradable or compostable plastics therefore suffer cost 
penalties for using them and are only likely to do so if they can pass those 
penalties on to customers (e.g. customers will pay more for products packaged 
in environmentally friendly materials) or are incentivised to do so (e.g. by 
government subsidy or taxation).

• If biodegradable and compostable plastics are widely used, plastic rubbish 
is likely to contain a mix of biodegradable and non-degradable plastics 
which have to be separated from one another before recycling or disposal, 
complicating the recovery process and increasing its costs.

• Environmentally-sensitive consumers may not want biodegradable plastic 
products – they might prefer none or non-plastic alternatives – so provision 
of biodegradables may not eliminate consumer pressure in those markets and 
product types where environmentally-sensitive consumers exert significant 
power. 

• It is possible that the widespread use of biodegradable and compostable 
plastics may encourage littering of all types of plastic, including the 
conventional ones, because consumers may mistakenly expect their plastic 
litter to decay quickly and so not to despoil the natural environment.

• Users in some markets seem to prefer compostable plastic to biodegradable 
plastic if suitable composting facilities are in place because compostable plastic 
is expected to decay. In places where composting technology is not available, 
compostable plastics provide almost no advantage.

• Biodegradable or compostable plastics will contain large amounts of potentially 
useful hydrocarbons. Some participants in the plastics industry consider that 
allowing them to decay or compost is a waste of those hydrocarbons so closed-
loop recycling is a better solution – which obviates the need for biodegradable 
or compostable plastics.

We think that biodegradable and compostable plastics will continue to be 
researched but do not expect them to make a large impact on the plastics market 
in the foreseeable future.

Bio-based plastics
Some bio-based plastics are biodegradable or compostable but some are not – and 
some are potentially of more use than others.
Those that do decay naturally are potentially useful in food packaging because 
they could be thrown away with food waste, without having the food waste cleaned 
off them. However, the issue of separating biodegradable packaging waste from 
non-degradable waste remains.
Braskem makes PE and EVA (ethylene-vinyl acetate) from plant materials 
(cane sugar) in Brazil. This may seem more attractive than using petrochemical 

Chemical recycling to recreate pure hydrocarbons
(not just pellets of used plastic)
Plastic recycling nowadays is a predominantly mechanical process: plastic waste 
is sorted, cleaned, melted and then crushed to give pellets which can be used 
to manufacture plastic products. The chemical structures of the underlying 
plastics are not changed so what was once, for instance, PET cannot be used in 
an application which requires PP. It is also hard to remove impurities from the 
plastics. Finally, there are limits to the number of times plastics can go through 
such a process before the quality of the recycled plastic becomes unsatisfactory, 
so this is not a pure “closed-loop” process.  

feedstocks but the resulting plastics are chemically and mechanically identical to 
existing plastics made from petrochemicals. Such bio-based plastics create exactly 
the same pollution threat and recycling challenges as do conventional plastics. 
These bio-based plastics do nothing to solve the problem of marine plastic pollution.

Moreover, bio-based plastics often cost more to produce than do conventional 
plastics. Some users are willing to pay premium prices for resins which can be 
used as part of “green” marketing campaigns so there is niche demand for them. 
However, without major cost reductions or subsidies/taxation changes, it is hard 
to see them becoming replacements for conventional plastics.

There are also concerns that the growing of crops to provide the hydrocarbon 
feedstock for plastic production contributes to deforestation, which detracts from 
the “green” image of the products.

Because bio-based plastics do not completely solve the pollution problem and 
because of these other issues, we do not think that bio-based plastics will become 
mainstream in the plastic industry in the next decade. WWF participates in the 
Bioplastic Feedstock Alliance (BFA), which is investigating feedstocks for bio-
based plastics.

It is potentially much more attractive 
to use a chemical recycling process, 
outlined in Figure 29. This would 
return the hydrocarbons which made 
the plastic to the level of the cracker 
input shown in Figure 30 (i.e. naphtha 
or a similarly “pure” hydrocarbon) 
or to monomers (e.g. ethylene). The 
hydrocarbons can then be used as 
fuels or processed in the same way as 
virgin oil or gas-based raw materials 
and produce products of the variety 
and quality as the virgin plastics that 
are produced by conventional plastic 
manufacturing processes. 

This way of recycling plastics might 
in future be better than the current 
mechanical processes and is a genuine 
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into feedstock
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RECYCLING
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This feedstock can be used to
create all kinds of chemicals
and products, especially plastics3

The waste is collected and
sorted by waste companies 2

Consumers and companies
use and dispose of products 3

Customers use these to
make their own products4

Waste companies supply
recyclers with plastic waste1Figure 29: How 

chemical recycling 
could create a “circular 
economy”

Source: BASF25

circular process – unlike mechanical recycling, whereby plastics can typically 
be recycled less than 10 times before recycling becomes infeasible. However, 
these technologies, of which pyrolysis is the leading contender, are still at the 
development stage and have yet to reach large-scale commercial realisation. Test 
plants are operating and the technology has been shown to work (e.g. by the UK 
company, Plastic Energy) but high-volume production at competitive costs has 
yet to be achieved.

In five- or ten-years’ time, this chemical recycling (rather than the current 
mechanical recycling) has the potential to transform the plastics industry. Not 
only would it allow a greater proportion of plastic waste to be recycled than is 
now the case, it also raises the possibility of “mining” waste plastic from existing 
landfills which can be recycled into new resins.

There are practical problems with 
biodegradable and compostable 
plastics

They will probably not become 
mainstream products in the plastics 
industry

Bio-based plastics made from 
plants may seem attractive but also 
raise economic and environmental 
problems

Chemical recycling may offer a 
“circular economy” for plastics

It will take years for the potential of 
chemical recycling to achieve large-
scale commercial realisation…

… but that long-term potential could 
be enormous

Box B: Technology change in the plastics 
recycling and manufacturing industries – 
promising but not yet realistic options
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Companies with high
"monomer ratios" are
relatively more vulnerable
to the negative effect on 
profits of slower growth
in plastics demand.

EFFECT ON 
COMPANIES
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Monomer ratios indicate companies’ 
vulnerability to slower plastics 
demand growth

Plastics manufacturing has been 
profitable recently and, after its 
current cyclical drop, is expected to 
be so over the long term

We are not so sure

Increased recycling will create new 
opportunities 

Production of even such a simple SUP item as a plastic bag is a lengthy process 
which begins with a raw material, normally oil or gas, and proceeds through a 
number of distinct processes which ultimately produce plastic resins. In turn, 
those resins are used to make the bag. Various companies are involved in these 
different processes. 

A simplified depiction of the typical production flow through these various 
processes is shown in Figure 30: 

• Distillation (to separate naphtha from other crude oil fractions), typically 
undertaken in an oil refinery.

• Cracking (to turn naphtha into “monomers”: e.g. ethylene, propylene), typically 
undertaken in an oil refinery or a petrochemical plant.

• Other treatments, including polymerisation (to turn these basic materials into 
plastic resins), typically undertaken in a petrochemical plant.

• The plastic resins are then used to manufacture packaging items, such 
as plastic bags and drinks bottles, with this manufacturing usually being 
undertaken by different companies and using extrusion machines (for flat 
products, like bags) and injection moulding machines for three-dimensional 
products (like bottles).

There is another main production route for plastic resin production, not shown 
in Figure 30, which starts with natural gas instead of fuel oil, but otherwise 
proceeds in a similar way, apart from the input material to the cracking process 
usually being ethane instead of naphtha.

Production process from raw material 
to finished packaging

Manufacture of SUP is a complicated 
process involving many types of 
company

Monomers are the intermediate 
materials used to make plastics

The production of SUP from raw material (typically oil or gas) is a long process 
involving several different types of company.

The report’s focus is on the companies that make the core raw materials for 
plastics, especially SUP: the “monomers” known as ethylene and propylene

These are usually chemical or petrochemical manufacturers.

Companies with high “monomer ratios” (i.e. high sales of monomers as a 
proportion of total sales revenues) are most at risk from:

• Possible oversupply of monomers, if demand growth for SUP drops and 
squeezes the rate of demand growth for monomers.

• Possible future taxes or penalty charges on plastics production to discourage 
the use of SUP.

The monomer/polymer business has been strongly profitable for the past few 
years but is currently seeing a cyclical squeeze on margins caused by rising supply 
(especially from US shale gas) and decelerating demand (especially in China). 

We are more concerned about the potential long-term squeeze on the industry’s 
profitability caused by measures to reduce SUP consumption, which would 
likely have especially significant impacts on the profits of companies with high 
monomer ratios.

Of the larger companies analysed in this report, Braskem, LyondellBasell and 
SABIC have relatively high monomer ratios.

Many of the smaller Asian companies covered also have relatively high 
monomer ratios.

The plastics recycling industry is seeing rapid technological change and is 
likely to see increasing regulatory support so there are potentially attractive 
growth opportunities for plastics manufacturers which can develop strengths 
in plastic recycling.

How companies will be affected by slower virgin 
plastic demand growth 
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Gases or oil fractions Urea-formaldehyde resins
Melamine-formaldehyde resins
Urea-formaldehyde resins
Melamine-formaldehyde resins
Phenolformaldehyde resins
Polymethyl methacrylate

Polyvinyl chloride

Polyvinyl chloride

Polymethyl methacrylate

Polyfluorine resins

Polyurethanes
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Acrylic esters

Epoxy resins

Synthetic rubbers
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or
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Alkyd resins
Polyesters

Benzene

or

Toluene

Butenes

Ammonia

Benzene

or natural gas
Methane

Ethylene

Propylene

Polyglycols

Acetone

-Xylenep
-Xylenep

-Xylenep

-Xyleneo

-Xylenem
Mixed xylenes

Gasoline
Hydro-dealkylation of refinery
streams

Cyclohexane

Light
hydrocarbons

Polyamides (Nylon 6)

Polyamides (Nylon 66)

Cellulose acetate
Vinyl acetate

Polyurethanes
Polyester fibres and film

Polythene

Polystyrene

Polypropylene

Naptha

Crude oil

Ammonia

Methyl alcohol

Hydrocyanic acid

Acetylene

Ethylene dichloride

Styrene

Ethylene oxide
Ethylene glycol

lsopropyl alcohol
Acetone

Cumene
Phenol

Propylene oxide
Propylene glycol

Acrylonitrile
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Figure 30: Typical plastic production flow

Source: ILO29

The two most common types of plastic are PP (polypropylene) and PE 
(polyethylene). PE comes in three main forms: High Density (HDPE), Low 
Density (LDPE) and Linear Low Density (LLDPE) but, in combination with PP, 
they represent about 65% of world plastic output (Figure 31).

Types of plastic: most SUP are made 
from ethylene and propylene so 
exposure to these chemicals indicates a 
company’s exposure to SUP

Figure 31: 2015 plastic demand by type 

Source: PlasticsEurope26.

N.B. 1: Standard thermoplastics only:
229 mn T produced in 2015.
N.B. 2: * This is all PET for bottles; injection-grade PET 
is classified in engineering plastics, which are outside the 
229 mn T category shown here.
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Figure 32: World consumption of ethylene 
by application

Figure 33: World consumption of propylene by 
application

Source: Nexant Inc/BloombergSource: Nexant Inc/Bloomberg

Figure 30 shows that almost all the 
main plastics used in SUP (the various 
types of PE, PVC, PS and PP) are 
made from ethylene or propylene. 
Figure 30 does not explicitly show 
the production route for PET (used 
in plastic bottles and also in synthetic 
fibres) but this also is a derivative of 
ethylene. It is therefore unsurprising 
to find that about two-thirds of world 
output of both ethylene and propylene 
ends up in PE or PP – and some of 
the remaining one third in other SUP 
(Figures 32 and 33). 

We think that the best way of measuring plastics’ manufacturers’ exposures to 
SUP and so the likely deceleration in plastic demand growth is to calculate their 
exposures to ethylene and propylene: the building blocks of SUP (and most 
other plastics).

  

The most widely used plastics, PE 
and PP, are made from ethylene and 
propylene monomers

Most ethylene and propylene is used 
in PE and PP

A company’s exposure to ethylene 
and propylene indicates its potential 
exposure to SUP and so vulnerability 
to increased SUP regulation

Plastic Type Demand Share
PP 27%

PS/EPS 8%

PET* 9% 

HDPE 18%

LDPE/LLDPE 20%

PVC 18%
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We measure plastics manufacturers’ exposures to the threat of slowing demand 
growth by calculating their “monomer ratios”.  These monomer ratios show 
the ratios of production capacity for the two main monomers (i.e. ethylene and 
propylene), calculated at our estimates of approximate current Asian contract 
prices for those monomers (in turn based on data disclosed by LG Chem), 
divided by 2017 revenues. 

 1. Companies with high monomer ratios have high revenue exposure to the 
basic plastic resins which they make from them. 

 2. Companies with low monomer ratios derive more of their revenues from 
non-plastic products (e.g. gasoline) or higher value-added plastics, such as 
engineering plastics – i.e. not the SUP which are the cause of most marine 
pollution. The companies with relatively low monomer ratios are often 
the larger producers of monomers but, so large are their non-monomer 
businesses that the weighting of monomers to total revenues is relatively 
small.

High monomer ratio companies (i.e. category 1) are more likely to experience 
pressure on profits from the likely slowdown in plastic demand growth and 
increased costs related to plastic operations caused by efforts to reduce SUP 
consumption than are low monomer ratio companies (i.e. category 2).

Figure 34 shows the monomer ratios for some of the major companies in the 
plastics industry, especially those in Asia. 

 • The companies at the top of the list, with the highest monomer ratios, are 
mostly specialist makers of plastic resins. 

 • The companies at the bottom of the list, with the lowest ratios, are more 
widely diversified companies with major business operations apart from resin 
manufacture. 

Of the larger companies, Braskem, LyondellBasell and SABIC have relatively 
high monomer ratios. Apart from the Chinese petrochemical giants (Sinochem 
and PetroChina), most of the Asian manufacturers shown in Figure 34 have 
relatively high monomer ratios and are so especially vulnerable to the potential 
negative impact of SUP control measures. 

Larger companies are more likely to have the resources to develop new 
technologies to address the regulatory and recycling issues than smaller ones. 
Well diversified companies are similarly better placed than less diversified ones. 
Companies with high monomer ratios are therefore less well positioned to resist 
the likely future problems of plastics manufacturing.

Company-specific risk exposure: monomer 
ratios indicate the relative degree of risk

We calculate “monomer ratios” to 
show the extent of each company’s 
exposure to SUP-related risks

Companies with high monomer 
ratios are less diversified and so 
more exposed to potential risks in 
the SUP market

Figure 34: Monomer ratios for major plastic makersHigh monomer ratio companies are 
less well-equipped to address the 
challenges of tighter regulation

Company Stock Code Main 
Operations

Monomer 
Ratio

Market 
Cap.

(US$ bn)
Korea Petrochemical 006650 Asia 75% 1.0 

Lotte Chemical Titan TTNP Asia 52% 2.4 

Braskem BRKM5 Americas 46% 11.4 

LyondellBasell LYB World 34% 32.3 

Lotte Chemical 
Corporation 011170 Asia 30% 8.9 

Petro-Rabigh PETROR Middle 
East 25% 4.7 

SABIC SABIC World 23% 99.3 

Westlake WLK Americas 20% 8.9 

PTT Global Chemical PTTGC Asia 19% 9.6 

Mitsui Chemicals 4183 Asia 18% 5.2 

Formosa Plastics Group 1301 Asia 16% 21.8 

DowDuPont DWDP World 15% 124.6 

LG Chem 051910 Asia 14% 23.0 

Showa Denko 4004 Asia 14% 5.0 

Reliance Industries 
Limited RIL Asia 10% 121.2 

Tosoh Corp 4042 Asia 10% 5.0 

BASF BAS World 6% 76.1 

Mitsubishi Chemical 4188 Asia 4% 11.0 

ExxonMobil XOM World 4% 339.4 

Sinopec 386 Asia 4% 106.3 

Shell RDSA World 3% 306.9 

PetroChina 857 Asia 2% 199.4 
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Sources: Bloomberg (Nexant Inc), company reports and interviews

N.B.1.  The monomer ratio for the Formosa Plastics Group is based on the published revenues of the entire group, not the 
published revenues of Formosa Plastics itself.
N.B.2. Monomer ratios are calculated using exchange rates as of 16th March 2019. The market capitalisation data in 
Figure 34 are the most recent figures available during HK time on 16th March 2019.
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Impact on companies’ profits: long-term 
optimism could be derailed if pollution control 
results in lower demand than is now expected
Production of plastic resins has recently been a profitable business: 

 • Major makers of olefins (i.e. the key thermoplastic resins used in most SUP) 
reported operating profit margins (OPMs) of 10-20% on these businesses in 
2017 and in the first half of 2018. (Olefin prices and maker profitability came 
under pressure later in 2018 because of weakening demand growth, driven by 
decelerating world economic growth). 

 • Lotte Chemical Titan, probably the “purest play” on SUP resins in Asia, has 
reported double-digit OPMs for the past three years, other than in Q4 2018.

The US spot prices for ethylene has been falling rapidly over the past year, initially 
because of the surge in monomer production from shale gas, and is now far below 
(about half) the price level we used to calculate the monomer ratios in Figure 34. 
Contract prices for ethylene are now falling, too, as slower demand growth combines 
with increased production capacity.

Profitability in the resin business is cyclical and seems likely to drop over the 
next year because of this fall in spot ethylene prices caused by weaker demand 
growth, primarily in China, and rising production capacity, especially that 
based on US shale gas which generates low-cost resins. The rapid fall in the 
US ethylene spot price suggests that all resin makers’ profits will remain under 
pressure in the near future. 

Asian companies’ expectations for the resin business’s longer-term outlook 
are positive, despite the near-term headwinds. Figure 35, from LG Chemical, 
shows that demand for both ethylene and PE is expected to grow steadily, both 
in Asia alone and world-wide, with supply only slightly exceeding demand, so 
profitability should be relatively good over the longer term.
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Figure 35: Ethylene/Polyethylene Demand & Supply

Source: LG Chem28

For several years until autumn 2018, 
monomer production has been 
healthily profitable

The monomer producers seem now 
to be entering a typical cyclical 
downturn

Expectations for the long-term 
supply-demand balance in the 
monomer business are positive…

…implying expectations for healthy 
profitability in future….

Longer-term, the environment-driven risks to this optimistic scenario are that:

 1. Slower demand growth caused primarily by demand suppression results in 
sustained over-capacity in resin manufacture.

 2. The plastics industry, including resin makers, is required to absorb some of 
the costs of reducing plastic pollution, such as: 

 a. taxes to subsidise recycling, or 

 b. penalty charges to reflect negative impacts on environment from plastic 
pollution – both in the past and in the future.

It has been estimated4 that the annual “natural capital cost” (i.e. the cost borne by 
the overall environment, excluding the specific costs recorded by the companies 
which manufacture them) of plastic used in the consumer goods industry is 
“over US$75 bn”. That same report estimated the annual natural capital cost 
of plastic littering in the oceans to be US$13 bn. If governments ever wished to 
justify additional levies on plastics manufacturers or plastics users (e.g. FMCG 
manufacturers) as part of SUP suppression strategies, such estimates suggest the 
enormity of the sums which might be discussed.

It is too early in the process to estimate with any reliability which of these risks will 
actually materialise. However, we think that companies with high monomer ratios 
are proportionally most exposed to these risks.

Growth opportunities in plastic recycling
The previous chapter and Box B show that demand for virgin plastic will probably 
grow less quickly in future than in the past, in part because of increased use of 
recycled plastic. Because very little plastic is now effectively “closed loop” recycled 
and not that much is “open-loop” recycled, the plastics recycling business is likely 
to grow quickly from the current low base in the next decade or two. 

Moreover, that increased plastics recycling is likely to be more similar to closed-
loop recycling than to the various procedures generally described as “recycling” 
nowadays, which range from closed-loop recycling to the use of poor-quality 
recyclers who may not dispose of the waste plastic properly18. Technological 
change is also coming to the plastic recycling industry, with new but untested 
technologies like chemical recycling having long-term potential. 

These changes promise attractive growth opportunities for companies which are 
able to perform the increased recycling in high-volume, profitable ways. Some 
existing plastics manufacturers, such as LyondellBasell and Braskem, recognise 
this opportunity and may be able to exploit it to such an extent that recycled plastic 
becomes a third major feedstock for the plastics industry, after naphtha and ethane. 
Other companies currently outside the plastics industry leaders may use innovations 
to become significant makers of plastic from recycled plastic inputs. 

It is too early to predict which companies will succeed in the recycling business. 
However, investors should pay attention to this business area. 

… which might not happen if plastics 
demand or profitability is depressed 
by tighter regulation

The cost of the damage done by 
plastic pollution to the environment 
has been estimated to be huge

It is possible that plastics 
manufacturers might have to bear 
some of this cost in future

Plastics makers which can exploit 
those opportunities might turn them 
into new sources of profit.
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