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Mass Balance and Chain of Custody

Programs dating back to 1972

ISO 22095:2020 Chain of 
custody – General terminology 
and models 

Portion of table from Ellen MacArthur Foundation – Enabling a 
Circular Economy for Chemicals with the Mass Balance Approach



Topics Covered Today
• Pre- and Post-consumer
• Proportional vs non-proportional allocation
• Mass balance vs book and claim
• Physical connectivity/traceability
• Chemical connectivity/traceability
• Mass balance system boundary
• Balancing period/Reconciliation period/Accounting period
• Sustainable certified content and equivalencies rate calculation/recycled 

content and equivalencies calculation in a CoC Hierarchy of claims and claim 
types

• Determining Tradeable credits/accounting units (LHV, Molecular,etc.)
• Recyclability
• Chemical recycling
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Mass balance vs book and claim
ISO 22095 Chain of custody design related terms
3.3.4 - mass balance model
chain of custody model in which materials or products with a set of specified 
characteristics (3.2.5) are mixed according to defined criteria with materials or 
products without that set of characteristics. 
Note 1 to entry: The proportion of the input (3.2.2) with specified characteristics might only match the 
initial proportions on average and will typically vary across different outputs (3.2.3). 

3.3.5 - book and claim model
chain of custody model in which the administrative record flow is not necessarily 
connected to the physical flow of material or product throughout the supply chain 
(3.2.1) 
Note 1 to entry: This chain of custody model is also referred to as ”certificate trading model” or ”credit 
trading”. 
Note 2 to entry: This is often used where the certified/specified material cannot or only with difficulty, be 
kept separate from the non-certified/specified material, e.g., green credits in an electricity supply. 
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Mass Balance Overview
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• To account for recycling, credits are created when recycled raw materials are 
utilized (or when the enter the System Boundary?)

• Credits are de-coupled and then re-joined with physical materials within the 
System Boundary

• Credits are managed as a digital inventory
• Conversion factors reflect actual operating yields, losses, and bills of material

Graphic and portions of the 
text thanks to Eastman



Book and Claim Overview
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• Credits are created the same as Mass Balance
• Credits are de-coupled from physical materials and leave the System Boundary
• Credits are managed as a digital currency and must be retired when consumed
• Available credits reflect actual operating yields, losses, and bills of material



Credit Units

•Credits are the currency of mass 
balance

• Just like every country can have a 
unique unit of currency, each 
system can have a unique credit 
unit.  

• Currency examples are yuan, 
Euro, pound, dollar, etc.

• Credit unit examples include:
grams, mass of element, energy, 
feedstock demand, number of 
carbons and GHG equivalents.  
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Conversion name (credit and 
debit)

Credit Unit

Mass-to-mass Mass

Lower Heating Value (LHV) to 
LHV  (LHV also known as net 
caloric value)  

cal, BTU or 
J

Element to element Mass of 
element

Molecular Unit
Moles, 
Mass, 
Number

Debit only conversions

Feedstock demand (using LHV 
Credit Unit)

cal, BTU or 
J



Mass balance system boundary

Source Material
Product

https://www.911metallurgist.com/blog/solv
ent-extraction-and-electrowinning-sx-ew

https://www.911metallurgist.com/blog/solvent-extraction-and-electrowinning-sx-ew
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Connectivity and Traceability

Physical connectivity/traceability
Chemical connectivity/traceability

ISO 22095:2020
3.6.1
traceability
ability to trace the history, application, location or source(s) of a 
material or product throughout the supply chain (3.2.1) 
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Three Possible Connectivity Diagrams

11

System 
boundary

Branched
Physical
Chemical

System 
boundary

Branched + Parallel
Physical + Physical
Chemically Possible

Parallel
Physical

Chemically Possible

Graphic thanks to Eastman



Proportional vs non-proportional allocation
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By ChemDoc 2010 - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid
=48727451

86 wt% 11 wt%3 wt% 

Two options:

1. Available credits are split 
according to yield or 
distribution

2. Available credits are not 
split (free attribution)



Proportional vs non-proportional allocation
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Balancing period/Reconciliation 
period/Accounting period
In accounting, reconciliation is the process of ensuring that two sets of records 
(usually the balances of two accounts) are in agreement. Reconciliation is used to 
ensure that the money leaving an account matches the actual money spent. This 
is done by making sure the balances match at the end of a particular accounting 
period. (Wikipedia)

Periods used are typically 1, 3 or 12 months.

In the UL program results are typically audited in monthly tranches within a yearly 
accounting period.  Results are reconciled at the end of the Accounting Period for 
for both the Accounting Period and each of the monthly tranches.  
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Sustainable certified content and CoC
Hierarchy of claims and claim types

“Normal” recycled content likely 
Controlled Blending

Once Mass Balance used claims 
always carry Mass Balance 
qualifiers

All calculations of content on a 
mass basis
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ISO/FDIS 22095:2020(E) 
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Figure 1 — Indicative illustration of chain of custody models ranked according to the physical 
presence of specified characteristics 

Each of the chain of custody models is linked to different options for making claims regarding the specified 
characteristics. When using any chain of custody model involving mixing, the requirements setter shall 
define relevant minimum requirements for all inputs based on associated risks.  
NOTE  Examples of associated risks are child labor, forced labor, working conditions, environment etc. To assess and address 
risk is a significant task and cannot be solved by the implementation of a sound chain of custody system. Further guidance can be 
found  in ISO 26000 [15], ISO Guide 73 and the ISO 31000 series. 

5.2 Appropriate use of chain of custody models 

In some industries, the existing chain of custody definitions require the physical presence of the specified 
characteristics of a product or material to be maintained. In these industries only the identity preserved, 
the segregated and the controlled blending model would be considered as appropriate chain of custody 
model. 

In some private and regulatory frameworks, claims regarding the content can be generated by the mass 
balance approach. In these cases it shall be transparently shown how the claimed content is calculated. For 
the communication it shall be clear that this content does not necessarily correspond directly to physical 
content in the product. 

An organization should apply the rules for ethical labelling when using chain of custody models to prevent 
misleading claims on the material or product. 
NOTE: For applicable labelling requirements, refer to e.g. ISO/TS 17033, the ISEAL claims good practice guide [21] and national 
legislation. 

ISO 22095:2020



William Hoffman, Ph.D.
Corporate Fellow
Senior Scientist, E&S
bill.hoffman@ul.com
+1 847-664-1112

mailto:bill.hoffman@ul.com


17

Thank you.

UL and the UL logo are trademarks of UL LLC © 2021.


