
System boundaries           
in product carbon 
footprints of leather

Introduction
As companies come under pressure to 
provide ever-greater amounts of information 
on the sustainability of their products, the 
carbon footprint is becoming an 
increasingly popular indicator of 
environmental performance. However, life 
cycle-based assessments such as carbon 
footprints often present managers with an 
uncomfortable dilemma: What to do when 
significant environmental impacts occur in 

phases of a product’s life cycle over which your business has little 
or no direct influence.

This is the dilemma faced by the leather industry as it looks to 
develop a standardised, industry-specific framework for the 
carbon footprinting of leather. At a time when the industry is keen 
to promote the sustainability of leather over synthetics and other 
materials, tanners find themselves at risk of having the carbon 
footprints of their products burdened heavily by stages in the life 
cycle over which they have little or no direct influence. 

Life cycle studies,  have shown that upstream processes of cattle 
breeding and agriculture, when included in finished leather’s life 
cycle, can account for 65-85% of leather’s overall footprint. 
Understandably, there is a feeling that this unfairly distorts the 
footprint of leather – especially because the hide is considered a 
by-product of the meat/dairy process.

UNIDO report
In 2012, a UNIDO-commissioned report  
prepared by consultant Federico Brugnoli 
assessed how Life Cycle Assessment (LCA)/
Carbon Footprinting of leather could be 
standardised across the industry. As an 
attempt to define common best practice, 
the report makes some good 
recommendations based on sound LCA 
methodology, and its conclusions are 
widely supported by industry bodies. 

However, one of the report’s more controversial 
recommendations centres on the setting of ‘system boundaries’ in 
carbon footprint studies of leather – and that the system 
boundaries of Product Carbon Footprints (PCF) of leather should 
start in the slaughterhouse. This has been widely interpreted to 
signify that the raw hide would not bear any share of the upstream 
environmental burdens derived from livestock breeding and 
agriculture and would therefore be expected to significantly reduce 
any carbon footprint of leather. 

However, while the possibility of eliminating burdensome 
upstream processes from leather’s carbon footprint is, naturally, 
appealing to tanners, the value and credibility of the output from any 
PCF study is dependent on the robustness of methodology adopted, 
assumptions made and data used. Without such qualities, a PCF can 
be unreliable and even risks the chance of being seen as misleading.

The extent to which the recommendation of the UNIDO Report 
impacts on the results generated by LCA/PCF studies of leather was 
critically analysed in a research project, the findings of which will be 
briefly outlined in this article. As will be seen, the research’s 
conclusions on the appropriateness of the recommendation were 
somewhat different from those of the report itself. 

System boundaries and co-product allocation
The system boundaries of a carbon footprint study define what 
processes (and therefore what impacts) are to be included in - or 
excluded from - the scope of a studied system. Therefore, consistent 
methodology is essential on this point – especially if the results are to 
be used for making comparisons of different products. 

The issue becomes complicated in the context of co-producing 
systems. A co-producing system is one in which more than output/
product is generated, and this raises an allocation issue – ie. how to 
allocate burdens of a system between the different co-products.

In simple terms, two different types of LCA study have been 
developed to address co-product allocation, here referred to as 
attributional and consequential types of studies, though other terms 
are often used (see fig. 1).

Attributional LCAs (ALCA) use 
predefined allocation factors to allocate the 
burdens between the different co-products. 
These allocation factors are based on 
definable relations between the 
co-products – commonly economic values 
or mass weight, although other 
relationships are used. 

Consequential LCAs (CLCA) use a 
process known as system expansion to 

avoid the need for allocation. System expansion considers what 
alternative production system is displaced when the co-product 
from the system is produced, and then credits the avoided burdens 
to the system. 

A simplified example: Assume tallow and a fleshed hide are the 
only co-products of a fleshing process, and the tallow is being sold for 
the production of biodiesel off site. 

In ALCA, the burden of the system would be allocated according 
to, say, the mass weights of the co-products – eg. 80% to the hide and 
20% to the tallow. The tallow then leaves the system boundary of the 
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leather tanning system with that 20% burden when it is sold offsite, 
while the hide takes 80% on to the tanning phase.

However, using CLCA, the system boundaries would be 
expanded to consider what burden the tallow is offsetting 
elsewhere. If tallow displaces, say, vegetable-based biodiesel at the 
biodiesel plant, then the production of tallow offsets the 
production of a volume of vegetable biodiesel in another system 
that would otherwise be produced. Therefore, as the burden of 
that alternative production system has been avoided, it is credited 
to the leather production system.

The two types of LCA are used quite differently. ALCA typically is 
an accounting approach, used to create an account of the 
environmental impacts of co-products as a static result. CLCA, on the 
other hand, is typically change-oriented, and is used to study the 
marginal effects on the whole life cycle of a specific change. 

Effect of type of LCA on system boundaries
The importance of considering the type of study being undertaken is 
that system boundaries are determined in different ways for different 
types of LCA. 

ALCA studies must adhere to principles of completeness and 
additivity. Therefore all processes should be included back to the 
boundary with natural systems where possible, and only processes 
that make a negligible contribution to the overall result may be 
excluded. Additivity requires that, if two connected life cycles are 
calculated separately, these must be able to be added together to give 
the full life cycle result.

CLCA studies, on the other hand, set system boundaries to include 
only those parts of the system that are affected by the change being 
studied. If the studied change does not actually affect the volume of a 
particular process in a system, then it may be excluded from the 
system boundaries of a study. 

The UNIDO Report does not consider the difference between 
types of study; however, it is critical to understand that a PCF is 
typically an ALCA-type of study. In simple terms, it produces an 
account of the total CO2 equivalent emissions involved in delivering a 
defined unit of a product. It is not a consequential type study nor, in 
my opinion, is CLCA likely to become the chosen approach for 
undertaking PCFs in future. 

An ALCA study should include all relevant processes back to the 
boundaries with nature. If system boundaries do not trace back to 
nature, then the principle of additivity must apply. So, if leather 
ALCA-type PCF studies draw the system boundaries at the 
slaughterhouse, it must be possible to add them to the life cycles of 
the upstream processes. A finished 
leather good producer would 
certainly need to be able to do this to 
produce a footprint of their product. 
Drawing the system boundaries at a 
point does not necessarily mean 
excluding the upstream burdens.

Additionally, because PCFs derive 
from ALCA-type studies, the 
approach taken to the allocation 
issue is important. As such, the 
distinction between co-product and 
waste is relevant because a 
co-product is allocated a share of the 
burdens, whereas a waste will not be 
allocated because the burdens are 
fully attributed to the products.

Raw hide – Waste or product?
There is a long-running debate in the 
leather industry on whether the hide 
should be considered a waste, a 
by-product or a co-product of the 
beef/dairy systems. 

In ALCA terms, generally, if a product of a process/system has 
no value or use, it can be considered a waste whereas if it has a 
value greater than zero, or is subsequently used in another 
process, it can be considered a co-product. Therefore, in ALCA 
terms, the hide should not be considered a waste of the beef/dairy 
process and it should logically be allocated some share of the 
upstream burdens.

Taking up this, the UNIDO Report claims that determining 
whether the raw hide is a waste or a product of the upstream beef/
dairy production process is important when defining the system 
boundaries. It then goes on to analyse the implications for system 
boundaries when the hide is considered as a waste, and then as a 
product of the beef/dairy processes. 

However, through inadequate understanding of this issue, the 
UNIDO Report reaches perhaps its most flawed conclusion.

As a waste
The UNIDO Report argues first and foremost that the raw hide 
should be considered a waste and claims this is supported by 
published leather-related LCA literature and frameworks. However, 
on closer examination, the report’s interpretations do not appear to 
accurately reflect the published sources (see fig. 3).

In fact, rather than supporting the report’s definition of the hide as 
a waste in LCA terms, the published literature appears to specifically 
support the classification of the raw hide as a product that should 
bear a part of the upstream burden through allocation.
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“…non-compliant products must 
be considered waste”. 

“A raw hide could be considered 
a waste output of the slaughtering 
stage…manufacturing process in 
tannery as recovery of waste”

“… inclusion of agriculture and 
animal breeding “only if relevant” 
and interprets “relevance” as “fed 
and bred with specific aim of 
producing leather”. 

No parameters on upstream 
processes included. 

The PCR specifically refers to “leather” as a 
co-product, and presents a specific example of 
how co-product economic allocation be applied 
and include leather.

In the following sentence, the PCR specifically 
states: “This PCR, however, following a 
conservative approach, interprets a raw hide as 
by-product of cattle raising, and therefore the raw 
hide takes on part of the environmental burden 
related to that activity” 

However, in the following sections of the PCR, it 
states: 7.3 Allocation Rules: allocation should be 
based on either physical relationship, if not 
allocation by economic. 7.2 Cut Off Rules: 99% of 
total inflows to core module should be included

The report states: “6% of the cattle raising impacts 
can be considered for leather production” and 
7.6% is used for the slaughterhouse
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Figure 3 Comparison of interpretations of hide as a waste



As a co-product
The report then moves on to consider the hide as a co-product. Here, 
its arguments are based only on a 1999 paper by Bo Weidema titled 
“System expansions to handle co-products of renewable materials”. 

In his paper, Weidema outlines a model for the use of system 
expansion through which the burdens of upstream processes can be 
excluded from the system boundaries of a study if the supply of the 
co-product is not affected by the demand for that co-product. 

However, the UNIDO Report fails to recognise one critical point in 
respect of the Weidema model. The model is developed specifically 
for use in consequential LCAs studying the effects of a change in 
demand. The model is not appropriate for ALCA studies such as the 
PCF being considered and, in a subsequent paper expanding his 
approach, Weidema himself says that attributional studies should use 
allocation not system expansion . 

Furthermore, even if the Weidema model were appropriate to apply 
(which it is not), the interpretation of the model by the UNIDO Report 
as applied to the case of leather demonstrates a lack of understanding 
of the model. Some of the misinterpretations identified were:
• It interprets utilisation of the co-product (ie. the hide) to mean the   
amount of the raw hide that ends up as finished leather. However,   
utilisation actually refers to the proportion of the supply of the   
 co-product (ie. what % of hide supply) not disposed as a waste. 
• It does not consider the complexity of how – and at what point   
 – displacement of alternative products or production processes   
 actually occurs. 
• It identifies “slaughtering” as the intermediate process in the   
 model, which implies that beef products are produced before   
 slaughtering, and not as a result of slaughtering.
• It mistakenly suggests that finished leather could be credited   
 for avoided waste treatment processes.

It therefore seems odd that the UNIDO Report firstly uses the 
consequential Weidema model as the sole justification for its 
recommendations on such a critical issue 
in attributional PCF, and secondly does so 
without having a clear understanding of 
the model. Also, the report doesn’t 
consider whether burdens should be 
allocated between co-products or whether 
system expansion might be used to avoid 
allocation if the hide is considered a 
co-product in an attributional PCF study. 
Yet given the focus on PCFs, this is 
perhaps the most important point that 
needs to be considered. 

Why the UNIDO Report does not 
explore this question more robustly is not 
clear, but two explanations seem possible. 
Either it stems from a lack of 
understanding of the importance of the 
type of study on system boundaries; or the 
Weidema paper – which, on the face of it, 
provides a convenient conclusion – was 
taken at face value without considering its 

broader context. 
Whatever the reason, it is clear that the UNIDO Report’s 

recommendation on system boundaries for the hide as a product is 
not based on sound methodology. But perhaps the most concerning 
implication of this is that an unsound recommendation on a critical 
issue such as this risks being perceived as an attempt by the industry to 
provide justification for a recommendation that was predetermined. 

Who’s afraid of the big bad footprint?
On the face of it, a carbon footprint burdened with a share of the 
carbon-intensive upstream impacts of meat/dairy processes is not an 
appealing prospect for tanners. However, basing industry-wide 
recommendations on unsound methodology is even less appealing if 
it risks raising doubts over the validity of PCRs. 

My view is that the leather industry should not be afraid of the 
effects of upstream impacts being included in its footprint for two 
reasons. First, the importance of the carbon footprint as a consumer 
indicator needs to be put into perspective. I would argue that 
consumer-purchasing decisions for products in which leather is used 
are still primarily determined by price, style, fashion, and physical 
properties. I do not think that the amount of embedded carbon in a 
shoe influences final consumer purchasing decisions significantly 
(yet), though this may change in the future. Brands are, of course, 
keen on environmental indicators and sustainability stories but, at 
the same time, they do need to make and sell goods that consumers 
want. And demand for leather will continue in its cyclical way. 

Second, one of the most beneficial uses of LCA/PCF is that it 
highlights hotspots in the life cycle, and so identifies areas for potential 
improvement. Tanners should see this as an opportunity to improve 
their direct-control processing and to be more aware of their impacts 
outside their direct control. If demand for low-carbon sustainable 
leather products grows sufficiently, tanners might even need to change 
their purchasing habits and start to consider the origins of their hides, 

sourcing not just for their physical quality but also for 
the footprints they carry. And, with big differences in 
the impacts of how cattle are bred in different parts of 
the world (see Fig. 4), this could conceivably drive 
change back up the supply chain. In such a scenario, 
the upstream elements of leather LCAs could actually 
prove valuable sources of information and comparison.

In order to do this, the leather industry must 
continue to work towards developing a sound, 
standardised approach to environmental reporting and 
indicators. The UNIDO Report made many 
recommendations in the right direction, and the recent 
moves by COTANCE to include leather in the EU trial 
programme on Environmental Footprinting are to be 
welcomed. However, the UNIDO Report’s 
recommendations on excluding upstream processes 
from system boundaries of PCF studies give the 
impression that fear of the footprint is overwhelming 
the importance of objectivity, and this needs to be 
addressed to avoid putting confidence in the industry’s 
approach at risk.
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