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Executive Summary

How to achieve net zero for the UK as a 
country and for plastics processing as 
an industry is set to become a dominant 
topic over the next 30 years. The industry 

is fortunate in that we are already ‘electrified’ 
and continued progress in decarbonising the 
electricity supply will help drive decarbonisation 
for processors.

At the processor level, there is still a need to 
cut through the staggering amount of information 
and to understand what net zero really means at 
the practical level, i.e., “what do I do today to start 
achieving net zero?”. This publication is designed 
as a guide for plastics processors to start the 
process of decarbonisation.

To give a background to the action required, it 
covers the essential actions that processors will 
need to take to get to net zero. These are: 

l Become ‘carbon neutral’.
l Reduce energy use.
l Use renewable energy sources.
l Reduce absolute materials use.
l Reduce climate impact of raw materials.
l Use recycled materials.
l Use bio-based materials.
l Reduce gas use.
l Reduce transport impacts.
l Minimise waste.
l Reduce supply chain emissions. 

The final sections of the guide cover creating 
an action plan and finally a self-assessment of the 
current status to provide processors with a visual 
assessment of their readiness for net zero.

Whilst this publication is directed specifically 
at net zero, we should never lose sight of the 
fact that net zero is a subset of the overall 
sustainability agenda. Many of the topics dealt 
with here are also covered in more detail in a 
separate and larger BPF publication dealing with 
sustainability1. Readers are referred to this for 
more details.

As with any publication dealing with a rapidly 
developing topic, there will be omissions and 
changes that need to be made in the future. We 
welcome a collaborative approach to this topic and 
if any reader has suggestions for improvements, 
good ideas, complaints or comments then please 
contact the author (rkent@tangram.co.uk).

Dr Robin Kent
Tangram	Technology	Ltd.	Hitchin,	2022

1 ‘Sustainability management in plastics processing’, Kent, 
R.J. 2022, BPF.
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1  Become ‘carbon neutral’ – the basics

The carbon neutrality process
The first standard for ‘carbon neutrality’ was 
released by BSI as PAS 2060 in 2010 (‘Specification 
for the demonstration of carbon neutrality’). This 
was updated in 2014 to include improvements 
to the process of emission assessment, to 
provide more information and guidance on 
events, to include minor changes to the process 
and to improve labelling. It is currently the 
only internationally recognised certification for 
organisational carbon neutrality.

Carbon neutrality to PAS 2060 is not the same 
as net zero but it can be used as a useful pathway 
to achieving net zero.

PAS 2060 can be used for any uniquely 
specified business entity, e.g., a product, a site, a 
company or even a building, and it specifies the 
requirements for demonstrating carbon neutrality 
so that claims are credible, accurate and verifiable.

The basic process involves the four steps 
shown in the diagram on the right.

Measure
The first step is to calculate the actual carbon 
footprint of the entity in tCO2e using a recognised 
methodology. This can be using the GHG Protocol, 
ISO 14064-1:2018 or the UK Government 
Environmental Reporting guidelines.

This calculation should include all Scope 1 
and Scope 2 emissions and Scope 3 emissions 
that contribute to more than 1% of the total 
footprint. Emissions that are < 1% of the total 
may be excluded, provided this is justified and 
documented, but the total calculation should 
include > 95% of the total emissions of the entity.

 TIP  The	standard	recognises	that	some	minor	
emissions	are	either	difficult	to	calculate	or	subject	
to	high	errors	and	allows	their	exclusion	if	this	is	
justified.

Reduce
The next step is to reduce the current identified 
emissions. This requires the development of a 
Carbon Management Plan for the process, and 
this must contain a public commitment to carbon 
neutrality.

The Carbon Management Plan is also required 
to include:

l A timescale to achieve carbon neutrality. 

l Specific targets for emission reductions in 
relation to the overall timescale.

l Plans to achieve and hold the emission 
reductions. These plans should include:

l The methods and measurements of 
achieving the reductions.

l How the methods and measurements 
relate to historical data.

l An estimate of the residual emissions and a 
strategy for how the residual emissions will be 
offset.

The Carbon Management Plan should be designed 
to reduce emissions either in absolute terms, 
e.g., total tCO2e emitted, or to reduce emissions 
in relative terms, e.g., tCO2e/tonne of material 
processed or tCO2e/£ turnover (although the 
former is preferred for plastics processors as it is 
a better indicator of progress). In either case, the 
rate of reduction should be greater than the rate 
of economic growth.

The Carbon Management Plan should be 
updated on an annual basis and report progress 
to date compared to the targets.

Offset residuals
After measuring and reducing the emissions, 
the total residual emissions must be offset with 
certified carbon credits (for further details on 
offsetting see Section 2). The carbon credits must 
meet the following criteria:

l They must be from one of the schemes 
approved by PAS 2060.

l They must be verified by an independent third 
party.

l They must have ‘additionality’, i.e., the carbon 
reductions would not have taken place 
without the project taking place. The project 
must not have taken place if required by 

‘Carbon neutrality’ to 
PAS 2060 provides a 
good	set	of	tools	and	
processes at the start 
of the pathway to net 
zero.

It	is	not	the	final	
objective,	simply	a	
useful	step	along	the	
road and it should 
not be used as an 
equivalent	to	net	zero.

The PAS 2060 carbon neutrality process
The	PAS	2060	process	is	a	good	way	to	start	the	net	zero	process.	It	has	four	
simple	steps	to	carbon	neutrality	that	all	give	valuable	information	and	the	
effort	will	not	be	wasted	when	the	focus	moves	from	‘carbon	neutrality	to	
PAS	2060’	to	full	net	zero.

Measure

Reduce

Offset

Document and assess conformity
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legislation or to show compliance against 
legally binding targets. This should be proven 
by a project methodology developed by a 
recognised body.

l They must be permanent, e.g., tree projects 
may be affected by disease or fire, and the 
risk of impermanence should be assessed and 
action taken to reduce the risk.

l They must be unique and avoid ‘double 
counting’. This can be controlled using a 
registry to register, track and cancel credits.

l They must avoid ‘leakage’ through additional 
emissions in other areas.

l After the residual emissions are offset the 
entity may be considered as ‘carbon neutral’.

Document and assess conformity Document
The final stage of the PAS 2060 process involves 
documentation, verification and declaration of 
carbon neutrality.

This is achieved by a set of documents known 
as the ‘Qualifying Explanatory Statement’ (QES). 
This is a public disclosure of all the relevant 
documentation to support a statement of carbon 
neutrality. In practice this will include:

l A declaration of achievement of carbon 
neutrality.

l A declaration of commitment to carbon neutrality.

l A carbon footprint report for the previous year.

l An updated report on the carbon footprint.

l An updated carbon management plan 
reporting the achieved emissions reductions 
(with proof) and plans for the future.

l A report on withdrawn offsets (carbon credits).

l Where it adds value, a statement of the 
treatment of how Scope 3 emissions (upstream 
and downstream).

The QES must be issued annually and cover the 
previous year. It does not have to be very long 
and there are many examples available on the 
internet.

Assess conformity
There are three acceptable methods of assessing 
conformity with the standard (sometimes referred 
to as verification or validation). These are:

l Self-certification – this is where the entity 
itself certifies and validates documents. This is 
totally acceptable and many companies do this 
for themselves. However, companies should 
consider the risk of reputational damage from 
an incorrect footprint.

l Validation by an outside company – this 
is where the entity uses an external party to 
assess the conformity of the methodology 
and data, e.g., an external accountant or 
consultant. This can improve the robustness 
of a claim of carbon neutrality.

l Independent third-party assessment – 
this is assessment of the conformity of the 
methodology and data by a certification 
agency registered with the United Kingdom 
Accreditation Service (UKAS). This is similar 
to ISO 9001 certification which can only be 
carried out by a UKAS registered agency. 
This method of assessing and certifying 
conformity is the strongest in terms of market 
acceptability.

For companies new to the process and carbon 
footprinting then it may be worthwhile getting 
independent third-party certification initially whilst 
internal skills are developed and then considering 
self-validation in subsequent years.

The things I do for research (but you must be diligent)
CO2	is	generated	in	the	fermentation	process	during	winemaking	and	is	
far more concentrated than the CO2	emitted	from	cars	and	planes.	A	litre	
of	wine	generates	60	litres	of	CO2.	We	now	have	‘carbon	neutral’	wine	but	
this	is	achieved	through	offsets	rather	than	CCUS.

Independent third-party 
assessment to PAS 2060 
will	stop	allegations	of	
‘greenwashing’	in	its	
tracks.

UKAS accredited 
certification	agencies	
will always follow the 
rules.

PAS 2060 combines 
internationally 
recognised	
methodology	with	
transparent	reporting.	
This provides the entity 
with some protection 
from	criticism.
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What is offsetting?
Offsetting is trading, at an economic cost, 
a climate benefit from one organisation to 
another. The theory is that the atmosphere 
doesn’t really care where an emission came 
from because the CO2e are all in the same 
atmosphere. This means that, functionally, it is 
the same if a company stops emitting CO2e or if 
it supports another entity to stop emitting CO2e 
somewhere else in the world.

Offsets are designed to bring a market-
based approach to reducing CO2e, i.e., if I 
want to continue to emit CO2e and if I can 
make it economically worthwhile for you to 
stop emitting CO2e then potentially we both 
benefit and the atmosphere benefits because 
of the trade. Offsets and carbon credits are 
the intersection between capitalism and 
environmentalism.

It is getting better
The carbon offset market was initially inherently 
risky because of the poor quality of projects, 
unverified and unvalidated information about 
projects, the potential for double counting and 
the lack of any agreed standards. The situation 
has now improved immensely and is rapidly being 
tamed by the growth of respected and reliable 
offset monitoring schemes.

 TIP  An	excellent	and	easy	to	read	guide	to	
carbon	offsets	is	‘Securing	Climate	Benefit:	A	Guide	
to	Using	Carbon	Offsets’1.	This	covers	offsets	in	far	
more	detail	than	is	possible	here.

Types of offsetting projects2

There are various types of offset projects 
available, and these are shown in the diagram 
on the right. 

l Emission	reduction	projects – these are 
where the emissions are reduced at source. 
This can be further sub-divided into:
l Avoided emissions – these are projects 

that reduce the need for emissions, e.g., 
cleaner cooking stoves or clean water 
provision to reduce the need to boil water 
for drinking.

l Reduction	with	storage	(short	or	long	
term) – these are projects that either avoid 
damage to carbon sinks or trap emissions, 
e.g. avoided deforestation (maintaining 
storage in the biomass) or CCUS for fossil-
fuel power stations.

l Emission	capture	projects – these are where 
the emission is removed from the atmosphere. 

This can be further sub- divided into short-
term storage, e.g., forestry projects (planting 
trees), or long-term storage, e.g., Direct Air 
Capture (DAC) or Bioenergy with Carbon 
Capture and Storage (BECCS).

Most of the current offset projects are ‘avoided 
emissions’ offsets and the overall aim should be 
to migrate from this type of project to ‘emission 
capture with long-term storage’ by 2050. 
The other methods are part of the transition 
pathway that will become available with the 
future development of technologies such as 
CCUS, DAC and BECCS.

 TIP  There	is	nothing	wrong	with	starting	out	
with	‘avoided	emissions’	offset	projects	and	
migrating	to	100%	emissions	capture	projects	
over	time.

 TIP  Many	offset	projects	had	additional	social	
benefits	that	improve	overall	sustainability	and	
can	be	linked	to	the	UN	Sustainable	Development	
Goals	(SDGs).	Do	not	ignore	the	potential	social	
benefits	of	good	offsets,	although	these	tend	to	
be	inversely	related,	i.e.,	projects	that	have	the	
highest	emission	reductions	tend	to	have	the	
lowest	social	benefits.

2	 	Become	‘carbon	neutral’	–	offsetting

Offset
type

Emission
reduction

WHERE WE
ARE TODAY

Emission
capture

Avoided 
emissions

Reduction 
with storage

Long-term
 storage

Short-term
 storage

Long-term
 storage

Short-term
 storage

WHERE WE
NEED TO BETRANSITION TO NET ZERO

The types of offsets (after2)
Not	all	offsets	are	the	same.	They	can	be	divided	by	the	function	of	the	
offset,	whether	the	emissions	are	reduced	or	stored	and	the	timescale	of	
the	storage.

(After2)

Do not consider 
offsetting	unless	the	
actual emissions have 
been	minimised	(see	
Section	1).

Decarbonisation 
of	Scope	1,	2	and	3	
emissions are always 
the	highest	priorities	as	
a	path	to	net	zero.

‘Carbon	offsets’	and	
‘offset	credits’	are	not	
the	same	thing.	

 ‘Carbon	offset’	is	
the reduction in CO2e 
emissions achieved by a 
project	that	can	be	used	
to balance emissions 
somewhere else in the 
system.	

 ‘Offset	credit’	is	a	
transferable	financial	
instrument that can be 
traded between buyers 
and	sellers.
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l Credits from offset projects must be retired 
within 12 months of the date of the declaration 
of achievement.

 TIP  ‘Retiring’	an	offset	means	claiming	
the	underlying	emission	reduction	against	a	
company’s emissions to allow carbon neutrality 
to	PAS	2060	to	be	claimed.

l Credits from offset projects should be 
stored in an independent and credible 
registry or equivalent publicly available 
record.

 
In order to claim an offset for PAS 2060, the 
following information should be provided in 
the QES:
l The project name or ID, type and location.
l A hyperlink to the project documentation and 

proof of retirement.
l The name of the supplier and validator.
l The name of the validator/verifier.
l The reduction in tonnes of CO2e per year.
l Type of carbon credit (Kyoto-compliant or non-

Kyoto compliant).
l The date of retirement of the offset.

 TIP  Using	offsets	is	a	complex	process	that	
demands	care	and	attention.	Many	companies	
choose to outsource this process to avoid potential 
issues	in	the	future.

Regulated and voluntary offsets
There are two different types of offset scheme (as 
opposed to the type of project) – the regulated 
(compliance) market and the voluntary market. 
These differ significantly:
l Regulated market (Kyoto compliant) – this is 

controlled by the United Nations Framework 
Convention on Climate Change (UNFCCC), 
with an internationally agreed framework for 
regulation. There are 3 mechanisms to meet 
regulatory emission targets:
l Clean Development Mechanism (CDM).
l Joint Implementation (JI).
l International Emissions Trading Schemes, 

e.g., UK ETS which replaced the previous 
EU scheme (EU ETS) on 1 January 2021.

 These schemes are the framework for the 
global carbon market, allowing carbon credits 
from offsetting to be used by countries to be 
traded and to demonstrate compliance against 
their Kyoto targets. 

l Voluntary market (non-Kyoto compliant) – this 
type of market may be referred to as Voluntary 
Emission Reductions or Verified Emission 
Reductions. No universally accepted standard 
governs this market, and a range of standards 
are used. Some of these are:
l Gold Standard.
l Verified Carbon Standard (VCS but formerly 

the Voluntary Carbon Standard).
l Climate, Community and Biodiversity 

Alliance (CCBA).
l + other standards.

 There are a multitude of companies offering 
voluntary offsets, some operate only in the 
domestic market, some operate for flights only 
and some are more aligned with the industrial 
market. The projects offered in this market are 
typically smaller than the regulated market, i.e., 
< 80,000 tonnes CO2e, and are often located in 
developing countries.

 TIP  Some	of	the	developers	of	the	standards	
also	provide	offsets,	e.g.,	Gold	Standard	and	VCS	
not	only	provide	a	recognised	standard	but	also	sell	
offset	credits.

 TIP  Some	voluntary	offset	providers	sell	credits	
from	both	the	regulated	and	the	voluntary	markets.

Using offsets
Offsets claimed for PAS 2060 must meet all the 
quality requirements for offsets. In addition:
l Credits from offset projects should only be 

issued after the reductions associated with the 
project have taken place and been verified.

Carbon offsets for PET recycling?
Gold	Standard	recently	offered	a	Gold	Standard	Certified	project	for	“CO2 
emissions	reduction	from	PET	recycling”.	The	project	is	in	Romania	and	is	
projected	to	save	more	than	45,380	tCO2e	annually.

The	project	recycles	PET	waste	and	is	“the	first	project	in	Europe	to	
apply	PET	waste	frameworks	through	PET	waste	recycling,	proactively	
reducing	greenhouse	gases	emissions	(CO2e) that would be otherwise 
required	for	the	production	of	plastic	products	made	of	virgin	inputs	and	
accelerating	progress	towards	many	of	the	Sustainable	Development	
Goals	(SDG’s)”.

The	project	is	also	reputed	to	be	“in	line	with	specific	UN	requirements	
because	it	contributes	to	local	environmental	sustainability,	since	
recycling	instead	of	using	material	from	virgin	inputs	decreases	the	
overall	energy	use,	CO2 emissions and environmental burden caused 
by	natural	resources	extraction.	At	the	same	time,	PET	waste	recycling	
reduces	the	amount	of	waste	to	be	disposed	in	the	landfill.”

marketplace.goldstandard.org/products/plastic-recycling-romania-europe

The	carbon	credits	were	on	sale	at	$47/tonne	CO2e but have now  
sold	out.

The	BPF’s	recycling	roadmap	shows	how	investment	and	legislative	
drivers	could	increase	recycling	rates	by	over	3	times	by	2030.

Is	there	an	opportunity	for	the	UK	recycling	industry	to	contribute	to	
profitability,	to	increase	investment	and	to	be	used	for	offsetting	the	rest	
of	the	UK	industry’s	emissions	all	in	one	project?

The	price	of	an	‘offset	
credit’	can	range	
between	$1	and	$60/	
tonne CO2e.	This	is	
a	market	where	the	
cost may increase 
dramatically.

Offsetting	is	purely	a	
‘step	along	the	road’.	In	
the future it will not be 
possible to balance your 
emissions	by	reducing	
somebody	else’s.

The real focus should be 
on	reducing	everybody’s	
emissions so that as a 
planet,	we	reduce	our	
emissions	to	net	zero.

1 ‘Securing Climate 
Benefit: A Guide to 
Using Carbon Offsets’, 
Nov 2019, Stockholm 
Environment Institute 
& Greenhouse Gas 
Management Institute, 
www.offsetguide.org.

2 ‘The Oxford Principles for 
Net Zero Aligned Carbon 
Offsetting’, Sep 2020, 
University of Oxford, 
www.smithschool.ox.ac.
uk/ publications/reports/
Oxford-Offsetting- 
Principles-2020.pdf
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3 Reduce energy use

The first fuel
Energy efficiency is the first fuel, it is the fuel you 
do not use. As a fuel, it is abundant, cheap to 
extract and has zero emissions. Reducing energy 
use through energy efficiency should always be 
the first action in getting to net zero. This is why 
reducing energy use is a fundamental part of many 
government programmes and in achieving PAS 
2060 (see Section 1).

Reducing energy use not only reduces 
emissions but also reduces costs and the resulting 
cost savings can be used to fund the rest of a net 
zero programme.

 TIP  Some	sites	will	be	tempted	to	simply	switch	
to	renewables	(see	Section	4)	to	reduce	emissions	
but	this	ignores	the	cost	benefits	of	reducing	
energy	use.	You	still	have	to	pay	for	it	even	if	it	 
is	renewable.

The magnitude of the savings
For most plastics processors it is possible to 
reduce energy use by up to 30%. This is naturally 
accompanied by a reduction of 30% of the current 
energy spend. This value varies with the site status 
but will be higher for ‘novice’ sites, i.e., those that 
have taken little action in the past and those that 
have little experience in energy management. In 
some cases, energy savings of up to 50%, although 
savings of this magnitude are rare.

These savings can be delivered virtually 
irrespective of the sector or process used. It is 
not the case that any particular plastics process 
wastes more energy than another. The process 
appears to make little difference in the potential 
savings – it is the management that makes the 
difference. These savings are possible through 
simple actions and improvements in management, 
maintenance and investment.

The areas for savings are shown in the diagram 
on the right.

Management actions
Energy can be managed and reduced, it is ‘variable 
and controllable’. We need to start to manage 
energy use as enthusiastically as we manage direct 
labour. Simple techniques can reduce energy use 
by up to 10%.

This uses simple techniques such as monitoring 
and targeting and implementing management 
control systems. These are all effectively ‘no-cost’ 
actions and can have a payback of 6-9 months.

Maintenance actions
Maintenance actions are those where the payback 
is < 1 year (irrespective of the amount required to 
achieve the saving). These actions would typically 

come from the revenue budget rather than the 
capital expenditure budget due to the rapid 
payback.

Simple quick-fix actions such as controlling 
the use of services both in the process and in 
the building services can easily produce energy 
savings of up to 10%.

This uses investments in technologies such 
as variable speed drive (VSD) control of air 
compressors, cooling tower fans, pumps for chilled 
and cooling water and air handling fans.

Capital investments
Capital investments are where the payback is 
>1 year (irrespective of the amount required to 
achieve the saving). These investments would 
typically come from the capital expenditure budget 
rather than the revenue budget due to the longer 
payback.

Investment in energy-efficient processing 
technologies that reduce energy use in the 
process and, just as importantly, in the effective 
management of these, can again deliver energy 
savings of up to 10%.

This includes investment in projects with longer 
paybacks such as completely new machines and 
technology.

The payback
Energy use reductions can be delivered through 
a balanced combination of no-cost, low-cost and 
investment actions. Some actions have very rapid 
paybacks (< 2 months) but the average payback 
for investment in energy management is, in our 
experience, in the region of 6-9 months.

These returns make investment to reduce 
energy use extremely attractive from a purely 
financial point of view and very rewarding from a 

Compare your site 
energy	use	to	the	
values shown in the 
pie	chart.	They	won’t	
be	that	different.

Now compare your 
efforts	to	where	the	
costs	really	are.

If	they	are	different	
then you need to 
change	your	efforts.

Energy	use	reduction	
is fundamental in 
achieving	net	zero.	
You	have	not	‘done	it	
all’ and there is always 
more	to	find.

Why	am	I	not	
impressed by 
statements such as 
“We	have	reduced	our	
energy	use	by	5%	over	
the	past	3	years”.

This should be done in 
three months!

Management
actions
(10%)

Maintenance
actions
(10%)

30% energy use reductions

Capital
investment

(10%)

Energy use reductions come from three main areas
A	30%	reduction	in	energy	use	is	possible	in	most	plastics	processors	
(depending	on	their	stage	of	development).	These	savings	will	come	equally	
from	management	actions,	maintenance	actions	(<£1,000)	and	capital	
investment	(>£1,000).



BPF NET ZERO BRIEFING 11

sustainability and net zero point of view. Not many 
capital investment projects achieve a payback 
of <1 year and continue to deliver the benefits 
virtually indefinitely. Despite this, many sites 
continue to primarily present capital investment 
proposals based on direct labour reductions and 
rarely put forward purely energy use reduction 
projects.

The source of the current costs
Few sites are able to accurately allocate their 
energy consumption in terms of where energy 
is used despite the fact that this is a relatively 
easy task. A basic understanding of the reasons 
for energy use will show where a site should 
spend time and effort in energy use reduction 
efforts. Efforts at reduction should normally be 
relative to the size of the use and/or the ease of 
implementation.

The general approximate energy use (and cost) 
distribution for most plastics processing sites is 
shown on the upper right. The exact percentages 
for each individual site will depend on the process 
used, e.g., compressed air use is normally higher 
at blow moulding sites, cooling is normally higher 
at extrusion sites and sites with a large amount 
of assembly work will also generally use more 
compressed air. Despite these local variations, 
the ratios will be approximately correct for the 
majority of sites.

 TIP  Understanding	the	source	of	the	costs	is	
fundamental	to	reducing	energy	use.	Map	the	
energy	use	at	your	site	to	get	the	best	return	 
on	efforts.

The effect on emissions
Energy use is a major element of the carbon 
footprint and, for most sites, the direct use 
of electricity will account for ≈ 73% of the site 
emissions.

Reducing energy use by 30% of the current use 
energy spend will reduce Scope 2 emissions by 
30% and will also reduce some Scope 3 emissions 
(transport and distribution losses and well-to-tank 
losses) by 30%. The overall effect will be to reduce 
emissions at a site by ≈ 27%. This is shown in the 
diagram on the lower right.

Where can I get help?
The BPF, through BPF Energy, is active in training 
processors in how to reduce energy use through 
good management. BPF Energy regularly runs 
training courses on energy management and 
carbon footprinting, the BPF has produced a series 
of training videos, a series of e-learning courses 
and a ‘projects book’1 for plastics processors.

The main text on this topic is produced by the 
author of this document2.

 TIP  All	the	information	necessary	to	reduce	
energy	use	in	plastics	processing	is	freely	available	
but	processors	must	take	action.

Energy use distribution in plastics processing
The	main	energy	use	and	cost	is	in	the	plastics	processing	machinery	and	
services	(92%).	Lighting,	heating	and	offices	are	minor	costs	(8%).	It	pays	
to	get	a	sense	of	perspective	and	to	focus	on	the	big	users	so	that	you	can	
make	the	biggest	savings.

The benefits in use reduction
For	a	typical	plastics	processor,	most	of	the	energy	used	will	be	electricity,	
i.e.,	Scope	2,	and	will	be	≈	73%	of	the	emissions.	Reducing	use	by	30%	will	
reduce	Scope	2	(and	some	Scope	3)	emissions	by	30%.	This	will	reduce	the	
total	emissions	by	slightly	less,	i.e.,	≈	27%.

Plastics
processing   66%

Heating     2%

Offices     1%

Lighting     5%

Water 
pumps     5%

Chillers   11%

Compressed
air   10%

If	your	energy	use	
reduction actions 
to date have been 
confined	to	‘replacing	
fluorescent	or	high-bay	
lighting	with	LEDs’	
then you haven’t 
understood where the 
costs	really	are.

1 ‘Controlling Energy Use in Plastics Processing’, 2017, BPF 
Energy and Tangram Technology, available free of charge 
on application to members of the BPF Energy Climate 
Change Agreement.

2 ‘Energy management in plastics processing’, Kent, R.J., 
2018, Elsevier.

Before use
reduction

Scope 1
Direct Emissions
(owned)

Scope 2
Imported 
Power/Utilities

Emissions (tonnes CO2e)

Scope 3
Other indirect emissions
(not owned)

After use
reduction

0 1,000 2,000 3,000 4,000
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4 Use renewable energy sources

Grid renewables
Using renewable sources of electricity reduces 
the emissions of a company but there is rarely 
a direct wire connection between the source of 
the renewable and a site. Renewable electricity 
is fed into the distribution grid where it becomes 
‘mixed’ with the electricity generated by non-
renewable methods, e.g., fossil fuels. This means 
that the electrons you use for power may or may 
not have been generated renewably but they are 
somewhere in the mix. The UK electricity market 
is complex with many ‘electricity suppliers’ buying 
electricity in the market and selling it on to 
customers, i.e., they do not have any generation 
capacity at all.

Renewable electricity is effectively two 
products:

l The actual electricity – which is no different to 
non-renewably generated electricity and flows 
through the same grid.

l The environmental benefits of the renewable 
generated electricity.

To cope with the mix in the grid there are two 
basic methods of claiming that the energy used is 
‘renewable’ and these are shown in the diagram 
on the right. The two methods are:

l Power purchase agreements (PPA) – this is 
where the renewable energy generator has 
a long-term direct contract with the energy 
supplier to supply renewables and the energy 
supplier has a similar direct contract with the 
consumer (it is possible for the generator 
and supplier to be the same company). There 
is therefore a direct connection between 
the power supplied and the environmental 
benefits of renewables. The power supplied 
is accompanied by a certificate of origin 
to provide a robust justification that the 
supplied power is derived from renewable 
sources. If the customer does not require 
a certificate of origin, then this can be sold 
separately as a REGO.

l Renewables Energy Guarantees Origin 
(REGO) – in this case the power supplied and 
the environmental benefits are ‘unbundled’. 
The renewably generated electricity can 
then be sold in the market as ‘generic’ power 
and the environmental benefits can be sold 
separately via a REGO. This allows suppliers 
to buy electricity in the market (from any 
source) and to match this with an equivalent 
volume of purchased REGOs to claim to be 
supplying ‘green’ electricity.

 REGOs are issued (and registered) by OFGEM 
to the renewable energy generator for each 
MWh of renewable energy generated and 
must be redeemed within 16 months of the 
electricity being generated. 

Most suppliers of ‘green’ electricity will have a mix 
of PPAs and REGOs in their actual supply.

The use of REGOs (and the equivalent European 
Guarantees of Origin – GoOs) and their very low 
cost (≈ £0.5 for 1 MWh) means that it is possible 
to supply ‘green’ electricity to a typical plastics 
processing site using 25,000,000 kWh/year (25,000 
MWh) for ≈ £12,500/year without investing in any 
renewable capacity at all.

 TIP  The	use	and	control	of	REGOs,	the	potential	
for	double-counting	and	their	failure	to	drive	
investment in renewables has led to criticism of their 
use.	Sites	purchasing	renewable	or	‘green’	electricity	
are	advised	to	check	with	their	supplier	about	the	
actual	source	of	the	electricity.	Suppliers	are	legally	
obliged	to	disclose	to	their	customers	the	mix	of	
fuels	used	to	generate	the	electricity	supplied	and,	in	
many	cases,	it	will	be	on	the	bill	data.

The	increasing	
investment in 
renewables is 
very	effectively	
‘decarbonising’	energy	
supply	in	the	UK.

As an industry that is 
already almost fully 
electrified,	plastics	
processing	can	then	
benefit	from	this	trend	
on the route to net 
zero.

Electricity to
the grid

Environmental
benefits

Electricity to 
the grid

Renewable
power 

generated

Conventional
power 

generated

Energy 
supplier

Energy 
supplier

ConsumerConsumer

‘Green power’ via
Renewable Energy

Certificate
(REGO)

‘Green’ power via
power purchase
agreement (PPA)

REGO
sold 
with

electricity

REGO
sold 

on the
market

The flow of power and benefits in renewables
Renewable	energy	and	the	treatment	of	the	environmental	benefits	derived	
from	this	has	driven	market	developments.	A	completely	new	trading	
environment	has	been	created	from	the	‘unbundling’	of	the	two	products	in	
renewable	energy.
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Reporting grid renewables
For most plastics processors the use of electricity 
(Scope 2 in the carbon footprint) will be ≈ 73% of 
the total emissions. It would be nice to think that 
we could remove this by simply purchasing green 
electricity and then all would be good.

The reality is very different and the reporting of 
carbon emissions from electricity can use either:
l ‘Location-based’ – using the grid average 

emission for the location, currently 0.21233 kg 
CO2e/kWh for the UK.

l ‘Market-based’ – using a ‘green’ electricity 
emission of zero.

 
Many national reporting systems, e.g., SECR in the 
UK, encourage or require location based reporting 
using the grid average but, where PPAs or REGOs 
are used, allow companies to also report market-
based emissions alongside the location-based 
emissions. Other reporting standards, e.g., SBTi, 
allow either location- or market-based but do 
require consistency in their use.

 TIP  Whether	you	use	location-based	or	market-
based,	the	reporting	should	still	include	the	
transport	and	distribution	losses	in	Scope	3	for	any	
electricity	supplied	via	the	grid.

On-site renewables
Plastics processing is very power intensive and 
although some sites have installed solar PV or 
wind turbines, these are a very small minority. 
For most sites, the application of on-site solar or 
wind will not be able to provide more than a small 
fraction of the site demand. Solar and wind-power 
installation levels have greatly increased across the 
world but, in most countries, renewables do not 
have sufficient power density to provide a viable 
alternative to other methods of generation1.

Solar
For most sites in the UK, roof-mounted solar 
panel installation is the only option. Sample 
calculations2 show that a typical UK site could 
expect to generate ≈ 16% of yearly energy 
needs. The investment would have a payback 
of ≈ 7-9 years, which is normally well above 
the investment criteria threshold for plastics 
processing sites.

Typical solar outputs (kWh/m2) by day for a year 
are shown on the right. This highlights the main 
issues with solar generation, i.e., it is unpredictable 
except in broad terms (more in summer and none 
at night).

 TIP  If	a	site	is	operating	24/5	and	has	no	battery	
storage	then	this	will	decrease	and	≈	11%	of	

the annual use will be met by the solar panels 
(although	the	excess	may	be	sold	back	to	the	grid).

Wind
Most sites are not suitable for on-site wind turbines 
due to space restrictions and it is unlikely that any 
suitable wind turbine could be roof-mounted. A 
site therefore needs a large site area to make any 
meaningful difference in electricity generation 
terms. Simple calculations2 based on a free area 
(suitable for wind turbines) equal to twice the roof 
area show that a typical UK site could expect to 
generate ≈ 6% of the yearly energy needs. The 
investment would have a payback of ≈ 5-6 years, 
which is normally well above the investment criteria 
threshold for plastics processing sites.

 TIP  Not	many	sites	have	this	much	free	space	or	
are	located	in	areas	where	the	average	wind	speed	
is	below	average.

 TIP  If	a	site	is	operating	only	24/5	and	has	no	
battery	storage	then	this	will	decrease	and	≈	4.2%	
of the annual requirements will be met by the wind 
turbines	(although	the	excess	may	be	sold	back	to	
the	grid).

Reporting on-site renewables
On-site renewable electricity is not considered 
part of the emissions mix for national reporting 
systems and does not have to be reported. If on-site 
generation is used then it may be reported internally 
as part of the financial assessment of the project.

Solar output by day for a complete year
This	is	the	actual	solar	output	(kWh/m2)	over	a	complete	year.	The	
difference	in	the	generation	output	between	summer	and	winter	is	stark.	
Obviously	solar	panels	will	be	more	beneficial	in	sunnier	climates.

The low return on 
investment for on-site 
renewables is one of 
the	biggest	barriers	to	
implementation.

STORAGE

It	might	be	argued	that	
storage	could	change	
the	arguments	for	solar	
or wind power but 
the current available 
output levels mean 
that most sites would 
use all the power 
available as it was 
generated.

1 ‘Sustainable Energy 
– without the hot air’. 
MacKay, D.J.C., 2008, UIT. 
Available for purchase or 
free download at www.
withouthotair.com.

2 ‘Sustainability 
management in plastics 
processing’, Kent, R.J., 
2022, BPF.
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5 Reduce absolute materials use

Embodied energy counts
Every material contains embodied carbon, e.g., 
bio-based materials may not contain long carbon 
in the base material but there will be emissions 
from the collection, transport and processing of 
the material before it arrives at the processor. 
This means that reducing the absolute amount of 
material used in a product aids in the achievement 
of net zero by reducing the embodied carbon. 
Processors therefore need to use the absolute 
minimum amount of material to meet the 
customer requirements.

 TIP  It	doesn’t	matter	if	the	material	is	bio-based,	
recyclable	or	recycled.	It	doesn’t	have	anything	to	
do	with	the	type	of	material,	using	less	material	will	
cost	less,	use	less	energy	to	process,	use	less	energy	
to	transport	and	have	reduced	overall	emissions.

Minimising materials use is key to reducing 
embodied emissions and to environmental and 
economic sustainability. Taking material out of the 
product at either the design or production stage 
permanently reduces the embodied emissions.

It is about focus
In many companies there is a lack of consistent 
direction, focus and effort to proactively reduce 
the raw material impacts because materials 
content and use crosses too many departmental 
boundaries for companies organised along 
functional lines. The best method is to use a 
cross-functional ‘Materials Team’ to manage 
materials use and content. The Materials Team 
should include staff from Design, Production, 
Quality, Finance, Procurement and major suppliers 
to ensure that all materials are used responsibly 
and cost-effectively (see diagram on the right). 
Reducing materials use has a direct impact on 
embodied emissions, environmental sustainability 
and financial sustainability.

 TIP  This	is	too	important	to	be	left	to	
procurement,	design	and	production	to	attack	
separately.	There	is	a	need	for	a	team-based	
approach.

 TIP  The	Materials	Team	should	be	set	aggressive	
materials	cost	reduction	targets	–	an	initial	target	
of	8%	reduction	in	the	total	materials	bill	is	realistic	
and	should	force	them	to	think	hard.

The materials team should:
l Identify the impact and cost of every materials 

decision.
l Identify the real cost of every finish, operation 

and special feature.
l Justify every cost component or eliminate it.

Reducing	material	
use not only reduces 
emissions,	it	also	
improves	profits.

Existing	products	
can also be a fertile 
area for materials 
use	reduction.	The	
sales volumes and 
accounting	data	
are	well	known	and	
proven.	This	gives	
good	data	and	allows	
the materials team 
to prove that it is a 
worthwhile	process.

The materials team
Set	aggressive	targets	for	the	team	to	stimulate	innovative	approaches	and	
reduce	the	type,	content	and	use	of	all	raw	materials.	The	materials	team	
should	have	representatives	from	all	areas	of	the	company.	This	is	not	
simply	a	procurement	process.

l Go for the big impacts and costs first and use a 
screening grid to look for the easiest and most 
rewarding targets.

Reducing raw materials content 
(lightweighting)
Lightweighting is easiest at the design stage – it 
is the first and best opportunity to manage the 
product impacts. With any design project the first 
15-20% of the project involves little actual spend 
but it defines and commits between 50-80% of the 
environmental impact and between 80-90% of the 
product cost.

It is better to avoid putting material into the 
product than it is to try to take it out after the 
product has been designed and tooling has been 
manufactured.

Reducing materials content is most effective and 
easiest at the design stage. The process should 
begin now for all new products and then used 
retrospectively for existing products. The main 
opportunities for materials content reduction are:
l Project	brief – Product designers should be 

set bold targets for materials content reduction 
and use recognised design management 
processes, e.g., ‘Advanced Product Quality 
Planning and Control Plan’ methods from 
AIAG. Reducing materials content is as much 
about management as it is about design – it is 
about giving designers the incentive, structure 
and opportunity to be innovative and reduce 
materials content.

Quality

Materials team
+

Customer

All purchased materials
8% use and
emissions
savings on

raw materials

Controls

Design Major 
suppliersFinance

Production Procurement



BPF NET ZERO BRIEFING 15

l Mould analysis – Use mould and profile 
analysis to optimise and reduce the wall 
thickness for any part. Low-cost mould and 
profile analysis will almost always reduce 
materials content and will improve materials 
use.

l Value	Analysis/Value	Engineering – Always 
use VA/VE to examine parts and reduce ‘over-
designed’ product features. Use ‘stock’ parts 
where possible.

l Taguchi – Use experiment design techniques, 
such as Taguchi methods, to generate robust 
designs that have reduced failure rates.

l FMEA – Use design risk analysis methods such 
as FMEA to analyse potential failure modes and 
to build solutions into the design.

l DFM,	DFA	and	DFD – Train designers in 
Design for Manufacturing, Design for Assembly 
and Design for Disassembly. They are all 
important in reducing materials use and in 
recycling.

Note: Taking material out of the product design 
should never result in taking value (as seen by the 
customer) out of the product.

Minimising the amount of plastic used to 
achieve the solution will minimise embodied 
emissions (and maximise profit).

 TIP  Set	a	target	of	4%	for	the	reduction	in	
materials	content	for	the	first	year.	Set	similar	
targets	for	future	years	and	keep	the	pressure	on	
for	materials	content	reductions.

Reducing raw materials use in 
production
The global material use of a product has largely 
been determined by the time the product reaches 
the production stage. Production is where the 
material is actually used and is a key area for 
materials use reduction. The main opportunities 
for materials use reduction are:
l Process	settings – Poorly set machines waste 

material from increased scrap rates. Define 
the optimum settings and use SPC to control 
the process to reliably run products at the 
lower end of the tolerance band to reduce the 
materials content.

l Process controls – Invest in process controls, 
e.g., gravimetric feed units for injection 
moulding, gear pumps for extruders, gauge 
controls for film extrusion and parison 
thickness controls for extrusion blow moulding. 
All of these will accurately control materials 
use. 

l Link	control	systems	to	inspection	devices 
to prevent waste and reduce materials use, 

e.g., parison thickness controls can be linked 
to quality control testing to minimise the 
materials use.

l KANBAN – Use KANBAN containers to control 
production volumes and protect products from 
damage.

l Inventory reduction – Reduce raw materials 
inventory to decrease product ‘shrinkage’ and 
losses.

l Materials	handling – Invest in ‘closed system’ 
materials handling equipment to ensure that 
raw materials are not spilt or lost onto the 
factory floor and that products never ‘touch 
the floor’.

l Monitor and reduce scrap of any 
description – Scrap caused by poor 
production control. Even if re-used internally, 
it has used time, power and effort. Invest in 
automated scrap handling equipment that 
does not allow any scrap (including sprues 
and runners) to ‘touch the floor’. Producing 
scrap that can be reground is costly; producing 
contaminated scrap that is only fit for disposal 
is even more costly.

l Minimising	the	amount	of	plastic	used to 
achieve the solution will minimise embodied 
emissions (and maximise profit).

 TIP  Set	a	target	of	4%	for	the	reduction	in	
materials	use	for	the	first	year.	Set	similar	targets	
for	future	years	and	keep	the	pressure	on	for	
materials	use	reductions.

 TIP  The	primary	function	of	the	product	must	
be	retained.	Taking	cost	out	of	the	product	at	
production	should	never	result	in	taking	value	(as	
seen	by	the	customer)	out	of	the	product.

This is not just about plastics materials
Reducing	absolute	materials	use	should	not	just	focus	on	the	plastics	used	
in	processing.	It	should	also	focus	on	all	of	the	other	materials	used	at	a	site	
because	they	all	have	embodied	emissions.	Typical	materials	will	include:

l	 Water	use	and	disposal.
l	 Packaging,	e.g.,	pallets,	cardboard	and	timber.
l	 Solvents.
l	 Oils.
l	 Hydraulic	fluids.
l	 Metals.
l	 Filters.
l	 Cleaning	fluids	and	clothes.
l	 Special	waste	(including	emissions	to	air,	e.g.,	VOCs).
l	 Office	paper	and	materials. 
If	a	material	comes	onto	your	site,	then	it	has	an	embodied	carbon	
emission.	Minimising	all	materials	use	will	reduce	embodied	emissions	and	
costs	at	the	same	time.

Reducing	the	use	of	non-production	materials	is	covered	in	more	detail	in	
Section	11,	which	looks	at	minimising	waste.

The	average	weight	
of	a	yoghurt	pot	has	
halved	in	the	last	30	
years.
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Optimise material selection
Optimising	selection	allows	for	easier	collection,	sorting	and	recycling.	
Unless a closed-loop collection system is established these will not be 
recycled	and	the	embodied	carbon	can	be	lost.

I	bought	some	socks	
recently.	It	was	a	seven-
pack	and	they	were	
carefully separated by a 
plastics frame with the 
recycling	symbol	and	
6	‘PS’	marked	on	the	
frame.	My	local	council	
does not collect PS and 
I was forced to put the 
frame	in	the	general	
waste.

Careful materials 
selection	and/or	
improved infrastructure 
could have avoided this 
waste.

This can also be an 
opportunity to reduce 
overall costs and 
environmental	impact.

Reducing	raw	material	
climate impact can 
increase volumes in the 
materials	that	are	used.

This can drive volume 
discounts and reduce 
materials	costs.

It	is	not	all	negative.

6 Reduce climate impact of raw materials

How many are there?
There are ≈ 12 major families of thermoplastics, 
e.g., polyolefins, styrenics, etc., and a smaller 
number of thermosetting/ reaction families, e.g., 
aminoplasts, polyurethanes, etc. These families 
can be broken down into ≈ 70 major types of 
plastics, e.g., the polyolefin family contains nine 
distinct plastics types ranging from PE-LD to PP. 
These types of plastics are all available from a wide 
range of suppliers in a variety of grades and, even 
at a conservative estimate, there are probably 
>100,000 distinct grades of material available 
around the world.

This is a truly a plethora of materials choices 
and every application appears to have a specific 
grade developed for it when, in many cases the 
incremental benefit is very small. From a climate 
impact/ performance point of view, it almost 
appears that ‘confusion marketing’ is being used.

Why do we want this?
For the plastics industry to get to net zero, 
recycling will have to increase (see Section 7) 
and this inevitably means reducing the carbon 
footprint of plastics used and improving circularity 
through increases in recycling capacity and 
collection infrastructure.

Recycling will only happen if the material is 
collected at end-of-life, recycling will only happen 
if the collected material is sorted, recycling will 
only happen if the sorted material is clean and 
free of contaminants. Not all types of materials are 
collected in current domestic waste schemes or 
closed loop schemes. The main collected plastic 
types are shown in the diagram on the right. 
Kerbside collections of plastic packaging in the UK 
are limited to rigids at present, with Government 
signalling the intention to collect flexibles later 
this decade. Widespread collection of all polymer 
types and formats will increase circularity of 
products by making available more recyclate to 
replace fossil feedstock. This will in turn reduce the 
climate impact of the raw materials. The diagram 
on the right shows the commonly recycled plastics 
and these are the preferred materials to use at 
present.

The challenge for the industry is: how do we 
either optimise recycling from the ≈ 70 distinct 
plastics types currently used, or optimise our use 
to ≈ 10 plastics types (the commonly recycled 
ones) and still deliver the essential enabling 
properties of plastic products? 

 TIP  This	is	not	simply	a	net	zero	issue;	the	
implementation of the circular economy will also 
require	increased	recycling	and	this	could	also	
require	a	reduction	in	the	materials	types	used.

 TIP  Optimising	the	number	of	materials	types	
used	or	investing	in	the	capacity	to	handle	them	
will	also	increase	the	scale	of	recycling	by	making	
more	products	recyclable	at	end	of	life.

 
Reducing the climate impact of materials is a 
long-term action and companies need to start 
to prepare for this by designing products for the 
future.

Preparing for the future
At the design stage, design for recycling and get the 
materials right to make recycling easier. This needs 
to start now for new products; existing products 
need to be re-examined for recyclability design.

Reduce the number of materials
Collection, sorting and recycling is easiest if only 
one polymer is used. The design should reduce 
the variety of polymers in a product.

 TIP  If	it	is	not	possible	to	reduce	the	number	of	
materials	used	then	the	design	should	allow	the	
different	materials	to	be	easily	separated.

 TIP  The	design	stage	is	also	the	best	time	to	
design	in	the	use	of	recycled	materials	 
(see	Section	7).

Polyolefins
PE-LD
PE-HD
PE-MD

PP

Polyesters
PET

Styrenics
PS-HI
PS-GP
ABS
EPS

Vinyls
PVC-U

All other materials
PA

PMMA
POM

Fluoropolymers
etc.

Non-commonly 
recycled materials

Commonly 
recycled materials
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Choose materials to maximise 
mechanical recycling
Designers should choose materials that are 
easily and commonly recycled. This increases the 
possibility of recycling at end of life and increases 
the potential for using recycled materials.
l The plastics with the highest proportion of 

mechanical recycling are PE-HD, PP and PET.
l The films with the highest proportion of 

recycling are PE-LD, PE-LLD, PE-HD and PP.
l PVC-U is widely recycled although this is 

primarily in a closed-loop industrial schemes 
rather than as Post-Consumer Waste (PCW).

 Tip  Use	clear,	uncoloured	material	whenever	
possible	to	maximise	recycling	potential	(and	
potentially	reduce	costs).

Choose compatible materials
If it is not possible to reduce the number of 
polymers then the polymers used should be 
compatible and capable of forming a polymer 
blend when reground and recycled. Some 
polymers are poor at blending with other 
materials. Selecting compatible materials allows 
bulk regrinding and compounding rather than 
needing disassembly and sorting.

If incompatible materials are recycled together 
then the mixed recyclate will have reduced 
physical properties and may be rejected from the 
recycling process.

 TIP  If	using	a	single	material	is	not	possible	then	
use	compatible	materials	to	reduce	dismantling	
and	sorting.

 TIP  If	using	compatible	materials	is	not	possible	
then	reduce	the	percentage	used	for	the	minor	
material	to	<2%.

Remove other materials
If an assembly is to be recycled then design to 
remove non-plastics materials, e.g., inserts, screws 
and clips, labels, adhesives and paints. These make 
recycling difficult and where possible should be 
eliminated at the design stage.

Recycling is more complicated if there are 
significant amounts of some fillers or additives, 
e.g., glass or vegetable fibres (>10%), nano-
particles and flame retardants.

 TIP  Use	the	minimum	amount	of	fillers	and	
additives.

 TIP  Ensure	that	any	fillers	used	are	compatible.

Identify the materials
It is not enough to just reduce the number of 
materials types; the basic type of material should 
also be identified on the product using the ISO 
standard symbol that includes the internationally 
recognised abbreviation for the base polymer.

 TIP  The	primary	material	should	be	marked	
on	all	products,	using	the	standard	symbols	and	
abbreviations.

The benefits
A product that has an optimised number of 
correctly selected materials will be easy to collect, 
easy to sort and free of contamination. This will 
allow it to easily enter the recycling stream and be 
recycled and will provide a consistent stream of 
recycled materials to aid the transition to net zero 
for plastics processors.

 TIP  Examine	the	complete	product	range	to	
ensure that products are easily collected and enter 
the	recycling	stream.

 TIP  Examine	the	product	range	to	ensure	that	
products	are	easily	recycled.

Using ‘traditional’ materials 
It	is	often	proposed	to	replace	plastic	packaging	with	‘traditional’	materials	
and	it	is	technically	feasible	to	replace	plastics	packaging	with	alternative	
materials,	e.g.,	glass,	tin	plate,	aluminium	and	paper-based	materials.	
However,	multiple	studies6,7	of	the	impact	of	plastics	packaging	on	life	
cycle	energy	consumption	and	greenhouse	gases	in	Europe	and	the	USA	
and	Canada	have	shown	that	replacing	plastics	packaging	with	alternative	
materials	would:

l	 Increase	energy	consumption	by	a	factor	of	2.
l	 Increase	greenhouse	gas	emissions	by	a	factor	of	2.73. 

Reducing	the	number	of	types	of	material	used	is	a	much	more	effective	
method	of	trapping	and	recycling	the	materials	used	and	reducing	the	carbon	
emissions.

Some	comprehensive	and	free	guides	to	raw	materials	selection	(primarily	
for	packaging	but	still	relevant)	are:

l	 1.		The	BPF	has	a	directory	to	most	of	the	tools,	guides	and	LCAs	at:	
ecodesign.bpf.co.uk/resources.	This	is	an	excellent	resource.

l	 2.		‘Recyclability	by	Design’,	2020,	Recoup,	www.recoup.org.
l	 3.		‘PackScore’,	2020,	BPF,	www.bpf.co.uk/design/packscore/packscore.
l	 4.		‘APR	Design	Guide	for	Plastics	Recyclability’,	2018,	Association	of	

Plastics	Recyclers,	www.PlasticsRecycling.org.
l	 5.		‘Design	for	Recycling	Guidelines’,	2020,	RecyClass,	www.recyclass.eu.
l	 6.		‘Impact	of	plastics	packaging	on	life	cycle	energy	consumption	and	

greenhouse	gases	in	Europe’,	2011,	Denkstatt,		www.plasticseurope.org.
l	 7.		‘Plastics	and	Sustainability’,	2016,	American	Chemistry	Council,	plastics.

americanchemistry.com/Plastics-and-Sustainability.pdf.

Optimising	the	
material types is 
not	a	linear	process.	
You	may	have	to	go	
through	this	process	
several	times	to	get	the	
best	results.

In	many	cases,	the	
brand owners drive 
change	and	not	the	
plastics	industry.

The industry 
responds to demands 
for increased 
product life and 
value retention with 
the best tools and 
techniques available 
and the development 
of new tools and 
techniques to meet 
the demands of the 
brand	owners.

The brand owners 
are	already	starting	
to drive the net zero 
process – we need to 
catch	up,	and	quickly.
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Most plastics 
processors will not be 
involved	in	recycling	
but	they	need	to	know	
about the methods to 
prepare	for	the	future.

7 Reduce climate impact of raw materials

Reducing embodied carbon
Section 6 covered the selection of materials to 
allow future recycling but processors need to start 
to include recycled materials in their products 
to reduce their embodied carbon. Mechanically 
recycled materials have lower embodied carbon 
levels than virgin material.

Calculations by Tangram and others1 show that 
the embodied carbon in mechanically recycled 
material is as low as ≈ 20% of that of virgin 
material to the point of production. This assumes 
that the original embodied carbon of the material 
is ‘written off’ after the first use as no new long 
carbon material is used in the production.

The pressure to increase the use of recycled 
materials is not simply based on a net zero driver, 
it is also based on the development of the circular 
economy. This adoption of the circular economy 
ethos has resulted in significant legislation to 
increase recycled content in packaging around the 
world and brand owners (traditionally reluctant to 
disclose packaging information) are now declaring 
the amount of recycled material used and recycling 
information on their packaging. The brand owners, 
as a result of consumer pressure, are also placing 
pressure on processors to increase the amount of 
recycled material in products.

 TIP  The	direction	of	travel	is	clear.	Processors	
should	start	planning	now	even	if	they	are	not	in	
the	packaging	sector.

 
There is increasing legislative pressure to improve 
recycling rates but the sector has capacity and 
investment issues. Current systems are only 
applicable for a limited range of materials, e.g., PE-
HD, PE-LD, PP and PET (see Section 6).

 TIP  In	some	countries,	the	intersection	
between	legislation	and	capacity	issues	has	led	to	
‘counterfeit’	recyclate,	i.e.,	virgin	material	sold	as	
recycled	material.

Recycling processes
The available recycling routes are shown in the 
diagram on the right and the main recycling 
processes are:
l Mechanical	recycling – this retains the basic 

polymer structure and is used to recover the 
complete material (including any additives or 
colours).

l Chemical	recycling – this is not a single 
process but several distinct process types that 
break the plastic down to varying degrees, e.g., 
polymer, monomer and feedstock. The point 
that the recycled output re-enters the process 

depends on the degree that the polymer has 
been broken down. The main processes are:
l Solvent dissolution – the polymer is 

dissolved in a solvent and the main 
polymer backbone is retained.

l Chemical recycling – the polymer is 
depolymerised, i.e., the backbone is broken 
down, and the output is the monomer 
of the input polymer which must be 
polymerised again.

l Thermochemical recycling – the polymer 
backbone is broken down to the basic 
components. The output is a mixed 
petrochemical feedstock that can be used 
to produce new polymers or used for other 
chemical processes or as fuel.

 
The materials recycled depend on the process but 
the processes are much more energy intensive 
than mechanical recycling. Chemical recycling is a 
sector that is developing rapidly.

For processors, using more recycled material 
almost inevitably means using more mechanically 
recycled material.

The recycling routes
Recycling	is	not	a	single	process.	There	are	many	recycling	routes,	either	as	
a	polymer	by	mechanical	recycling	or	solvent	dissolution,	as	a	monomer	or	
as	petrochemical	feedstock.	Incineration,	with	energy	recovery,	can	be	used	
to	recover	the	embodied	energy.

Petrochemical or
biomass feedstock

Raw materials
(polymerisation)

Raw materials
(compounding)

Manufacturing

Use

End-of-life

Energy
recovery

Landfill LitteredBiodegradation

Internal
re-use

Mechanical
recycling
(polymer)

Chemical
recycling

(monomer)

Thermochemical
recycling

(feedstock)

Solvent
dissolution
recycling
(polymer)

Product
re-use
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Regrind ≠ recycled
Reducing absolute material use (see Section 
13) will encourage regrinding and net zero will 
encourage companies to make sure that every 
pellet entering a site exits as part of a product.

Re-using material that has been through the 
process and is re-used in the original process, i.e., 
the material has never left the site boundaries, 
cannot be classed as ‘recycled’ material because 
it is treated in a closed-loop. It may be classed as 
Post-Industrial Regrind (PIR) but not as recycled 
material.

ISO 14021:20162 excludes “materials such as 
rework, regrind or scrap generated in a process 
and capable of being reclaimed within the same 
process that generated it.” Using PIR from another 
process and, ideally, an external source can be 
classed as recycling.

Utilising regrind material reduces waste and 
also reduces the use of virgin fossil feedstocks 
(e.g., post-consumer recyclate).

 TIP  Companies should be very careful 
about	the	reputational	issues	of	claiming	
recycled content when it is Post-Industrial 
Regrind	(PIR).

Running recycled materials
It is not enough to design products for recycling, 
processors must also prepare their machines, 
sites and products to be ready for increased 
recycled content. Processors will be familiar with 
using regrind material but this will normally be in 
low percentages, e.g., except in the case of EBM 
it will be < 5%. Net zero and sustainability means 
that sites must be ready to dramatically increase 
the amount of recycled content in the coming 
years.

Recycled materials will not always have the 
same processing properties as virgin materials. 
Processors need to start selecting the new 
materials, running the trials and preparing their 
sites and processes for running recycled materials 
at much higher concentrations (>70%).

 TIP  Start	this	now,	it	may	be	a	long	process	to	
get	it	right	and	to	get	customer	acceptance.

 TIP  For	‘food	contact’	applications,	the	
industry needs to ensure product and 
material	safety	at	all	levels	through	regulatory	
compliance.

 TIP  Start	to	consider	parts	in	terms	of	‘visual’	
and	‘non-visual’	and	how	to	run	differing	
amounts	of	recyclate	in	them.

Supply chains
The supply chain for recycled materials is more 
complex than for virgin materials and processors 
need to ensure that what they are purchasing is 
high quality recycled material. The main standard 
for traceability in Europe is EN 15343:2007 
‘Plastics recycling traceability and assessment of 
conformity and recycled content’. This sets out 
requirements for input material control, recycling 
processes and the characterisation of the final 
recyclate.

EuCertPlast (www.eucertplast.eu) is a 
certification system for recyclers and uses EN 
15343:2007 as the basis for the certification 
of ≈ 100 recyclers across Europe. This covers 
traceability in the supply chain to allow assessment 
of conformity to the standard and the amount 
of recycled content based on a mass balance 
calculation for the process. The requirements of 
the EuCertPlast audit scheme and the associated 
quality management scheme are available from 
EuCertPlast.

Other certification schemes include, but are not 
limited to; RecyClass; ISCC; PolyCert Europe; and 
REDcert.

 TIP  In	the	UK,	the	Environment	Agency	assesses	
and accredits recyclers and has quality protocols 
based	on	EN	standards.

 TIP  Process	approval	is	vital	for	recycling	of	food-
grade	materials.

Companies should start now to establish their 
supply chain for recycled materials and be 
prepared to pay more to establish the supply 
chain (but sell the benefits).

Where the materials used are not commonly 
recycled then companies or sectors should 
consider setting up closed-loop systems, e.g., PVC-U 
is recycled via an industry run closed-loop system. 
For many products that are not as ubiquitous as 
PVC-U windows and doors, this will be a difficult 
proposition but the discussion must start soon.

 TIP  Start	to	talk	to	the	rest	of	the	industry	and	
the	waste	management	companies	about	the	
potential	for	closed	loop	systems.

BPF Recycling Roadmap
The BPF Recycling Roadmap3 is designed to provide 
a blueprint for the development of the UK recycling 
industry. It is recommended that processors use 
this to increase their knowledge of incorporating 
recycled content. The roadmap shows the potential 
growth in capacity of mechanical and chemical 
recycling and the sectors they serve.

1  ‘Examining Material 
Evidence: The Carbon 
Fingerprint’, July 2020, 
Voulvoulis et al, www.
imperial.ac.uk/media/
imperial-college/faculty-
of-natural-sciences/
centre-for-environmental-
policy/public/Veolia-
Plastic-Whitepaper.pdf. 

2 “Environmental labels 
and declarations – Self-
declared environmental 
claims (Type II 
environmental labelling)”, 
ISO 14021:2016. 

3  ‘Recycling Roadmap’, Jan 
2021, BPF, bpf.co.uk/
roadmap.

Certification	offers	
the opportunity for 
recyclers to increase 
cross-sectoral use of 
recycled material and 
increase volumes and 
margins.

Investment in new 
machines and processes 
may be necessary to run 
high	recycled	content	
products.

Current European 
Food Safety Authority 
approval requires that 
95%	of	the	recycled	
material for food 
contact applications has 
been sourced from food-
contact	applications,	
and there must be 
full and provable 
traceability	through	the	
supply	chain.

Brand owners need 
confidence	in	the	
declared amount of 
recycled content in 
products.

There is no current 
test for the amount 
of recycled material 
in	a	plastic.	This	
makes	mass-balance	
calculations	(and	
traceability) vital to 
avoid	‘greenwashing’,	
i.e.,	using	virgin	
material instead of 
recycled	material.
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Bio-based plastics 
may or may not be 
biodegradable.

Ethylene	is	ethylene,	
it	doesn’t	matter,	or	
know,	where	it	comes	
from.

The bio-based plastics 
industry	is	developing	
and investment is 
growing	to	meet	
demand.

However,	they	
currently have less 
than	1%	market	share	
and	the	growth	rate	
is	not	much	greater	
than	the	growth	rate	of	
conventional	plastics.

This	may	change	as	
net	zero	progresses	
but there is still a lot of 
ground	to	make	up.

8 Use bio-based materials

Where the material comes from
The terms ‘bio-based’ plastics, ‘biodegradable’ 
plastics and ‘bioplastics’ are often confused and 
used incorrectly, for clarity:
l ‘Bio-based plastic’ describes the source of the 

material, i.e., where the feedstock comes from. 
It is about raw materials.

l ‘Biodegradable plastic’ describes the sink of the 
material, i.e., where the material goes to. It is 
about end of life.

l ‘Bioplastic’ can refer to either bio-based or 
biodegradable materials. It merges two distinct 
concepts and is not recommended.

 
Bio-based plastics can be fully bio-based, e.g., PLA, 
or partly bio-based, e.g., PUR manufactured using 
bio-based polyols.

From a net zero perspective, the important 
factor is that bio-based plastics are produced 
using biomass from the short carbon cycle rather 
than using petrochemicals from the long carbon 
cycle. Bio-based plastics have a reduced carbon 
footprint because the biomass sequesters CO2 
from the atmosphere and reduces the carbon 
footprint. If the materials are incinerated with 
energy recovery, then there is no net gain in CO2 
to the atmosphere, as the carbon released was 
originally sequestered.

 TIP  Bio-based	materials	are	not	totally	net	zero	
because	of	the	energy	and	resources	used	in	their	
production.

 TIP  Bio-based	plastics	may	also	be	regarded	as	a	
carbon	sink,	similar	to	CCUS.	That	would	be	much	
easier to collect and store than CO2.

The sources of biomass are all renewable, i.e., 
within 1-2 years, and do not involve transferring 
carbon from the long to the short carbon cycle. 
The sources include almost all the types of 
biomasses that can be imagined and can range 
from agricultural sources, e.g., corn, wheat and 
sugar cane, through to forestry and farming waste, 
e.g., wood, straw and other wastes.

 TIP  Bio-based	plastics	are	still	produced	in	large-
scale	chemical	plants.

The generations of biomass sources
The sustainability of bio-based plastics depends on 
the source of the biomass:
l ‘First generation’ sources, e.g., agricultural 

crops, where biomass is specifically grown for 
bio-plastics. This can reduce the land available 
for food production and increase water and 
fertiliser use.

l ‘Second generation’ sources, e.g., residues 
and waste products, using waste products 
otherwise burnt or allowed to rot.

l ‘Third generation’ sources, e.g., nontraditional 
organisms such as algae, this is a growing area 
but volumes are very low.

Second generation sources are currently 
regarded as the most sustainable and the best 
route to net zero.

Types of bio-based plastics
The source of the biomass does not describe the 
properties of the polymer produced.

Biomass can be used to produce conventional 
polymers, e.g., PE, PP, PET, PA and some 
polyesters, these are termed ‘drop-in’ bio-based 
plastics and they will have the same mechanical 
and processing properties as conventional 
materials.

Biomass can also be used to produce materials 
that have improved biodegradability and the major 
types are:
l Starch and starch derivatives.
l Polylactic acid (PLA).
l Polyhydroxyalkanoates, e.g., PHA, PHB  

and PHBV.
l Cellulose and some derivatives.
l Protein (soy) based materials.
l Polyethylene furanoate (PEF) – bio-based PET 

replacement with better properties.
l Aliphatic- and aliphatic-aromatic copolyesters, 

e.g., PBAT.
These types of bio-based plastics tend 

to have properties in the commodity 
plastics range and there are currently few 
engineering and performance bio-based 
plastics.

Where it comes from
‘Bio-based’	describes	the	source	of	the	some	or	all	of	the	raw	material.	Raw	
materials	can	come	from	fossil-based	materials,	e.g.,	oil	or	gas	or	from	‘bio-
based’	materials,	e.g.,	biomass	or	plant	matter.	This	has	nothing	to	do	with	
the	end	of	life	phase	of	the	material.

Raw material

Manufacture

Use

End-of-life

‘Fossil-based’
Oil or gas from

long carbon
cycle

‘Bio-based’
Biomass from
short carbon

cycle
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‘Home
compostable’

‘Industrial
compostable only’

‘Industrial
compostable’

Raw material

Manufacture

Use

End-of-life

‘Biodegradable’ ‘Oxo-degradable’‘Degradable’

‘Biomethanation’
Biodegradable using 

anaerobic digestion (AD) 
in specific conditions

‘Compostable’
Biodegradable using 
aerobicdegradation 
in specific conditions

Get ready for bio-based
Consumer and brand owner awareness of the net 
zero benefits of bio-based plastics will increase 
pressure on processors. Processors need to get 
ready to use them as part of their plans to achieve 
net zero by:
l Understanding the costs of bio-based plastics 

– bio-based plastics currently cost more than 
fossil-based plastics because of the highly 
optimised production of fossil-based plastics. In 
the long term, the cost of bio-based polymers 
may be more stable than fossil-based polymers 
where costs can change due to oil price effects.

l Starting to locate sources of bio-based plastics 
– the suppliers and technologies of bio-based 
plastics are not always the same as the suppliers 
of conventional plastics. Processors need to 
locate and understand the new supply chains.

l Understanding the processing of bio-based 
plastics – bio-based plastics can be processed on 
current machines, e.g., injection moulding and 
extrusion (film and profile). ‘Drop-in’ materials 
will need modified processing conditions, as 
with any change of material, and will need 
trials and validation before changing materials. 
Biodegradable bio-based plastics not only have 
different processing characteristics but, in some 
cases, will also need new tooling to process 
successfully. Processors need to understand how 
to process these materials to be ready.

 TIP  Except	for	‘drop-in’	bio-based	plastics,	it	is	not	
possible to simply replace a fossil-based plastic with 
a	bio-based	plastic.	They	will	not	perform	the	same	
and	the	data	sheet	doesn’t	tell	you	everything.

Whatever the source or type of material, bio-
based plastics have a part to play in achieving net 
zero in the plastics processing industry.

Validating bio-based plastics
‘Drop-on’ bio-based plastics are identical to fossil-
based plastics and it is vital to be sure that the 
bio-based material is really biobased. It is possible 
to determine the biomass content by radiocarbon 
analysis to determine how much Carbon-14 is 
present in the material. ‘Old’ carbon from fossil 
sources will have no Carbon-14 present whilst 
‘new’ carbon from biomass sources will have 
Carbon-14 present. Testing1,2 for the presence and 
amount of Carbon-14 allows the amount of bio-
based material to be calculated to validate a claim 
of using biobased materials.

 TIP  The	bio-based	content	(%)	is	the	ratio	of	the	
mass	of	bio-based	carbon	in	the	product/the	total	
mass	of	carbon	in	the	product.

Biodegradable plastics
Biodegradability in a plastic is concerned with 
one of the exit routes at the end of life and the 
possible degradation routes are shown in the 
diagram below. Biodegradability is about where 
the material goes to and is not related to where 
it comes from.

In overall sustainability terms the use of 
biodegradable plastics will be useful, but in net 
zero terms the effect is small. Biodegradability 
itself does not reduce the carbon impact of a 
product. The source of the feedstock, however, 
will have an affect.

Where it goes to
‘Biodegradable’	describes	how	the	material	breaks	down	at	end	of	life.	
All	polymers	degrade	with	time	but	biodegradable	materials	do	so	more	
quickly	and	they	can	be	composted	or	biomethanated.	This	is	about	the	end	
of	life	phase	of	the	life	cycle.

1 ASTM D6866: ‘Standard test methods for determining the 
bio-based content of solid, liquid, and gaseous samples 
using radiocarbon analysis’.

2 EN 15440: 2011: ‘Testing for solid recovered fuels’.

‘Drop-in’ bio-based 
plastics are totally 
compatible with 
plastics	recycling	
systems.

The other bio-based 
plastics are usually 
compatible with 
plastics	recycling	
systems but need 
NIR	sorting	to	avoid	
contaminating	other	
plastics	streams,	e.g.,	
PLA	in	PET.

Biodegradability	or	
compostability do not 
necessarily mean soil 
degradability	and	are	
not	a	license	to	litter.
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9 Reduce gas use

It is mainly in heating
Gas is the main direct fuel use for most 
processors and this will be mainly in office 
heating. In overall carbon terms, this will be low 
and for most sites will be in the region of ≈ 2-5%. 
In the short term, sites need to reduce direct fuel 
use and, in the long term, to examine alternative 
heating methods.

 TIP  If	using	oil-fired	boilers,	then	the	majority	of	
the	information	here	can	be	applied	to	oil	heating.

Reduce heating use
Reducing heating use has no impact on 
production and in most cases it is possible 
to reduce use considerably. Most processing 
machinery generates excess heat and this can be 
used for space or local heating. Despite this, it is 
always best to insulate the process and to heat 
buildings using purpose-designed and controlled 
systems.

The key to efficient heating is to reduce the 
heating load by reducing uncontrolled air leakage 
and improving the thermal insulation of the building.

Reducing the heating load depends on two 
main factors:
l The heating quality requirements, i.e., the 

storage temperature for materials and 
products. This should not to be confused 
with the humidity requirements which may be 
needed for some raw materials.

l The comfort requirements, i.e., the 
temperature needed by people for 
comfortable working. Some recommended 
design values for air temperature are shown in 
the table on the right and these temperatures 
should be held within ± 2°C for most of the 
working period.

Determining whether the requirements are 
quality (materials) or comfort (people) will enable 
sites to set heating appropriate level.

Survey the site

Existing	buildings
Reducing the heating load is the first priority:
l The first step is to prevent unnecessary heat 

loss by making buildings as airtight as possible. 
This can be done by draught-proofing/sealing, 
double glazing and using automatic fast-
acting doors to save energy losses at external 
doors which are used with forklifts and other 
mechanised access.

 TIP  Permanently	seal	unused	doors	and	
windows.

l The heating load can be further reduced by 
reducing the volume that is heated. This can be 
done by using false ceilings, partitions or local 
systems to control the key areas.

New	buildings/refurbishment
The insulation and fabric of all new buildings 
should meet and exceed the current best practice. 
High standards of thermal efficiency in buildings 
are now common and these standards will almost 
certainly rise in the future.

Set temperatures by area
l Production – if materials are stored 

adequately, production areas most often 
simply need comfort heating for staff.

l Warehouses	(raw	materials	and	products) 
– often do not need full heating systems, but 
may need dehumidification to preserve raw 
materials or packaging. They may also need a 
minimum temperature for frost prevention on 
sprinkler systems.

l Offices – staff often have very different 
expectations and will attempt to adjust 
settings. You will never get it right!

Improve controls
Many heating systems have basic thermostat 
temperature controls but these can easily be 
improved by the use of additional controls. Even 
simple time controls can save money – every extra 
hour of heating a building adds at least 4% to the 
heating costs. Good controllers can get a building 

Typical recommended temperatures for activity levels
The	temperature	of	a	zone	should	reflect	the	activity	being	carried	out	in	
the	zone.	Heavy	activities	require	a	lower	zone	temperature	than	light	or	
sedentary	activities.	Reducing	the	temperature	by	1°C	will	reduce	heating	
use	and	costs	by	about	8%.

Type of activity

Heavy	work	(heavy	bench	work) 13–19

Sedentary	work	(seated	bench	work) 19–21

Factory	production	area	–	unoccupied	or	night	setting

Office	areas

Factory production area – occupied

Stores and warehouses 10–12

Minimum for condensation protection 10

Light	work	(light	bench	work) 16–19

Minimum for frost protection 5

General 19–21

Temperature	(°C)

BEMS

Building	Energy	
Management	Systems	
(BEMS)	are	very	well	
developed because 
of the importance of 
energy	management	
in	large	buildings.	They	
are not often used in 
plastics	processing	
because of the 
generally	small	number	
of	offices	present	at	
plastics	processing	
sites.

However,	they	can	
provide	real	insight	
into how and when 
buildings	use	energy.

It	is	generally	more	
effective	to	invest	
in	a	process	energy	
management	system	
and use this to monitor 
the	buildings	as	well.

Night	set-back	
temperature is the 
temperature	setting	
for	when	a	building	is	
unoccupied.	This	should	
be	set	in	the	region	of	
10°C.

 Tip – Heating should make working areas 
comfortable and acceptable to the staff 
– reducing heating levels too much is not 
productive.
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up to temperature quicker than poor controllers 
but when a building has been unheated for a long 
time then it needs to be pre-heated for longer.
l Thermostats – these prevent overheating but 

must be set and located correctly to provide 
the best temperature for the activity level. A 
negative aspect of thermostats is the tendency 
of people to change them. Always use tamper-
proof thermostats and controllers. Where 
radiators are used, these should be fitted with 
thermostatic radiator valves (TRVs).

l Timer controls – these allow the system to 
operate only when the building is occupied. 
They should be used with thermostats to 
provide pre-heating of the area so that it is at 
the correct temperature for occupancy. If there 
is no weekend working then seven-day timers 
should be used.

l Zone control – zoning can considerably 
reduce energy use by providing the right 
amount of heating at the right time. Zoning 
allows the differing needs and building fabric of 
various areas to be controlled separately and 
effectively.

l Optimum start controls – if installations 
are > 50 kW then optimum start controls are 
recommended and should be set so that 
the building temperature increases from 
the set-back temperature to the occupancy 
temperature just in time for occupancy.

Monitoring	and	targeting	(M&T)
The effectiveness of the heating system can be 
checked for operation using M&T systems and 
degree day data provides valuable information for 
heating system management. Benchmark heating 
demands for various areas are shown in the table 
on the right.

Remove	heating	use
Decarbonising heating is one of the biggest 
challenges in achieving net zero. Removing the use 
of fossil-based sources is not going to be an easy 
or economic task. The potential solutions include:
l Air, water or ground source heat pumps.
l Biomass boilers.
l Solar thermal.
l Geothermal.

Many of these technologies will both develop 
in capability and reduce in cost as they are 
increasingly applied to domestic and office 
heating.

 TIP  Plastics	processors	are	advised	to	reduce	
use	and	to	focus	on	the	larger	and	more	directly	
controllable impacts but to plan for a future of 
decarbonised	heating.

Reduce/remove process use

Rotational	moulding
Rotational moulding is one of the few mainstream 
processing methods using direct fuel combustion 
and the gas cost is ≈ 4% of the total costs for 
rotational moulding1.

Rotational moulders can reduce gas use by:
l Monitoring and targeting of gas use, i.e., fitting 

all ovens with recording meters.
l Improving oven insulation and sealing.
l Improving process controls and processes.
l Pre-heating of materials.
l Reducing the thermal mass of moulds and 

improving heat flow in moulds.
l Improving maintenance of burners to ensure 

full combustion.
Removing gas use from rotational moulding 

will require mould heating to be carried out by 
hot oil, direct electrical heating, IR or RF heating. 
These have all been successfully trialled but the 
operational costs are higher due to the current low 
cost of gas. One advantage of these methods is 
improved process control and, in some cases, the 
cycle time is decreased. It is possible that net zero 
will drive process improvement savings in rotational 
moulding that far exceed the transition costs.

Print	flamers
Some sites use gas flamers to pre-treat PP and 
PE for print adhesion. These can be replaced with 
corona pre-treatment systems that operate at 
high voltages but low temperatures to completely 
remove the use of gas. These are suitable for use 
with delicate parts and are particularly suited to 
clean room operation.

MAINTENANCE COUNTS

Poor maintenance can 
increase use and costs 
by	up	to	30%.

 Set a maintenance 
schedule	for	the	heating	
system.

	Produce	a	checklist	
of	actions	during	the	
‘heating	year’,	i.e.,	get	
the boilers serviced in 
summer.

 Service reports should 
include a ‘combustion 
efficiency	report’	to	
show the state of the 
boiler.

	Old	boilers	(>15	years	
old) will have much 
lower	efficiencies	(≈	
60%)	compared	to	
modern	boilers	(>90%).	
Upgrading	can	be	
financially	viable.

 Burners in direct-
fired	units	should	have	
twice-yearly	servicing	
to ensure correct 
combustion  
and continued 
reliability.

Heating	use	is	a	
condition-driven 
variable.	Correlating	
heating	use	to	degree	
days	will	give	good	
information on 
heating	demands	and	
efficiency.

Approximate energy benchmarks for a range of buildings
The	values	are	typical	energy	benchmarks	for	industrial	buildings	and	
offices	located	in	them.	These	values	are	for	temperate	climates	and	need	
to	be	adjusted	for	hot	or	cold	climates	as	well	as	for	occupancy	and	local	
climate	conditions.	They	are	a	guide	only.

Electricity 
(kWh/m2/y)

Type Gas 
(kWh/m2/y)

Acceptable
Electricity 
(kWh/m2/y)

<95Separate	office	
building <120 >110 >200

<72Office	in	factory <150 >100 >225

<29Storage	and	
distribution <135 >43 >185

<43Light	industry <175 >70 >300

Gas 
(kWh/m2/y)

Unsatisfactory

1 ‘Energy management in plastics processing’, Kent, R.J.,2018, Elsevier.
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The industry cannot 
ignore	the	net	zero	
benefits	of	improving	
the	efficiency	of	
product distribution 
and there are many 
simple actions that can 
be	taken.

Processors need 
to understand the 
emissions of the various 
potential transport 
methods so that they 
can choose the lowest 
emission method of 
product	transport.

10 Reduce transport impacts

The transport impacts
Transport emissions are 25-30% of global CO2 
emissions but are higher in CO2e terms due to high 
NOX and SOX emissions from diesel vehicles used for 
freight and public transport. The highest proportion of 
transport emissions are the result of private vehicles (≈ 
42%) and freight vehicles represent ≈ 22% of emissions.

For plastics processors, transport (personal and 
product transport) will be ≈ 10% of the total CO2e 
emissions. Reducing the impact of transport is vital 
for net zero and fortunately transport technology 
is rapidly improving, e.g., electric vehicles (EVs).

 TIp  Transport	impacts	can	be	considered	as	part	of	
the	wider	supply	chain	emissions	(see	Section	12)	but	
are	often	quite	high	and	deserve	separate	attention.

Company owned cars and vans
Company owned cars, vans and trucks are classed 
as part of the direct emissions from the site and 
are therefore reported for net zero purposes 
under Scope 1 of the carbon footprint. For smaller 
vehicles, EVs are rapidly becoming practical 
alternative for many company cars.

For low or restricted mileage personal vehicles 
companies should incentivise staff to purchase 
EVs and for short-run site vans can invest in EVs. 
The difficulties arise with vehicles used for long 
journeys where ‘range anxiety’ can be a real issue.

 TIP  It	doesn’t	matter	if	the	car	is	owned	or	leased.	
The	important	issue	is	one	of	‘control’.	If	the	company	
controls	the	vehicle,	then	it	is	counted	under	Scope	1.

Contract transport
Most plastics processors will use contract 
transport for customer deliveries. This means that 
most of the carbon footprint from transport will 
appear as Scope 3 emissions.

The relative transport emissions for a range 
of transport methods are shown in the diagram 
on the right. This is expressed in terms of kg 
CO2e/tonne.km, i.e., the amount of CO2e emitted 
from transporting a tonne of product for 1 km1. 
Choosing the right transport method can have a 
dramatic effect on emissions.

 TIP  If	the	customer	collects	products	from	the	
processor,	then	this	is	not	included	in	the	site	
emissions	but	can	be	regarded	as	part	of	the	wider	
supply	chain	emissions.

 TIP  CO2e is important for product transport 
emissions	due	to	the	high	levels	of	diesel-based	
transport	and	NOX	and	SOX	emissions.

Heavy goods vehicles (HGV)
HGVs are the most common transport method for 
plastics products. The use of contract transport 
means that the processor is not fully in control 
of the condition of the vehicle used, the route 
taken or methods used to maximise the backhaul 
capacity of the network.

Companies should work with their transport 
contractors to improve the efficiency of HGV 
transport in areas such as:
l Improving routing and scheduling to reduce 

the transport distance.
l Improving vehicle aerodynamics and limiting 

vehicle speed to reduce air resistance losses.
l Reducing tyre losses.
l Improving vehicle maintenance and 

management controls.
l Maximising the backhaul capacity to avoid 

empty running.
These actions can reduce emissions by over 

20% by both reducing the distance travelled and 
improving vehicle efficiency.

EVs may be suitable for cars and vans but 
progress in the HGV area is likely to be very 
limited. Processors should work with transport 
contractors to meet the Renewable Transport 
Fuel Obligation (RTFO) which aims to increase the 
use renewable fuels to 12.4% by volume by 2032. 
High blend renewable fuels (HBRF) are a net zero 
technology that is market ready and will deliver 
large CO2e reductions.

 TIP  It	is	unlikely	that	there	will	be	‘zero	tailpipe	
emissions’	for	HGVs	before	2040.

Transport emissions by transport method
The	emissions	from	the	various	transport	methods	are	not	equal.	Air	freight	
transport	is	≈	10	times	more	carbon	intensive	than	road	transport	(as	well	
as	costing	more)1.	Air	freight	should	not	be	used	if	at	all	possible.

Air freight (international)
with radiative forcing

Van (up to 3.5 tonnes,
unknown fuel)

Heavy Goods Vehicle
(all sizes, average laden)

Rail 0.03

0.107

0.62

1.13

0.02Ship (container) average

kg CO2e/tonne.km
0.00 0.20 0.40 0.60 0.80 1.00 1.20
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Vans
Small vans are not widely used except for limited 
deliveries to customers. This is fortunate as a 3.5 
tonne van has emissions (in tonne.km) nearly six 
times that of an HGV.

Air freight
Air freight is the most carbon intensive and 
expensive transport method and is rarely used for 
commodity plastics products.

 TIP  Air	transport	should	only	be	used	for	very	
low-volume,	high-value	products	where	urgent	
delivery is required and there is no alternative 
transport	method.

Rail
Rail transport has low emissions but is used mainly 
for high-volume and heavy products.

Ship
Ship transport (containers) has low emissions but 
is not widely used except for inter-continental 
product transport where the demand can be 
accurately predicted.

 TIP  Rail	and	ship	transport	both	have	
low	emissions,	but	containers	need	road	
transport	by	HGV	to	rail	terminals	or	docks	
and	road	transport	by	HGV	for	the	‘last	mile’	
to	the	customer.

A programme for product transport2

Improving HGV use is an effective method to 
reduce transport emissions and a structured 
programme to improve vehicle use is shown in the 
diagram on the right.

Stage 1 – Minimise the demand
Minimising the demand is the first stage in the 
programme and this should be done before 
attempting to optimise the supply.

Step	1:	Reduce	distance	travelled
Vehicle telematics can control and 
programme vehicle routes to minimise the 
distance travelled and the time idling due 
to traffic issues. They can also increase the 
potential for load sharing or backhaul to 
reduce empty running. Reducing the distance 
travelled will make an immediate impact on 
emissions.

Step	2:	Reduce	amount	transported
The light-weight nature of plastics products may 
make increased ‘load sharing’ possible.

Stage 2 – Optimise the supply
After the demand is minimised then supply can be 
optimised.

Step	3:	Improve	load	factor
The ‘load factor’ is the ratio of the actual weight of the 
load to the load that could have been carried if the 
vehicle were to be fully loaded. Monitor and improve 
load factors to reduce emissions/tonne of product.

Step	4:	Improve	space	utilisation
For most plastics products, the vehicle will become 
volumetrically ‘full’ before reaching the load 
carrying capacity due to:
l Poor use of the floor area.
l Limits on packaging stacking height.
l Failure to use the full vehicle height.

Using the full volume of the vehicle can 
dramatically increase loading and reduce the 
number of trips and emissions to get the same 
amount of product to the customer.

Optimizing transit packaging materials and their 
design can considerably increase space utilisation 
and increase load stability.

Step	5:	Reduce	empty	running
Empty running of vehicles produces emissions for 
no benefit. Decreasing empty running is an ideal 
opportunity for companies and freight contractors 
to work together for economic benefits as well as 
reducing emissions.

Managing and improving vehicle use
The	programme	follows	two	stages	and	five	steps.	Stage	1	should	be	
completed	and	maintained	before	Stage	2	is	started	to	get	the	full	benefits	
of	the	programme.	Improving	sustainability	in	distribution	is	easy	because	
it	has	not	been	considered	before.

Improved vehicle 
loading	can	be 
achieved	by:

	Increasing	the	
backhaul	(return)	
loading.

	Increasing	the	limits	
on	carrying	capacity.	
Most plastics products 
will reach maximum 
volume before they 
reach	maximum	load.

	Using	space-efficient	
systems	and	packaging.

	Implementing	
transport-efficient	order	
cycles,	i.e.,	delivering	on	
a	nominated	day.

	Sharing	vehicle	
capacity.

Emissions	from	HGVs	
have decreased from 
0.129	kg	CO2e/	tonne.
km	in	2011	to	0.107	
kg	CO2e/	tonne.km	in	
2020.	This	is	a	17.5%	
improvement.

Empty	running	can	
be	up	to	30%	of	the	
distance travelled  
by	vehicles.

1 ‘Greenhouse gas reporting: conversion factors 2020’, 
July 2020, Department for Business, Energy & Industrial 
Strategy, www.gov.uk/government/publications/ 
greenhouse-gas-reporting-conversion-factors-2020.

2 ‘Sustainability management in plastics processing’, Kent, 
R.J. 2022, BPF.

STEP 1
Reduce distance travelled

STAGE 1

Minimise the demand

STEP 2
Reduce amount transported

STAGE 2

STEP 3
Improve load factor

STEP 4
Improve space utilisation

Optimise the supply

STEP 5
Reduce empty running
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Do not annoy people 
by	putting	up	posters	
saying:

STOP WASTE!

The	greatest	waste	is	
the waste we don’t see 
and the posters should 
read:

FIND WASTE!

After waste is found 
then	it	is	generally	easy	
to	stop.

11 Minimise waste

It is not only waste, it is embodied 
emissions
Achieving net zero is not simply about the main 
production materials or the energy used in 
processing, it is also about all the other materials 
and services (production and non-production) 
that are used at the site. All of these materials 
and items cost money and come with embodied 
carbon that needs to be reduced to get to net 
zero. Minimising waste not only aids net zero but 
also saves money.

What does waste minimisation cover?
Waste minimisation covers all the materials that 
enter a site. Waste is everywhere but is often 
concealed by the use of ‘code words’ for waste 
that most companies have developed1. These 
words are many and varied and attempt to make 
waste ‘acceptable’ (even if it isn’t).

The list below is only some of those beginning 
with ‘D’:
l Damage.
l Defects.
l Deposit loss.
l Dipstick error.
l Dirty solvent.
l Doubles.
l Downgrade.
l Drainings.
l Dregs.
l Drool.
l Dross.

How many of these, or similar, words do you 
use in your company to disguise waste as a ‘part of 
normal operations’?

 TIP  There	are	another	25	letters,	think	about	the	
words	used	in	your	company.

As the sidebar highlights, the challenge is not to 
‘stop waste’ but to ‘find waste’. After waste is found 
then it is generally easy to stop.

 TIP  Every	waste	has	a	source,	a	destination	and	a	
justification	(even	if	it	is	wrong).

The true cost and extent of waste is always 
hidden. Waste is like an iceberg; the visible wastes 
are not the reality and most of the costs are 
invisible. The visible wastes are often those tackled 
by companies new to waste minimisation but they 
are often not the major costs – just more visible.

Finding waste
The two best processes for finding waste are:

Process	flow	charts
An example of part of a detailed process flow chart 

is shown below. This shows the main input (raw 
materials) and output (product) and all the other 
inputs and outputs (generally these are wastes 
and can be eliminated or reduced). Similar charts 
can be created for each process step to identify 
possible input and output wastes. These act as the 
maps for waste minimisation.

 TIP  The	‘other	inputs’	are	often	the	easiest	places	
to	look	for	waste.	Companies	focus	on	the	major	
inputs and outputs and tend to treat the others as 
‘overheads’	rather	than	as	‘opportunities’.

At this stage, the wastes can be quantified in 
terms of weight, volume or any other convenient 
measure, it does not need to be financial.

 TIP  When	all	wastes	have	been	identified	it	is	
useful	to	check	the	results	with	the	waste	outputs	
from	the	site	(from	the	skips	or	other	waste	
disposal	routes).

Services and office processes are areas where 
allocating waste can be very difficult but they can 
be treated as a ‘process step’ and a process flow 
chart generated for each service or office process.

Waste in plastics processing (example)
A	process	flow	chart	can	be	used	to	map	the	overall	process.	Each	process	
step	has	a	major	input	(raw	material)	and	a	major	output	(product)	as	well	
as	many	other	inputs	and	outputs.	All	of	these	have	an	effect	on	emissions	
and	must	be	minimised.

Start-up scrap
Sprues and runners
Rejected product
Dirty oil
Filters
Heat
Wasted time
Transit packaging
Cleaning material
Drool
Purge waste
Parasitic heat gains
Compressed air losses
Overweight product

●
●
●
●
●
●
●
●
●
●
●
●
●
●

Energy
Cooling water
Chilled water
Compressed air
Heating
Lighting
Lubricants
Hydraulic fluid
Filters
Purging material
Release agent
Cleaning material
Labour
PPE

●
●
●
●
●
●
●
●
●
●
●
●
●
●

Plastics
processing

Inputs Outputs

MAIN INPUT

MAIN OUTPUT

Customer

Regrind

Raw material
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 TIP  Services	can	be	sources	of	both	emissions	
and	costs,	e.g.,	refrigerant	leakage	from	chillers,	
compressed	air	dryers	or	A/C	units.

 TIP  The	true	cost	of	waste	includes	the	cost	
of	wasted	resources	and	rejects	at	each	step	in	
the	process.	The	cost	of	rejects	should	include	
the value added to the material by the time it is 
rejected	and	this	increases	through	the	process,	
i.e.,	rejects	cost	more	the	further	down	the	
process	they	are.

Waste surveys
A waste survey should be carried out to check 
the process flow charts and to find the actual 
waste in the company. It will give an overview 
of the processes and identify no-cost or low-
cost improvements to reduce waste. Waste 
is obvious when looked for and ‘fast starts’ in 
areas such as materials, packaging, oils and 
hydraulic fluids should be identified to reduce 
waste and costs.

These should be simple, no-cost and effective.

 TIP  Waste	is	not	simply	what	is	in	the	skips,	it	is	
much	broader	than	that.

 TIP  For	an	invaluable	primer	on	finding	waste,	
get	a	copy	of	ET30	–	Finding	hidden	profit	–	200	
practical	tips	for	reducing	waste2.

The waste minimisation programme

Stage 1: Minimise the demand
Minimising the demand is the first stage in the 
programme, do not optimise the output for 
excessive demand.

Step	1:	Eliminate	the	use
Eliminating the use of a material completely 
removes the environmental impact and costs. This 
is the first option to be explored.

Step	2:	Reduce	use
Reducing the use of a material or process does 
not totally remove environmental impacts and 
costs but where the material must be used then 
this can be very effective. This is the second option 
to be explored.

Step	3:	Re-use
This is using materials or products more than once 
for the purpose that they were originally intended, 
e.g., reusable transit packaging or containers 
inside the site or between the site and suppliers/
customers. For processors, this can include the 

use of internal regrind if the regrind has not left
the site boundaries and is re-used for the
original process (scraps can also be reutilised in 
a similar way). Furthermore, internal material that 
requires reprocessing before entering the process 
again is counted as preconsumer material (see ISO 
14021:2016).

Stage	2:	Optimise	the	output
After the demand is minimised, it is possible to 
optimise the output to minimise the impacts and 
costs.

Step	4:	Recycle
Recycling is using material that has left the site 
boundaries to fulfil the same or a new function, 
e.g., it has left the closed-loop of the re-use 
system. This includes sending paper, carboard, 
metal or other materials to recyclers.

Step	5:	Recover	value
Recovery can be split into two options:
l Recovering, reclaiming or regenerating the 

material.
l Recovering the embodied energy using the 

material as a fuel.

Step	6:	Disposal
This is the last resort after all the other options 
have been exhausted.

The cost of waste isn’t 
the	cost	of	the	skip,	it	
is more the cost of the 
things	in	it	and	what	
it	cost	to	make	these	
things.

Reducing	waste	by	
no-cost and low-
cost measures will 
significantly	decrease	
environmental impacts 
and	increase	profits.

Optimise waste 
segregation	and	
recycling	to	minimise	
the amount of waste 
requiring	disposal.	

1 ‘Sustainability management in plastics processing’, Kent, 
R.J., 2022, BPF.

2 ‘ET30 – Finding hidden profit – 200 practical tips for 
reducing waste’, Envirowise, 1996, archived copy available 
from: http:// tangram.co.uk

The waste minimisation programme
A	waste	minimisation	programme	follows	two	stages	and	six	steps.	Stage	
1	should	be	completed	and	maintained	before	Stage	2	is	started	to	get	the	
full	benefits	of	the	programme.	The	programme	provides	a	logical	approach	
to	waste	minimisation.

STAGE 2

STEP 4
Recycle

STEP 5
Recover value

Optimise the output

STEP 6
Disposal

STAGE 1

STEP 1
Eliminate use

STEP 2
Reduce use

Optimise the demand

STEP 3
Re-use
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The	Greenhouse	
Gas	(GHG)	Protocol	
standards are the 
internationally 
recognised	standards	
for	measuring	
emissions.

They are available free 
from ghgprotocol.org.

Get	copies	and	read	
them	very	carefully,	
they	contain	great	
advice

12 Reduce supply chain emissions

It is not just sites and products
The GHG Protocol Corporate Standard1 is designed 
to allow a company to identify emissions ‘hot spots’ 
inside the company and the GHG Protocol Product 
Standard2 is designed to allow a company to identify 
emissions ‘hot spots’ for individual products but the 
GHG Protocol Scope 3 Standard3 is designed to allow 
a company to identify ‘hot spots’ for the complete 
company value chain even if they are not within the 
company itself.

As a concept, net zero covers the complete 
company and not simply individual sites or 
products. It is therefore appropriate and advisable 
that companies consider and evaluate their Scope 3 
emissions (upstream and downstream) to account 
for the complete value chain emissions.

 TIP  It	is	entirely	possible	for	the	site	emissions	
to	be	low	and	for	the	major	emissions	impacts	to	
be	outside	the	company,	e.g.,	a	window	fabrication	
company	might	have	low	site	emissions	and	for	the	
largest	emissions	to	be	related	to	the	input	materials	
(glass	and	PVC-U).	

Indirect emissions
As for site emissions, Scope 3 emissions at the company 
level are indirect emissions that the company’s 
operations cause to occur but where the company 
does not control the asset. Evaluating site and product 
emissions requires a clear definition for the operational 
boundaries to avoid ‘double counting’ and to allow 
emissions data to be added up along the value chain.

This is not quite the case of supply chain emissions. 
In assessing supply chain emissions along the value 
chain, it is possible that two companies in the same 
supply chain will record the same emission as part of 
their supply chain, this means that Scope 3 emissions 
cannot be added up for a region or a product because 
to the risk of ‘double counting’. It is entirely possible 
for two companies to record the same emission but 
in different categories, e.g., a processor may record 
product transport to a customer as a ‘downstream’ 
Scope 3 emission but the customer would record the 
same emission as an ‘upstream’ Scope 3 emission.

 TIP  Supply	chain	emissions	are	useful	for	finding	
the	‘hot	spots’	and	reducing	total	emissions	in	
collaboration with the supply chain but they should 
never	be	added	up	for	a	country	or	region.

 TIP  The	best	reduction	opportunities	may	not	be	in-
ternal	and	may	lie	with	suppliers	(products	or	services).

 TIP  Scope	3	emissions	are	often	difficult	to	
calculate reliably but that is no excuse for not 
looking	at	these	emissions.

Upstream emissions
Upstream Scope 3 emissions are those that result 
from ‘the things that you buy’ and there are 8 
major categories, these are:
l Purchased	goods	and	services – the 

emissions from production and transportation 
of all the goods and services supplied to the 
company (production and non-production 
related). For many processors this will be 
greater than the direct site emissions.

l Capital	goods – the emissions from 
production and transportation of capital goods 
supplied to the company (productionrelated 
and non-production related).

l Fuel	and	energy	use – the upstream 
emissions from transport and distribution 
losses and well-to-tank emissions but not the 
emissions from the actual energy use (this is 
covered under Scope 2 – indirect emissions 
from imported utilities).

l Upstream product transport – the emissions 
from transport and warehousing of goods by 
suppliers to the company and by the company 
to the customer.

l Waste	in	operations – the emissions 
resulting from disposal and treatment of waste 
(including waste water) generated inside the 
company but treated or recycled outside the 
company (see Section 11).

l Business travel – the emissions from assets 
not owned or controlled. This is a complex 
topic with considerable room for errors. For 
more details on this topic see Reference 4.

l Employee	commuting – as for business travel, 
this is a complex topic with considerable room 

How Scope 3 emissions fit into the circular life cycle
Calculating	Scope	3	emissions	(upstream	and	downstream)	aligns	with	the	
circular life cycle and it is possible to map the upstream and downstream 
emissions	onto	the	stages	of	the	life	cycle.	This	is	the	logic	of	including	
Scope	3	emissions	for	net	zero.

SCOPE 3
Indirect 

emissions 
(upstream)

SCOPE 1
Direct 

emissions
+

SCOPE 2
Indirect 

emissions
from utilities

SCOPE 3
Indirect 

emissions 
(downstream)

Raw material Manufacture Use End-of
-life

CIRCULARITY



BPF NET ZERO BRIEFING 29

for errors. For more details on this topic see 
Reference 4.

l Upstream leased assets – the emissions from 
leased assets not included in Scope 1 and 2 
should be included here.

Downstream emissions
Downstream Scope 3 emissions are those that 
result from ‘the things that you sell’ and there are 
seven major categories, these are:
l Downstream product transport – the 

emissions from transport and warehousing of 
goods by customers.

l Processing	of	sold	products – the emissions 
from the processing of any intermediate 
products. This will not generally be relevant for 
plastics processors.

l End use of sold products – the emissions of 
products sold to consumers (not other busi-
nesses). For plastics processors this is compli-
cated by the fact that many plastics products 
are simply components in an assembly. This is 
not only complicated but contentious due to 
the inability of any of the current methodol-
ogies to cope with emission savings resulting 
from the use of plastics in the assemblies.

l End-of-life treatment of products – the 
emissions from the end-of-life treatment 
of products sold to consumers. This can be 
reported as per ‘waste in operations’ (see 
above) but it is complicated by the fact that 
many plastics products are simply components 
in an assembly and how these assemblies are 
treated. The best way forward is for companies 
to calculate the total mass of products sold 
and to estimate the division of the resulting 
waste in the different streams, e.g., landfill, 
incineration and recycling.

l Downstream leased assets – the emissions 
from downstream leased assets not included in 
Scope 1 and 2 should be included here. Leased 
assets are complex and the GHG Protocol3 
should be consulted for guidance in this area.

l Franchises – this will not generally be relevant 
for plastics processors.

l Investments – this will not generally be 
relevant for plastics processors.

Taking action
The process for taking action is:
l Read the GHG Protocol document3 to 

understand the recommended boundaries 
of each upstream and downstream category 
– this is a readable document (with great 
guidance and examples).

l Look at the company’s value chain to identify 
the upstream and downstream emissions and 
the GHG Protocol categories for each emission.

l Start measuring, calculating or collecting 
emissions data for the major categories. In 
some cases, the suppliers or customers will 
already have the data and this can be used for 
the calculation.

l Collate and validate the information to 
estimate the complete Scope 3 emissions.

l Identify the largest contributors and work with 
suppliers or customers to reduce emissions 
and impacts.

 TIP  The	calculation	of	Scope	3	emissions	
(upstream	and	downstream)	may	need	to	be	
carried	out	several	times	to	get	to	the	most	
accurate	answer.	This	is	an	incremental	process.	 
Do	not	be	tempted	to	stop	after	the	first	iteration.

1 ‘Corporate Accounting and Reporting Standard’, 2004, GHG 
Protocol, ghgprotocol.org.

2 ‘Product Life Cycle Accounting and Reporting Standard’, 
2011, GHG Protocol, ghgprotocol.org.

3 ‘Corporate Value Chain (Scope 3) Accounting and Reporting 
Standard’, 2011, GHG Protocol, ghgprotocol.org.

4 ‘Sustainability management in plastics processing’, Kent, 
R.J., 2022, BPF.

REPORTING	SCOPE	3	
EMISSIONS

Under the current UK 
regulations	(SECR),	
it is not compulsory 
to	report	Scope	3	
emissions	(except	for	
fuel used in business 
travel and even 
then,	only	for	certain	
companies)	although	it	
is	encouraged.

The drive to net zero 
may	change	this	
and processors are 
encouraged	to	calculate	
and report supply chain 
emissions to drive 
change	through	the	
value	chain.

Calculating	Scope	
3	(upstream	and	
downstream) emissions 
is	a	specialist	task.	
Do not be afraid to 
ask	for	help	from	the	
specialists.

		Purchased	goods	and	
services.
		Capital	goods.
			Fuel	and	energy	use.
  Upstream product 
transport.
		Waste	in	operations.
		Business	travel.
  Employee 
commuting.
  Upstream leased 
assets.

  Downstream product 
transport.
		Processing	of	sold	
products.
  End use of sold 
products.
  End-of-life treatment 
of	products.
  Downstream leased 
assets.
	Franchises.
	Investments.

Scope 3 emissions are important for companies
Scope	3	emissions	may	be	optional	for	most	government	reporting	but	they	
sometimes	offer	the	greatest	potential	for	reducing	emissions.	There	will	
always	be	greater	errors	in	the	calculation	of	Scope	3	emissions	but	‘hot	
spots’	can	still	be	found.

SCOPE 3
Indirect 

emissions 
(upstream)

SCOPE 1
Direct 

emissions
+

SCOPE 2
Indirect 

emissions
from utilities

SCOPE 3
Indirect 

emissions 
(downstream)

“Things that
you buy”

“Things that
you sell”
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Do	not	lose	sight	of	the	
fact that net zero is only 
one part of the overall 
sustainability	agenda.

Sustainability is the 
main	topic;	energy	
efficiency	is	a	subtopic	
and net zero is a sub-
topic.

Try to retain a focus on 
overall sustainability 
and the circular 
economy and net 
zero will be easier to 
achieve.

13 Action plan for plastics processors

We need to do this now
Net zero is a pressing problem and is not going to 
go away. In fact, the COP 26 conference (December 
2021) increased the pressure for net zero. Despite 
the fact that the some of the technologies and costs 
are uncertain, the costs involved in transitioning 
to net zero will only increase in the future. This is 
already being seen in the rising demand and cost 
for offsets and other mechanisms for emissions 
reduction. 

The time for action is now.
Although this guide focuses on net zero, net zero 
should never be considered in isolation. Net 
zero is part of overall sustainability management. 
Companies need to be sure that their efforts in 
net zero do not compromise their other efforts to 
achieve sustainability. It is very easy to “fail to see 
the forest for the trees”.

Scope the issue
Understanding the magnitude of the issue is the 
first action. The first action is to carry out a full 
carbon footprinting study for your site or company. 
This should include, as a minimum, all Scope 1, 
Scope 2 and local Scope 3 emissions1.

The estimation of the full Scope 3 upstream and 
downstream emissions (see Section 12) may take 
much longer to assess but that is no reason not to 
complete the initial scoping.

 TIP  A	rapid	estimation	of	the	full	Scope	3	
emissions should still be carried out to identify 
any	potential	hot	spots	in	the	supply	chain,	e.g.,	
embodied	carbon	in	raw	materials.

 TIP  When	calculating	and	communicating	your	
carbon footprint is may be useful to compare it with 
the	average	UK	carbon	footprint	of	≈	10	tonnes/
person/year.

Understand the impacts and potential 
actions
Scoping the issue will start to reveal potential 
areas for rapid action. This guide has reviewed 
a range of potential actions but not all will 
be applicable to every company. Use the 
information in this guide and the carbon footprint 
to understand and identify the easiest, most 
important and most cost-effective actions. They 
should be very evident from the initial carbon 
footprint data.

Do not try to fully prioritise the potential actions 
at this stage, simply try to understand the impacts 
and reduction potential of each action. Supplier 
and customer input (see below) can change the 
priorities.

 TIP  Energy,	waste,	heating	and	materials	are	
always	fertile	areas	for	reducing	the	carbon	
footprint	and	reducing	costs	at	the	same	time.

 TIP  There	is	no	shame	in	making	money	whilst	
doing	good.

 
When assessing the impacts and potential 
actions, it is always worthwhile to try to gain an 
understanding of the ‘Use’ phase of the product 
life cycle for both actual and avoided emissions. 
Avoided emissions are not part of any current 
assessment process but can represent a powerful 
argument for plastics products. It is wise to at least 
understand the impacts and issues.

Communicate (internally and 
externally)
After the impacts and actions are quantified and 
understood, it is time to start communicating the 
ambition and actions. This first communication 
should be with the staff, suppliers and customers. 
You need to understand what they want and how 
you can help them and they need to understand 
what you want and how they can help you.

This is a collaborative process where working 
together along the supply chain will produce the 
best results. This is especially true for plastics 
processors where the products are primarily 
components.

A process for net zero
Achieving	net	zero	not	only	needs	a	plan	but	a	process	to	implement	
the	plan.	Following	the	process	means	identifying	the	largest	impacts	so	
that	actions	are	targeted	and	effective.	Effective	decarbonisation	means	
minimising	the	need	for	offsetting.

Understand the impacts and potential actions

Scope the issue

Prioritise the actions

Communicate (internally and externally)

Set the targets

Report progress

Take action
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l Staff – staff involvement and support will be 
essential in achieving net zero. They should be 
part of the process and should not hear about 
it first in the press.

l Suppliers – suppliers need to be prepared 
for your actions and to prepare you for 
their actions. In many cases, suppliers are 
already taking action and can help your 
plans. It is essential to prepare them for 
your actions and let them tell you about 
their actions.

l Customers – many customers are already 
taking action. Processors should ask them 
what they want you to do and how you can 
help them. It is equally essential to prepare 
them for your actions and let them tell you 
about their actions.

 TIP  The	communication	should	not	be	public	at	
this	stage.

Prioritise the actions
The output of the communication stage will 
be a set of potential actions that still need 
to be prioritised. Prioritisation can be based 
on a combination of impact and ease of 
implementation using a standard 4x4 grid.

 TIP  Actions	with	the	highest	impact	and	greatest	
ease of implementation should obviously be carried 
out	first.

When prioritising actions, there is no shame in 
attacking the low-hanging fruit first to get quick 
results.

 TIP  Offsetting	is	the	last	resort,	minimising	the	
emissions will inevitably minimise the need for 
offsetting	and	it	should	only	be	used	for	the	really	
hard	to	mitigate	emissions.

 TIP  It	is	unlikely	that	CCUS	at	the	level	of	plastics	
processing	sites	will	ever	be	viable.	The	costs	and	
infrastructure	are	simply	too	large	for	individual	
plastics	processors.

Set the targets
The action list for projects allows realistic target 
setting based on a the finalised programme of 
actions. The overall target should be to get to 
net zero by as soon as possible (at the latest 
by 2050) but there is also a need to set short-
term (2-3 years) and medium-term (2030) 
targets. These targets can be internal targets or 
be externally validated through SBTi or other 
bodies.

Take action
This is where the projects or actions are 
implemented to deliver the savings.

 TIP  Words	are	not	enough,	only	action	produces	
results.	Look	at	some	of	the	‘sustainability’	
statements	made	by	companies	and	then	check	
them	for	validated	and	reported	results.	Amazingly,	
many	companies	still	seem	to	think	that	words	are	
all	that	is	required.

Report progress
Reporting is an essential part of the process 
and acts both to reassure stakeholders and to 
drive progress. Without a reporting element, 
progress to net zero can easily stall. It is 
important that reporting covers both the good 
and the bad news.

 TIP  Do	not	think	that	the	news	will	always	be	
good,	net	zero	is	a	rapidly	changing	concept	and	
there	may	be	setbacks	as	it	evolves.

Progress towards net zero should be publicly 
reported at least annually although internal 
reporting should be more frequent to make 
sure the programme is on track. Reporting can 
be through dedicated channels, e.g., CDP, or via 
annual reports. If annual reports are to be used 
then the report should be to a recognised format, 
e.g., GRI.

 TIP  The	GRI	standards	(www.globalreporting.org) 
offer	a	robust	reporting	framework	and	net	zero	
reporting	can	be	carried	out	to	GRI	305:	Emissions.	
The	GRI	standards	are	a	full	set	of	sustainability	
reporting	standards	and	reinforce	the	fact	that	net	
zero	is	a	sub-set	of	overall	sustainability.

 TIP  Reporting	is	not	an	opportunity	to	indulge	
in	‘greenwashing’.	This	is	not	only	bad	business	but	
potentially	a	breach	of	consumer	protection	law.	
Good	guidance	on	what	can	be	said	is	given	in	CMA	
guidance	on	environmental	claims	on	goods	and	
services2.

 TIP  Reporting	means	repeating	the	carbon	
footprint	process	on	a	regular	basis	to	validate	the	
results	of	the	actions.

1 ‘Sustainability management in plastics processing’, Kent, 
R.J., 2022, BPF.

2 ‘CMA guidance on environmental claims on goods and 
services’, September 2021, Competition and Markets 
Authority, https://www.gov.uk/cma-cases/misleading-
environmental-claims.

I	once	worked	with	
a company which 
processed	over	100,000	
tonnes/year.

One of their 
sustainability	goals	was	
to remove disposable 
cups	and	single-use	
stirrers	from	coffee	
rooms.

They had failed to 
assess the impacts 
and	gone	straight	for	
a ‘visible but trivial’ 
issue.	Lots	of	‘little	bits’	
still add up to not very 
much.

Do	not	make	their	
mistake.

Net zero and 
sustainability are 
complex	subjects	where	
the	‘right	thing	to	do’	
is	not	often	obvious.	If	
in	doubt,	processors	
are	advised	to	take	
expert advice to avoid 
setting	off	in	the	wrong	
direction.

This is never really 
going	to	be	over.	Think	
of it as a continual 
improvement	process.
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If	you	don’t	know	
where	you	are	starting	
out from then it is 
unlikely	that	you	will	
end up where you 
want	to	get	to!

THIS IS A TEAM 
EFFORT!

Completing	the	chart	
on your own is not 
recommended.	It	is	
much better to either 
complete the chart 
as	a	group	–	you	will	
be amazed at the 
divergence	of	opinions	
–	or	to	get	several	
people in the company 
to complete the chart 
separately and then to 
compare	the	results.

ASSESSING THE 
RESULTS

Ideally,	a	site	would	
have balanced score 
with	all	columns/axes	
in the same broad 
area.	This	is	rare	and	
in most cases sites 
will	show	strengths	
in certain areas and 
weaknesses	in	others.	
The axes with low 
scores are the areas 
that the site needs to 
work	on	to	improve	
the	overall	score.

14 Net zero – where are you now?

Where are we starting from?
Understanding the current situation provides the 
basis for an improvement strategy and many of 
the basic actions necessary for successful net zero 
implementation.

The chart is to allow sites to carry out a self-
assessment of their current position.

The charts are easy to complete but we suggest 
copying the relevant pages before completing the 
forms.

Completing the chart
Each chart has several columns which cover 
various aspects of the main topic.

To complete a column read the descriptions in 
the column cells and select the cell that is closest 

to the current situation at your site.
It is unlikely that every part of the description 

in the cell will fully describe your specific 
situation but choose the cell that has the most 
appropriate description. This will give a score 
ranging from 0 to 4, mark this at the base of the 
column.

After all the columns have been scored, 
transfer the scores to the radar chart for the 
relevant columns/axes. This gives a rapid visual 
assessment of the current situation for the 
specific topic.

Use the chart to assess where you are in net zero
The	numbers	from	the	self-assessment	should	be	transferred	to	the	radar	chart	for	a	quick	visual	
guide	to	where	you	are	in	the	basics	of	net	zero.

Risk
management

Disclosure

Action plan

Policy
4

3

2

0

Responsibility

Targets

1
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Level Policy Targets DisclosureResponsibility Action plan Risk 
management

Net Zero

4

Full and publicly 
available policy 

commits the 
company to net 

zero.
Policy covers all 

Scopes.

Long-term	
(2050)	targets	

set and 
supported by 

short-term and 
medium-term 
(2030)	targets.

Ambition is 
to reduce 

emissions by 
50%	by	2030.

Full annual 
disclosure 
of	progress,	

both positive 
and	negative,	

towards	targets.
Disclosure not 
simply to meet 
legislation	but	

also to external 
bodies.

Board accepts 
responsibility 
for	reducing	

emissions and 
implementing	
net	zero	policy.

Nominated 
Board member 
has power and 
responsibility 
for	targets.

Full,	clear	
and publicly 

available plan to 
meet	targets.
Plan includes 
all	Scope	3	
emissions 

and is based 
on	reducing	
emissions.

Climate	change	
risks	and	

opportunities 
incorporated 
into	strategic	
planning.
Scenario 

planning	carried	
out	for	risks	and	
opportunities.

3

Publicly 
available policy 

commits the 
company to net 

zero.
Policy limited to 
Scopes	1	and	2.

Limited	
consideration of 

Scope	3

Long-term	
(2050)	targets	

set and 
supported by 
medium-term 
(2030)	targets.

Ambition is 
to reduce 

emissions by 
50%	by	2030.

External 
disclosure of 
performance 
only to meet 
legislative	

requirements.
Performance 

available to all 
employees.

Board accepts 
responsibility 
for	reducing	

emissions and 
implementing	
net	zero	policy.
No nominated 
Board member 
with power and 
responsibility 
for	targets.

Plan to meet 
set	targets	

but limited to 
Scope	1	and	2	
emissions.
Plan based 
on	reducing	
emissions to 

achieve	targets.

Climate	change	
risks	and	

opportunities 
considered 
informally 
in	strategic	
planning.

No scenario 
planning	carried	

out.

2

Publicly 
available policy 

commits the 
company to net 

zero.
Policy limited to 
Scopes	1	and	2.

No 
consideration of 

Scope	3

Long-term	
(2050)	targets	
set but these 

are not 
supported 

by short- or 
medium-term 

targets.

Full internal 
disclosure of 
performance 
(available	to	all	
employees).
No external 
disclosure.

Board has 
little interest 
in emission 

reductions and 
net	zero.
Middle 

management	
has	delegated	
responsibility 
and	power.

Plan available 
to meet set 
targets.

Plan limited to 
Scope	1	and	2	
emissions.

Plan is based 
primarily on 
offsetting	to	

achieve	targets.

Some 
consideration of 
business	risks	
but focused 
primarily on 

operational	risk.

1

Internal policy 
only and 

focuses only 
Scopes	1	and	2.

Some	targets	
set but these 

are more 
aspirational and 

reputational 
than	practical.

Internal 
disclosure of 
performance 

limited to 
management	
and	Board.
No external 
disclosure.

Board has 
little interest 
in emission 

reductions and 
net	zero.
Middle 

management	
has	delegated	
responsibility 
but little or no 

power.

Limited	
informal	plan.

Focused 
primarily on 
minimising	
costs,	e.g.,	
energy	use	
reduction is 

driven by desire 
to	reduce	costs.

Some 
consideration of 
business	risks	
and focused 
primarily on 
reputational 

risk.

0

No policy and 
company does 
not see climate 
change	and	

emissions as a 
business	issue.

No	targets	set	
for	emissions.

No disclosure 
of performance 
(internal	or	
external).

No	assignment	
of responsibility 

for emissions 
reductions and 

net	zero.

No action plan 
for emissions 
reductions.

No 
consideration of 
business	risks	
(operational	or	
reputational) 

associated with 
climate	change.

Score
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A/C  Air conditioning.

BECCS  Bioenergy with carbon capture and storage.

BSI  British Standards Institution.

CCUS  Carbon Capture Usage and Storage.

CDP  Carbon Disclosure Project (now just CDP).

DAC  Direct Air Capture.

EBM  Extrusion Blow Moulding.

EV  Electric vehicle.

FMEA  Failure Modes Effects Analysis.

GDP  Gross Domestic Product.

GHG  Greenhouse Gas.

GRI  Global Reporting Initiative.

HBRF  High Blend Renewable Fuels.

HGV  Heavy Goods Vehicle.

IEA  International Energy Agency.

PAS  Publicly Available Specification from BSI.

PIR  Post-Industrial Regrind

QES  Qualifying Explanatory Statement.

REGO  Renewables Energy Guarantees Origin

RTFO  Renewable Transport Fuel Obligation.

SBTi  Science Based Targets initiative.

SECR  Streamlined Energy and Carbon Reporting.

UKAS  United Kingdom Accreditation Service.

UK ETS  UK Emissions Trading Scheme

UNGC  United Nations Global Compact

WRI  World Resources Institute.

WWF  World Wide Fund for Nature.

Abbreviations and acronyms
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