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Glossary 
ANSI American National Standards Institute  
B2B Business-to-Business (marketing model) 
B2C Business-to-Consumer 
C2C Consumer-to-Consumer (also known as Peer-to-Peer) 
CAGR Compound annual growth rate 
CE Circular Economy 
CERIEC Centre d'études et de recherches intersectorielles en économie circulaire 
CT Computed tomography 
CUSMA Canada-United States-Mexico agreement 
ECCC Environment and Climate Change Canada 
EoL End of life 
EoU End of use 
EPR Extended Producer Responsibility 
EU European Union 
EV Electric vehicle 
FTA Free-Trade Agreement 
FTE Full-time equivalent employee 
GDP Gross domestic product 
GHG Greenhouse gas 
GWP Global Warming Potential (quantified as tonnes CO2 equivalent) 
HDOR Heavy-duty and off-road 
HS codes Harmonized System codes 
ICT  Information and communications technologies 
IEDDEC Institute for Environment, Sustainable Development and Circular Economy 
IRP International Resources Panel 
LCA Life cycle analysis 
M&A Mergers and acquisitions 
MERA Association for Sustainable Manufacturing (previously the Motor and 

Equipment Remanufacturers Association) 
MRI Magnetic resonance imaging 
MRO Maintenance, repair and overhaul 
NAICS North American Industry Classification System 
OEM Original equipment manufacturer 
R&D Research and development 
RIC Remanufacturing Industries Council 
SME Small and medium-sized enterprise 
STEM Science, technology, engineering and mathematics (jobs, training) 
UN The United Nations (assembly) 
UNEP United Nations Environment Program 
UK The United Kingdom of Great Britain and Ireland 
US(A) The United States (of America)  
VMT Vehicle miles travelled 
VRPs Value-retention processes 
WEEE Waste Electrical and Electronic Equipment 
WRAP-UKWaste & Resources Action Programme UK 
WTO World Trade Organization 
$CAD Canadian dollars 
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Units  
Conventional International System of units (SI) and prefixes used throughout. 

kt, Mt Thousands, millions of metric tonnes mass (1 tonne = 2205 lb) 

g, kg Grams, kilograms mass (1 kg = 2.205 lb) 

 

Definitions ς related to end-of-life treatment 
Core A product assembled from durable components suitable for recovery and 

remanufacture.  Paraphrased from (Patterson, Ijomah, & Windmill, 2017) 

Prevention Measures taken before a substance, material or product has become waste, that 
reduce the quantity of waste, including through the re-use of products or the 
extension of the life span of products.  (The European Parliament and the Council of 
the European Union, 2008) 

Recovery Any operation where the principal result of which is waste serving a useful purpose 
by replacing other materials which would otherwise have been used to fulfill a 
particular function, or waste being prepared to fulfill that function, in the plant or in 
the wider economy.  (The European Parliament and the Council of the European 
Union, 2008) 

Recycling Any recovery operation by which waste materials are reprocessed into products, 
materials, or substances whether for the original or other purposes.  It includes the 
reprocessing of organic material but does not include energy recovery and the 
reprocessing into materials that are to be used as fuels or for backfilling operations.  
(The European Parliament and the Council of the European Union, 2008) 

Re-use Any operation by which products or components that are not waste are used again 
for the same purpose for which they were conceived.  (The European Parliament 
and the Council of the European Union, 2008) 

Waste Any substance or object which the holder discards or intends or is required to 
discard.  (The European Parliament and the Council of the European Union, 2008) 
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Definitions ς related to Value-Retention Process 
(VRP) benefit metrics 
Global Warming Potential (GWP) ς the capacity of an emission to affect climate, quantitatively 

expressed as metric tons (tonnes) of carbon dioxide equivalent (CO2e) emitted.  
Ψ9ǉǳƛǾŀƭŜƴŎŜǎΩ accounts for the fact that the GWP of different emissions varies from 
that of CO2 but has been scaled to be expressed as if it were CO2.  

Material Savings ς If goods are disposed at end of life a certain fraction of their material will go to 
waste.  Employing a VRP will result in some or all of that material not going to 
waste, a fraction we describe as Material Savings.  This is material which does not 
need to be replaced by virgin material with all its associated impacts. 

Waste Prevented ς All processes are wasteful to some extent.  The process of manufacturing a new 
item generates waste but, on the whole, remanufacturing (or other VRP) generates 
lower amounts of waste, largely because of the lower new material content.  The 
difference between the wastefulness of the new versus VRP process we describe as 
Waste Prevented. 

Plastics Re-used ς ECCC has a particular interest in the recovery of plastics.  A component of many 
goods is plastics and so may be amenable to re-use.  'Materials Savings' includes 
plastics re-use, but 'Plastics Re-used' makes this contribution explicit. 
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 Introduction 

This document is a report on the work carried out under Environment and Climate Change 
/ŀƴŀŘŀΩǎ (ECCC) bid solicitation 500 004 3872, Socio-Economic and Environmental Study of the 
Canadian Remanufacturing Sector and Other Value-Retention Processes (VRPs) in the Context of a 
Circular Economy (CE). 

Remanufacturing and other VRPs have been identified as a way to reduce waste and other adverse 
environmental impacts through prolonging the useful life of a product or its components.  In 
addition, these activities can have enormous economic and social benefits: they are generally 
labour-intensive and require skilled labour to perform.  This study has been carried out, on behalf 
of ECCC, to quantify the potential benefits of VRPs in Canada; the costs associated with carrying 
them out; and to identify barriers to the growth of these activities in Canada. 

The findings of this study will help inform the development of a national strategy to encourage the 
remanufacturing of products and other VRPs in Canada.  This strategy might involve a mix of 
measures, such as regulatory or market interventions, to reduce the barriers identified and 
stimulate activity in industries that have a high potential for remanufacturing and VRP growth. This 
initiative is part of ECCCΩǎ ongoing work to support a circular economy approach for the 
management of products and waste, and to implement the comprehensive federal agenda on zero 
plastic waste. 

 Introduction to VRPs  

Internationally VRPs are seen as playing an important role in the transition to a circular economy. 
VRPs are defined in the 2018 International Resource Panel (IRP) report (Nasr, et al., 2018) as: 

While there is still debate over universally acceptable definitions in ǘƘƛǎ ŀǊŜŀΣ LwtΩǎ ǘŜǊƳǎ ŀǊŜ ōƻǘƘ 
sufficiently clear and inclusive of principles to enable meaningful distinctions between practices. 

These processes are already integrated in some economies though at relatively low levels.  For 
example, in the European Union (EU), the remanufacturing industry currently generates an 
ŜǎǘƛƳŀǘŜŘ ϵол ōƛƭƭƛƻƴ όϷ/!5 псΦу ōƛƭƭƛƻƴύ ŀƴƴǳŀƭƭȅ ŀƴŘ ŜƳǇƭƻȅǎ ŀǊƻǳƴŘ мфлΣллл ǇŜƻǇƭŜ ŀŎǊƻǎǎ ǘƘŜ 
following sectors: aerospace, automotive, electrical and electronic equipment, furniture, heavy-
duty & off-road vehicle (HDOR) equipment, machinery, marine, medical devices and rail.  Overall, 
this represents around 2% of total manufacturing sales revenue.  In 2016, the European 
/ƻƳƳƛǎǎƛƻƴ ŀƴƴƻǳƴŎŜŘ ϵнп ōƛƭƭƛƻƴ όϷ/!5 от ōƛƭƭƛƻƴύ ƛƴ ŦǳƴŘƛƴƎ ǘƻ ǎǳǇǇƻǊǘ ŎƛǊcular economy 
projects and businesses.  (See (Parker & al., 2015)) 

The United States (US) has one of the largest remanufacturing industries in the world.  According to 
the United States International Trade Commission (United States International Trade Commission, 
2012a):  

άBetween 2009 and 2011, the value of US remanufactured production grew by 15% to at 
least $USD 43 billion ($CAD 48.6 billion), supporting 180 000 full-time US jobs.  The 
remanufacturing-intensive sectors that account for the majority of remanufacturing 
activity in the US include aerospace, consumer products, electrical equipment, HDOR 
equipment, information technology products, locomotives, machinery, medical devices, 
motor vehicle parts, office furniture, restaurant equipment and retreaded tires.  US 

ά!ctivities, typically production-type activities, that enable the completion of, and/or potentially 
ŜȄǘŜƴŘ ŀ ǇǊƻŘǳŎǘΩǎ ǎŜǊǾƛŎŜ ƭƛŦŜ ōŜȅƻƴŘ ǘǊŀŘƛǘƛƻƴŀƭ ŜȄǇŜŎǘŜŘ ǎŜǊǾƛŎŜ ƭƛŦŜΦ  These processes include 

arranging direct reuse, repair, refurbishment, comprehensive refurbishment and 
remanufacturingέΦ 
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exports of remanufactured goods totaled $USD 11.7 billion in 2011 ($CAD 13.2 billion); 
almost 40% of these goods went to free trade agreement partners.έ 

 Value-retention processes categorization 

VRPs can be assigned to one of two broad categories: full service life and partial service life.  As 
shown in Figure 1, full service life VRPs are executed at the end of a full product service life, are 
comprehensive and take place within factory operations, extending the life of the product by a 
period at least equal to that of the original service life.  In contrast, partial service life VRPs are 
executed usually due to a failure before end of expected life, are limited in scope and take place 
outside of factory operations and only partially extend the service life of the product (Nasr, et al., 
2018). 

VRP-related products offer a variety of environmental benefits over newly produced products 
including reduced new material input requirements, reduced embodied energy, reduced 
production emissions and lower production waste.  In addition, VRPs are also associated with 
economic benefits such as job creation, reduced production costs, increased export opportunities 
and access to new market segments. 

Figure 1: Summary of VRP End-of-Life (EoL) and End-of-Use (EoU) differentiation 

Notes: Source: (Nasr, et al., 2018), Figure 11; OEM = Original Equipment Manufacturer 

To what extent these benefits are realized depends upon the VRP approach, with full service life 
VRPs being associated with greater production costs, energy requirements and emissions when 
compared to partial service life VRPs, as summarized in Table 1.  Partial service life VRPs are 
associated with lower product value-retention and employment opportunities (see 1.1.3). 
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Table 1: Relative economic and environmental benefits of full service life VRPs and partial service 
life VRPs 

 Full Service Life VRPs 
(Remanufacturing & Comprehensive 

Refurbishment) 

Partial Service Life VRPs 
(Arranging Direct Re-use, Repair & 

Refurbishment) 

E
n
v
ir
o
n
m

e
n
ta

l ¶ Higher energy requirement relative to 
partial service life VRPs 

¶ Higher emissions generation relative to 
partial service life VRPs 

¶ Lower energy requirement relative to full 
service life VRPs 

¶ Lower emissions generation relative to 
full service life VRPs 

E
co

n
o
m

ic 

¶ Higher employment opportunity relative to 
partial service life VRPs 

¶ Higher product value-retention relative to 
partial service life VRPs 

¶ Higher cost to produce relative to partial 
service life VRPs 

¶ Lower employment opportunity relative 
to full service life VRPs 

¶ Lower product value-retention relative to 
full service life VRPs 

¶ Lower cost to product relative to full 
service life VRPs 

Source: (Nasr, et al., 2018) 

 Full service life VRPs 

Remanufacturing 

There are varied definitions of what constitutes remanufacturing, although for the purposes of this 
project, the definition synthesized by the IRP in their 2018 report (Nasr, et al., 2018) will be used.  
This definition is as follows: 

Remanufacturing is a full ǎŜǊǾƛŎŜ ƭƛŦŜ ±wt ǘƘŀǘ ȅƛŜƭŘǎ ǇǊƻŘǳŎǘǎ ǘƘŀǘ ŀǊŜ Ψŀǎ ƎƻƻŘ ŀǎΩ ƻǊ ΨōŜǘǘŜǊ ǘƘŀƴΩ 
new.  To qualify as remanufacturing, products must be at a minimum, disassembled, cleaned, 
tested and documented.  In most cases, remanufactured product units will comprise components 
and modules sourced from multiple product units.  Irrespective of sourcing, these products must 
ŀƭǎƻ ōŜ ǎƻƭŘ ǿƛǘƘ ǘƘŜ ƎǳŀǊŀƴǘŜŜ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƛƴ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ Ψŀǎ ƎƻƻŘ ŀǎΩ ƻǊ ΨōŜǘǘŜǊ ǘƘŀƴΩ 
new condition (Nasr, et al., 2018).  

Other definitions of remanufacturing exist, drawing upon a small pool of characteristics, 
emphasizing some over others.  In pursuit of a standardized and universal definition, these variants 
show a tension between defining based on process steps employed (multi-step, disassembly, 
testing, validation etc.) or upon the properties of the product produced (as exemplified by the life 
expectation and warranty).  In general, ISO and other standards (where such definitions would be 
used) are designed to regulate processes and methods in the belief that this determines outcome.  
However, because independent and original equipment manufacturer (OEM) remanufacturers do 
not operate from the same knowledge base, this may prove problematic.  Therefore, a standard 
ǿƘƛŎƘ ƎǳŀǊŀƴǘŜŜǎ ŀ ǇŀǊǘƛŎǳƭŀǊ ƻǳǘŎƻƳŜΣ ǎǳŎƘ ŀǎ ŀ ƭƛŦŜǘƛƳŜ ŜȄǇŜŎǘŀǘƛƻƴ ƻŦ ΨȄΩ ȅŜŀǊǎΣ ƻŦŦŜǊǎ ŀ ƳŜŀƴǎ 
of competition on an open basis and may indeed be more meaningful to a purchaser.  This debate 
is ongoing. 

Although remanufacturing is associated with investment of higher energy, labour and finance with 
increased emissions compared to partial VRP scenarios, three case studies detailed in the 2018 IRP 
VRP report (Nasr, et al., 2018) indicated that remanufacturing could reduce energy requirements 

ά! ǎǘŀƴŘŀǊŘƛȊŜŘ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎ ǘƘŀǘ ǘŀƪŜǎ ǇƭŀŎŜ ǿƛǘƘƛƴ ƛƴŘǳǎǘǊƛŀƭ ƻǊ ŦŀŎǘƻǊȅ ǎŜǘǘƛƴƎǎΣ ƛƴ ǿƘƛŎƘ 
cores are restored to original as-new condition and performance or better.  The remanufacturing 
process is in line with specific technical specifications, including engineering, quality and testing 
standards, and typically yields fully warranted products.  Firms that provide remanufacturing 

services to restore used goods to original working condition are considered producers of 
ǊŜƳŀƴǳŦŀŎǘǳǊŜŘ ƎƻƻŘǎΦέ  
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relative to new production by between 57ς87%, production waste by 90% and production costs by 
44%.  

Comprehensive refurbishment 

Comprehensive refurbishment activities are conducted within industrial or factory settings and 
exceed the standards of refurbishment of all other refurbishment activities.  The IRP VRP report 
defined comprehensive refurbishment as:  

The pipeline of the comprehensive refurbishment process will usually consist of collection, data 
wiping (for electronics) and upgrade, repair for functionality and then aesthetic touch-ups.  
Because of the rigorous nature of this process, the service life of the refurbished product will often 
be almost equal to that of the full new product service life.  Comprehensive refurbishment can also 
result in a 44% production cost reduction relative to new production (Nasr, et al., 2018).  

 Partial service life VRPs 

Refurbishment 

As with repair activities, refurbishment can be undertaken on both EoL and pre-EoL products.  
Refurbishment can be characterized as exceeding the level of material replacement and renewal 
activity achieved during product repair, but not meeting the level of structure, industrialization or 
quality expected from comprehensive refurbishment activities. 

Refurbishment can be further distinguished from repair activities by the fact that they modify the 
product unit as such that the usable product life can extend past the designed lifespan.  For 
example, repair of a washing machine in year 8 may allow it to reach its design life of 12 years, 
while refurbishment in year 8 may allow its life to be extended beyond its design life, to say 15 
years. 

Within the IRPΩǎ нлму ǊŜǇƻǊǘΣ ǊŜŦǳǊōƛǎƘƳŜƴǘ ƛǎ ŘŜŦƛƴŜŘ ŀǎΥ 

Product refurbishment will usually take place within repair or maintenance facilities and will be 
accompanied with some form of warranty on major wearing components, although these will tend 
to be less comprehensive than for newly manufactured or remanufactured parts. 

Repair 

The definition of product repair as given by the LwtΩǎ 2018 report is: 

From this definition the repair of a product is not limited to end-of-life or end-of-use (EoU) items 
and can include both repairs to products so that they may meet their original expected lifespan, 
ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ƛŦ ƴƻǘ ǳƴŘŜǊǘŀƪŜƴ ǿƻǳƭŘ ƭƛƳƛǘ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ŜȄǇŜŎǘed lifespan. 

άwŜŦǳǊōƛǎƘƳŜƴǘ ǘƘŀǘ ǘŀƪŜǎ ǇƭŀŎŜ ǿƛǘƘƛƴ ƛƴŘǳǎǘǊƛŀƭ ƻǊ ŦŀŎǘƻǊȅ ǎŜǘǘƛƴƎǎΣ ǿƛǘƘ a high standard and 
level of refurbishment.έ 

άCƛȄƛƴƎ ŀ ǎǇŜŎƛŦƛŜŘ Ŧŀǳƭǘ ƛƴ ŀƴ ƻōƧŜŎǘ ǘƘŀǘ ƛǎ ŀ ǿŀǎǘŜ ƻǊ ŀ product and/or replacing defective 
components, in order to make the waste or product a fully functional product to be used for its 

ƻǊƛƎƛƴŀƭƭȅ ƛƴǘŜƴŘŜŘ ǇǳǊǇƻǎŜΦέ 

άaƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ŀƴ ƻōƧŜŎǘ ǘƘŀǘ ƛǎ ǿŀǎǘŜ ƻǊ ŀ ǇǊƻŘǳŎǘ ǘƻ ƛƴŎǊŜŀǎŜ ƻǊ ǊŜǎǘƻǊŜ ƛǘǎ ǇŜǊŦƻǊƳŀƴŎŜ 
and/or functionality or to meet applicable technical standards or regulatory requirements, with 
the result of making a fully functional product to be used for a purpose that is at least the one 

that was originally intended.έ 
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Unlike other VRP scenarios, repair activities take place elsewhere within the larger product system 
and can be considered as a separate flow.  Further, most repair activities can be characterized as 
not requiring established infrastructure (collection, diversion or inspection), production facilities or 
distribution infrastructure.  

Product repair requires that faulty or worn out components are removed and replaced in order to 
restore the product to a functional condition for the remainder of its expected lifespan.  These 
activities are not usually accompanied by any form of warranty for the whole product unit, but 
generally are restricted to replaced components. 

Repair activities are assumed to take place within all product sectors and for non-industrialized 
economies accounting for the great majority of VRPs that are undertaken.  Repair activities are also 
widely recognized within national accounting systems, making their tracking a somewhat easier 
problem than for other VRPs. 

Arranging direct re-use 

Arranging direct re-use is separate from cascading re-use activities that occur between customers. 
This process was defined within the 2018 IRP report as: 

Under this definition no disassembly, addition or removal of components can take place and 
activity is limited to the inspection and simple aesthetic reconditioning.  As such, this VRP process is 
only possible for products that are in working condition.  These products will often be offered with 
a very limited or no warranty and resold at a price much below the market value. 

 Other terminologies in use 

We have presented here precise definitions of what constitutes each VRP scenario, but in practice 
the terminology used to refer to each of these activities often differs between regions and product 
sectors.  For example, in conducting secondary research on companies undertaking VRPs in 
Canada, we determined that some small, independent VRP agents used ǘƘŜ ǘŜǊƳ ΨǊŜƳŀƴǳŦŀŎǘǳǊƛƴƎΩ 
ƻǊ ΨƻǾŜǊƘŀǳƭΩ ǘƻ ŘŜǎŎǊƛōŜ ǿƘŀǘ ǿƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜŦǳǊōƛǎƘƳŜƴǘ ƻǊ 
refurbishment using the above definitions.  To demonstrate this, an excerpt from HDOR producer 
[ƛŜōƘŜǊǊΩǎ ǊŜǇƻǊǘ ƻƴ ƛǘǎ ǊŜƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀŎǘƛǾƛǘƛŜǎ has been provided in Figure 2.  From this figure 
ƛǘΩǎ ŀǇǇŀǊŜƴǘ ǘƘŀǘ [ƛŜōƘŜǊǊ ƭŀōŜƭǎ ǘǿƻ ƻŦ ƛǘǎ ŀŎǘƛǾƛǘƛŜǎ ŀǎ ŜƛǘƘŜǊ ΨŜȄŎƘŀƴƎŜ ŎƻƳǇƻƴŜƴǘǎΩ ƻǊ ΨƎŜƴŜǊŀƭ 
ƻǾŜǊƘŀǳƭΩΤ ōǳǘ ōȅ ǳǎƛƴƎ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴǎ ǇǊƻǾƛŘŜŘ ŀōƻǾŜΣ ǘƘŜǎŜ ǇǊƻŘǳŎǘ ƻŦŦŜǊƛƴƎǎ ŎƻǳƭŘ ōŜ 
characterized as remanufacturing and comprehensive refurbishment respectively. 

  

ά¢ƘŜ ŎƻƭƭŜŎǘƛƻƴΣ ƛƴǎǇŜŎǘƛƻƴ ŀƴŘ ǘŜǎǘƛƴƎΣ ŎƭŜŀƴƛƴƎ ŀƴŘ ǊŜŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŀ ǇǊƻŘǳŎǘ ōŀŎƪ ƛƴǘƻ ǘƘŜ 
ƳŀǊƪŜǘ ǳƴŘŜǊ ŎƻƴǘǊƻƭƭŜŘ ŎƻƴŘƛǘƛƻƴǎ όŜΦƎΦ ŀ ŦƻǊƳŀƭ ōǳǎƛƴŜǎǎ ǳƴŘŜǊǘŀƪƛƴƎύΦέ 
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Figure 2: Extract from Liebherr remanufacturing program pamphlet. 

Source:  (Liebherr, 2019) 

This imprecise use of terminology to describe VRP scenarios is not uncommon and can even occur 
within an individual product sector.  For example, this is described by (Russell, 2018) who notes 
ǘƘŀǘ ǘƘŜ ǘŜǊƳǎ ΨǊŜŎƻƴŘƛǘƛƻƴƛƴƎΩΣ ΨǊŜōǳƛƭŘƛƴƎΩ ŀƴŘ ΨǊŜƳŀƴǳŦŀŎǘǳǊƛƴƎΩ are all variously used to describe 
ǘƘŜ ǎŀƳŜ ǇǊƻŎŜǎǎ ƻŦ άǊŜǘǳǊƴƛƴƎ ŜƭŜŎǘǊƻƴƛŎ ŜǉǳƛǇƳŜƴǘ ǘƻ ǎŀŦŜΣ ǊŜƭƛŀōƭŜ ŎƻƴŘƛǘƛƻƴέ.  Conflation and 
confusion over parallel terminology is also apparent amongst francophone practitioners of VRPs, 
and in other languages and so will require special ƘŀƴŘƭƛƴƎ ƛƴ /ŀƴŀŘŀΩǎ ōƛƭƛƴƎǳŀƭ ŎƻƴǘŜȄǘΦ 

 Scope 

The scope of work has covered the following:  

 Identifying economically significant Canadian economic sectors which are amenable to 
remanufacturing and other VRP activity, and that form good targets for study; 

 Undertaking desk-based and primary data collection to provide a description of the current 
(baseline) size and state of remanufacturing and other VRPs in Canada and estimating the 
socio-economic and environmental benefits associated with these activities; 

 Providing a comparison with current VRP activities and policy support in other countries and 
regions including the EU, US and Mexico and identify trade barriers that could impact the flow 
of goods and services; 

 Modelling the potential benefits and costs associated with increasing remanufacturing and 
VRP activities in six high-potential industry sectors; 

 Identifying existing barriers, including financial, regulatory, technological, labour, availability 
of materials/cores, foreign competition, trade barriers, etc., that are inhibiting the growth of 
VRP activities in Canada; 

 Identifying opportunities for the Government of Canada to positively influence market forces 
to encourage increased VRP activity using a range of approaches including policies, purchasing 
behaviours, taxation; 

 Identifying current and future products that may be appropriate for remanufacturing and 
VRPs, the market demand for these products and options for the federal government to 
facilitate access to these resources and support the development of a market for these 
products; and  

 Providing an overview and assessment of emerging technologies, processes and other 
innovations that can enable the remanufacturing of more products or of products in a way 
that improves the economics and/or value-retention of these activities. 

 Sectors studied 

The ten sectors listed below were selected for study, of which the first six were analyzed in depth 
and are the focus of this report.  ECCC specified sectors 1 through 3 for analysis as part of the 
original solicitation. 
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The additional sectors were selected based on their sales statistics and high amenability to VRP 
activity.  We estimate that these ten sectors cover around 70% of the potential revenue available 
from feasible VRP services.  The six sectors studied in-depth make up approximately 75% of the 
total revenue for the full ten sectors. 

1. Aerospace:  this sector includes commercial and military aircraft and their components (e.g. 
engines, avionics and airframe structures).  Maintenance, repair and overhaul (MRO) activities 
are a key part of the Canadian aerospace sector and these activities encompass the value-
retention processes explored in this report.  MRO activities are considered to include 
remanufacturing and repair when defined using the VRP terminology described above.  We do 
not include vehicles and components for space applications in this sector. 

2. Automotive: this sector refers to passenger and light commercial vehicles (pickups, small 
delivery vehicles, utility vehicles such as ambulances).  Remanufacturing activities focus on 
higher value and complexity elements such as engines and electromechanical components.  
The full range of VRP activities are typically found in the automotive sector. 

3. Electronics: this sector refers to information and communication technologies (ICT) and 
consumer electronics, such as laptops, desktops and mobile phones.  Also included is office 
imaging equipment, such as printers, photocopiers and printer cartridges.  Amongst consumer 
electronics, there is a limited amount of repair; higher value electronics, such as ICT, has a 
higher, though still limited proportion of refurbishment activity. 

4. Home appliances: this sector refers to home appliances such as washing machines, 
dishwashers and refrigerators.  These represent a large activity with substantial opportunities 
for cascaded re-use, repair and refurbishment, perhaps motivated by different models of use 
(so called servitization). 

5. Heavy-duty/off -road equipment: this sector is distinct from automotive and includes heavy-
duty commercial vehicles, agricultural vehicles and off-road equipment (including construction 
and mining equipment).  As per automotive, we observe a wide range of VRPs including world-
leading remanufacturers such as CAT employing advanced service-based models of business. 

6. Furniture: this is a sector of domestic importance where non-traditional remanufacturing 
practices and re-use models are of significance.  This sector includes furniture for both 
commercial and domestic uses. 

The following, smaller sectors, were not investigated to the same extent as the first six sectors, but 
we provide a one-page summary of the major quantifications of impacts below (see Figure 3). 

7. Marine: this sector includes the remanufacture, refurbishment and repair of equipment and 
components for use in leisure, naval, commercial and offshore renewable energy applications. 

8. Medical devices: this sector covers devices and equipment used in the process of providing 
medical care to patients.  Devices and equipment best suited for value-retention processes are 
those that have been designed to have a long life are non-invasive, require significant research 
and development (R&D) investment and are capital intensive to build and purchase.  Examples 
include magnetic resonance imaging (MRI), ultrasound and computed tomography (CT) 
scanners, X-ray and surgical imaging equipment. 

9. Industrial equipment: this sector includes the remanufacturing, refurbishment and repair of a 
wide variety of equipment including machinery for manufacturing and process industries, 
machine tools, pumps and compressors, engines and turbines (excluding aircraft, automotive 
and HDOR engines). 

10. Rail: this sector is restricted to analysis of VRPs in relation to rolling stock, i.e. traction units 
(providing motive power to pull passenger and freight trains), passenger carriages, self-
propelled passenger vehicles, freight wagons and infrastructure maintenance vehicles.  This 
sector does not include VRP activities related to static rail infrastructure. 

Regarding the other 30% of potentially viable activity, this is broadly spread across the swathe of 
manufacturing incorporating a host of niche and not-so-niche products.  Because of the vast range 
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of individual products which fall under particular sector activities it is not possible to detail each 
and every one of these.  However, Table 2 lists some of the sectors which fell into this category. 

Table 2: Additional sectors not detailed in this study 

Additional sectors 

Sporting Goods Utilities 

Construction (other than Heavy-Duty 
Equipment) 

Manufacturing (other than Industrial 
Equipment) 

Textiles and Apparel Accommodation and Food Services 

Space Industry Health and Personal Care 

Chemical Industry Telecommunications 

Extraction and Refining Industry (other than 
Heavy-Duty Equipment) 

Energy Industry 
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Figure 3: One-page summary of the impacts calculated for the 4 initial sectors not taken forward for refined analysis 
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 Method and approach 

 Jurisdictional review  

This study has focused on VRPs in Canada, but we have conducted a review of international 
practice.  This allows some benchmarking of Canadian activity and practice against competitors, 
understanding potential barriers and supporting measures as well as assisting in modelling impacts, 
costs and benefits. 

The review has examined the state of play ς largely in remanufacturing ς in the US, Mexico, EU, 
United Kingdom (UK), Japan, China and South Korea. 

 Data collection  

Significant efforts were put towards the collection and assimilation of existing data and information 
from existing studies and research, largely from other jurisdictions.  However, of prime importance, 
was to engage industry actors including businesses currently carrying out VRP activities in Canada 
as well as their related industry associations.  Industry engagement took the form of a short and 
long-form voluntary survey, one-on-one interviews and webinars.  This data was used directly 
and/or in modelling. 

Overall, industry engagement was low, which means some caution must be applied to 
generalization of the findings.  However, the responses received were very much in line with what 
has been discovered in other developed economies.  Further, the webinars provided an 
opportunity for industry to review, refute and improve the findings.  We received no major 
objections to the findings and have moderated our report where appropriate. 

 Update to business environment as a result of COVID-19 

Relatively early in the project, the hazards of COVID-19, became very apparent to all countries.  In 
aŀǊŎƘ нлнлΣ bƻǊǘƘ !ƳŜǊƛŎŀƴ ŜŎƻƴƻƳƛŜǎ ŜƴŀŎǘŜŘ ΨƭƻŎƪŘƻǿƴΩ ƳŜŀǎǳǊŜǎ ƛƳǇŀŎǘƛƴƎ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ 
and contact between citizens.  This precautionary blanket approach meant that many businesses 
relevant to this study could not conduct their normal business.  Mindful that priorities were rightly 
focused elsewhere, this project suspended its engagement activities until such time as the business 
situation eased and potential stakeholders had headroom to re-engage.  This delay has not affected 
the conduct of the study to any great extent but has impacted on the outlook of many businesses. 

Lockdown has had short-term impacts for many and long-term consequences for a fair proportion.  
Our projections cannot ignore the realities of the business environment.  Therefore, our approach 
acknowledges two aspects: 

 The ǾƛŜǿǎ ƻŦ ΨǿƘŀǘ ƘŀǇǇŜƴǎ ƴŜȄǘΩ ƛƴ ±wtǎ ǿƛƭƭ ōŜ ƘƛƎƘƭȅ Ŏƻƭƻured by any immediate business 
hit.  For sure we cannot assume the baseline figures derived from pre-COVID research can be 
projected without moderation both from an absolute viewpoint or from consideration of what 
might happen in different sectors.   
 
It is already apparent that some actors see the situation as an opportunity for VRPs even with 
a reduction in business, particularly if capital investment is slow to return and assets must be 
exploited for maximum use potential.  For example, both for-profit and not-for-profit 
consumer electronics VRP companies indicated that they are already seeing higher demand 
ŦƻǊ ǘƘŜƛǊ ǇǊƻŘǳŎǘǎ ŘǳŜ ǘƻ ǘƘŜ ΨǿƻǊƪκƭŜŀǊƴ-from-ƘƻƳŜΩ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ COVID-19.  The need 
for domestic and business economization may further drive life extension in both business-to-
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business (B2B) and business-to-consumer (B2C) domains. 
 

 At a macro-economic level, it is uncertain whether the response in the immediate aftermath 
of this wave of the pandemic will be to drive for a return to a business-as-usual, pre-virus 
ŜŎƻƴƻƳƛŎ ǎǘŀǘŜ όŜǾŜƴ ƛŦ ǘƘŜǊŜ ƛǎ ǎƻƳŜ ŜŦŦŜŎǘ ƻŦ ŜƴŦƻǊŎŜŘ ΨƴŜǿ ƴƻǊƳŀƭΩ ǎƻŎƛŀl measures which 
have a lasting impact on ability to conduct business); or whether thƛǎ ƳŀƧƻǊ ΨƧƻƭǘΩ offers an 
opportunity to do things differently ς to reflect on global environmental threats and how 
business and society might be re-engineered to offer greater resilience to man-made and 
natural effects.   
 
For example, we know that VRPs are largely locally or regionally based.  This may be an 
advantage in a world where international movements are severely restricted, an opportunity 
perhaps to encourage and promote VRPs.  A recent movement towards nationalism, 
onshoring, defence of local markets or securing of material supply chains might also benefit. 
 
More fundamentally, the role of government in promoting green technologies is in the 
spotlight.  Huge sums of money have been injected by governments to directly finance 
individual employees and their employers, amounting to percentages of gross domestic 
product (GDP).  In Canada, the federal government announced an immediate healthcare 
assistance package of over $CAD 1.1 billion (Government of Canada, 2020b) and a response 
plan of a comprehensive range of support to individuals, businesses and sectors (Government 
of Canada, 2020c).   
 
This willingness to push finance to short term issues is in stark contrast to the relatively 
modest investments (because they have a net return, not just a cost) into climate change 
avoidance and abatement suggested by Stern (Stern, 2009) of 1ς2%, albeit over 20 years.  
Encouragingly, at the height of the pandemic in April 2020, statements emerged which offer 
hope of a shift in thinking: Prime Minister Trudeau reportedly charged key ministers with 
creating ŀ ΨƎǊŜŜƴ ǎƘƛŦǘΩ ŜŎƻƴƻƳƛŎ ōƻƻǎǘŜǊ Ǉƭŀƴ Ŧor implementation post pandemic (Bellavance, 
2020); shortly afterwards, German, EU, UK and UN leaders issued a statement on future intent 
at the 11th Petersberg Climate Dialogue, delivering rallying cries for nations to focus on climate 
mitigation as part of any efforts to counteract the economic downturn caused by the COVID-
19 outbreak (edie, 2020).  This signals ǎƻƳŜ ƛƴǘŜƴǘ ǘƻ ΨōƻǳƴŎŜ ōŀŎƪ ōŜǘǘŜǊΩ ǘƘƻǳƎƘ ǘƘŜǊŜ ǿƛƭƭ 
need to be strong ties of aid to delivery for high impact sectors like automotive and aerospace. 

We acknowledge, however, that in such a fluid situation, great uncertainty in forecasting will 
remain. 

 Overview of modelling approach 

Modelling has been used where primary or secondary data which differentiates different VRPs is 
not available. 

 Socio-economic modelling approach 

We estimated economic benefits and costs using available economic data and input-output 
multipliers for VRP activities based on the North American Industry Classification System (NAICS), if 
available.  Sometimes it was not possible to unpick the multipliers for each VRP.  In this case, we 
used modelling using common proxies, for example, using performance of NAICS repair-type codes, 
to estimate benefits and costs.   

Direct, indirect and induced impacts have been modelled.  The induced multiplier measures the 
value of production driven by household expenditures associated with labour income (for example, 
wages) generated from the direct and indirect effects.  Induced effects tend to exaggerate the 
impacts of final expenditures within a one-year production cycle.  
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 Predicting future performance 

As previously indicated, COVID-19 has introduced an unprecedented discontinuity into most 
business operations.  The findings around activity uncovered at the beginning of the project will 
have been affected by sector, and even by product, to a greater or lesser extent.  The forward-
looking views of these businesses will reflect both the depth of the current impact and longer-term 
expectations of a return to normality of sorts.  In our assessments of future performance, our 
approach has been: 

 To undertake desk-based research to locate sector, company and consultant publications and 
statements which offer qualified forward projections across all timescales.   

 To estimate a medium-term response scenario per sector to 2030 (described within each sub-
section) which analyzes the trajectory to some point of stability with whatever activity level 
that may be.  (This has drawn extensively on proxy information ς such as expected disposable 
income ς as part of the inputs to modelling for certain product classes.) 

 To compile and explore a list of factors that we believe will influence the longer-term outlook 
for the sector based on secondary data but moderated by the background trends which we 
believe will be a persistent feature of business.  For example, we can anticipate that climate 
change and other resource impacts will return to prominence; that certain technologies will 
evolve and enter use; and that changes underway in business practice and product-service 
delivery will not be reversed. 

The 2030 medium-term sector scenarios fall into four categories:  

 As-Is, where ǇǳǊǎǳƛƴƎ ŀ ΨōǳǎƛƴŜǎǎ-as-ǳǎǳŀƭΩ ŀǇǇǊƻŀŎƘ the market penetration of VRP activities 
remains at the same level in 2030 as it does in 2019.  This can be considered a business-as-
usual scenario. 

 Natural Growth, where the evolution of VRP activities is assumed to follow a natural growth 
trajectory, driven predominantly by existing market forces.  This scenario is strongly aligned to 
ŀŎǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ ά{ǳǎǘŀƛƴέ ŦƻŎǳǎ (see Table 3), where any policy intervention would seek to 
maintain existing activity.  

 Moderate Action, where the evolution of VRP activities is supported by more targeted 
ōǳǎƛƴŜǎǎ ŀƴŘ ǇƻƭƛŎȅ ŀŎǘƛƻƴΦ  Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ŀŎǘƛƻƴǎ ƛƴ ǘƘŜ ά{ǳǎǘŀƛƴέ ŦƻŎǳǎΣ ǘƘƛǎ ǎŎŜƴŀǊƛƻ ƛǎ 
also strongly aligned to policy actions under the άDǊƻǿέ ŀƴŘ ά5ŜŦŜƴŘέ ŦƻŎǳǎŜǎΦ  .ǳǎƛƴŜǎǎ ŀƴŘ 
policy action seek proactive growth and protection of the VRP industry. 

 Strong Action, where the evolution of VRP activities is promoted in a coordinated effort from 
business and policy action.  In addition to acǘƛƻƴǎ ƛƴ ǘƘŜ ά{ǳǎǘŀƛƴέΣ άDǊƻǿέ ŀƴŘ ά5ŜŦŜƴŘέ 
ŦƻŎǳǎŜǎΣ ǘƘƛǎ ǎŎŜƴŀǊƛƻ ƛǎ ǎǘǊƻƴƎƭȅ ŀƭƛƎƴŜŘ ǘƻ ŀŎǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ ά¢ǊŀƴǎŦƻǊƳέ ŀƴŘ ά[ŜǾŜǊŀƎŜέ 
focuses.  Business and policy action seek to maximize the impact and promote the widespread 
deployment of VRP activities. 

The aerospace sector has been treated differently: its scenario analysis does not follow the same 
format as the other five sectors.  VRP activity in the aerospace sector is a mature and well-
developed industry with more limited potential for external intervention to influence its 
development.  By far the most significant influence for future VRP activity in the aerospace sector is 
the global industry response to the current COVID-19 pandemic.  As such, we decided to align our 
aerospace VRP scenarios, with scenarios for the global aerospace industry response to COVID-19.  
These scenarios consider a rebound, delayed rebound and recession-based trajectory.  The ΨAs-IsΩ 
scenario refers to a pre-COVID-19 business-as-usual scenario.  (See Section 4.3 for more detail.) 
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Table 3: Description of basic strategic approaches 

Strategic Thrust Scope 

 
Grow 

The sector, or a product/VRP service within it, is not at saturation, and there is room for 
growth. 
E.g. electronics, home appliances, automotive, office furniture. 

 
Sustain 

The sector is unlikely to grow significantly, but is beneficial, with a positive effect on the 
skills pool of Canada.  Its decline would be a loss of capability.  
E.g. aerospace, automotive. 

 
Transform 

The sector requires a radical change in its attitude, business models or supply chain in 
order to realize beneficial environmental impacts. 
E.g. home appliances, electronics and other consumer goods. 

 
Defend 

The sector may be threatened, particularly from foreign competition which is not subject 
to the same constraints.  High-level or international action may be needed to create level 
playing fields. 
E.g. tires, home appliances. 

 
Leverage 

The sector has capabilities which are leading edge and could either be applied in less 
mature sectors or could be used to kick start related high-value sectors such as 
renewables. 
E.g. aerospace, automotive. 
Also applied in the reverse direction to indicate required boost from R&D support or 
infrastructure development e.g. centralized collection, design for re-use. 

 Scenario modelling 

Under each scenario, we assessed the socio-economic impacts of increased remanufacturing and 
VRP activities using the model shown below.  The model relies on scenario-driven demand 
projections based on sectoral forecasting.  Once we had defined the demand projection, we used 
Input-Output multipliers from Statistics Canada to project the socio-economic impact of the 
demand shock including output, GDP contribution, labour income, production taxes and jobs from 
direct, indirect and induced economic activity.  In this case, the demand shock is defined as the 
difference between economic activity in 2019 and 2030 for each sector due to a change in VRP 
activities.   

The model estimates the simple difference between the economic impact of VRP activities in 2019 
and 2030 due to a projected increase (or decrease) in VRP activities in Canada for each sector.  
Therefore, the size of the impact of market disruptions, such as policy or technological changes, on 
the sector are the difference between the business-as-ǳǎǳŀƭ ƎǊƻǿǘƘ ŦƻǊŜŎŀǎǘ όƛΦŜΦ ΨAs-IsΩ ǎŎŜƴŀǊƛƻύ 
and the other scenarios.  These assume some increase in the percentage of VRP products that act 
as a substitute for new manufactured goods. 
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Figure 4: Socio-economic impact model 

D = demand  
Y = production 
IO = Input-Output Multipliers 
i = demand type  
New = new demand 

Sub = substitution demand  
T = total demand  
j = Production Type 
VRP = Value-retention process production  
M = manufacturing production 

We have summarized the key assumptions and considerations in the model here: 

 We expect that economic gains due to increased VRP activities will be borne by Canada.  
However, we have allocated the corresponding reductions in manufacturing activity to 
Canadian producers, relative to the proportion of these goods manufactured in Canada and 
based on the value of the goods.  

 Once goods are identified as imported, they are no longer considered as inducing downstream 
effects to supply chains (i.e. purchasing and importing goods) in these sectors.  We assume 
these activities are redirected towards VRP activities (i.e. purchasing VRP services and VRP 
produced goods).  

 Substitution effects presume the total number of goods sold will remain the same and will be 
substituted on a per good basis.   

 We have defined substitution ratios across a sector and these are not reflective of individual 
goods or processes, which will have some variance.   

 No multipliers specific to value-retention processes are available, so we have used proxies.  
These proxies are clearly stated in the relevant sections. 
 
Further details of the technicality of this model can be found in Annex A. 

 Evaluating environmental impacts 

In addition to the economic benefits, there are environmental benefits.  These include a reduction 
in waste and emissions generated and a reduction in raw feedstock (chemicals, energy, water and 
other raw materials) needed to produce products.  Estimates of environmental benefits relied 
primarily on reviewing life cycle analyses (LCA) and other case studies, bottom-up partitioning of 
multi-product sectors and analogy to similar products in other sectors.  

This study has gathered available information or synthesized estimates of environmental impacts in 
a number of key categories.  Here is an explanation of these metrics. 

Global Warming Potential (GWP) ς the capacity of an emission to affect climate, quantitatively 
expressed for the purposes of this report as tonnes of carbon dioxide equivalent (CO2e) emitted.  
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Equivalences accounts for the fact that the GWP of different emissions varies from that of CO2 but 
has been scaled to be expressed as if it were CO2. 

Material Savings ς If goods are disposed at end of life a certain fraction of their material will go to 
waste.  Employing a VRP will result in some or all of that material not going to waste, a fraction we 
describe as Material Savings.  This is material which does not need to be replaced by virgin material 
with all its associated impacts. 

Waste Prevented ς All processes are wasteful to some extent.  The process of manufacturing a new 
item generates waste but, on the whole, remanufacturing (or other VRP) generates lower amounts 
of waste, largely because of the lower new material content.  The difference between the 
wastefulness of the new versus VRP process we describe as Waste Prevented. 

Plastics Re-used ς ECCC has a particular interest in the recovery of plastics.  A component of many 
goods is plastics and so may be amenable to re-use.  'Materials Savings' includes plastics re-use, but 
'Plastics Re-used' makes this contribution explicit. 

We have also attempted to place the impacts in terms that might be recognizable to the average 
Canadian citizen.  For this we have selected the following comparators: 

For Global Warming Potential Avoided we benchmark against the CO2 emitted by the average 
Canadian automobile in a year.  According to (Natural Resources Canada, 2014), this is 
approximately 4.6 t/yr.  GWP is therefore expressed as the equivalent number of cars which would 
be removed from use to match the saving.   

For Material Savings (and waste prevented) we benchmark against the current recycling 
performance of all materials from waste in Canada, translated to how much that is per Canadian.  
aŀǘŜǊƛŀƭ {ŀǾƛƴƎǎ ŀǊŜ ǘƘŜǊŜŦƻǊŜ ŜȄǇǊŜǎǎŜŘ ŀǎ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƴǳƳōŜǊ ƻŦ ǇŜƻǇƭŜΩǎ all-material 
recycling achieved.  According to (Government of Canada, 2018), in 2016, waste diversion 
amounted to almost exactly 10 Mt across domestic and non-domestic waste, equating to 0.265 t/yr 
per person (population 37.6 million). 

For Plastics Re-used we benchmark in a similar fashion to waste but consider only the recycled 
plastics component.  Plastics re-ǳǎŜŘ ƛǎ ǘƘŜǊŜŦƻǊŜ ŜȄǇǊŜǎǎŜŘ ŀǎ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƴǳƳōŜǊ ƻŦ ǇŜƻǇƭŜΩǎ 
plastic recycling achieved.  According to (Deloitte and Cheminfo, 2019), of 3.2 Mt of plastic waste in 
Canada in 2016, just 9% was recycled into new products.  This equates to 0.0077 t/yr per person 
(population 37.6 million). 

It should be noted that these numbers are from mixed years as they are those most readily 
available but are sufficient to illustrate the points being made. 

 Data availability and comprehensiveness 

By far the most commonly reported impacts advertised regarding the benefits of VRPs are 
materials and Global Warming Potential (GWP) reduction expressed as CO2e.  This reflects the 
headline priorities of businesses and of their target audiences and corresponds in a simple way to 
United Nations (UN) reporting goals.  There is little incentive for businesses to either assess or 
reveal any other impacts although, typically, these would be expected to fall in line with materials 
savings.   

LCA studies are not straightforward to create or compare.  They depend on drawing a boundary (a 
ōƻȄ ǎƘƻǿƛƴƎ ǿƘŀǘΩǎ ƛƴ ŀƴŘ ǿƘŀǘΩǎ ƻǳǘ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎύ ŀƴŘ ǇǊƻǇŜǊ ŎƘƻƛŎŜ ƻŦ ǘƘŜ ΨŦǳƴŎǘƛƻƴŀƭ ǳƴƛǘΩ.  
For remanufacturing, the functional unit (the product or service to compare) is treated relatively 
straightforwardly and can be taken as the delivery of an item with a full normal life expectancy 
(more on this later with respect to other VRPs).  The system boundary ought to be straightforward 
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embracing the collection and transportation of used product, its reprocessing, addition of new 
materials and onward distribution for use.   

For energy-using products, the treatment of energy in use is one of the most problematic 
considerations: VRPs ought to be returned to at least as-new performance, often with some 
ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ŦǳƴŎǘƛƻƴŀƭƛǘȅΦ  ¢Ƙƛǎ ƳŀƪŜǎ ŀ ǎƻƭƛŘ ŎƻƳǇŀǊŀǘƛǾŜ ōŀǎƛǎ ŦƻǊ ΨǎǘŀōƭŜΩ ǇǊƻŘǳŎǘǎΣ ǘƘŀǘ ƛǎ 
those where technology is relatively mature, but can muddy the waters for fast-evolving 
technologies (with a concentration here on energy-using ones) where lifetime embodied impacts 
may be offset or dominated by improvements in energy use. 

Such comparisons are fraught with issues of fair comparison.  These should be on the basis of 
ΨŀǾŜǊŀƎŜ ǘƘŜƴΩ ǾŜǊǎǳǎ ΨŀǾŜǊŀƎŜ ƴƻǿΩΣ ōǳǘ ŀǎ ǿƛǘƘ ŀƭƭ ǎǘŀǘƛǎǘƛŎǎΣ ǘƘŜ ōŀǎƛǎ Ŏŀƴ ōŜ ƳŀƴƛǇǳƭŀǘŜŘΦ  CƻǊ 
example, a retailer wishing to sell new equipment would prefer to compare best-in-class now with 
ΨŀǾŜǊŀƎŜ ǘƘŜƴΩ όƻǊ ǿƻǊǎǘ ƛƴ Ŏƭŀǎǎύ ǿƘƛŎƘ ǿƻǳƭŘ ŀŎŎŜƴǘǳŀǘŜ ŀƴȅ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǇŜrformance.  This is 
most important for consumer goods such as home appliances and electronics, so we have 
attempted to locate like-for-like comparisons and to exclude the operating phase to isolate the 
embodied impact effects. 

 Comparing the impacts of different VRPs 

Our analysis has used the categories outlined by Nasr et al. in the IRP report on VRPs (Nasr, et al., 
2018).  In particular, the report described how each VRP would affect the expected life or life 
extension of an item.   

Although full service life VRPs (remanufacturing and comprehensive refurbishment) consume 
greater energy and material requirements than partial service VRPs (refurbishment, repair, and 
direct re-use), they result in a full, or nearly full, extension of the products service life.  That means 
more generally that the energy and material intensity of VRPs must be judged relative to the 
improvement in the product lifespan (Russell, 2018), a topic important for calculating net benefits.  

Expected useful (and residual) life impacts fundamentally the scale of benefits which might be 
delivered by each VRP and deserves much greater consideration than was possible previously, 
especially as it highlights what we do and do not know about how products are used, un-used, re-
used, rejuvenated and disposed of in the real world. 

In summary, we have attempted to account for differences in residual life which might be gained 
ǳǎƛƴƎ ŘƛŦŦŜǊŜƴǘ ±wtǎΦ  ¢Ƙƛǎ Ƙŀǎ ōŜŜƴ ǘǳǊƴŜŘ ƛƴǘƻ ŀ ΨǊŜǎƛŘǳŀƭ ƭƛŦŜ ŦŀŎǘƻǊΩ όл Ґ ƴƻ ƭƛŦŜ ƭŜŦǘΣ м Ґ ŀ ǿƘƻƭŜ 
life left as per remanufacturing) which acts as a multiplier on the headline environmental impact of 
the particular VRP.  The method is approximate but has a rational basis, more explanation of which 
may be found in Annex A. 

 Modelling environmental benefits 

Basic impact modelling takes a relatively simple approach:  

 Economic activity is translated into numbers of units processed, by use of survey data and 
extrapolation where available, or by translation using an average value of sale of goods in 
question.  We take an average mass of a unit processed to derive a total mass of core 
retrieved.  We assign a material saving percentage (%) and from this a derived average CO2e 
benefit per kg then scale this to the entire mass of products in the sector.   

 CO2e is (ideally) gathered from product-specific LCA data, but this is rare.  Next best is to use 
data from a product of similar construction or complexity (e.g. machinery from automotive 
components).  Failing thatΣ ŀ ƎŜƴŜǊƛŎ [/! ΨƳŀŎƘƛƴŜŘ ǎǘŜŜƭΩ ŦƛƎǳǊŜ ƛǎ ǳǎŜŘΦ  

Caution must be used in this approach, particularly in sectors which embrace a diverse range of 
products such as home appliances.  Generalizations based simply on value, mass and composition 
are very error-prone. 
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For VRPs other than remanufacturing, information is poor, heavily influenced by user preferences 
and behaviours and estimations of lifetime.  Our assessment uses the IRP report which provides 
good comparison of repair, refurbishment, remanufacturing and new for digital printers, HDOR 
engines and parts and the same for automotive.  However, some important data is not published 
and cannot be estimated with certainty.  Because of this, the analysis is still somewhat crude, with 
many products treated the same with simplifying assumptions made on numbers of product in 
sectors.  However, the analysis is sufficient to show the magnitude of the effects. 

 Formulation of policy and action options 

In the last fifteen years or so, there has been a good deal of material produced internationally ς if 
not in Canada ς regarding the barriers to remanufacturing and re-use and the actions that might be 
taken by various stakeholders to address them.  However, very few of these suggestions have been 
put into practice.  In part this is because many of the proposals are too generic.  More recent work 
in this field indicates that policies and actions cannot be implemented at a sector level but must be 
driven down to a finer segmentation, in particular by domain (B2B or B2C), to target OEMs versus 
independent agents, and possibly down to a product class level.   

This study has considered actions which are appropriate for particular sectors, and some of them 
can be applied across multiple sectors with the caution that this work focuses on only six sectors in 
detail.  Sector-specific actions are responsive to the concerns of interviewees and respondents and 
are presented in the relevant sector section. 

However, this practical drive to formulate actions which can gain a critical mass of support in a 
subset of stakeholders and businesses must be balanced against the requirement that any 
supporting actions by government must be seen to be fair and equitable.  Accordingly, a later 
section of the report considers government actions which more address the business environment 
and supporting systems in which VRPs operate, especially at the federal level.  Provincial and 
territorial jurisdictions, of course, have a large degree of autonomy in enacting their own economic 
and Circular Economy-friendly policies, but it is a strong recommendation of this work that they be 
highly coordinated or harmonized to avoid perverse outcomes and to simplify messaging. 

 Financial reporting 

Unless otherwise stated, where financial statistics (revenues, etc.) are converted in a foreign 
currency at a particular date, they have been transcribed to Canadian dollars ($CAD) using the 
exchange rate prevailing at the time, but inflated to 2019 ($CAD (2019)) using rates quoted by 
Statistics Canada and Bank of Canada. 
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 Research response overview 

 Research engagement 

The following is a list of the industry associations that we contacted and who contributed directly 
or indirectly in the research.  Note that the content of this study is the work of the authors and is 
informed by these contributions but may not reflect the views of the participants in full. 

 Aerospace Industries Association of Canada (AIAC) 
 Association of British Columbia Marine Industries 
 Association of Home Appliance Manufacturers (AHAM) 
 Automotive Industries Association of Canada (AIA of Canada) 
 Automotive Parts Manufacturers Association 
 Automotive Recyclers of Canada (ARC) 
 Canadian Association of Railway Suppliers 
 Canadian Home Furnishings Alliance 
 Canadian Manufacturers and Exporters 
 Canadian Marine Industries and Shipbuilding Association 
 Canadian Transportation Equipment Association 
 Canadian Vehicle Manufacturers Association (CVMA) 
 Electro-Federation Canada 
 Electronic Products Recycling Association 
 Electronics Product Stewardship Canada (EPSC) 
 Global Automakers of Canada (GAC) 
 MedTech Canada 
 MERA (Association for Sustainable Manufacturing) 
 Motorcycle and Moped Industry Council/Canadian Off Highway Vehicle Distribution Council 
 National Marine Manufacturers Association 
 Quebec Furniture Manufacturers Association 
 Railway Association of Canada 
 Remanufacturing Industries Council (RIC) 
 Retail Council of Canada 
 Truck and Engine Manufacturers Association 

These organizations represent a substantial membership and their collective view holds a great 
deal of weight within this process.  We have been reliant on their interest and collaboration in 
getting uptake of the voluntary survey.  

Only one association declined to participate citing commercial confidentiality concerns.  Efforts 
were made to highlight the scope of this study as a technical analysis to help inform policy decision-
making to no avail.   

In later phases of the project, to reduce barriers to participants and target data gaps, we developed 
ŀ ǎƘƻǊǘŜƴŜŘ ΨvǳƛŎƪ-FireΩ survey.  The Quick-Fire survey was submitted to several of the industry 
associations with a request to distribute to their members prior to the suspension of industry 
engagement due to COVID-19. 

In addition, we have also reached out to over 370 individual companies via phone and e-mail to 
solicit their participation in the study. The uptake of the survey or interview by participants was 
quite low with only 48 company responses.  To some extent, this can be attributed to the COVID-19 
lockdown which diverted business attention to high priorities, although this occurred late in the 
process.  To a greater extent, the Canadian audience appeared somewhat less engaged than has 
been the case for surveys in other regions, and this may be attributable to a general lower state of 
awareness and engagement with VRP-related issues.  This does perhaps indicate that good sector 
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engagement will be necessary and a challenging feature of taking forward the action plan described 
later in this report.   

Despite this, the one-to-one interviews we have held have been rich, accounting for the high-level 
sector views in some cases, but their acknowledged weakness is the lack of sector coverage and 
perspectives from the low level.   

Representatives of the provincial and territorial governments were also contacted to gather 
insights into the state of VRP activities in their region.  Such evidence could include supporting 
policies, strategies or legislation or public or private initiatives in place that may encourage VRPs.  
We received 6 responses.  For any provinces and territories who did not respond, the team 
scanned government websites for any potentially relevant legislation or policies and submitted our 
synopsis to the pertinent representatives for comment.   

In general, responses indicate that the extent to which VRP activities are present in the provinces 
and territories is not known and not routinely monitored.  They suggest that policies and legislation 
largely target waste diversion through recycling only.  Some provinces and territories provide 
discussion of the benefits of waste reduction through re-use and waste minimization, but we could 
not identify any plans, policies or economic supports to support VRPs.  A summary of findings from 
each province and territory is included in Annex G.  

 Response summary 

This section provides information on the 48 businesses that responded to the voluntary survey or 
interview requests.  We received responses from businesses with locations in all provinces, 
although none appeared to have locations within the Territories. 

 Over 80% of the survey respondents are headquartered in Canada with most of the remainder 
based in the US. 

 Around 60% of respondents were in the small company (5-99 employees) bracket. 
 There are indications that these smaller companies have above-average revenue per 

employee. 
 Nearly half the respondents were in the automotive and HDOR sectors reflecting the general 

weight of activity amongst sectors found in this and other surveys. 
 There was representation across all VRP types, but predominantly refurbishment and repair, 

again reflecting the weight of these activities in the economy. 
 Over half the respondents classified their VRP operations in the independent category.  

Contract agents are in a minority.  This may influence the choice of where supporting policies 
could best stimulate activity. 

 Respondents were surprisingly forthcoming regarding gross margin achieved on VRP sales.  
The bulk of responses were in the range of 10 to 50%, a figure very much in line with the US 
and UK experience, with a median of 30% for remanufactured products. 

 Considering the prospects for VRPs in the short to medium term, opinions seemed positive 
with over two-thirds of respondents anticipating strong (>3%/yr) or moderate (>1%/yr) 
growth.  Note this reflects pre-COVID-19 sentiment. 

 Two-thirds of respondents believed that it was ΨprobablyΩ or ΨdefinitelyΩ the case that raw 
material ǊŜǎƻǳǊŎŜ ǇǊƛŎƛƴƎ ƛǎ ǇƻǎƛǘƛǾŜƭȅ ƳƻǘƛǾŀǘƛƴƎ ΨŎƛǊŎǳƭŀǊ ōǳǎƛƴŜǎǎΩ. 
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 Aerospace 

 Industry insight 

Most aerospace maintenance and repair organization (MRO) economic activity occurs in Western 
Canada (41%) followed by Ontario (25%), Quebec (23%) and Atlantic Canada (11%).  Approximately 
forty companies were identified during the course of this study that are active in VRP activities in 
the aerospace industry in Canada.  This group comprised a mixture of OEM, OEM-contracted and 
independent VRP agents servicing commercial, defence, small airplanes and helicopters.  Products 
listed as being repaired or overhauled included landing gear, aerostructures, electrical harnesses, 
tubing, ducting, avionic computers, navigation systems, engines and fuelling components. 

VRP activity in this sector is dominated by remanufacturing or comprehensive refurbishment and 
repair (see Table 4). 

Table 4: A map of VRP practice and drivers in aerospace 

Note:  a. Boxes with no comment indicate activity is generally applicable across all markets or requires no caveat, 
b. Cascading between consumers ς the handing on of goods to users with similar or lower expectations of performance. 
c. Ψbƻƴ-ǉǳŀƭƛŦƛŜŘΩ ƳŜŀƴǎ Ψƴƻǘ ǊŜǉǳƛǊƛƴƎ aviation authorizŀǘƛƻƴǎ ƻǊ ŎŜǊǘƛŦƛŎŀǘƛƻƴǎ ƻƴ ǇǊƻŎŜǎǎŜǎ ŜƳǇƭƻȅŜŘΩ 
d. Pink = VRP activity not applicable or insignificant. 

The aerospace VRP sector in Canada is comparable to that in other developed nations - strongly 
tied to supporting airline operations for domestic and international travel and consequently, needs 
to achieve a high standard of safety, reliability and conformance. Competition for aerospace VRP 
services is global which suggests that industry players in Canada need to be near the front of 
engineering and technology in this sector to be and remain competitive.   

 Motives to undertake VRP activities and barriers to growth 

Respondents indicated that their motives for undertaking VRP activities were primarily customer 
demand, to increase profitability and market share and to meet federal legislation, which is highly 
prescriptive, and which meet international industry standards. 

As demand for VRPs is directly related to the demand for air travel, the ongoing effects of COVID-
19 is likely to be one of the main barriers to the growth of these activities. The lack of an overall 
ǊŜƎǳƭŀǘƻǊȅ ǊŜƎƛƳŜ ŦƻǊ ŜȄǇƻǊǘƛƴƎ ±wtΩŘ ƎƻƻŘs ς with Canada, and other countries, needing to 
negotiate bilateral arrangements in order to export to other countries ς was cited as a barrier.  Lack 
of skilled labour was also cited as a barrier ς one that is predicted to get worse due to an aging 
workforce demographic (AIAC, n.d.).  Other barriers to future growth cited by participants included 
foreign legislation, lack of customer recognition, inadequate product knowledge, high labour costs 
and protectionism in the US against foreign VRP military aerospace products.   

 Predictions for future growth 

The Aerospace Industry Association of Canada (AIAC) has outlined a strategic growth plan for the 
Canadian aerospace industry in their document Charting A New Course: Canada as a Global 
Aerospace Champion (AIAC, n.d.) that sets industry growth targets for 2025 of an additional: 55,000 
jobs, $CAD 4.5 billion in exports and $CAD 7 billion in GDP contributions.  It is not known how much 
of this growth would be for MRO or how these targets have been impacted by COVID-19.  
However, one of the priorities set out in the document is for the Government of Canada to invest in 
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