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1 Executive Summary 
On behalf of Recycle BC, Multi-Material Stewardship Western (MMSW), Multi-Material Stewardship 

Manitoba (MMSM) and Stewardship Ontario, Canadian Stewardship Services Alliance (CSSA) proposes to 

replace the Activity Based Costing (ABC) Methodology with the Material Cost Differentiation (MCD) 

Methodology as the approach used to differentiate the impacts that materials have on the cost of 

recycling system activities -- an important input to fee setting.   

In 2016 CSSA, in consultation with the producer community, developed a new fee setting methodology, 

known as the Four-Step Fee Methodology. Now in its fourth year, the methodology is principle-based 

and strives for fairness in setting fees for packaging and paper product (PPP) for participating programs. 

The fee methodology is dependent on the quality of it inputs, chief among them the metric that reflects 

each material’s unique impacts on the cost of recycling system activities. To date this input has been 

generated by conducting ABC studies, but a number of factors have driven the need for a modernized 

approach: ABC’s inability to satisfy steward priorities; ongoing challenges of regularly collecting data 

that is typically private and confidential; and the evolution of materials and recycling systems since ABC 

was created almost two decades ago.  

In their development of the Four-Step Fee Methodology, producers created a principle that instructs us 

to consider how the unique characteristics of a material impacts the cost of recycling system activities. 

For example, magnetic characteristics make steel cans easy and cost-effective to sort; the wrappability 

of plastic film makes it disruptive to equipment as it gets tangled in the equipment and causes 

downtime and cost; and the density of a material influences the amount of space it occupies in trucks, 

on the tip floor and in storage bunkers. 

As a result, at the close of the Four-Step Fee Methodology Project, the MCD Project was born. Its 

objectives were to develop a way to differentiate the cost impacts to manage each material in a 

recycling system in a manner that reflects the impact of material characteristics on the system; is clearly 

articulated and supported by procedures that are easily replicated; is based on defensible assumptions; 

and generates results that are sound and comparable over time. See our Material Cost Differentiation 

Matters, CSSA’s video released when the MCD Project was launched.   

After two years of work, the MCD Methodology is ready for review by the producer community and 

other stakeholders. This document describes the MCD Methodology’s design, the process by which it 

was developed, the output of its calculations and how they will be used to inform the Four-Step Fee 

Methodology. CSSA invites our many stakeholders to review the MCD Methodology and we welcome 

your feedback.  

https://www.youtube.com/watch?v=_AKug9Sq1sk
https://www.youtube.com/watch?v=_AKug9Sq1sk
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2 What is the Steward Consultation Committee? 
Over the past two years a committee of stewards known as 

the Steward Consultation Committee (SCC) in conjunction 

with a steering committee of stewards, each a delegate 

from one of the four packaging and paper product 

stewardship boards supported by CSSA, developed the 

MCD Methodology and the principles upon which it is 

based.  

Collectively, the SCC members represent all materials, as 

well as the interests and concerns of the wider steward 

community. The MCD Methodology was developed by the 

SCC in a series of workshops that began in 2018. In early 

January, 2020 the SCC completed its work and approved 

the MCD Methodology for consultation with the 

stakeholder community. 
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3 Introduction  
In 2016 Canadian Stewardship Services Alliance (CSSA), in consultation with the steward community, 

developed a new fee setting methodology, now known as the Four-Step Fee Methodology. Now in its 

fourth year of use1 the methodology is principle-based and strives for fairness. It seeks to ensure that 

recycling costs are fairly and appropriately allocated to the packaging and paper product (PPP) materials 

supplied into the Canadian marketplace.  

The Four-Step Fee Methodology rests on three Guiding Principles: 

1.  All obligated materials should bear a fair share of the costs to manage the packaging and 

printed paper program, irrespective of whether a material is collected, because all 

obligated stewards who put obligated materials into the marketplace should contribute to 

the recycling system. 

2.  The material management costs allocated to each material should reflect the material’s 

impact on the cost to collect and manage it in the recycling system because a material’s 

unique characteristics can drive costs in distinctive ways. 

3.  The commodity revenue should be attributed only to the materials that earn that revenue 

because materials that are marketed have value and should benefit from their earned 

revenue. 

The second principle is designed to ensure that costs allocated to a material reflect the cost impacts of 

the material’s characteristics on the recycling system. Material characteristics include attributes such as 

weight, density, shape, size, abrasiveness and colour to name a few. In developing the Four-Step Fee 

Methodology, the Steward Consultation Committee (SCC) members gave serious consideration to which 

characteristics should be considered in the overall fee setting process. The SCC ultimately determined 

that the most accurate way to allocate gross cost was to consider all the impacts a material could have 

on the recycling system, including impacts driven by common features like weight and volume as well as 

characteristics unique to some materials, such as abrasiveness or flexibility.2   

The fee methodology is dependent upon the quality of its inputs; chief among them the metric that 

reflects each material’s unique cost impacts on the recycling system caused by its characteristics. To 

date, this input is generated by conducting Activity Based Costing (ABC) studies, but the ABC study 

methodology was developed almost two decades ago when both recycling system designs and the 

materials supplied by producers were less diverse and complex. When the steward community decided 

that all material characteristics must be considered, the Material Cost Differentiation (MCD) Project was 

                                                           

1 The Four-Step Fee Methodology is currently used by Recycle BC, Multi-Material Stewardship Western (MMSW) and Multi-Material 

Stewardship Manitoba (MMSM). Stewardship Ontario continues to use the Three Factor Formula. 

2 See “A Proposed Modernized Fee Methodology” Consultation Document, April 14, 2016, p. 13. 

https://www.cssalliance.ca/wp-content/uploads/2016/04/A-Modernized-Fee-Methodology-Stakeholder-Consultation-Document.pdf
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initiated with the objective to develop a better way to determine the impacts material characteristics 

have on recycling system costs.    

3.1 Why is the ABC Methodology ready for retirement? 

The current ABC Methodology is no longer up to the job of providing cost allocation inputs into the fee 

methodology because it: 

•  Does not satisfy the MCD Guiding Principles created by producers and that reflect their current 

priorities. 

•  Relies on ‘real-world’ representative recycling systems to inform the labour costs, capital and 

operating costs. These real-world systems can significantly differ in their design – in the 

materials they collect; the methods and technologies used to sort and process them; and in the 

commodities produced. These differences make it difficult, if not impossible, for producers to 

compare one material’s cost impacts to another when using data from these varied programs. 

•  Assumes that stewardship programs can access these systems when in fact it has become 

increasingly difficult to obtain the requisite data because, in most cases, these systems are 

managed by private businesses and their methods and cost structures are private.    

•  Expresses the unique cost impacts to manage each material solely on a cost-per-tonne (i.e., 

weight) basis.  This presents a challenge to producers wanting to compare cost impacts of one 

material over another because comparing the weight of two materials does not provide 

sufficient information to ascertain how quantity (expressed as weight) impacts recycling system 

costs.   In addition to weight, each material can exhibit a variety of characteristics that can also 

significantly impact cost, including its density. Therefore, comparing costs on a weight basis 

alone does not provide producers the ability to make apples-to-apples comparison that they 

need when considering the cost impacts of their packaging and paper product choices. 

For all these reasons, the MCD Project took a fresh look at how cost differentiation amongst the 

materials is determined and has developed a new approach that takes into consideration materials’ 

multiple characteristics as well as the current and, to an extent, the trending states of recycling 

technology and packaging design.      

This document provides an overview of the MCD Methodology and the results that it generates for the 

purpose of fee setting. 
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4 What is the scope of the MCD Methodology? 
Calculating the fees for each PPP program consists of three distinct sets of activities: 

1. Setting the program budget; 

2. Determining material cost impacts on the recycling system; and  

3. Calculating fees and fee rates. 

As illustrated in the figure below, the MCD Methodology represents the second set of activities 

(determining material cost impacts) and will replace Activity Based Costing. The MCD Methodology’s 

results will provide the key input to the third set of activities – calculating fees and fee rates.  

 

 

Note that there is no change to the process used to set each program’s budget nor to the total budget 

itself, which, in the case of cost transfer programs such as Stewardship Ontario and MMSM, is 

established with reference to actual net costs reported by municipalities; and in the case of “contract-

based programs” such as Recycle BC and MMSW, is established with reference to the contract terms 

(e.g., cost to collect -- $/household). 

The budgeted costs and the MCD Methodology’s result (the Material Cost Index or MCI) together 

provide the key inputs to the third set of activities, namely calculating fees and fee rates. 
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5 What are the MCD Project objectives? 
The MCD Project was initiated to develop a methodology that: 

1. Differentiates the cost impacts to manage each material in a recycling system in a manner that 

reflects the impact of material characteristics on the system;  

2. Is clearly articulated and supported by procedures that are easily replicated; 

3. Is based on defensible assumptions; and 

4. Generates results that are sound and comparable over the long term.  
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6 What is the MCD Methodology? 
The MCD Methodology has four components. 

The first is its Guiding Principles. Created by 

stewards, these principles informed decision-

making when developing the remaining 

components of the MCD Methodology.   

Second, the MCD Context provides the 

assumptions, definitions and concepts 

necessary for the MCD model to successfully 

measure and calculate cost impacts. 

Specifically, the MCD Context consists of four 

key elements: 1) material characteristics and 

the impacts to be measured; 2) material 

categories are identified and used to measure 

material cost impacts; 3) system boundaries 

that demarcate how materials enter the system 

and the extent of sorting activities needed; and 

4) the conceptual MCD system, comprised of 18 

distinct modules that collectively represent all 

activities and resources needed to deliver 

repurpose-ready material.  

The MCD Model is the third component of the 

methodology and it consists of the costing 

assumptions, impact measurement metrics, 

and measurement protocols used to calculate 

each material category’s cost impacts, which 

inform fee setting.  

Lastly, there are maintenance procedures that 

instruct us on how to monitor the evolving 

tonne, recycling processes and technology and 

their costs to ensure that the MCD model itself 

can change over time to stay in step with the 

marketplace.     

 

The MCD Methodology was developed over a two-year period with participation from CSSA staff, 

program leaders, industry subject matter experts and the lead consulting firm, Resource Recycling 
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Systems (RRS). RRS was awarded the role of lead consulting firm because they draw from a wealth of 

waste management experts, engineers, economists and packaging experts and offered the best overall 

cost and quality value proposition. The team’s work was guided by a Steering Committee with 

representation from each of the program’s Board of Directors and received input from the steward 

representatives serving on the SCC.   

The result is a methodology that satisfies the guiding principles defined by stewards and includes a 

robust set of protocols and procedures, tested thoroughly over hundreds of hours and utilizing over 50 

tonnes of PPP materials. 

In the following sections, we will discuss each of the four components of the MCD Methodology. 
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7 What are the MCD Methodology’s guiding 
principles? 

The MCD Project’s guiding principles were developed in early 2017 by a Guiding Principles Working 

Group (GPWG) composed of a delegate from each of the four PPP stewardship programs’ Boards of 

Directors: Bob Chant, Loblaw, representing Recycle BC; Christine Bomé, Walmart, representing Multi-

Material Stewardship Western; Neil Antymis, PepsiCo, representing Multi-Material Stewardship 

Manitoba; and John Coyne, Unilever, representing Stewardship Ontario. Over the course of two 

workshops held in early 2017, the GPWG articulated the following eight guiding principles which were 

subsequently shared with the entire steward community first in July, 2017 and then again during the 

2017 Annual Steward Meeting in October. 

1. Relativity counts. The methodology must produce results that inform stewards about the 
relative cost impacts of the materials they supply into the marketplace. 

2. All designated materials count. All designated materials of the packaging and printed paper 
programs should be considered when measuring cost impacts even when those materials are 
supplied and/or managed in small quantities because all materials are constituents of the 
recycling system. 

3.  All material characteristics count. When differentiating the cost impacts of one material as 
compared to another, all of a material’s characteristics that can reasonably be measured, should 
be measured because each material’s characteristics can impact costs in different ways 

4.  All activities count. All activities necessary to prepare the material to be repurposed should 
be considered because the intention is that all materials supplied into the market should be 
repurposed. 

5.  Value counts.  Commodity value attributed to a material must be consistent with the 
decisions applied when differentiating cost impacts. 

6.  System design and operations count. The Material Cost Differentiation Methodology should 
be rooted in measurable recycling system activities, resource usage and cost drivers 

7.  Emerging trends count. The Material Cost Differentiation Methodology will consider evolving 
recycling technologies and practices to ensure that the most current material management 
techniques inform measurements of cost impacts.  

8.  The material mix counts. The composition within material categories may differ according to 
the scope of each program and needs to be considered because such differences may result in 
different impacts on cost. 

These principles guided the work of the MCD team as it developed and tested the remaining three 

components of the MCD Methodology. The steward community is encouraged to reference them as it 

considers the contents of this document. 
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8 What is the MCD’s Context? 
The second component of the MCD Methodology is its context – that is the assumptions, definitions and 

concepts necessary for the MCD Model to successfully measure and calculate material cost impacts.   

Specifically, the MCD Context consists of four key elements: 

1. the list of material characteristics that impact the cost of recycling system activities; 

2. the list of material categories that represent unique groups of these characteristics that are to 

be measured; 

3. the boundaries of the MCD conceptual recycling system, i.e., the points at which the MCD 

system begins and ends; and 

4. the design of the MCD conceptual recycling system that incorporates all activities and 

resources needed to prepare each material category to be ready to be repurposed as required 

by the guiding principles. 

An initial version of each of the MCD Context’s four elements was presented to the SCC in two 

workshops held in February and March, 2018. They reflected RRS’s extensive research and expertise in 

packaging design, recycling technologies and processes and included input from participating recycling 

engineers and economists. Upon review, the SCC provided the team with two pieces of feedback: 

1. Strong rationale was needed before there would be support for changing the reporting 

categories used by stewards when submitting their annual reports because changes to 

categories impose significant work on stewards. 

2. There was strong support for introducing the concept of ensuring a material is ‘ready to be 

repurposed’ when designing the end point for the conceptual recycling system. The SCC 

supported comparing cost impacts assuming that all activities required to prepare materials 

to the same end state were considered because this would allow for the apples-to-apples 

cost comparison stewards have been asking for. 

RRS rigorously tested each of the four elements of the MCD Context in a Material Recovery Facility 

(MRF), the design of which included key features of the MCD System, using 50 tonnes of the broadest 

scope of materials possible. The test results caused further refinement to each of MCD Context’s four 

elements and are discussed below. 

8.1 Material Characteristics 

Material characteristics refer to things like form, (i.e., a material’s size and shape); compressibility, (i.e., 

how easily it can be compacted, or how quickly it restores to its original shape after compaction); and 

identifiability, (i.e. whether it has properties that allow it to be easily recognized by an optical or manual 

sorting process). All materials have characteristics and many of them impact the costs to manage 
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materials in a recycling system. Glass, for example, can break easily and is abrasive, thus increasing wear 

and tear, and therefore maintenance costs on collection vehicles and sorting equipment. Similarly, all 

materials take up space or volume in the system which affects the cost of transportation and storage.  

A characteristic can have both a positive and negative impact on the recycling system. For example, 

glass’s breakability has a positive impact in that it facilitates the sorting/separation of glass from other 

materials but it can also have a negative impact because its abrasiveness can cause wear and tear on 

machinery and concrete floors. Similarly, characteristics such as size and shape can facilitate sorting and 

indeed influence the choice of sorting equipment, including sorting screens and near infrared (NIR) 

optical sorters, while also being the reason that some materials are missorted. A flat shape, for example, 

can cause a plastic package to mistakenly find its way into the fibre stream.   

Two or more materials may share a characteristic that can be positive for one material and negative for 

another. For example, the fact that glass is breakable allows it to readily fall through a screen, mitigating 

the impact on equipment and other materials and facilitating its preparation for market. In contrast, the 

breakability of polystyrene and expanded polystyrene causes it to stick to other materials and travel 

with them throughout the system, making it a contaminant. 

RRS developed the initial inventory of material characteristics evident in PPP materials because MCD 

Principle #3 says that all material characteristics count and that when differentiating the cost impacts of 

one material over another, all of a material’s characteristics that can be reasonably measured should be 

measured. The initial list was tested and refined to ensure that the final list of characteristics 

represented those that caused cost impacts that are observable and measurable as materials flows 

through the system, and that can be assigned to material categories. Characteristics that did not meet 

these criteria were ultimately excluded.  

Some characteristics were excluded from the final inventory because there was no impact on recycling 

system costs; or the impact was not measurable; or the impact could be measured by measuring the 

impact of a different characteristic.  For example, mimicry is a characteristic that under some conditions 

causes a material to behave in the same way as another material with otherwise different characteristics 

– as in the case when a brightly coloured orange PET bottle is manually sorted to the wrong plastic resin 

because it resembles a more common HDPE detergent bottle. Alternatively, characteristics such as 

additives in a material or packaging barriers such as EVOH were excluded from the final inventory of 

characteristics because they are not measurable and do not affect cost impacts within the context of the 

MCD system.  

A complete inventory of material characteristics, summarizing their evaluation and justification for 

inclusion and exclusion is available at Appendix A. 
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8.2 MCD Material Categories 

With the relevant material characteristics identified, the next task was to determine the material 

categories that would become the subject of impact measurements. These materials are referred to as 

“MCD Material Categories” and are distinct from the characteristics because RRS recognized early in the 

project that measuring individual characteristics was not always possible and that impacts could be 

better captured by measuring appropriate groupings of characteristics. It was not always possible to 

isolate the impact of a characteristic because in some cases, individual characteristics’ impacts cannot 

be measured or characteristics are in fact dependent on one another.  For example, glass is breakable 

and abrasive. If glass was not breakable, it would not have abrasive characteristics that impact the wear 

and tear on equipment. Similarly, a combination of characteristics can cause a material to behave in a 

certain way in a MRF and it was not possible (nor instructive) to isolate and measure a single 

characteristic distinct from its companions. For example, large OCC behaves in a particular way precisely 

because of its large size, its 2D shape and its flexibility. Its impact cannot be effectively measured unless 

these characteristics are considered together. Also, a PET bottle’s combined characteristics of shape 

(3D) and identifiability (NIR) allows it to be properly sorted and its impacts measured.  

RRS then evaluated the inventory of characteristics to determine how they should combine into 

discrete, measurable MCD material categories using the following differentiation criteria:   

1. Cost: A material’s characteristics causes significant cost impacts that were distinct from other 

materials; or 

2. Value: A material has a repurpose value that is consistent with the activities and costs 

associated with preparing it for repurposing. 

 

Testing of material categories showed, for example, that the ‘size’ characteristic played a significant role 

in impacting system costs.  Large format old corrugated cardboard (OCC), i.e., OCC with an area greater 

than 2,200 cm², such as a pizza box, is consistently sorted by the OCC Screens while smaller OCC more 

consistently flows with other fibre to the mixed paper bale.  

Testing enabled the project team to refine the list of MCD material categories and it is available here as 

Appendix B.  

8.3 MCD System Boundaries 

MCD Principle #4 states that all activities count. It is therefore important that the MCD system’s entry 

and exit points are clearly identified because they demarcate the single set of conditions that describe 

the conceptual MCD system and thereby establish the level playing field upon which all materials, their 

characteristics and activities are measured to determine materials’ cost impacts.  
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As illustrated in the figure below, the MCD system begins at the point where the householder no longer 

has a use for a PPP material and sets it aside to be recycled. The exit point for each material occurs 

when it has achieved the state of readiness to be repurposed. The entire set of activities between these 

two points – collection, sorting, processing and baling establish the “System Boundaries” and is the basis 

upon which the “MCD system” was designed. In what follows we’ll take a closer look at these 

boundaries. 

 

 

8.3.1 MCD System Entry Point: Consumer Participation Standard 

A set of assumptions apply to the MCD’s entry point regarding how consumers prepare the material for 

recycling. For the purposes of the MCD Project, these practices are referred to as the “Consumer 

Participation Standard” (CPS) and their development was informed by various guidelines used by 

existing PPP recycling programs in Canada. 

The CPS assumptions are as follows: 

•  Materials are dry and free of residue: Consumers fully use and completely empty the product 
from the packaging and it is rinsed and dried. 
 

•  Individual packaging materials are disaggregated into component material categories: 
For example, consumers separate plastic and boxboard components of battery packaging and 
similar mixed material blister packs, remove film from inside of cereal boxes and remove 
expanded polystyrene protection from inside of cardboard boxes. 

 

•  Component materials are kept whole and not torn, shredded, or otherwise damaged: This 
includes not shredding paper prior to recycling or breaking glass bottles and jars prior to 
putting them in a cart. 

 

•  Materials are not aggregated: For example, consumers do not place PE film and bags together 
into another bag before putting them in the cart for collection. 
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While it is recognized that consumers do not always behave this way, the CPS describes a set of 

consistent conditions wherein each material’s cost impact can be fairly measured relative to the others 

because it eliminates as many influences that are uncontrolled by stewards as possible, in this case the 

behavior of the consumer.  

8.3.2 MCD System Exit Point: Readiness to be Repurposed 

The MCD exit point occurs when a material has reached its state of readiness to be repurposed. The exit 

point will differ for each material because there is no “one size fits all” treatment that readies all 

materials for market. ‘Repurpose’ means “to transform a material for use as a substitute for virgin 

natural resources, or for use as a value-added input into reprocessing or remanufacturing”. Expressed 

another way, a material is considered to be a repurpose-ready commodity if it meets the following 

definition: “material that is prepared to meet the specification of an entity that will repurpose it without 

further sorting beyond general cleanup of prohibitive and undesirable materials using commercially 

available equipment that is not generally employed in MRFs”.3 

This definition of “repurpose” was developed to ensure that all activities required to prepare a material 

for its subsequent use were considered when designing the conceptual MCD system.  It ensures that all 

costs are internalized to enable a fair, “apples-to-apples” comparison of the impacts that a material’s 

characteristics have on all costs that must be incurred for that material to be repurposed without any 

further processing. To articulate a state of “readiness to repurpose” RRS relied upon generally 

recognized market specifications that provide a consistent level of reasonableness, measurability and 

fairness required by the MCD model. The Institute of Scrap Recycling Industries (ISRI)’s Scrap 

Specifications Circular is a reliable source, as is the Association of Plastics Recyclers (APR)’s Model Bale 

Specifications. Informed by these guidelines, as well as others, the MCD team developed a sorting 

protocol criteria that, if met, will produce repurpose-ready commodities, as follows: 

1. The simplest sorting process that produces output with a high value use that avoids down-

cycling and meets an industry-established repurpose-ready commodity specification; or 

2. When not the simplest sorting process, the sorting protocol represents the predominant4 

industry practice; or 

3. The sorting protocol represents an emerging industry practice5 that meets an emerging 

repurpose-ready commodity specification, where the predominant practice is declining. 

                                                           
3 The definition of “repurpose” underwent substantial discussion and refinement throughout the MCD Project’s lifecycle. It was 

tested with stakeholders and its soundness was validated throughout the project’s model development and pilot testing 

phases. 

4 ‘Predominant” in this context refers to the majority of North American Material Recycling Facilities. 

5 An ‘emerging’ practice is one a solution has been engineered and prototypes have been successfully implemented in 

operations 

http://www.scrap2.org/specs/29/#zoom=z
http://www.scrap2.org/specs/29/#zoom=z
https://plasticsrecycling.org/markets/model-bale-specs
https://plasticsrecycling.org/markets/model-bale-specs
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The table below summarizes the repurpose-ready commodity for each material when the above criteria 

is applied. 

Table 1 – Repurpose Ready Commodities Produced by MCD System 
 

MATERIAL 
TYPE 

REPURPOSE READY COMMODITY SPECIFICATION 

Paper 

Mixed Paper  ISRI Grade 54 

OCC  ISRI Grade 11 

Polycoat  Emerging Grade 

Plastic 

PET Packaging APR – PET Bottles 

Natural PE Containers  APR – HDPE Natural Bottles 

Coloured PE Containers APR – HDPE Coloured Bottles 

PP Rigid Plastics  APR – PP Small Rigid Plastics 

Mixed Bulky Rigid Plastics  APR – Mixed Bulky Rigid Plastics 

Polystyrene Packaging APR - Solid/Foam Polystyrene 

PE Film APR – MRF Curbside Film 

PVC Packaging NA 

#7 Other Plastics Engineered Fuel – Emerging Grade6 

Black Plastics  Emerging Grade 

Metal 

Steel and Tin Steel Recycling Institute - Steel Scrap 

UBC (Used Beverage Containers) ISRI UBC 

Aluminum Foil and Other Aluminum 
Containers  

MRF Grade Aluminum 

Glass MRF Glass  ISRI MRF Glass 

If an activity is necessary to prepare materials so that they meet market specifications then that activity 

is included within the system boundaries.  For example, activities that sort plastics into their various 

resin types are included in the MCD system boundaries. Conversely, an activity that transforms a 

material from one state to another, such as flaking and pelletizing of plastic, is considered to occur 

outside the MCD system boundaries. 

8.4 MCD System Design 

With material characteristics, MCD material categories and system boundaries defined, the next step 

was to identify the complete set of activities and technologies that collectively constitute a 

comprehensive, fully optimized, fully maintained system operating at its highest level and efficiency and 

producing output material that is ready to be repurposed – namely, the conceptual MCD system.   

                                                           
6 Repurpose-ready commodities generally refer to recycling applications.  However, engineered fuel has been included here 

because while engineered fuel may not be accepted and count towards diversion or recycling performance, it is considered a 

higher use than disposal to landfill due to the beneficial recovery of intrinsic energy. 
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Instead of trying to replicate the cost of various recycling system designs in operation in each province, 

the MCD methodology measures the cost impacts of material characteristics in a “conceptual” recycling 

system that is rooted in real-world recycling technologies and processes but is not slavishly reflective of 

actual, specific systems.  Conceived as a comprehensive, fully optimized system it establishes a common, 

“level playing field” set of conditions where all materials’ impacts can be consistently measured. 

8.4.1 Design Assumptions 

The MCD Guiding Principles helped to direct the team’s design of the conceptual system.  Principle #1, 

for example, states that “Relativity counts. The methodology must produce results that inform stewards 

about the relative cost impacts of the materials they supply into the marketplace.” Certain conditions 

needed to be met in order to be able to measure the cost impacts of material characteristics relative to 

each other. First, the MCD system could not mirror any one particular real-life recycling system because 

the latter would be limited by factors such as material mix (e.g., deposit program/ no deposit program, 

local geography, demographics and economics). Rather, the MCD system must be comprehensive, and 

include all relevant activities and technologies necessary to prepare each material to be ready to be 

repurposed. Second, it is assumed that all materials are commingled in a cart-based curbside collection 

process (the entry point to the MCD system) and travel through a fully optimized system to the point 

where the material is ready to repurpose (the exit point of the MCD system). Assuming that all materials 

enter the system together (co-mingled) and that they proceed through an optimized “theoretical” 

system provides a set of consistent conditions in which each material’s characteristics’ impacts can be 

accurately and fairly measured. 

Third, it must account for relevant real-world factors. Principle #6 states that “System design and 

operations count. The Material Cost Differentiation Methodology should be rooted in measurable 

recycling system activities, resource usage and cost drivers.” Indeed, the MCD’s design configuration 

draws heavily on well-established methods and technologies where the benefits of the approach are 

clear and uncontroversial, e.g., optical sorting of plastic resins, screen sorting for fibers, and magnetic 

sorting for metals. It also references commodity market specifications to characterize the state of 

repurpose-readiness, as discussed in Section 8.3.2.  

Principle #7 is another principle that references the real world in calling for the MCD system to reflect 

emerging trends: “Emerging trends count. The Material Cost Differentiation Methodology will consider 

evolving recycling technologies and practices to ensure that the most current material management 

techniques inform measurements of cost impacts.”  

For the purposes of the MCD project, emerging technologies are considered to be technologies that are 

currently trial-deployed, but it is yet unclear if broad commercial adoption will occur within a three to 

five-year time-frame. In other words: 

• The technology has been defined and engineered 

• The technology has prototypes in commercial operation 
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• The prototypes are producing the desired result.7 

In summary, the Guiding Principles require that the conceptual MCD system: 

• Enable the impact measurement of materials relative to each other; 

• Be rooted in real-world practices, technologies and cost drivers; 

• Consider emerging packaging trends; and  

• Consider emerging technologies and recycling end markets. 

Accordingly, inclusion or exclusion of activities in the MCD System was guided by the additional 
following criteria: 

 

•  Significance: System activities must address specific and consistent differences in material 
characteristics that are measured. 

 

•  Applicability: The MCD System, while characterized as an “optimized system” must be 
considered reasonable in the context of the spectrum of Canadian PPP stewardship programs. 

 

•  Consistency: The system boundary conditions (both entrance and exit) must apply to all 
designated materials to create the controlled conditions necessary for effective relative impact 
measurement.  

 

•  Forward Looking Practicality: Current recycling activities as well as emerging technologies should 
be included. 
 

•  Flexibility: Able to accommodate adjustments in step with the evolving tonne, recycling system 
processes and technology, and commodity markets. 
 

•  Justifiability: Must be supported by relevant research and data that is compatible with the MCD 
model. 

The following additional MCD system design features were assumed:  

1.  Consumers set out material that meets the CPS and is fully commingled in 360 litre carts; 
 

2.  Curbside collection includes the use of compaction trucks; 
 

3.  A processing facility has a throughput of 31.75 tonnes per hour, is optimized, fully maintained, 
and performing at the highest level and efficiency for each material where: 

a.    Efficiency means 95-97% of obligated materials are sorted correctly (yield) without 
introducing marginal inefficiency; therefore, the production loss is assumed to be 
3-5%; and 

b.     All characteristics are addressed by a single process or combination of processes. 
 

4. All targeted materials are appropriately prepared for repurposing (truckload quantities, baled 
or loose) and meet market specifications for repurpose-ready commodities; and 

                                                           
7 As it is now, there are no emerging technologies that meet these criteria but there are likely to be in the future and then they 

will be incorporated into the MCD system design. 
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5. Some materials are excluded from collection because technologies do not exist to separate 

them from acceptable materials with shared characteristics; or repurpose-ready market 
specifications do not exist for them; or end-markets prohibit them from repurpose-ready 
commodities. 

 

Finally, testing of the MCD Model’s context demonstrated that additional sorting processes should be 

added to the MCD system design to account for ensure that the cost impacts associated with material 

characteristics that tend to cause materials to be misdirected in the MRF. For example, materials such as 

thermoform PET trays, because they are flat, tend to flow with mixed fibre but are not acceptable in 

fibre commodity bales where they are viewed as a contaminant. In this case, additional optical and 

manual sorting is needed to recover the misdirected materials and upgrade the fibre stream to meet 

commodity specifications. Similarly, materials that are missed during optical and electromagnetic sorting 

at the end of the container sorting line, such as polystyrene packaging, due to its friability, lightness 

and/or flutteriness, or spiral wound cans due to their composite nature and/or shape deformation, 

require additional manual sorting.  

 

8.4.2 MCD System Modules 

This MCD Model is comprised of 18 distinct ‘modules’ as summarized in Appendix D and illustrated 

below.  Each module represents a set of activities, equipment, and processes in the MCD System. Each 

provides the opportunity to measure the impacts of a material category’s group of characteristics on the 

system costs.  

Collectively the 18 modules ensure that all cost impacts related to collection, sorting, (including quality 

control activities) as well as the impacts of impeding and damaging characteristics, such as abrasiveness 

and wrappability, are incorporated into the MCD Model.  Measurement metrics were identified for each 

module to facilitate the measurement of the impacts caused by a material category’s unique group of 

characteristics. For example, the Manual Sort modules are measured using the Manual Sort Rate metric 

or “pick rate” of kilograms per minute (kg/min). Similarly, the Mechanical Sorting modules include 

Screening, Magnetic Sort, Optical Sort, and Electromagnetic Sort -- all use the same metric (Area Weight 

or kg/m²), which enables the impacts of steel, aluminum, plastics and paper cartons to be effectively 

measured relative to each other.  

There are also Quality Control Sorting Modules that capture the relative impacts of ensuring that heavily 

misdirected materials are recovered so that they can be captured in appropriate commodity bales and 

so that commodity specifications can be met for other materials involved. The Quality Control Sorting 

Modules are: 1. Optical Sort – Mixed Paper; 2. Manual Sort Mixed Paper and 3. Manual Sort Container 

Line.  Here the metrics are weighted to reflect the appropriate percentage of the corresponding material 

present at the point in the system represented by the module, either the portion of a material 
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misdirected (e.g. lightweight PET bottles misdirected to the mixed paper stream), which need to be 

recovered or the portion of a material affected by the misdirection and with which the misdirected 

materials flow (e.g. newsprint within the mixed paper stream), which needs to be upgraded to meet 

commodity specifications.   

Finally, there are three Impending and Damaging Characteristics (IDC) modules (IDC-Wrappability, IDC-

Abrasiveness, and IDC-Residue) that specifically measure the impacts of IDCs. Figure 1 illustrates all 18 

of the MCD system modules. 

Figure 1 – MCD System Modules 
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9 MCD Calculation Model 
Let’s recap. Thus far, we have established the context for the MCD Model by:  

• Identifying the material characteristics that impact costs in the recycling system; 

• Grouping the characteristics into MCD material categories as evidenced in the PPP materials 

supplied today; 

• Setting the MCD system boundaries – its entry and exit points with reference to the condition of 

the materials when they enter the system (Consumer Participation Standard) and their 

disposition when they exit the system 

as a repurpose-ready commodity; and 

• Designing the 18-module MCD System 

that delivers all collection, processing 

and quality control activities for which 

impact measurement methods and 

metrics will be defined. 

These four elements were designed, tested and 

then refined by RRS.  Together, they provide 

the context for the development of the MCD 

Model.  The MCD model implements the 

guiding principles and the MCD Context in a 

manner that accounts for all measurements 

and cost inputs. Within the MCD Model there 

are 10 metrics, 10 measurement protocols and 

36 material categories. The model includes 

instruction on how to utilize measurement 

results and MCD system module costs to 

produce the Material Cost Index. 

 See Appendix D to review which modules are impacted by which characteristics and where these 

characteristics present themselves in the MCD material categories.   

9.1 The MCD Calculation Model Structure 

The MCD Model’s structure has two distinct components.   

1. Relative Impact Factors:  The relative impacts that each material category has on the costs of 

the 18 MCD system modules in order to achieve a repurpose-ready state; and  

2. Cost Factors: The cost of the resources needed by each module.   
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Outputs from both these components of the model are required to calculate each material category’s 

ultimate position on the final Material Cost Index (MCI). This index lists each material category’s position 

on a low-to-high scale where the MCI value provides information about each material category’s impact 

on the cost of the recycling system activities relative to all other material categories. (More on this 

later.) 

There are a series of protocols, metrics, and calculation procedures used to determine the relative 

impacts and cost factors for each material category and their consequent relative position-placement on 

the MCI but essentially, the MCD model’s calculation steps can be summarized as follows:  

1. Calculate the ‘Relative Impact Factors’, or RIFs, for each module and material combination using 

the appropriate measurement result and following the prescribed normalization procedures.8 

2. Calculate a ‘Cost Factor’, or CF, for each of the modules. 

3. Multiply the RIF for each material for each module by the module’s CF to produce a unique cost 

index for all materials that use the resources of the module. The result  is called the ‘Module 

Cost Differentiation Index (MCDI).9 

4. Sum all MCDI values for each material category to determine its position placement on the 

Material Cost Index. 

 

Details about how the relative impact factor and the cost factors are calculated are provided in the 

sections that follow. 

                                                           
8 Normalization is used as a broad term to describe a number of computations required.  This includes inverting results to 

ensure that values represent their relativity on a lowest-to-highest basis such as is needed when using density measurements 

because a high density means the impacts to resources is low.  In addition, we take steps to calculate the relativity of results 

because it is important that all material RIFs for any given module are on the same scale and sum to ‘1’ to allow the addition of 

results originating from measurements that produce results of different units of measure.  Lastly, composition (material mix) is 

considered to respect the relationship between the materials managed by the MCD System and the resources utilized by those 

materials. 

9 During this step, composition is removed to avoid double-counting within the Four-Step Fee Methodology because the role of 

the fee methodology is to introduce the actual composition of materials supplied by stewards and the composition of the 

materials collected/managed by the program’s recycling system in order to fairly calculate each material’s relative share of the 

Gross Cost of the system. 
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9.2 Producing the Relative Impact Factor 

 

 

 

In this section we outline the four steps needed to generate a 

Relative Impact Factor (RIF) beginning with identification of 

the appropriate metric for measuring impacts within each of 

the 18 modules for each of the MCD material categories; the 

measurement protocols used to produce each material’s 

result for each metric; and how this information produces a 

RIF for each module. 

9.2.1 Measurement Metrics 

Following extensive analysis, RRS concluded that 10 unique measurement metrics were sufficient to 

represent the resource utilization in the 18 system modules.  These are: 

1. Cart Bulk Density, expressed as kg/mᴲ that measures the density of loose uncompacted material 

set out in carts. 

2. Compacted Density, expressed as kg/mᴲ, measures the weight of material which has undergone 

a series of compaction cycles in a specified container, simulating material in the collection truck. 

3. Pick Rate, expressed as kg/min that measures the weight of material manually sorted during a 

prescribed unit of time. 

4. Area Weight, expressed as kg/m² that measures the weight of a single layer of material that 

covers a fixed area as required by certain sorting equipment such as screens. 
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5. Percent Contribution, expressed as a percentage that measures the proportion of a defined 

impact that is attributable to a material category.10 

6. Weighted Area Weight, expressed as kg/m² that measures the weight of a material spread in a 

single layer that covers a fixed area, and that is weighted mathematically to reflect the 

proportion of a material category that is present in the quality control module (either because it 

is misdirected, or because it is the material being Quality Controlled). 

7. Weighted Pick Rate, expressed as kg/min that measures the weight of material that can be 

manually sorted in a given amount of time and that is mathematically weighted to reflect the 

proportion of a material category that is present in the quality control module (either because it 

is misdirected, or because it is the material being Quality Controlled).  

8. Baling Rate, expressed as kg/sec that measures the rate at which each material can be baled. 

9. Bale Density, expressed as kg/mᴲ that measures the density of material when baled or 

otherwise prepared for shipping. 

10. Post-Sort Bulk Density, expressed as kg/mᴲ that measures the density of loose material during 

and after the sorting process. 

Refer to Appendix D for a summary of the MCD modules, metrics and applicable materials.  

9.2.2 Measurement Protocols 

A unique measurement protocol for each of these 10 metrics was developed by RRS to ensure 

repeatable, defensible results. Each measurement protocol was subjected to pilot testing to validate the 

protocol and allow for refinements.   

With final protocols available, impact measurements were taken in 2019 and their results recorded in 

the study result repository.  The results will provide an input to the final MCI calculation.   

 

                                                           
10 The Percent Contribution metric is used when there is only one material category utilizing the module’s resources and where 

the measurements were informed by the utilization of the Delphi method as is done in the modules where the Impeding and 

Damaging characteristics are measured.  Originated in the 1950’s, the Delphi method is a widely accepted research technique 

that seeks to aggregate opinions from a diverse set of experts. The technique utilizes a framework based on the results of 

rounds of questionnaires and a panel of experts to arrive at an answer to complex research questions. More information on the 

technique can be read in the following scholarly articles: Okoli, Chitu, Pawlowski, Suzanne, The Delphi Method as a research 

Tool: An Example, Design Considerations and Applications, Information & Management Volume 42, Issue 1, December 2004, 

Pages 15–29; Doe, Robert. Exploring Complex Policy Questions using the Policy Delphi: A Multi-Round, Interactive, Survey 

Method.  Applied Geography, Volume 15, Issue 1, January 1995, Pages 53-68, 
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9.2.3 Determining the Relative Impact Factors 

A relative impact factor is determined for each of the material categories for each of the 18 modules it 

uses to become ready to be repurposed.  The following steps are followed to calculate each material 

category’s relative impact factor for each module (module-material RIF) : 

1. Determine which material categories utilize the module’s resources. 

2. Reference the prescribed metric for measuring the cost impacts in that module. 

3. Gather the metric result for each material from the study result repository. 

4. Follow the prescribed steps to normalize data that respects the impact of the relationship 

between composition of the material categories and the system design or sizing. 

5. Calculate the module-material RIF. 

Each module-material RIF is then multiplied by the module’s cost factor (CF) before completing the 

normalization described in footnote 9 to produce its Module Cost Differentiation Index (MCDI). 

9.2.4 Module Cost Factors  

 

Cost factors are the important second input needed to produce the MCDI 

and provide the cost context for the impact – that is, the module’s cost 

factor tells us the portion of that module’s cost in relation to the total 

MCD system.   

The module’s cost factor (CF) is multiplied by the material category RIFs to 

ensure that impacts for each module properly reflect that module’s 

contribution to the total cost of the MCD System.  Consider, for example, 

a module for which a material category’s characteristics have a very high 

utilization of that module’s resources.  If that particular module was a 

relatively low-cost contributor to the entire MCD system, we would not 

want to overstate the total system impact.  By multiplying each module-

material Relative Impact Factor (RIF) with its CF, we produce a result that 

accurately represents the utilization of the resources of a module in 

relation to the costs of those resources relative to the total system. 

9.2.5 Determining Module Cost Factors  

The capital, labour and operating costs associated with each module’s activities, equipment and 

infrastructure comprise the cost factors (CF) inputs. For example, the Cart and Collection Modules 

reflect the fully annualized system cost to set out, collect and transport 31.75 tonnes per hour of single 

stream recyclables from the point where the consumer places them in the MCD system to the point in 

which the materials are deposited at the MRF for processing. The cost also reflects the number of carts 
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needed to set out the recyclables and the number of routes required to deliver an average of 31.75 

tonnes per hour of recyclables to the MRF, as well as related labour and other expenses.  

The cost factor inputs allow us to develop the cost of each of the 18 modules in the MCD system. In all 

cases, real-world resource costs are used. Payroll services inform labour rates; generally accepted 

accounting principles inform amortization rates, etc.  For equipment and infrastructure capital, 

operating and maintenance costs, data was gathered from equipment manufacturers, recycling system 

operators, as well as published literature and research to ensure the reasonability of the cost input.   

With costs determined for each of the 18 modules, the Cost Factor is derived by calculating each 

module’s relative share of the overall MCD System.  Using a simplified example that assumes the system 

is comprised of only 3 modules, the following illustrates how cost factors are calculated once capital and 

operating cost have been determined using the cost factor inputs (please note that these values are 

used solely for illustrative purposes.) 

 

 An Illustrative Simple System Design  

Cost Collection Sorting Storage Total 

Annual Capital 

Cost 
$5,000,000 $3,000,000 300,000 

 
Annual 

Operating Cost 
$250,000 $500,000 $100,000 

Total Cost $5,250,000 (A) $3,500,000 (B) $400,000 (C) $9,150,000 (D) 

Cost Factor 
57.4% 

(A ÷ D) 

38.3% 

(B ÷ D) 

4.3% 

(C ÷ D) 
100% 
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10 Calculating the Material Cost Index (MCI)   
The final step is to determine each material’s position on the Material Cost Index (MCI). However, we 

must first determine each material’s relative position within each module, known as the Module Cost 

Differentiation Index (MCDI). Each module has one MCDI; there are 18 MCDI and a material can hold a 

position on several MCDIs. The sum of a material’s MCDI position (or values) within each of the modules 

it utilizes, yields its overall MCI value. MCDI value for each module represents the activities that are 

necessary to bring each material to a state that it is ready to be purposed. 

 

10.1 Begin by determining each Module Cost Differentiation Index 
(MCDI) 

To recap, each of the 18 modules in the MCD System has: 

1)  a relative impact factor (RIF) for each material category utilizing the resources of that module 

(module-material RIF); and 

2)  a cost factor, i.e., the relative cost of the module within the MCD system.   

These two inputs can now be used to calculate each material category’s value within the module’s 

Module Cost Differentiation Index (MDCI).   

A simplified illustration shows how the RIF and CF for each module are used to produce the MCDI for the 

material categories that utilize resources in that module.  The first step is to gather each material 

category’s RIF results calculated in accordance with the steps outlined in section 8.2.3; and secondly, we 

gather the module’s CF results calculated in accordance with the steps outlined in section 8.2.6. 

These two inputs produce the MCDI for Collection (Module 2) as illustrated below: 

MCDI for the Collection [Truck] Module 

 RIF (A) CF (B) MCDI (A x B) 

Material Category #1 – Result 0.245 58.0% 0.1421 

Material Category #2 – Result 0.660 58.0% 0.3828 

Material Category #3 - Result 0.094 58.0% 0.05452 

 

(Underlying this simplified illustration are the normalization procedures.  (See footnote 8 and 9). 
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This process is completed to determine each material category’s value within the MCDI for each 

applicable module, i.e., each material category value within each of MCDI1, MCDI2, MDCI3 …..MDCI18.   

Note that not all material categories require all modules in the MCD recycling system because their 

group of characteristics do not require those resources.  For example, a material category without 

magnetic properties will not have a value within the module differentiation cost index (MCDI) for the 

Magnetic Sort module.  Refer to Appendix E for a matrix that illustrates which material categories use 

the resources of any of the 18 MCD modules.   

10.2 Calculating the Material Cost Index (MCI) 

Calculating the final value for each material category within the MCI is achieved by summing all of its 

individual MCDI values (i.e., for the modules it must utilize to meet the repurpose-ready criteria).  The 

following illustrative example uses PE Films and Bags: 

Module 
MCDI Values for PE 

Film and Bags 

Cart  0.0148 

Collection [Truck] 0.0040 

Vacuum 0.0237 

Damaging – Residue 0.0001 

Baling 0.0017 

System Infrastructure 0.0175 

Storage 0.0005 

Damaging – Wrappability 0.0009 

TOTAL – Material Cost Index (MCI) value for PE Films & Bags 0.0632 

The Final MCI is comprised of the MCI values for all MCD material categories. 

10.2.1 Material Cost Index 

The following MCI is generated for illustrative purposes:  
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As illustrated, every material category has a value on the Material Cost Index. Each value expresses a 

material’s impact on the cost of recycling system activities relative to other materials. The MCI values 

enable meaningful comparisons between materials. The lower the MCI value, the lower the impact on 

the cost of the recycling system activities and vice versa.  Based on the MCI provided above the 

following observations can be made, and will be discussed in more detail at the stakeholder consultation 

webinar:  
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• Expanded polystyrene (EPS) has the highest value on the MCI, i.e., it represents the highest 

impact on the cost of the recycling system, relative to other materials, and magazines and 

glass have the lowest MCI value. 

• HDPE colour bottles have a lower MCI value than HDPE natural bottles. 

• Black plastic has a lower MCI value than aluminum used beverage containers. 

Please note that MCI values cannot be used to infer whether the final material fee rates will be high or 

low.  Low MCI values do not imply low fee rates.  Fee rates can only be known once the MCI value is 

used in the Four-Step Fee Methodology, where the program’s material mix, the material quantities and 

the material’s unique commodity value are also introduced. 

10.3 Proxy Impacts  

Some materials, supplied by stewards, are typically not collected because systems do not yet exist to 

sort them and/or repurpose-ready commodity end markets do not exist for them. However, these 

materials still need to be assessed a relative cost impact even though they do not flow through the MCD 

system because MCD Guiding Principle #2 stipulates that “all materials count” and must pay their fair 

share of system costs.   

There are also materials that stewards supply that are included for collection in the MCD System, but 

are in such small quantities, it is difficult to assess their cost impacts because there is insufficient 

material to execute an impact measurement study protocol.   

In both cases, a proxy impact value is assigned for each material based on its resemblance to a material 

that does flow through the MCD system. For example, since all materials share the ‘density’ 

characteristic, the excluded material would be assigned an MCDI value equivalent to that of the 

collected material that it resembles for each of the system modules with a density metric.  Its other 

characteristics would be similarly assigned MCDI values for the appropriate modules.  

The full list of “excluded” material categories is provided in Appendix B, and they include paper 

laminates where paper is the main component but it also contains plastic or wax, multi-material 

packaging such as bags with metal grommets that cannot be removed, and multi-resin laminates such as 

candy wrappers, stand-up pouches, chip bags and bubble wrap and some films.  

In the case of material categories for which there is insufficient material to conduct one or more of the 

impact measurement studies, these receive a proxy measurement for each of those metrics based on a 

similar material. As such, they will have a value within the MCDI for each of the modules for which its 

characteristics demand it utilize resources. 

For example, if there is sufficient material for a category included in the MCD System to conduct all 

impact measurement protocols except for that of the cart bulk density, then a proxy measurement is 
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assigned for the cart bulk density for that material based on the cart bulk density of a material that it 

resembles. The proxy measurement for that material informs the MCDI for the cart module. 

10.4 Steward Material Reporting Categories 

CSSA is sensitive to stewards’ concerns about the potential time and complexity associated with their 

having to implement reporting category changes in their organizations.  It has always been the intention 

that eventually steward reporting categories and MCD material categories will be aligned because 

precision in the categories further contributes to the fairness of the MCD Methodology. However, for 

the time being, the reporting categories will not change until additional conversations with members of 

the steward community can take place. 
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11 Using the MCI Calculation in the Four-Step Fee 
Methodology 

The MCI input is intended to replace the ABC cost/tonne used in Step 1 of the Four-Step Fee 

Methodology.   

 

Recall that Step 1 is responsible for allocating the Gross Cost of the system based on each material 

category’s relative share of those system costs.  In Step 1 of the Four-Step Fee Methodology there are 

two relative share calculations: 

1. A supply-based relative share that is used to allocate 60% of the Gross Cost of the system.  This 

relative share is calculated by multiplying the quantity of material supplied by stewards by its 

value within the MCI. 

2. A collected/managed based relative share that is used to allocate 40% of the Gross Cost of the 

system.  This relative share is calculated by multiplying the quantity of collected/managed 

material by its MCI.  

A simple, fictional, illustration of how the MCI will be used to calculate each material’s supply-based 

relative share of the gross cost follows: 
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Figure 3: Using MCI to Calculate the Supply-Based Relative Share in Step 1 of the Four-Step 
Fee Methodology 

Using 
 

MCI 
 

To 
Determine 

Supply-
Based 

Relative 
Share  

Material 

A 
Quantity 

(In Tonnes) 

B 
MCI 

Value 

C = A x B 
Input to Supply-

Based Relative Share 
Calculation 

 E = Cx ÷ D 
 

Supply-Based 
Relative Share 

Material 1 400,000 0.73 292,000 C1 26.9% 

Material 2 200,000 3.37 674,000 C2 62.1% 

Material 3 100,000 1.20 120,000 C3 11.0% 

Total 700,000  1,086,000 D 100% 
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12  Conclusion 
After two years of work, the MCD Methodology is ready for review by the steward community and 

others and CSSA invites our stakeholders to review the methodology. Its many features and benefits are 

provided here. CSSA welcomes your feedback.  

12.1 Key Features & Benefits 

The MCD Methodology measures the cost impacts of material characteristics on the recycling system. It 

is principle-based and allows cost impacts to be measured in a fair and consistent way. It will provide the 

most significant input to setting producer fee rates for packaging and paper product programs because 

it will be used by the Four-Step Fee Methodology to allocate the gross cost of the recycling system to all 

obligated materials. The gross costs are the single largest component of a PPP stewardship program’s 

annual budget and all stewards are therefore impacted by the quality of this input. Its features and 

benefits are set out below. 

Feature Benefit 

Principle-based 

• Satisfies principles developed by stewards that reflect their 
priorities of fairness and comprehensiveness (i.e., all material 
characteristics count; and the cost impacts to bring all 
materials to a repurpose-ready state must be considered). 

Fair 

• Establishes a level playing field because the methodology 
treats all materials in a standardized and consistent way. 

• Differentiates the impacts that each material category’s group 
of characteristics have on cost to recycle as well as its 
repurpose-ready commodity value. 

• Promotes confidence that the MCD methodology’s outcome 
satisfies its principles. 

Defensible 

• Is clearly articulated and supported by procedures that can be 
replicated year-over-year. 

• Is based on defensible assumptions. 

• Generates results that are sound and comparable over the 
long term. 

Comprehensive 

• Applies to all obligated materials whether or not they are 
currently managed in a recycling system, i.e., every material 
pays its fair share of system costs. 

• Includes new and innovative measurement protocols including 
a device to measure the density of materials under 
compaction simulating compaction on a collection truck. 

• Can be applied to all packaging and paper product programs 
supported by CSSA. 

Nimble 
• Reflects emerging trends, including changing materials, 

packaging formats, recycling technologies and end-markets. 
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Feature Benefit 

Standardized 

• Assumes a conceptual system (a consistent set of conditions) 
wherein cost impacts of all materials are measured. 

• Sets a level playing field for measuring cost impacts all 
materials. 

• Replaces the Activity Based Costing (ABC) approach that 
heavily relied on access to confidential data from private 
companies and municipalities. 

• Impacts measured within a standardized conceptual system 
makes it possible for producers to compare one material’s cost 
impacts to another, previously impossible with ABC. 

Consistent Execution 

• Establishes metrics that fairly measures each material 
category’s impact on the activities within a recycling system 
that can be measured without reliance on access to facilities 
or commercially sensitive cost information of private 
companies.  
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Appendix A: Inventory of Material Characteristics 
Appendix A provides the complete inventory of characteristics, their evaluation as to which are likely to impact recycling system costs, the components 
of the MCD System affected and the justification for inclusion or exclusion for assessment in the MCD methodology.   

 

Characteristics 
Key Activities 

Affected 
Key Materials 

Involved 
Enabling / 
Inhibiting 

Included 
/ 

Excluded 
Measurements 

Related 
Characteristics 

Rationale 
Group  Sub- 

Form 

Size 

Length 

Screen 
Separation; 

Manual Sorting 

Fibre; Large Format; 
Manually Sorted 

Materials 

Enabling & 
Inhibiting 

Incl. 

Influenced: Bulk Density; 
Area Density; Manual 
Sorting Rate; Residue 

(small materials) 

Identifiability 
(Visual/Manual); 

Form (Shape) 

Key to separation and sortation in 
the MCD System; Enables 
separation based on size; 

Contributes to need for glass 
cleanup; Determines need for pre-

sort and Impacts flow rate & 
utilization of equipment & 

resources; Critical factor in material 
category testing and definitions; 

Width 

Height 

Diameter 

Thickness 

Greatest 
diagonal vs. 

smallest 
cross-section 

Shape 

2D vs 3D 
Sorting; Manual 

sorting 

Paper; Cartons; 
Polycoated Paper; PET 

& PS packaging 
Enabling Incl. 

Influenced: Bulk Density; 
Manual Sorting Rate 

Identifiability 
(Visual/Manual);  
Compressibility 

(Shape Deformation) 

Key to separation and sortation in 
the MCD System; Enabling 

separation based on shape (2D vs 
3D) and Impacts flow rate & 
utilization of equipment & 

resources; Impact is not directly 
measurable; Critical factor in 
material category testing and 

definitions;  

Roundness vs. 
Sharp Edges / 

Corners 
Sorting 

Primarily cartons and 
thermoforms vs 

bottles 
N/A Incl. NA Unknown 

Not considered significant & not 
directly measurable 
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Characteristics 
Key Activities 

Affected 
Key Materials 

Involved 
Enabling / 
Inhibiting 

Included 
/ 

Excluded 
Measurements 

Related 
Characteristics 

Rationale 
Group  Sub- 

Flexibility 
 

Sorting 
Paper (OCC vs other); 

PE Bags & Film; 
Laminates; Textiles 

Enabling & 
Inhibiting  

Incl. NA Wrappability 

Impacts sortation, particularly 
screening; Contributes to enabling 

conveyance by vacuum; Contributes 
to cross contamination; Key impact 

on flow rate & utilization of 
resources measured through 

damaging characteristic of 
wrappability  

Mass Related 

Density (Mass / 
Volume) 

  

Bulk Density 

Collection; Tip 
Floor / Infeed / 
Bunkers; Baling; 

Storage 

All Enabling Incl.  

Direct: Bulk Density (Cart, 
Loose before collection, 

Compacted in truck, Loose 
during processing, Baled) 

Influenced: Manual 
Sorting Rate; Baling Time 

(since weight based 
metrics) 

Form (Size, Shape, 
Flexibility);  

Compressibility 
(Ease vs Resistance 

to Compaction, 
Compressive 

Memory) 

Impacts collection, tip floor / 
infeed, pre-sort, sorting & baling in 
MCD system.  As it is also expresses 

the relationship (conversion) 
between volume to mass it would 
influence any measure involving 

weight. 

Bulkiness Cart 
OCC, Large Format: 
EPS, Rigid Plastics, 

Steel 
N/A Incl. 

Influenced: Bulk Density 
(particularly cart) 

Form (Size, Shape, 
Flexibility); 

Density (Bulk 
Density) 

Relevant impacts reflected in 
separate bulk density impact 

measurements 

Mass / Surface 
Area 

Area Density 

Optical Sorting; 
Screen Sorting; 
Electromagnetic 

Sorting 

Fibre, Plastics, Metals Enabling Incl. Direct: Area Density Form (Size, Shape); 

Key measure impact for sorting 
impact on screens, optical sorting, 

magnetic and Electromagnetic 
sorting 

Flutteriness Sorting 
Primarily Fibre & 

Plastics 
Enabling / 
Inhibiting 

Incl. NA 
Form (Size, Shape);  
Mass/Surface Area 

(Area density) 

Not directly measurable in the 
context of the MCD System; 

Contributes to enabling of vacuum 
conveyance 

Compress-
ibility 

Ease of vs. 
Resistance to 
Compaction 

 Collection; 
Baling 

All 
Enabling & 
Inhibiting  

Incl. 
Influenced: Bulk Density 

(Post Collection); 
Compaction Density; Bale 

Density; Area Density; 
Manual Sorting Rate; 

Baling Time 

Form (Size, Shape) 
and Identifiability 
(visual/manual) 
related to shape 

deformation  

Impacts collection, sorting, baling, 
and bale storage  costs;  

Shape deformation is not readily 
measurable and is considered to be 

captured in measures of Area 
Density, Bulk Density, Compaction 

Compressive 
Memory 

 Collection; 
Tipping Floor 

PET (possibly other 
plastics) Packaging 

Enabling & 
Inhibiting 

 Incl. 



 
 

© Copyright Canadian Stewardship Services Alliance Inc., 2020 – All Rights Reserved – CONFIDENTIAL 

                     Page 40 
 

Characteristics 
Key Activities 

Affected 
Key Materials 

Involved 
Enabling / 
Inhibiting 

Included 
/ 

Excluded 
Measurements 

Related 
Characteristics 

Rationale 
Group  Sub- 

Shape 
Deformation 

Flattening 
from 3D to 2D 

Sorting 

Aluminum, 
Lightweight plastic 
bottles, Non-bottle 

plastics 
Inhibiting Incl. 

Density as well as Manual Sorting 
Rate  

Reduced 
Cross-Section 

Change in 
Surface Area 

Aluminum, 
Lightweight plastic 
bottles, Non-bottle 

plastics  

          

Identifiability  

Mimicry 
 

Manual, 
Mechanical & 
Optical Sorting 

Plastic bottles (resin 
confusion) 

Inhibiting Incl. 
Influenced: Manual 

Sorting Rate 

Visual / Manual 
Identifiability;  

Colour 

Difficult to measure in the context 
of the MCD System; Could influence 

manual sorting rate 

Optical 
Spectrum (NIR 

or Visible) 

 
Optical Sorting 

Plastics; Cartons; 
Polycoated Paper; 

Enabling Incl. Optical Cost Factor N/A 

Does not directly impact material 
flow rates & utilization of 

equipment but enables optical 
sorting & therefore has a 

measurable impact on technology, 
cost & cost factor 

Visual / Manual 
Identifiability 

 
Sorting 

Large format: Rigid 
Plastics (EPS, PET, PE & 
PP); Black Plastic;  PE 

Film & Bags 

Enabling Incl. 
Influenced: Manual 

Sorting Rate 

Form (Size, Shape, 
Flexibility); 

Compressibility 
(Shape 

Deformation); 
Identifiability 

(Colour, Mimicry) 

Key to manual sortability in MCD 
System 

Label Coverage 
 

Sorting, 
Potentially 

Product Value 
Plastic bottles Inhibiting Incl. N/A N/A 

Disrupts identifiability of some 
plastics and maybe aluminum 

containers; Impacts small 
percentage of overall PPP stream 

Colours 
 Sorting, Product 

Value 

Plastic bottles and 
containers, esp. 

dark/black  

Enabling 
(Visible); 
Inhibiting 
(NIR for 

black 
plastic) 

Incl. 
Influenced: Manual 

Sorting Rate 

Visual / Manual 
Identifiability;  

Optical Spectrum 
(NIR or Visible) 

Possibly Mimicry 

Affects visual /manual 
identifiability; Drives need for 

manual sorting of black plastic in 
MCD System  
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Characteristics 
Key Activities 

Affected 
Key Materials 

Involved 
Enabling / 
Inhibiting 

Included 
/ 

Excluded 
Measurements 

Related 
Characteristics 

Rationale 
Group  Sub- 

Breakability Breakability 
 Collection; 

Sorting 
Glass Enabling Incl. N/A Friability 

Impacts captured in Residue 
(Friability) and costing for Glass 

Separation & Glass Cleanup 

Moisture 
Absorbency 

Moisture 
Retention 

 
Collection; 

Sorting; Product 
Value 

Fibres Inhibiting Excl. N/A N/A 
Not expected to be significant in 
MCD System due to cart-based 

collection 

Composition  

Additives / 
Fillers 

  
Sorting, Product 

Value 
Plastics 

Inhibiting  Excl.  N/A  N/A  
Not measurable in the context of 

the MCD System  

Multi-Material 

Laminates 
Sorting, Product 

Value 

Pouches, Bags, 
Polycoated & aseptic 
packaging, #7 plastics 

Coatings 

Multi-Part (one 
material) 

  
Sorting, Product 

Value 
Plastic containers 

(caps/lids) 

Multi Part 
(multi-material) 

  
Sorting, Product 

Value 
Plastic containers 
(pumps / sprays) 

Impeding and 
Damaging 

Characteristic
s  

Sharpness   
Worker injury, 

Equipment 
Damage 

Glass, Metal cans N/A Excl. N/A N/A 
Not considered a significant cost 

driver  

Abrasiveness   
Collection; Tip 
Floor / Infeed; 

Baling 
Glass N/A Incl. 

Direct: Impeding & 
Damaging Characteristics - 

Abrasiveness 

Friability & 
Breakability 

Impacts equipment wear and tear 
and related costs 

Friability   
Sorting; Product 

Value 
Glass, EPS, PS, Fibre Inhibiting Incl. 

Direct: Impeding & 
Damaging Characteristics - 

Residue 

Abrasiveness (of 
glass);  

Breakability 

Impacts sortability; contributes to 
cross contamination & Contributes 

to Residue 

Wrappability   Sorting Plastic Film Inhibiting Incl. 
Direct: Impeding & 

Damaging Characteristics - 
Wrappability 

Form (Flexibility) 
Impedes material flow; adds 

maintenance costs 

Contamination 
(with product) 

  

Sorting, 
Inventory Loss, 

Equipment 
Contamination 

Glass, Plastic tubes, 
jars, Flexible 

packaging, Take-out 
packaging 

Inhibiting Excl. N/A N/A 
System Boundaries assume that 
materials enter the system clean 

and dry 
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Characteristics 
Key Activities 

Affected 
Key Materials 

Involved 
Enabling / 
Inhibiting 

Included 
/ 

Excluded 
Measurements 

Related 
Characteristics 

Rationale 
Group  Sub- 

Electro-
magnetic 
Properties 

Magnetic 
 

Sorting 

Ferrous metals 

Enabling  

Incl. 

Magnetic & Induced 
Magnetic Cost Factors 

N/A 

Does not directly impact material 
flow rates & utilization of 

equipment but enables magnetic & 
induced magnetic sorting & 

therefore has a measurable impact 
on technology, cost & cost factor  

Induced 
Magnetics (ECS) 

 
Non-ferrous metals Incl. 

Electrostatic    
Plastic flake, Possibly 

film 
Incl. N/A N/A 

Generally used in plastic flake 
sorting, which is outside of the 

System Boundary 
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Appendix B: Recommended MCD Material Categories 
 
Please note that these are not steward reporting categories. They are MCD material categories and are more differentiated than the list of steward 
reporting categories that will be needed to ensure that the differences in cost impacts of materials are properly captured. 
 

MATERIAL 

TYPE 

MCD MATERIAL 

CATEGORY 
DEFINITION/ EXAMPLES 

Printed 

Paper 

Newspaper 
Newspapers, inserts, flyers, and circulars printed on newsprint that would normally be included in the 

newspaper. Does not include laminates 

Magazines, Catalogues, 

Directories 

Daily / weekly / monthly or annual magazines, travel or promotional magazines, store catalogues, ordering 

catalogues, retail product catalogues, bound promotional documents containing product lists, coupon 

books, automotive and real estate guides/catalogues, notepads, sketchpads, calendars, phone books and 

other bound directories printed on groundwood paper 

Other Printed Paper 

All printed paper not included in other categories, such as envelopes, warranty cards, promotional 

postcards, forms distributed by municipalities, "junk" mail, blank or loose-leaf paper sold for printing or 

writing, printing paper, printed paper sold as posters, calendars, greeting cards, envelopes, gift wrap (non-

metallic) 

Paper 

Packaging 
 

Cartons 

Aseptic and gable top containers used to package milk, alternative milk products, juice, water, alcohol, 

spirits, and other beverages, soups and broths, egg whites or prepared foods, non-food and beverage 

products such as those for laundry and cleaning 

Polycoated Paperboard 
Polycoated containers used to package ice cream and other food products and polycoated hot and cold 

drink cups 
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MATERIAL 

TYPE 

MCD MATERIAL 

CATEGORY 
DEFINITION/ EXAMPLES 

 

 

 

 

 
 

Kraft Paper 

Kraft bags used for groceries, shopping, gifts, carry out, mailing, flour, sugar and other food items and kraft 

packaging material for shipping.   Excludes Kraft paper bags such as lunch bags, garden and leaf bags 

purchased as products 

Large Format OCC 

Cardboard / corrugated packaging with an area greater than 2200 cm2, used for electronic item boxes, pizza 

boxes, boxes used for direct mail to residential customers, shoe boxes, shipping and packaging filler, bulk 

wine, alcohol, and spirits boxes 

Small Format OCC 

Cardboard / corrugated packaging with an area less than 2200 cm2, used for electronic item boxes, pizza 

boxes, boxes used for direct mail to residential customers, shoe boxes, shipping and packaging filler, bulk 

wine, alcohol, and spirits boxes 

Boxboard 

Boxboard used for cereal and tissue boxes, beverage carriers and boxes, dry food boxes such as pasta, 

granola bars, and other similar food boxes, toilet paper, and paper towel rolls. Packaging in category easily 

flattened, may include wet-strength paperboard if not used for liquid management 

Molded Fibre 
Molded fibre used for egg cartons, take out trays, coffee cup holders, portion cups, and bottle/glass packing 

trays 

Other Paper Packaging 
Any paper packaging not included in another category above, with the exception of "Paper Laminates" and 

"Multi-Layer and Waxed Paper Packaging" that are in the excluded categories 

Plastic 

Packaging 

PET Packaging - Beverage 

Bottles & Jugs (non-dairy) 

PET bottles and jugs used to package carbonated and non-carbonated beverages, alcohol, spirits, and other 

non-dairy beverages 

PET Packaging – Dairy 

Beverage Bottles & Jugs 
PET bottles and jugs used to package milk, alternative milk products, and other dairy beverages 
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MATERIAL 

TYPE 

MCD MATERIAL 

CATEGORY 
DEFINITION/ EXAMPLES 

 

 

 

 

 

 

 
 

PET Packaging - Non-

Beverage Bottles, Jugs & 

Jars 

PET bottles and jars used to package food and non-food products, health and beauty packaging. 

PET Packaging - 

Thermoform 

PET thermoforms with an area less than 2200 cm2 used for egg cartons, clamshell containers, deli 

containers, cups, lids, packaging for hardware items, and toy packaging 

Large Format PET Bottles, 

Jugs & Jars 

PET bottles and jugs with a capacity of greater than or equal to 9.24 liters, including those used to package 

water 

Large Format PET 

Thermoforms 

PET thermoform packaging with an area greater than 2200 cm2 used for cake domes, lasagna tray tops, food 

service trays, and other products 

PET Packaging - lt. Wt. 

PET Bottles 

PET beverage bottles with a weight of less than .04 grams per milliliter of product, including 500 ml water 

bottles weighing less than 14 grams 

HDPE Nat. Bottles & Jugs - 

Beverage (non-dairy) 
Natural HDPE bottles and jugs used to package juice, juice drinks, water, and other non-dairy beverages 

HDPE Nat. Bottles & Jugs - 

Dairy Beverage 
Natural HDPE bottles and jugs used to package milk, yogurt drinks, and other dairy beverages 

HDPE Nat. Bottles, Jugs & 

Jars - Non-Beverage 

Natural HDPE bottles and jugs used to package windshield washer fluid, vinegar, and other non-beverage 

products 
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MATERIAL 

TYPE 

MCD MATERIAL 

CATEGORY 
DEFINITION/ EXAMPLES 

 

 

 

 

 

 

 
 

HDPE Colour Bottles & 

Jugs- Beverage (non-

dairy) 

Coloured HDPE bottles and jugs used to package juice, juice drinks, water, and other non-dairy beverages 

HDPE Colour Bottles & 

Jugs - Diary Beverage 
Coloured HDPE bottles and jugs used to package milk, yogurt drinks, and other dairy beverages 

HDPE Colour Bottles, Jugs 

& Jars - Non-Beverage 

Coloured HDPE bottles, jars and jugs used to package laundry detergent, pet litter, food, liquid dish 

detergent, and other cleaning products 

PE Rigid Containers and 

Lids 
PE containers and lids used for yogurt, butter, ice cream and other food tubs, and cold drink cups 

PP Containers and Lids 

PP containers and lids used for medicine or prescription bottles, beverage bottles, health and beauty 

packaging, yogurt, sour cream, margarine, ice cream, tofu and other food tubs, cold drink cups, and frozen 

food trays 

Large Format PE and PP 
PE or PP container with a capacity of greater than or equal to 9.24 liters, used for large detergent bottles, 

rigid shipping crates, pails and buckets used as packaging 

Large Format EPS 
EPS packaging with an area greater than 2200 cm2, used for computer and electronics packaging inserts, toy 

packaging, and foam used for shipping 

EPS 

EPS packaging with an area less than 2200 cm2, used for food trays, clamshells, cups, plates and bowls used 

as service packaging, shipping materials, television and electronics packaging, food take out, and clamshells.  

Does not include black resins 
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MATERIAL 

TYPE 

MCD MATERIAL 

CATEGORY 
DEFINITION/ EXAMPLES 

 

 

 

 
 

Rigid PS 
Rigid PS packaging used in bottles, clear and coloured cups, clear and opaque clamshells, yogurt containers, 

clear and opaque trays, and beauty service product packaging 

Black Plastic Packaging 
Any plastic packaging that has an L value less than 40 or an NIR reflectance less than or equal to 10 percent 

including food trays, bottles, and other black applications. 

PE Film and Bags 
PE packaging used for grocery bags, newspaper bags, bags covering mailers, and film wrap on food and 

vegetables, paper products, and beverage cases 

#7 Plastics including 

Bioplastics 

Rigid plastic containers made from other resins or bioplastics used for bottles, clamshells, egg containers, 

packaging materials, beverage cups, coffee pods, hangers, inserts for packaging 

PVC Packaging 
PVC packaging used for home goods and durables such as sheet sets, clear foldable boxes for items like 

cosmetics, toys, office supplies and others, and packaging for home cleaning products 

Steel 

Packaging 

Steel Containers 
Steel containers used to package paint and coatings, beverages and food, aerosols, lubricating oil, steel lids, 

steel clips and fasteners, steel beauty products, wire hangers used as service packaging. 

Spiral Wound Cans 
Laminated paper containers with steel bottoms including chip containers, frozen concentrate juices, pre-

packaged cookie dough, etc. 

Aluminum 

Packaging 

Used Beverage Containers 
Aluminum sealed rigid beverage containers used for alcohol and spirits, carbonated beverages, juices, sports 

drinks, water and energy drinks 

Aluminum Foil and Other 

Aluminum Containers 

Aluminum containers and other products used for aerosols, such as air fresheners, hairspray, deodorant, 

food spray, sealed food such as pet food, sardine and other food cans, pie plates, aluminum seals, frozen 

food trays and aluminum sheets / foil distributed at point of sale or food service 
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MATERIAL 

TYPE 

MCD MATERIAL 

CATEGORY 
DEFINITION/ EXAMPLES 

Glass 

Packaging 
Glass Packaging 

Glass bottles and containers used to package milk, alterntive milk producs, beer, wine, spirits, carbonated 

beverages, juice, water, oils and vinegar, food jars such as apple sauce, pickles, creams, baby food and non-

food glass containers such as make up, creams, and cleaning 

Excluded 

Materials 

 

 

 

 

 
 

Other plastic packaging 
Hand cream and toothpaste tubes, beauty products, display packaging, plastic foam packaging, flexible PVC 

packaging, and cushioning not included in other categories, others 

Textiles Bags given away at point of sale, promotional items, textile or fabric wrapping on other items 

Fibre Board - Non-Wood Non-wood sourced fiberboard containers -- bagasse, bamboo, eucalyptus-- can be 2D or 3D 

Wood Packaging 

(unpulped) 
Wood produce crates, stiffener board, wood shavings used as padding in packaging 

Paper Laminates, Multi-

Layer and Waxed Paper 

Packaging 

Paper is main component, may include metalized foil, wax or plastic coating, and other coated paper.  May 

include multi-layer bags with a poly-film, kraft or other paper layers in packaging. 

Multi-Material Packaging Packaging containing grommets, or other materials that cannot be disaggregated to render them recyclable 

Multi-Resin Laminates 

and Other Films 

Non-PE film and multi resin packaging used for pouches, candy wrappers, coffee pouches, chip bags, bubble 

wrap, stand up pouches, non-woven and woven plastic bags 
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Appendix C: Conceptual MCD System 
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Appendix D: Summary of MCD Modules, Characteristics and Metrics 

Module Sub-Module Key Influencing Characteristics  
Metrics for Impact 

Measurements (note 1)  
Applicable Materials  

1. Cart N/A Density, Size, Shape, Flexibility, Bulkiness Cart Bulk Density (kg/m3) All 

2. Collection N/A 
Density, Ease of/Resistance to Compaction, 

Compressive Memory (note 2) 
Compacted Density @ 8psi (kg/m3)  All 

Manual 

Sorting 

3. Manual Sort – 

Primary & 

Secondary 

Visual/Manual Identifiability, Size, Shape 

(note 3), Mimicry, Colour, Density (note 4) 
Pick Rate (kg/min) 

Large Format PE & PP; Large 

Format EPS; Large Format PET 

Bottles & Jugs; Large Format 

PET thermoforms; Black Plastic 

Packaging; UBC; Al Foil & Other 

Al Packaging  

4. Manual Sort 

with Vacuum 

Visual/Manual Identifiability, Size, Shape, 

Mimicry, Colour, Density Flexibility, 

Flutteriness (note 5) 

Pick Rate (kg/min) PE Film and Bags 

Mechanical 

Sorting 
5. Screening Density, Size, Shape, Flexibility Area weight (kg/m2) 

Newspaper; Magazines, 

Catalogues and Directories; 

Other Printed Paper; Large and 

Small Format OCC; Kraft; Paper; 

Boxboard; Molded Fibre and 

Other Paper Packaging 
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Module Sub-Module Key Influencing Characteristics  
Metrics for Impact 

Measurements (note 1)  
Applicable Materials  

6. Glass 

Separation Friability, Density % Contribution Glass 

7. Magnetic Sort Magnetic Property, Density Area weight (kg/m2) 

Steel (including small format 

steel separated from glass); 

Spiral wound Containers (with 

metal ends) 

8. Optical Sort Optical Spectrum (NIR or Visible), Density Area weight (kg/m2) 

Cartons and Polycoat 

Paperboard; All Plastic 

Packaging categories (except 

Black Plastic Packaging) 

9. Electromagnetic 

Sort Induced Magnetic Property, Density Area weight (kg/m2) 
UBC; Aluminum Foil & Other 

Aluminum Packaging 

Quality 

Control (QC) 

Sorting 

10. QC Optical Sort 

- Mixed Paper 
Optical Spectrum (NIR or Visible), Density & 

others influencing relative capture (note 6) 

Area weight (kg/m2) (weighted by 

relative percent of material present 

– note 6) 

Various 

11. QC Manual 

Sort - Mixed Paper 

Visual/Manual Identifiability, Size, Shape, 

Mimicry, Colour, Density (note 4) & others 

influencing relative capture (note 6) 

Pick rate (kg/time unit) and % of 

material present – note 6) 
Various 
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Module Sub-Module Key Influencing Characteristics  
Metrics for Impact 

Measurements (note 1)  
Applicable Materials  

12. QC Manual 

Sort – Container 

Line 

Visual/Manual Identifiability, Size, Shape, 

Mimicry, Colour, Density (note 4) & others 

influencing relative capture (note 6) 

Pick rate (kg/time unit) and % of 

material present (note 6) 
Various 

13. Baling N/A Density, Ease/Resistance to Compaction, 

Compressive Memory (note 7) 
 Baling Rate (kg/sec) All materials except glass 

14. Storage N/A Density, Ease/Resistance to Compaction Bale density (kg/m3) All 

15. System 

Infrastructure 
N/A Density, Ease/Resistance to Compaction, 

Compressive Memory 
Post-Sort Bulk Density (kg/m3) All 

Impeding & 

Damaging 

Characteristics 

(IDC) 

16. IDC – 

Wrapping Wrapapbility, Size 

% contribution confirmed through 

expert panel interviews & survey 

process  

PE Film & Bags (TBC) 

17. IDC - 

Abrasiveness Friability, Abrasiveness 

% contribution determined through 

expert panel interviews & survey 

process 

Glass (TBC) 

18. IDC – Residue 
Friability, Density (note 8), Other 

characteristics contributing to misdirection 

or missed capture 

% contribution determined through 

expert panel interviews & survey 

process 

Friable Elements of All; 

Unrecovered of all 

 
1) Impact metric is the measurement of materials’ relative use of equipment or resources 
2) In the discovery phase it was noted that the pressure profile during the compaction cycle goes through a peak pressure (compaction), returning to an equilibrium 

and so would realize an impact from the compressive memory characteristic 
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3) Size & Shape likely influence the visual identifiability and Size, Shape & Flexibility also influence the ease of picking 
4) A mass related characteristic would influence any module and metric expressed as weight 
5) Flexibility and flutteriness enable the use of the vacuum conveyance system with the associated cost 

6) Here the metrics are weighted to reflect the appropriate percentage of the corresponding material present at the point in the system represented 
by the module, either the portion of a material misdirected (e.g. lightweight PET bottles misdirected to the mixed paper stream or not captured by 
PET optical sorters), which need to be recovered or the portion of a material affected by the misdirection and with which the misdirected materials 
flow (e.g. newsprint within the mixed paper stream), which need to be upgraded to meet commodity specifications.  The misdirection may be 

affected by multiple characteristics, primarily form, shape deformation, flutteriness, and sometimes label coverage on plastic bottles, but these are not always 
identifiable.  These characteristics may cause the behaviour of one material to be similar to other materials and as a result they incorrectly flow together, as in 
the case of containers winding up with mixed paper. 

7) Baling cycle and requirements for tying bale are affected by compressive memory 
8) Density is an influence because of weight relationship to disposal cost and residue storage 
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Appendix E: Matrix of Material Categories and Modules  
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Newspaper X X X X X X X X X

Magazines, Catalogues, Directories X X X X X X X X X

Other Printed Paper X X X X X X X X X

Cartons X X X X X X X X

Polycoated Paperboard X X X X X X X X X X

Kraft Paper X X X X X X X X X

Large Format OCC X X X X X X X

Small Format OCC X X X X X X X X X

Boxboard X X X X X X X X X

Molded Fibre X X X X X X X X X

Other Paper Packaging X X X X X X X X X

PET Packaging - Beverage Bottles & Jugs (non-dairy)X X X X X X X

PET Packaging - Dairy Beverage Bottles & JugsX X X X X X X

PET Packaging - Non-Beverage Bottles, Jugs & JarsX X X X X X X

PET Packaging - Thermoform X X X X X X X X

Large Format PET Bottles, Jugs &  Jars X X X X X X X

Large Format PET Thermoforms X X X X X X X

PET Packaging - lt. Wt. PET Bottles X X X X X X X X

HDPE Nat. Bottles & Jugs - Beverage (non-dairy)X X X X X X X X

HDPE Nat. Bottles & Jugs - Dairy Beverage X X X X X X X X

HDPE Nat. Bottles, Jugs & Jars - Non-BeverageX X X X X X X

HDPE Colour Bottles  & Jugs- Beverage (non-dairy)X X X X X X X

HDPE Colour Bottles & Jugs - Dairy Beverage X X X X X X X

HDPE Colour Bottles, Jugs & Jars - Non-Beverage X X X X X X X

PE Rigid Containers and Lids X X X X X X X X X X

PP Containers and Lids X X X X X X X X

Large Format PE and PP X X X X X X X

Large Format EPS X X X X X X X

EPS X X X X X X X X X X

Rigid PS X X X X X X X X X X

Black Plastic Packaging X X X X X X X X

PE Film and Bags X X X X X X X X

#7 Plastics including Bioplastics X X X X X X X X

PVC Packaging X X X X X X X X

Steel Containers X X X X X X X

Spiral Wound Cans X X X X X X X X X X

Used Beverage Containers X X X X X X X X X

Aluminum Foil and Other Aluminum ContainersX X X X X X X X X X X

Glass Packaging X X X X X X X  
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Appendix F: Measurement Metrics by MCD System Module 

Module Metric Rationale 

1. Cart 
Cart Bulk Density 

(kg/m3) 

The Cart Bulk Density defines the space required by each material in the cart and therefore relative 

utilization of carts 

2. Collection 
Compacted Density 

(kg/m3) 

The Compacted Density defines the space required by each material in the collection truck and 

therefore the relative utilization of collection trucks 

3. Manual Sort 
– Primary and 
Secondary 

Pick Rate (kg/min) 
The Manual Sorting Rate defines the amount of each material that can be picked in a set time and 

therefore the relative utilization of sorting labour 

4. Manual Sort 
with Vacuum 

Pick Rate (kg/min) 
The Manual Sorting Rate defines the amount of each material that can be picked in a set time and 

therefore the relative utilization of sorting labour 

5. Mechanical 
Sort - Screening 

Area Weight 

(kg/m2) 

The Area Weight of each material spread into a single layer determines the relative utilization of 

mechanical sorting equipment 

6. Mechanical 
Sort - Glass 
Separation 

% Contribution 

(Glass) 

The Percent Contribution to Glass Separation defines the proportion of the impact on the Glass 

Separation module attributable to each material category.  Because glass is the only material utilizing 

glass separation equipment, the relative impact on this equipment is 1 for glass and zero for all other 

materials and no impact measurement is required 

7. Mechanical 
Sort - Magnetic Sort 

Area Weight 

(kg/m2) 

The Area Weight of each material spread into a single layer in a fixed area determines the relative 

utilization of mechanical sorting equipment 

8. Mechanical Area Weight The Area Weight of each material spread into a single layer in a fixed area determines the relative 
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Module Metric Rationale 

Sort - Optical Sort (kg/m2) utilization of mechanical sorting equipment 

9. Mechanical 
Sort - 
Electromagnetic -
Sort 

Area Weight 

(kg/m2) 

The Area Weight of each material spread into a single layer determines the relative utilization of 

mechanical sorting equipment 

10. QC Optical 
Sort – Mixed Paper 

Area Weight * % of 

material present 

(kg/m2) 

The Area Weight of each material spread into a single layer in a fixed space determines the relative 

utilization of mechanical sorting equipment 

In QC modules the measurement is weighted to reflect the target material category’s tendency to be 

misdirected so that more heavily misdirected materials have a greater impact on QC  

In QC modules, the measurements for materials that need to be upgraded by removing misdirected 

materials to meet commodity specifications, if applicable, are also weighted to account for their 

involvement in the need for QC 

11. QC Manual 
Sort – Mixed Paper 

Pick Rate * % of 

material present 

(kg/min) 

The Manual Sorting Rate defines the amount of each material that can be picked in a set time and 

therefore the relative utilization of sorting labour  

In QC modules the measurement is weighted to reflect the target material category’s tendency to be 

misdirected so that more heavily misdirected materials have a greater impact on QC 

In QC modules for mixed paper the measurements for materials that need to be upgraded by removing 

misdirected materials to meet commodity specifications, if applicable, are also weighted to account for 

their involvement in the need for QC 

12. QC Manual 
Sort – Container 
Line 

Manual Sorting 

Rate * % of 

material present 

The Manual Sorting Rate defines the amount of each material that can be picked in a set time and 

therefore the relative utilization of sorting labour 

In QC modules the measurement is weighted to reflect the target material category’s tendency to be 
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Module Metric Rationale 

(kg/min) misdirected so that more heavily misdirected materials have a greater impact on QC 

In QC modules for mixed paper the measurements for materials that need to be upgraded by removing 

misdirected materials to meet commodity specifications, if applicable, are also weighted to account for 

their involvement in the need for QC 

13. Baling 
Baling Time 

(kg/sec) 

Baling Time, the weight of a material that can be baled in a given time determines the relative 

utilization of the baler 

14. Storage 
Bale Density 

(kg/m3) 

Bale Density defines the storage space required by each material awaiting shipping, and therefore the 

relative utilization of building space 

15. System 
Infrastructure 

Post-Sort Bulk 

Density (kg/m3) 

Post-Sort Bulk Density defines the space needed for each material category and therefore the relative 

utilization of infrastructure by materials in the MCD System 

16. Impeding 
and Damaging 
Characteristics - 
Wrapping 

Percent 

Contribution 

The Percent Contribution of Abrasiveness defines the proportion of the impact of abrasiveness that is 

attributable to each material category. Because PE Film and Bags are expected to be the only materials 

within the MCD System that tends to disrupt operations by wrapping around moving parts of 

machinery the relative impact is expected to be 1 for PE Film and Bags and zero for all other materials 

17. Impeding 
and Damaging 
Characteristics - 
Abrasiveness 

Percent 

Contribution 

The Percent Contribution of Abrasiveness defines the proportion of the impact of abrasiveness that is 

attributable to each material category  

18. Impeding 
and Damaging 
Characteristics - 
Residue 

Percent 

Contribution 

The Percent Contribution as Residue defines tendency of materials to be unrecovered through the 

sorting process and therefore the relative utilization of disposal resources 

 


