Supplementary Material 4 – Methodological approach for product waste footprint studies
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1. [bookmark: _Toc485907759][bookmark: _Toc513744790]Introduction 
This chapter introduces the methodological framework for the quantification and communication of the waste footprint of products. The quantification and communication refer to a life cycle inventory of the waste flows generated upstream from the point of consumption, composed of a set of recommendations and guidelines presented in phases.
It is primarily aimed at technical experts (e.g. engineers, environmental managers, life cycle assessment practitioners) who need to investigate the waste profile of a product. Some expertise in environmental assessment methods may be desirable in order to use this methodological approach to develop a PWF study.
The potential applications of the PWF studies may depend on in-house or external objectives. However, this methodological framework may offer benefits to industrial organizations through assisting in visualising waste flows in extended supply-chains for improved resource efficiency, and potentially in identifying points at which legal definitions of waste are applied. 
In decision-making contexts and for final consumers, it is highly recommended that the results of a PWF study are communicated together with a set of other footprints (e.g. carbon, water, energy) in order to avoid misleading decisions. Furthermore, environmental impacts primarily due to emissions of toxic substances are poorly represented by a PWF indicator.
The PWF is essentially a measure of resource use and not of eventual damage.
1.2 [bookmark: _Toc477438915][bookmark: _Toc485907760][bookmark: _Toc513744791]Terminology: shall, should and may 
· The term “shall” is used to indicate what is required for a PWF study
· The term “should” is used to indicate a recommendation rather than a requirement 
· The term “may” is used to indicate an option that is permissible
2. [bookmark: _Toc485907761][bookmark: _Toc513744792]Phases of a PWF
A PWF study is based in three of the four phases of LCA; i.e. goal and scope definition, life cycle inventory and interpretation. These phases comprise of several steps which are described in this section. A logic-structure of PWF is presented in Figure 1. A logic structure is a structured breakdown of a method or task into different parts or conditions required to fulfil a task.
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[bookmark: _Ref485893954]Figure 1 – Logic structure of the PWF.
2.2 [bookmark: _Toc477438927][bookmark: _Toc485907762][bookmark: _Toc513744793]Goal and scope definition
Goal and scope definition is the first step of a PWF study, and sets the overall context for the study. The purpose of clearly defining goals and scope is to ensure that the analytical aims, data used, results, intended applications and target audience are optimally aligned. This should be reflected in the defined study limitations (scope).
2.2.1 [bookmark: _Toc477438928][bookmark: _Toc513744794]Goal
In defining the goal of a PWF study, it shall be stated:
· the intended application
· the reasons for carrying out the study
· the intended audience, i.e. to whom the results of the study are intended to be communicated
2.2.2 [bookmark: _Toc477438929][bookmark: _Toc513744795] Scope
The breadth, depth and detail of the study of the study should be defined to ensure that the scope is compatible and sufficient to address the stated goal.
In defining the scope of the PWF, the following items shall be considered:
i) functional unit
ii) system boundary
Functional unit
The functional unit of the product and the reference flow shall be clearly defined. The functional unit qualitatively and quantitatively describes the function(s) and lifespan of the product (what, how much, how well, how long). The reference flow is the amount of product needed in order to provide the defined function. All other input (material, energy and water resources) and output flows (waste and emissions) in the analysis quantitatively relate to it. The reference flow can be expressed in direct relation to the functional unit or in a more product-oriented way.
System boundary
The system boundary shall be the basis used to determine which unit processes are included or excluded from the study, in other words, it specifies which parts of the product life cycle and which associated processes belong to the analysed system (i.e. are required for carrying out its function as defined by the unit of analysis). The unit processes comprising the product system shall be grouped into life cycle stages, e.g. raw material extraction, benefication and production. 
A process flow diagram showing the reference flow, main life cycle stages and interrelationships in the product system shall be elaborated. A system boundary diagram can be a useful tool in defining the system boundary and organising subsequent data collection activities.
2.3 [bookmark: _Toc477438930][bookmark: _Toc485907763][bookmark: _Toc513744796]Waste inventory
In the life cycle waste inventory phase, the material resource use and waste profile of the product system under analysis is created. However, material flows are not modelled until they are transformed in elementary flows (and hence connected to environmental impact categories) like in strict LCA practice. 
An inventory of (1) all material resource input flows to the product system and (2) all material waste output flows from the product system shall be compiled. For material inputs (i.e. point (1)), the analysis begins with an initial selection of inputs to be studied. This selection should be based on an identification of the inputs associated with each of the unit processes to be modelled. All material entering the product system being studied that has been drawn from the environment without previous human transformation (elementary flows entering in the system) are the material resource inputs. For waste output flows (i.e. the aforementioned point (2)). 
The goal here is to identify sources and quantities and categorising types of waste materials generated along production chains.
1.1.1.1 [bookmark: _Ref485819776]Identifying sources and quantities of waste
The following hierarchy shall be used for identifying whether a material stream is considered waste in a PWF
· Are there any outputs beside the product that have a market value for them?
· No: Material is a waste
· Yes: material is a product or by-product

· Are there any outputs beside the product considered waste by the relevant competent legal authorities? 
· No: material is a by-product
· Yes: Material is a waste

The identified waste streams are then assigned to the source (i.e. life cycle stage) in which they occur (i.e. extraction of raw material, processing and production)[footnoteRef:1]. [1:  The raw material acquisition and pre-processing stage starts when resources are extracted from nature or synthesised from existing stock and ends when the product components enter the product’s production facility. The production stage begins when the product components enter the production site and ends when the finished product leaves the production facility.] 

Ideally, this effort may be undertaken with data collected from specific sites; i.e. the model of the product supply chain would be constructed using facility- or product-specific data, modelling the exact life cycle depicting the supply chain. In practice, directly collected, facility-specific inventory data should be used wherever possible. For processes where the practitioner does not have direct access to specific data, generic data (from scientific papers, reports, life-cycle-inventory databases, etc.) can be used.
If the practitioner has access to waste generated from fuel and energy used, these may also be included in the inventory analysis.
2.3.1 [bookmark: _Toc513744797]Categorising waste
The amount of the accounted waste shall be categorised according to subsequent use as:
· Waste to recycling 
· Waste to incineration
· Waste to landfill/deposit/backfilling
· Waste to biological treatment[footnoteRef:2] [2:  E.g. composting, anaerobic digestion.] 

There are 2 systems levels for recycling. First is post-production waste recycled back into the production process (e.g. offcuts of glass back into re-melt) and the second is external recycling outside of the factory gate (e.g. rejected single-use packaging). The former would be a process not designated legally as waste (but still clearly a waste through an inefficient process) and the second would be the same as the first but also legally a waste as it leaves the factory gate.
Figure 2 illustrates a product system and input/output material flows related to this product system. The figure also shows which types of material flows that shall be accounted for as a waste and how they shall be categorised (waste to recycling, incineration, deposit/landfill/backfilling, biological treatment).  What happens with the waste material further in the subsequent product systems is outside the scope of the PWF under analysis.
[image: ]
Figure 2 – Ilustration of a possible waste treatments options for categorising accounted wastes in the PWF.
2.4 [bookmark: _Toc477438933][bookmark: _Toc485907764][bookmark: _Toc513744798]Interpretation
The interpretation phase of the PWF study should evolve in an iterative way, until the study goals are met. The aims of the interpretation phase are twofold:
1. to ensure that the performance of the PWF model corresponds to the goals of the study
2. to derive robust information from the analysis, certifying that the results of the PWF quantification are not communicated in a misleading way
In order to meet these dual aims, the interpretation phase shall include the steps: identification of hotspots; estimation of uncertainty; and conclusions, limitations and recommendations.
2.4.1 [bookmark: _Toc477438934][bookmark: _Toc513744799] Identification of hotspots
[bookmark: _Toc477438935]What would be useful is to show what wastes occur where in the process in order to identify hotspots. Thus a screening analysis is required when performing a PWF study. It leads to the identification of the most relevant processes and waste flows. It should lead to the identification of the most relevant processes and waste flows along the life cycle production chain of products. The most relevant waste flows are identified based on how large (amount) they are.
Once the most relevant waste flows have been identified they shall be linked to the processes emitting them. This is not a serial step but a parallel one as each process will need to be interrogated to determine the wastes in the first place. In this way the most relevant processes are identified; thus the most relevant processes are those at which the most relevant waste flows occur.
Identifying the most relevant processes and waste flows are relevant in the context of the communication of the PWF study. For communication purposes, at least the 3 most relevant waste flows and where and why they occur shall be declared.
2.4.2 [bookmark: _Toc513744800] Conclusions, Recommendations and Limitations
The final aspect of the PWF interpretation phase is to draw conclusions based on the analytical results, answer the questions posed upfront in the study, and advance recommendations appropriate to the intended audience. As previously stated, the PWF needs to be seen as complementary to other product environmental assessments such as carbon footprint, water footprint, energy footprint and ecological footprint. One primary limitation of the PWF is that it only focusses on post production waste and not on whole product lifecycle waste (use and disposal) – this needs explaining in setting the PWF in context with other footprints which include use phases.
Conclusions, recommendations and limitations shall be described in accordance with the defined goals and scope of the PWF study. The conclusions should include a summary of the most significant wastes identified in the supply chain and the potential improvements associated with management interventions.
2.5 [bookmark: _Toc477438936][bookmark: _Toc485907765][bookmark: _Toc513744801]Reporting and communication
A PWF report should provide a relevant, comprehensive, consistent, accurate, and transparent account of the study and of the calculated PWF. It should reflect the best possible information in such a way as to maximise its usefulness to intended current and future users, whilst transparently communicating limitations. It shall present a summary of the:
· main points defined in the goal and scope (study goals, functional unit, reference flow, main assumptions and data used)
· most significant waste flows
· most relevant processes
· conclusions, recommendations and limitations
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