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• Mass balance
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Mass

Mass
 
Mass can be defined as the amount of matter present.

Law of conservation of mass

Without nuclear reactions mass can neither be created or destroyed in 
closed systems but the chemical structure and physical forms can change.

Mass balance

Mass balance follows the laws of conservation of mass and can simply be 
considered an accounting of all the material in a system or process.
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Setting the scene
The UK Plastics Pact



WRAP’s mission 

‘A world in 
which resources 
are used sustainably’

To accelerate the move to a sustainable, 

resource-efficient economy through:

Re-inventing how we design, produce and 

sell products

Rethinking how we use and consume 

products

Re-defining what is possible through re-

use and recycling.
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Environment impacts

8 million tonnes of plastic leaks 
into the ocean – equivalent of 
dumping one refuse truck every 
minute

If no action is taken, this is 
expected to increase to two per 
minute by 2030 and four per 
minute by 2050
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UK Plastic 
Packaging waste

 2.2 million tonnes 
per year 

UK Household Food 
& Drink waste

7 million tonnes per 
year

PLASTIC v FOOD WASTE 
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The UK Plastics Pact’s Vision



Tackling plastics at a 
global and national level

• Global issue that requires global 
and national level action.

• The first of a global network of national 
initiatives.

• All under the umbrella of the Ellen 
MacArthur Foundation’s global 
initiative – New Plastics Economy.

• With other countries are following  suit.



WRAP’s global plastics work …..



UK Plastics Pact 
Membership 

100+ business members from 

across the value chain 

40+ supporting members 

amplifying messaging and extending 
reach 

>95% UK grocery market

2/3 of all household plastic 

packaging placed on the UK market



Gov Business

Citizens
Resource 

Sector

• Regulatory reform 

• Citizen behaviour change 
campaign

• Government leadership

• Investment in sorting and 
reprocessing  infrastructure 

• Availability of quality  
recycled plastic material 

• Critical mass of businesses 

• Targets embedded in 
business processes

• Demand for recycled plastic 

• Citizens engaged with 
prevention, recycling and 
correct disposal. 

• At home, work and ‘on-the-
go’





UK Plastics pact: roadmap for delivery 

https://wrap.org.uk/resources/guide/roadmap-2025-uk-plastics-pact


UK Plastics pact: progress to date 

https://wrap.org.uk/resources/report/uk-plastics-pact-annual-report-2021-22


TARGET 1: contribution 

https://wrap.org.uk/resources/report/eliminating-problem-plastics


TARGET 1: contribution 



TARGET 2: contribution 

https://wrap.org.uk/resources/guide/design-guidance-recyclability-household-rigid-plastic-packaging
https://wrap.org.uk/resources/guide/design-tips-making-rigid-plastic-packaging-more-recyclable
https://wrap.org.uk/resources/guide/compostable-plastic-packaging-guidance
https://wrap.org.uk/resources/guide/understanding-plastic-packaging-and-language-we-use-describe-it
https://wrap.org.uk/resources/report/material-alternatives


TARGET 2: Good design

https://wrap.org.uk/resources/guide/design-guidance-recyclability-household-rigid-plastic-packaging


TARGET 3: contribution 

https://wrap.org.uk/resources/guide/creating-circular-economy-flexible-plastic-packaging
https://wrap.org.uk/resources/report/non-mechanical-recycling-plastic
https://wrap.org.uk/sites/default/files/2022-10/Recycling%20Tracker%20March%202022%20Report%20PDF.pdf
https://wrap.org.uk/resources/guide/recycling-your-customers-plastic-bags-and-wrapping
https://www.recyclenow.com/?gclid=CjwKCAjw_YShBhAiEiwAMomsEGwcgphlsf4kNaEHdHhao1CJj3auE0RxgEIxkardl72l94g455IkrBoCC9MQAvD_BwE


Target 4: The route to target 4 

The drive to increased levels of recycled content inclusion

Average 

30% 

recycled 

content by 

2025



Target 4: progress to date 
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Target 4 progress

Reported Target

Progressing well to 2025’s target

We need to continue driving 

increased inclusion

We can’t be become complacent

Significant challenges must be 

overcome to maintain progress 

including:

• Films & flexibles

• Food contact PP&PE

• PET tray to tray recycling

• Jazz inclusion

• Caps and closures



End result

Increasing 
levels of 
recycled 

content and 
circularity

Government 
support

Consumer 
engagement

Increased 
capacity

Increasing 
collection

Design for 
circularity

Problematic 
elimination
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Setting the scene
Defining recycled content
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The UK Plastics Pact is aligned to the Ellen MacArthur Foundations’ definition set out in the New Plastics Economy Global 

Commitment: A packaging or packaging component is recyclable if its successful post-consumer collection, sorting, and 

recycling is proven to work in practice and at scale.

A package can be considered recyclable if its main packaging components, together representing >95% of the entire 

packaging weight, are recyclable according to the above definition, and if the remaining minor components are 

compatible with the recycling process and do not hinder the recyclability of the main components. ‘At scale’ is considered 

a 30% recycling rate.

Recyclable definition
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To define recycled content first you need to understand what is not classed as recycled content. In the context of the UK Plastics Pact virgin 

materials and process scrap1 do not count towards recycled content 

Virgin material

Is material generated from sources that can be fossil or bio based.

Process scrap

Process scrap is defined as material resulting from production, engineering, maintenance, and R&D activities that is not be generated by 

end users of the product, examples would be:

1) Skeletal waste

2) Process scrap

3) Product produced during R&D & maintenance activities that cannot fulfil a packaging role

4) Out of specification that cannot fulfil a packaging role

5) Unfilled customer returns

process scrap cannot contribute to the recycled content percentage, unless it’s input material included recycled content1.

1If the input material that generated the process scrap itself had a percentage of recycled content, this can be included as recycled content. 

For example a thermoformed tub is first made with 40% recycled content and 60% virgin with a scrap rate of 10%. The next run has 40% 

recycled content 50% virgin and 10% scrap, the recycled content the level would be 40% plus the amount of recycled content in the scrap in 

this case 40% of 10% so 4% giving a total recycled content level of 44%.

Recycled content definition

https://www.lawinsider.com/dictionary/production-scrap
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Recycled content

In the context of the UK Plastics Pact we align with ISO 14021’s usage of the term that clarifies post-consumer material as material 

generated by households or by commercial, industrial, and institutional facilities in their role as end users of the product which can no 

longer be used for its intended purpose. This includes returns of material from the distribution chain.

This material can be generated by:

• Mechanical – a physical process of recycling, the material is generally granulated/shredded, cleaned and either supplied as flake or 

extruded into pellets.

• Non mechanical – can be segregated in 2 main areas:

• Feed stock generation – the structure of the material is broken down to provide building blocks for new materials in processes 

such as depolymerisation, pyrolysis, gasification.

• Cleaning - the chemical structure is maintained but impurities are removed with processes such as solvation.

Recycled content definition
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Overview of recycled content generation

Machine

Colourant

Material

Additive

Maintenance & 
Engineering

R&D & trials

Production scrap

Primary 
secondary & 

tertiary 
packaging

Good Production

Process scrap 
e.g. skeletal 

waste

Out of 
specification/ 

customer returns

Packer / 
Filler

Consumer

Production 
product scrap

Collected/sorted 

Retailer

Primary 
secondary & 

tertiary 
packaging

Primary 
secondary & 

tertiary 
packaging

Secondary & 
tertiary 

packaging

Secondary & 
tertiary 

packaging

Key:
Blue: process
Green: recycled content
Red: process scrap not classed as recycled content

Primary 
secondary & 

tertiary 
packaging



29wrap.org.uk/ukplasticspa

ct
29

Setting the scene
How packaging is made



Polymer types and packaging 
manufacture



Polymer types and packaging 
manufacture



Polymer types and packaging 
manufacture



Polymer types and packaging 
manufacture



Polymer types and packaging 
manufacture
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Setting the scene
How packaging is recycled



The Waste hierarchy

36



How packaging is recycled

37

This material is taken to a 
local MRF (Material Recovery 
Facility) to be sorted. 
Materials are separated 
automatically using NIR 
(Near-Infrared Radiation) 
and checked for 
contamination manually.

Recyclable plastics are 
separated automatically 
and baled together (as 
seen below). 

Depending on the local 
authority collecting the 
recyclable materials, bins of 
either mixed or separated 
waste are collected by the 
local authority waste 
collection team.



How packaging is recycled



How packaging is recycled
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Plastic Recycling Process

1 . Inspection

2. Chopping and Washing

3. Separation by Flotation  

4. Drying 

5. Melting by Heat and Pressure

7. Molten Plastic Extruded into Fine 
Strands

6. Filtering to Remove Contaminants

8. Pelletising 

The most widely recycled plastics in the UK are rigid PET, HDPE and PP. 

Other plastics such as PVC and PS are only recyclable at specialist facilities for non-consumer packaging or process scrap. 
LDPE, HDPE, and PP post-consumer films and flexibles are only currently collected by a small number of local authorities, 
supermarket front of store collection points or specialist schemes.



How packaging is recycled



How packaging is recycled
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Non-mechanical (Chemical) recycling process

• Mechanical recycling is the standard recycling method widely used today.

• Mechanical recycling has a number of limitations, however the primary 
one is the inherent inability to produce a virgin comparable product.

• Non-mechanical recycling, sometimes termed Chemical Recycling or 
Feedstock Recycling, may be able to overcome this issue.

• Non-mechanical recycling can be broadly grouped into 4 categories.

• Each one uses a different process and is suitable or has been developed 
for different polymers.

• The different process can also have different outputs.

Pyrolysis

Gasification

Solvent Dissolution

Chemical 
depolymerisation



How packaging is recycled - Depolymerisation
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Feed

Pre-treatment

Solid 
Contaminants

Depolymerisatio
n

Monomer 
Recovery

Repolymerisatio
n

Extrusion & 
Pelletisation

Solid 
Contaminants

Polymer Pellet

Agent
Agent 

Regeneration



How packaging is recycled - solvation
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Feed

Pre-treatment

Solid 
Contaminants

Dissolution Filtration Precipitation
Solvent 

Removal

Solid 
Contaminants

Polymer Pellet

Solvent
Solvent 

Cleaning

Extrusion &  
Pelletisation



How packaging is recycled - pyrolysis
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Feed

Pre-treatment

Solid 
Contaminants

Pyrolysis Condensation Acid removal Purification Contaminants

Ash & Solids Gas

Acid 
neutralisation

Liquid Product

Gas Oils WaxPyrolysis Oil



How packaging is recycled - Gasification

45

Feed

Pre-treatment

Solid 
Contaminants

Gasification Condensation Syngas
Direct 

Combustion

Tar
Chemical 

Conversion

Gasoline EthanolDiesel

Steam

Ash Acidic gas

Air/Oxygen



How packaging is recycled - flows

46
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Setting the scene
Legislation
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Waste & resources strategy
Designed to:

• Preserve resources

• Minimise waste

• Promote resources efficiency 

• Minimise environmental damage

• Drive the circular economy

Key elements:

• Single use restrictions plastic straw, stirrer and cotton bud ban

• Deposit return scheme

• End user producer responsibility

• Consistent collections

• Plastics tax
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Setting the scene
Tracking recycled materials



Mechanical recycling

Mechanical 
recycler

Waste plastic 100% recycled plastic

Simple segregation

Plastics converter
30% recycled plastic

100% recycled plastic add 30%

Virgin plastic add 70%



Non - Mechanical recycling Solvation

Dissolve and 
purify

Waste plastic 100% recycled plastic

Simple segregation

Plastics converter
30% recycled plastic

100% recycled plastic add 30%

Virgin plastic add 70%



NMR depolymerise

Depolymerise
Waste plastic

100% recycled
 plastic

Simple segregation Polymerise

Combine Polymerise

Recycled 
content % as 
mechanical

Mechanical approach
recycled content level is a function of input levels

Virgin feedstock

Recycled 
content 

0.5%

5kg feedstock

995kg feedstock

Higher levels become 
challenging without 
different approach



NMR feedstock Generation 

Waste Plastic

Non-mechanical 
Recycler

Recycled Feedstock/oil

Virgin feedstock/oil

Receiving Tank Cracker

Ethylene 
Pipeline

Polymer 
Producer

Polymer 
Producer

Polymer 
Producer

Polymer 
Producer

Fuel

Chemicals
and waste

Chemicals

100kg 
waste

? KG
 recycled

 m
aterial
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Chain of custody models
Sourced from: Four chain of custody models explained (circularise.com)
Network Projects - White Papers & Articles (ellenmacarthurfoundation.org)

https://www.circularise.com/blogs/four-chain-of-custody-models-explained
https://ellenmacarthurfoundation.org/white-papers-and-articles


Chain of custody overview
Chain of custody is simply the process of following materials through 
every step of the supply chain including:

• Sourcing
• Production
• Processing
• Shipping
• Retail

Chain of custody is achieved through:
• Procedures, 
• Technologies
• Documents.

to track products from source to sale, this provides insights into the 
products
• Origin
• Components
• Processes
• Handlers



Why have a Chain of custody?
Consumers demand a greater ESG focus on their impacts including:

• Ethical impacts
• Environmental considerations
• Sustainability benefits
• Regulatory compliance

Companies need evidence for sustainability claims and are used to 
collect evidence on:

• Material sources
• Processes used
• Suppliers used

The chain of custody can also support product recalls
 



Chain of custody Models?
There are four main chain of custody models split between those that

• Track specific batches through a process
• Those that balance the input and output of a process

These can be grouped into 2 main areas:

• Identity preservation and segregation models should be employed 

particularly when sourcing materials that could potentially come from 

conflict zones or places where human rights abuse is common.

• Mass balance and book and claim models can be almost entirely 

decoupled from real processes in physical material flows, making 

them a great solution for chemical production and green energy



Identity preservation

Identify preservation tracks the individual molecules through the supply 
chain from producer to consumer.



Identity preservation
Advantages of identity preservation:

• Less need for additional testing

• Transparent and inspires the most trust

• Ensures the most uniqueness and value is captured and maintained

• Able to extract a premium due to its added value

• Brands are able to tell customers the stories of the items involved in the 

production

Disadvantages of identity preservation:

• Most logistical effort as it requires strict physical separation from other 

sources

• Complex system of standards, records and auditing throughout the entire 

process

• Most expensive

• More limiting due to stringent requirements and handling processes



Segregation

Segregation keeps certified and uncertified sources separate it is similar 
to identity preservation but allows certified sources to mix.



Segregation
Advantages of segregation:

• Transparent and inspires more trust

• Ensures uniqueness and value are captured and maintained

• Able to extract premium due to its added value

• Less need for additional testing

Disadvantages of segregation:

• More logistical effort as it requires strict physical separation from other 

sources

• Complex system of standards, records and auditing throughout the entire 

process

• Limiting due to stringent requirements and handling processes

• More expensive



Mass Balance

Mass balance is design to track the amount of sustainable content 
through a production system but does not guarantee the output is 
generated from the input.



Mass balance
Advantages of mass balance:

• Low-cost barrier to entry

• Fast and easy to get started

• Can support large-scale production

• Flexibility in sourcing for materials

• Helps companies gradually transition to sustainability

Disadvantages of mass balance:

• No physical traceability involved

• System can more easily be abused to make false claims

• Complex system of certification, records, reconciliation and auditing required

• Sensitive information could be at risk in certain industries

• Time-consuming to maintain as it scales

• Easy to make costly mistakes



Book and Claim

Certified and non-certified materials flow freely thought the supply chain 
with no traceability or physical connection, sustainable credits are traded 
on a separate marketplace.



Book and Claim

Advantages of book and claim:
•Lowest cost barrier to entry
•Easiest to get started
•Can support large corporations and productions
•Useful for when local demand exceeds local supply
•No transportation costs involved
Disadvantages of book and claim:
•Not a truly sustainable solution
•Sustainability claims can be made without sustainable practices
•System is easiest to abuse for greenwashing
•Least credibility and accountability



Chain of custody summary
Identity Preservation Segregation Mass Balance Book & Claim

Ensures the output of certified 
materials does not exceed the input

Yes Yes Yes Yes

Possible to verify fair and ethical 
practices

Yes Yes Depends No

Physical traceability is possible Yes Yes Depends No

Origins of final product or product 
component can be identified

Yes in specific detail Yes less detail Depends No can be linked to 
location or region

Mixing of certified and non-certified 
materials

No No Yes Yes

Reconciliation over a specific time 
period required

No No Yes Yes

Administrative and logistical cost 
and effort

Highest High Medium Lowest

Credibility Highest High Medium Low



Chain of custody examples - coffee 
beans

Claim made Chain of custody example

Individual fairtrade 
organic farmer

Identity preservation ensures the beans you receive are the 
ones grown by that farmer and have been individually 
processed

Organic beans Segregation ensures the beans you’ve bought are all organic 
and have been processed separately

Country/bean specific Segregation ensures the beans supplied are of the 
type/region quoted

Fairtrade Mass balance is ideal consumers are paying for the fair wages 
not the exact beans, so providing the proportion can be 
shown as fairtrade 

Carbon offset of 
production

Book and claim would allow the offsetting of GHG emissions 
but has no impact on the product supplied.



Chain of custody examples



Recycling model/Where it fits in

Plastic/ 
resin 

Producer

Convertor

Packaging

Reuse

Waste 
Collectio

n

Use

Sortation

Mechanical 
Recycling

Non-
Mechanical 
Recycling

Refinery / 
cracker

Virgin 
feedstock

Extruded polymer 
from 
depolymerisation 
&  solvolysis

Residual

Dispose
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Mass balance approaches
Sourced from: Four chain of custody models explained (circularise.com)

Network Projects - White Papers & Articles (ellenmacarthurfoundation.org)
Plastic packaging tax - chemical recycling and adoption of a mass balance approach - GOV.UK (www.gov.uk)

https://www.circularise.com/blogs/four-chain-of-custody-models-explained
https://ellenmacarthurfoundation.org/white-papers-and-articles
https://www.gov.uk/government/consultations/plastic-packaging-tax-chemical-recycling-and-adoption-of-a-mass-balance-approach


Mass balance models

The mass balance approach is a chain of custody model used to track materials 
through the supply chain.

The mass balance approach has 4 key components:
Level of mass balance
Allocations method 
Balancing period
Units of measurement



Level of Mass balance

The level of mass balance is the system boundary or geographical area a mass balance 
approach calculation can be applied to. This can be at:
• batch level
• site level
• group level (also known as company level)



Allocation methods vs recycling method

Non mechanical recycling falls into 3 primary areas:
• Preservation of polymer structure

• Can be accounted for with chain of custody
• Depolymerisation to building blocks

• Can be accounted for with chain of custody or
• Via simple mass balance approach

• Feedstock generation for cracker
• Needs a more complex allocation approach of mass balance



Allocation methods
The output products from the cracking process can be used for a range of products 
including fuel. There are currently 4 known allocation methods that can be used to 
allocate the recycled feedstock input into the cracking process, to the output 
products. The allocation methods that can be used are:
• free allocation
• proportional balance (also known as technical balance)
• fuel exempt
• polymer only



Free allocation method



Proportional balance allocation method



Fuel exempt allocation method



Polymer only allocation



Balancing period

The balancing period is the maximum period a business is allowed to 
equate the proportion of recycled feedstock it receives for input into its 
cracking process, to the claims it makes for the proportion of recycled 
material in its output products. 



Measurement units

A reliable unit of measurement is needed to calculate the inputs and 
outputs from a cracking process. We have identified 3 units of 
measurement that can be used for a mass balance approach calculation. 
These are:
• mass
• molecular units
• lower heating value



Standards



Summary

SOLVATION

Identity preservation & segregation 

Mass balance



83wrap.org.uk/ukplasticspa

ct
83

Thank you
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