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Abstract
The circular economy offers a framework for transforming waste-
ful and inefficient linear systems into cascading systems that retain 
the inherent value of products, reduce negative externalities, and 
improve resource-efficiency. The cycling of technical nutrients within 
a circular economy can be achieved through product value-retention 
processes (VRPs) that include direct reuse, repair, refurbishment, 
and remanufacturing. Product case studies reveal that VRPs offer 
differing degrees of process and resource-use intensity, and as such, 
each contributes different economic and environmental benefits and 
circularity. Value-retention and impact metrics, measured relative 
to new product options, include new material use (kg/unit), energy 
use (MJ), emissions (kg CO2-eq.), production waste (kg/unit), cost 
advantage (% $USD/unit), and employment opportunity (Full-time 
Laborer/unit or FTE/unit). When compared to a traditional new 
product, all VRPs create significant resource efficiency and circularity 
opportunities. When compared to other VRPs, Partial Service-Life 
VRPs (direct reuse and repair) require significantly fewer resources, 
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and thus result in relatively lower environmental and economic costs 
than Full Service Life VRPs (refurbishment and remanufacturing); 
However, more intensive Full Service Life VRPs ensure relatively 
greater utility, service-life, and value for the customer. Because of 
these differences, VRPs may be adopted strategically to pursue a 
range of business and policy objectives.

Keywords:  Circular economy, value-retention processes (VRPs),  
resource efficiency, market transformation, remanufacturing, 
refurbishment, repair, direct reuse

1.1	 Introduction

The full potential value of the circular economy goes beyond 
the recycling of materials in their raw form; in the circular 
economy, value is ultimately embedded in our ability to retain 
the embodied and inherent value of product material, struc-
tural form, and ultimate function. Capturing, preserving, 
and re-employing this value not only offsets virgin material 
requirements, but also reduces required production activities 
and instills new value altogether by ensuring the completion 
of, and/or potentially extending a product’s expected life. In 
this respect, value-retaining production processes that include 
arranging direct reuse, repair, refurbishment, comprehen-
sive refurbishment, and remanufacturing (hereafter referred 
to as value-retention processes or VRPs) are essential for 
improving industrial system circularity. 

Through the deployment and scaling of VRPs worldwide, 
important environmental and economic objectives of increased 
system circularity, and the decoupling of economic growth 
from environmental degradation, can be successfully pursued. 
There is no single solution that is at once universally applicable, 
socially equitable, economically efficient, and environmentally 
healthy. As such, it is critical, to understand the different ways 
in which these processes may interact within and affect cate-
gorically diverse economies. 
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The International Resource Panel (IRP), a branch of the 
United Nations Environment Programme (UNEP) investigated 
each of these VRPs, including their role in the current indus-
trial paradigm, and their potential to impact the future of the 
circular economy [1]. This assessment helped to shed light on 
the contribution that VRPs can make to the pursuit of enhanced 
resource efficiency and the reduction of environmental impacts 
associated with primary material production and traditional 
linear manufacturing. Some of the major insights and outcomes 
of this IRP Report are covered within this chapter.

1.2	 Overview and Evaluation 
of Value-Retention Processes

VRPs are distinctively different from, and far less understood 
than recycling. VRPs help to ensure the offset of virgin material 
requirements, the collection and reuse of valuable materials, 
and the retention of embodied and inherent value, by ensuring 
the completion of, and/or potentially the extension of a prod-
uct’s expected service life. Expanding the use of VRP practices 
can offer substantial and verifiable benefits in terms of resource 
efficiency, circular economy, and protection of the global envi-
ronment. However, their intensities and adoption globally have 
been limited due to significant technical, market infrastructure, 
and policy barriers. 

1.2.1	 Defining Value-Retention Processes
One of the main challenges facing VRPs around the world, as 
corroborated via international market access negotiations [2] 
and the US International Trade Commission (USITC) [3], is the 
wide range of definitions and interpretations of different VRPs. 
There are often multiple issues at stake, including common ter-
minology differentiations made within and across sectors, as 
well as regulations focused on protecting consumer interests 
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in certain countries. For example, while the VRP activity called 
‘reconditioning’ in the electronics industry (as preferred by the 
Professional Electrical Apparatus Recyclers League), ‘rebuilding’ 
by the Federal Trade Commission, and ‘remanufacturing’ under 
a definition accepted by the WTO, the intent for each of these 
terms is the same: “…the process of returning the electrical product 
to safe, reliable condition…” [4]. Alternately, the medical sector 
typically uses the term ‘refurbishment’ for the same VRP that the 
aerospace sector would use the term ‘overhaul’ to describe; In 
fact, both definitions are clearly describing what would be con-
sidered ‘remanufacturing’ in other sectors.

Given the potential for confusion, the 2018 IRP Report [1] 
distinguished between each of the VRPs, and adopted VRP 
definitions and terminologies that are consistent with inter-
nationally recognized sources (where they exist) that include, 
but are not limited to, the Basel Convention Glossary of Terms 
(Document UNEP/CHW.13/4/Add.2) [7] and Directive 2008/98/​
EC [8] (Figure 1.1).

1.2.1.1	 Arranging Direct Reuse
Arranging direct reuse refers to: “The collection, inspection 
and testing, cleaning, and redistribution of a product back into 

Life Extension/ Value-Retention Processes

Traditional
OEM New Repair

Refurbishment/
Comprehensive
Refurbishment 

Remanufacturing

Increasing Process Complexity and Value-Retention Potential

Arranging Direct
Reuse 

Source: (IRP 2018) 

Figure 1.1  Definitions and structure of value-retention processes within 
this report.
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the market under controlled conditions (e.g. a formal business 
undertaking)” [7] (Figure 1.2). Arranging direct reuse does not 
include reuse that occurs mostly through the undocumented 
transfer of a product from one consumer to another. Under 
arranging direct reuse, no disassembly, removal of parts, 
or addition of parts occurs. Only those products that are in 
sufficient working condition, not requiring any component 
replacement or repair, and to which quick and easy aesthetic 
touch-ups can be performed, qualify as arranging direct reuse 
products. These products are not guaranteed to meet original 
specifications and are typically offered to the market at a sig-
nificant price discount, with no, or at least a much-modified, 
product warranty. 

Arranging direct reuse becomes possible when a prod-
uct reaches the end of its useful service life prematurely: the 
owner may require an upgraded product, may no longer need 
the product, or may have a change in preferences. Alternately, 
the usage/service requirement rate may have been less than 
expected during the products service life. In any case, although 
the product has reached end-of-use (EOU), it has not yet ful-
filled its expected life or potential life. Arranging direct reuse 
enables the product to continue to maintain productivity 
through use, instead of being prematurely discarded into a 
waste or recycling system. 

Economy

Production Original User

New User

Arranging 
Direct Reuse

Source: (IRP 2018) 

Figure 1.2  Descriptive summary of arranging direct reuse process.
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1.2.1.2	 Repair 
Repair refers to: “The fixing of a specified fault in an object that 
is a waste or a product and/or replacing defective components, 
in order to make the waste or product a fully functional product 
to be used for its originally intended purpose” [7] (Figure 1.3). 
Repair activities include those required for known prod-
uct issues, which enable the product to complete its original 
expected life. They also include the maintenance of a product 
that if left unmaintained, would have a constrained service life 
and/or utility. 

Repair activities are performed at the product-level: an other
wise functional product must have some worn or damaged parts 
removed and new parts added for it to continue functioning for 
the duration of its expected life. Rather than the entire product 
being discarded into a waste or recycling stream due to a worn 
or damaged part, repair activities bring the entire product back 
to its original functioning capacity for the continuation of the 
product’s expected life. 

1.2.1.3	 Refurbishment & Comprehensive Refurbishment
There are differing degrees of refurbishment activity that yield 
differing levels of material value retention and product utility: 
Refurbishment and Comprehensive Refurbishment (Figure 1.4).

Economy

Production Original User Repair

Source: (IRP 2018) 

Figure 1.3  Descriptive summary of repair process.
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•	 Refurbishment refers to: “The modification of an 
object that is waste or a product to increase or restore 
its performance and/or functionality or to meet 
applicable technical standards or regulatory require­
ments, 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.” [7] 

•	 Comprehensive Refurbishment refers to: “Refurbish­
ment that takes place within industrial or factory set­
tings, with a high standard and level of refurbishment.” [1] 

Standard “Refurbishment” refers to ‘minor overhauls’ (heavy-
duty engines and equipment), and ‘upgrades’ (electrical and 
electronic equipment). The refurbishment process is performed 
within repair and/or maintenance facilities to increase or restore 
performance and/or functionality or to meet applicable technical 
standards or regulatory requirements. 

Comprehensive Refurbishment*

Economy

Production Original User

Original User OR New
User 

Collect for Comprehensive
Refurbishment 

Data Wiping & Upgrade

Repair for Functionality

Aesthetic Touch-Ups

*May consist of these and/or other steps;
Takes place within industrial settings 

Source: (IRP 2018)

Figure 1.4  Descriptive summary of comprehensive refurbishment 
process. 
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“Comprehensive Refurbishment” differs from standard refur-
bishment in that it involves a more rigorous process within a fac-
tory setting, and is only undertaken by certain sectors including, 
but not limited to industrial digital printers, medical equipment, 
and heavy-duty and off-road (HDOR) equipment parts. The 
addition of value during comprehensive refurbishment enables 
an almost full new service life for the product. 

1.2.1.4	 Remanufacturing
Remanufacturing refers to: “A standardized industrial process 
that takes place within industrial or factory settings, in which 
cores are restored to original as-new condition and performance 
or better. The remanufacturing process is in line with specific tech­
nical 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 remanu­
factured goods” [1] (Figure 1.5).

This definition aligns with others from the literature, includ-
ing from the WTO [2], Nasr and Thurston [5], USITC [3], and 
six global automotive remanufacturing associations1 [6].

For a VRP to be considered ‘remanufacturing’, there is a 
minimum expectation of an industrial process in an industrial 
setting, consisting of specific activities including disassembly 
and  cleaning, the requirement for testing and documenta-
tion, and the assurance of ‘as-new or better-than-new’ perfor-
mance and quality of the remanufactured product. 

1	 European Association of Automotive Suppliers (CLEPA), and European 
Organization for the Engine Remanufacture (FIRM), Motor & 
Equipment Remanufacturers Association (MERA), and Automotive Parts 
Remanufacturers Association (APRA), Automotive Parts Remanufacturers 
National Association (ANRAP), Remanufacture Committee of China 
Association of Automobile Manufactures (VRPRA). 
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The exact process undertaken by remanufacturers neces-
sarily differs by product type: In most cases, remanufacturing 
includes the complete disassembly of all component parts for 
inspection and cleaning, however in the case of some products 
(e.g. industrial digital printers), disassembly only down to the 
module-level may be appropriate. This is especially true when 
the module itself has been designed for remanufacturing, in 
which case, by design, the module may have a longer expected 
service life than the product into which it is incorporated. 
Similarly, different sectors may utilize different reassembly 
procedures: In the case of medical devices, every disassembled 
part has an identifying serial number, and must be reassembled 
into the same remanufactured product; this differs from other 
sectors where disassembled parts may go directly into a gen-
eral inventory and utilized as needed in the remanufacturing of 
completely different product units.

1.2.2	 Expanded Systems-Perspective for VRPs
One of the most significant challenges to increasing the scale 
of VRPs in economies around the world is the complex nature 

Industrialized Remanufacturing Process

Economy

Production Original User

New User

Collect for
Remanufacturing 

Cleaning

Repair

Testing

Disassembly

Inspection

Reassembly*

New Components
*May include upgrade if appropriate

Source: (IRP 2018) 

Figure 1.5  Descriptive summary of remanufacturing process.
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of the circular economic system, which must consider stake-
holders and conditions beyond those required under the tra-
ditional linear system. These include: collection infrastructure 
and incentives regulatory classifications and terminology that 
can interfere with access and trade; markets and social norms 
that associate ‘new’ products with status and quality; and 
well-entrenched technological and production systems oriented 
towards linear flows and heavily-scoped producer responsibility 
(Figure 1.6).

1.2.3	 Evaluating the Value-Retention Potential 
of VRPs

In the context of VRPs, end-of-use (EOU) must be differenti-
ated from end-of-life (EOL), as these critical terms clarify where 
opportunity for VRPs exist. In the design of new products, spec-
ifications for expected service life of the product are established. 
The expected life determines the designed durability and dura-
tion of the product: how many cycles, runs, miles, hours, etc. it 
should perform before maintenance interventions are required 
to ensure performance (e.g. repair, refurbishment), and how 
many of these can be performed before the product will degrade 
beyond use or reach EOL. Product EOL signifies that there are 
no other options for the product, but to be recycled or disposed 
into the environment. However, if other options exist to keep the 
product, and/or its components, within the market – via VRPs – 
then the product has only reached EOU. 

The opportunity for VRPs lies in determining and under-
standing how a seeming product EOL may actually only be 
product EOU. In other words, once a product or components 
has reached EOU, it may be directed into EOL options of recy-
cling or disposal – it may also, where infrastructure exists, be 
directed into a secondary market for repair, arranging direct 
reuse, refurbishment or comprehensive refurbishment, or 
remanufacturing instead.
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The IRP [1] found that VRPs could be organized into two 
categories (Figure 1.7): 

•	 Full Service Life Processes refer to processes that enable 
the fulfillment of a complete new life for every usage 
cycle of the product, and includes manufacturing 
(Original Equipment Manufacturing, or OEM New), 
comprehensive refurbishment, and remanufacturing 
processes. These processes take place within factory 
settings and industrial operations;

•	 Partial Service Life Processes refer to processes that 
enable the completion of, and/or slight extension of, 
the expected product service life, through arranging 
direct reuse of the product, repair, and refurbish-
ment. These processes take place within mainte-
nance or intermediate maintenance operations.

Expected EOU
Manufactured

Comprehensive Refurbishment

EOL

Almost full service life

Manufactured

Expected EOL
Manufactured

Expected EOLManufactured EOU

Arranging Direct Reuse

Expected EOL
Manufactured EOU

Repair

Expected EOL
Manufactured

Refurbishment

EOLEOU
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Remanufacturing
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Remanufacturing
Full service life

EOL

Full service life

Expected EOU

Remanufacturing

Source: (IRP 2018)

Figure 1.7  Summary of value-retention processes differentiation within 
the context of end-of-use (EOU) and end-of-life (EOL).
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1.3	 Value-Retention Process Evaluation Results

Although is it common to consider and discuss VRPs as ‘equiv-
alent’ under a broad terminology of ‘reuse’, to do so would be 
problematic and misrepresentative. This is because each VRP is 
distinct in how it affects the product lifecycle, retains material 
and embodied value, and generates utility for the user.

1.3.1	 Environmental Impacts of Value-Retention 
Processes at the Product-Level

In its assessment of VRPs, the IRP was interested in the environ-
mental impacts of each VRP across five environmental metrics: 

1)	 New material requirement (kg);
2)	 Embodied energy (MJ) associated with the 

extraction and processing of raw materials prior 
to production;

3)	 Embodied emissions (kg CO2-eq.) associated 
with the extraction and processing of raw materi-
als prior to production;

4)	 Process energy (MJ) required for gate-to-gate 
production activity;

5)	 Process emissions (kg CO2-eq.) generated as a 
result of gate-to-gate production activity.

Based on IRP case study product research and analysis, the 
material efficiency, energy requirement, and emissions gen-
eration associated with US-based production of case study 
products, by OEM New and VRPs are presented in Figure 1.8 
through Figure 1.10 [1].
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Figure 1.10  Impact reduction potential for USA via value-retention 
processes for vehicle parts production.
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Figure 1.8  Impact reduction potential for USA via value-retention 
processes for industrial digital printers.

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

100.0%

New Materials 
(kg/unit)

Embodied Energy 
(MJ/unit)

Embodied Emissions 
(kg CO2-eq./unit)

Process Energy 
(MJ/unit)

Process Emissions 
(kg CO2-eq./unit)

Comparative Weighted Average Impacts Per Unit
Case Study HDOR Equipment Parts -USA- 

OEM New Remanufactured Comp. Refurbished Repair Direct Reuse

Figure 1.9  Impact reduction potential for USA via value-retention 
processes for HDOR parts production.
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1.3.2	 Economic Advantages of Value-Retention 
Processes at the Product-Level

The economic considerations of VRPs at the product level 
are also highly relevant to the discussion of impacts and 
benefits that become possible through the use of VRPs in the 
pursuit of circular economy. In its study the IRP assessed the 
select case study products, presented in Figure 1.11 through 
Figure 1.13, across the following economic metrics:

1)	 Production waste (including scrap recyclable 
material) (kg/unit);

2)	 Cost advantage (% $USD per unit vs. OEM New); 
and

3)	 Employment opportunity (Full-time Laborer or 
FTE/unit).
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Employment Opportunity (% FTE/unit vs. OEM New) Cost (% USD/unit vs. OEM New)
Production Waste (t/unit vs. OEM New)

*Production waste includes scrap recyclable production process by product

Figure 1.11  Employment opportunity, cost advantage, and production 
waste reduction via VRPs for case study industrial digital printers.
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Figure 1.13  Employment opportunity, cost advantage, and production 
waste reduction via VRPs for case study HDOR equipment parts.
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1.3.2.1	 Production Waste Reduction through 
Value-Retention Processes

Through the reuse of viable products/components, significant 
processing activities are no longer required, and the waste asso-
ciated with those processes is offset. Every VRP offers some 
degree of reduced production waste: where arranging direct 
reuse requires no new material inputs, and therefore no addi-
tional production wastes, remanufacturing enables a produc-
tion waste reduction between 90% (industrial digital printers) 
and 95% (vehicle parts). The decrease in the volume of produc-
tion waste and recyclables is first and foremost an economic 
opportunity associated with increased adoption of VRPs: this 
reduction in waste leads to reductions in storage, hauling and 
tipping fees that would otherwise be borne by the producer.

1.3.2.2	 Production Cost Advantages of Value-Retention 
Processes

Significant cost advantages are made possible through VRPs, as 
a large share of costs to the producer are offset by the reduced 
requirement for new input materials and associated process-
ing costs. In addition, for some products and sectors, process 
energy-related costs can be significantly reduced by offsetting 
many processing stages and activities with more manual activ-
ities. According to the IRP Report [1], cost advantages of VRPs 
range, conservatively, between 15% and 80% of the cost of an 
OEM New version of the product.

1.3.2.3	 Employment Opportunities through 
Value-Retention Processes

There is significant employment opportunity inherent in VRPs. 
While the cost of labor remains a significant share of total pro-
duction costs in all manufacturing activity, in the case of VRPs, 
the additional labor cost is typically more than offset by the 
relative reduction in materials, utilities, and other overhead 
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and operating costs. In the case of remanufactured products, a 
significant increase in full-time labor requirement is observed, 
and at the same time, remanufacturers are typically able to offer 
a consistent cost advantage to potential customers. It is import-
ant to note that the employment opportunity is not equal across 
all VRPs: Only remanufacturing, and to some degree compre-
hensive refurbishment, offer greater full-time employment 
opportunity than traditional OEM New production. Thus, as 
the production share of remanufacturing and refurbishment 
are increased, a corresponding increase in full-time employ-
ment opportunities is possible. 

1.3.3	 Systemic Barriers to VRPs
The objective of increasing the scale and prevalence of VRPs 
and products within an economy requires a holistic approach 
that considers the magnitude and cause of barriers throughout 
the entire system, as well as how those barriers may interact to 
compound or negate one another. There are four main catego-
ries of barriers to VRPs according to the IRP, outlined below:

1.	 �Regulatory and Access Barriers: Refers to barriers 
that restrict the movement of, and/or access to VRP 
products or cores. These barriers may manifest as 
prohibitions of the production and/or sale of VRP 
products into a domestic market; they may also 
manifest as increased fees, tariffs or other transac-
tional costs associated with bringing finished VRP 
products or components (cores) for VRP produc-
tion into the domestic economy. 

2.	 �Collection Barriers: VRP production is dependent 
on the ability to access EOU products and compo-
nents; the majority of economic and environmen-
tal benefits created via VRPs are tied to the offset 
or original production materials and processes 
through the reuse of viable ‘cores’. If collection 
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infrastructure is inadequate or inefficient, the reuse 
input requirements of VRP producers cannot be 
met. 

3.	 �Technological Barriers: When technology, prod-
uct knowledge, process know-how and/or skilled 
labor are insufficient, the capacity of the VRP pro-
ducer is relatively constrained, and the associated 
potential economic and environmental benefits are 
limited. In such cases, in addition to being limited 
in the current state, the VRP producer’s ability to 
build capacity over-time – whether demand oppor-
tunity exists or not – is likely stunted. 

4.	 �Market Barriers: The complexity of customer (con-
sumer) attitudes, preferences, willingness-to-pay, 
and actual purchasing behavior creates significant 
additional challenges for VRPs, even in markets 
where no other barriers are present. Where a stra-
tegic approach for many VRP producers is to offer a 
discounted price to incentivize the purchase of the 
VRP product, this price discount may also limit the 
VRP producer’s ability to maximize profit margins 
and find cost advantage in the production process.

1.4	 Key Insights Regarding VRPs

1.4.1	 Value-Retention Processes Create Net-Positive 
Outcomes for Circular Economy

At the product-level, offset embodied energy and emissions 
create immediate and obvious ranges of potential impact reduc-
tion and value-retention associated with the adoption of VRPs. 
When considered in the context of the process definitions, and 
the subsequent quality and performance of the VRP product, it 
becomes clear that different VRPs are appropriate for different 
objectives. Where remanufacturing and comprehensive refur-
bishment (Full Service Life Processes) add and retain relatively 
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greater value in the system in terms of materials and functional 
form, for some products and economies these relatively more 
intensive industrial processes may increase the associated pro-
cess energy requirement and process emissions. At the same 
time, the rigorous industrial process can lead to greater eco-
nomic opportunities in the form of increased labor require-
ment, decreased waste management costs, and greater utility, 
for the customer.

In contrast, arranging direct reuse, repair, and refurbishment 
(Partial Service Life Processes) can be undertaken at a relatively 
lower cost, enabling customers with budget constraints to con-
tinue participating in the market; and they can be completed 
with lesser material requirement, energy requirement and 
associated emissions and waste. However, Partial Service Life 
processes offer only limited value and utility to the customer 
and retain less value in the system over time. 

1.4.2	 Product-Level Efficiency Gains Lead 
to Economy-Level Efficiency Gains

There is often a perception that the pursuit of sustainability must 
come at an economic cost. While this perception may be war-
ranted in a short-term context, through the adoption of VRPs, 
significant impact reduction can be achieved at the same time 
that economic opportunity is being created. The reduction in 
new material input requirement, and the embodied value inher-
ent in the already-functional form, ensure that VRPs can offset 
a significant share of costs that would otherwise be required 
for OEM New production. This cost advantage to the producer 
generates additional economic opportunities in several ways: 
first, with lower operating costs there are fewer cost barriers to 
entry into the marketplace for potential VRP producers, and 
this can support and enable faster scale-up within domestic 
industry; and second, lower operating costs may enable VRP 
producers to pass the cost advantage along to their customers. 
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Lower-priced VRP product options in the market can enable 
new segments of customers to participate where budget con-
straints may previously have prevented such engagement. 

The relative positive outcome of avoided impacts can be 
observed across each sector and economy, and highlights the 
importance of utilizing a systems-view when assessing the 
potential for VRPs within the circular economy: 

1.	 Any increase in VRP production reduces average 
new material demand and creates an opportunity 
to avoid requirement for new materials. 

2.	 The avoidance of new material inputs creates sig-
nificant benefits in avoided embodied materials 
energy and embodied material emissions impacts 
that would otherwise be incurred through the 
extraction and primary processing of those new 
input materials. Regardless of which VRP is adopted, 
a net-positive reduction in embodied energy and 
embodied emissions is consistently observed across 
every sector and economy.

3.	 The significant retention of the functional form 
and material value of component parts enabled via 
VRPs offsets the production waste associated with 
original production.

1.4.3	 The Mechanics of a System Designed 
for Value-Retention Processes

There are many existing attributes and aspects of current 
production systems that can be leveraged in the pursuit of a 
system designed for optimized VRP production. While every 
economy faces different challenges and barriers to VRPs, 
each also has an already established relationship with the 
key aspects of the VRP system that can inform a policy and 
implementation strategy: 
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•	 For economies that currently engage in diversion 
and collection to recycling markets, these systems 
can be adapted to include diversion to secondary 
markets for reuse and VRP production;

•	 For economies that do not engage in collection 
or reverse-logistics, expertise in current forward- 
logistics systems can be leveraged to improve over-
all logistics system utilization and productivity, 
alongside the application of Best Practices that may 
have already been established for collection pro-
grams in other jurisdictions;

•	 For economies with technological barriers affect-
ing producer capacity, the learnings about technol-
ogy transfer enabled through improved access and 
trade in other products categories can be employed 
to the benefit of VRP production. 

1.4.3.1	 Value-Retention Processes are a Gateway 
to Recycling

There is a common misperception that VRPs may detract from, or 
compete against recycling; in fact, all VRPs and recycling are com-
plementary and essential within the context of a circular economy. 
A hierarchical perspective on value-retention is useful: where VRPs 
ensure that both material value and functionality are retained 
within the product, once functionality has degraded it is the recy­
cling system that ensures material value is still retained within the 
broader system. An alternate way of considering this complemen-
tarity is to consider that all products will eventually reach a point 
at which they no longer qualify for arranging direct reuse, repair, 
refurbishment or remanufacturing – either because of the associ-
ated cost, or because the implicit quality and utility-potential has 
been degraded. At that point, there is still an essential need for 
efficient and effective recycling systems to recover the value of the 
materials contained within the product, and to recirculate those 
materials back into circular materials economy.



VRPs Within the Circular Economy  23

1.4.4	 Overcoming Barriers to Value-Retention 
Processes

1.4.4.1	 Economic Conditions and Access to VRP Products
The presence of access barriers dominates the ability of an 
economy to realize the benefits from VRPs through uptake 
and diffusion. In the absence of clear domestic market demand 
and access to VRP technologies, potential VRP producers are 
unable to support the business-case for VRPs, in spite of the 
known environmental and economic benefits. Access barri-
ers slow the growth of VRP production within the domestic 
economy, as well as the speed of VRP capacity scale-up, and 
the related growth in domestic demand for VRP products. 
Technology and knowledge transfer that is essential for enhanc-
ing the learning curve of domestic producers is inhibited, ulti-
mately preventing opportunities for improved production and 
operational efficiency. 

1.4.4.2	 Market Challenges
Education and information is an essential strategy for com-
batting market barriers. A primary concern of customers in 
both open and restricted economies is the perceived qual-
ity discount associated with non-new products. There is a 
wide range of misinformation and mistrust related to VRP 
products. The lack of standards, certifications, and the preva-
lence of ‘bad experience’ stories have ensured that customers 
approach VRP products with high risk-aversion tendencies. 
Educating customers about the differences between VRPs 
(e.g. refurbishing vs. remanufacturing) so that perceptions 
about quality can more appropriately reflect actual quality is 
an important strategy in developed/industrialized markets, 
which need to focus on growing demand for VRP products as 
viable alternatives.

Both industry and government have a role to play in over-
coming market-based barriers to VRPs. Where government 
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must necessarily be concerned about the assurance of consumer 
interests and safety, industry has an opportunity to respond to 
these concerns through the development of standards, certifi-
cation and additional merit-based systems that can offer reas-
surance to both customers and policy-makers. 

1.4.4.3	 Regulatory and Policy Opportunities
Comprehensive restrictions and prohibitions, and/or bur-
densome requirements debilitate natural market forces, and 
ensure that many potential customers are unable to participate 
in the current market due to access and/or budget constraints. 
It is possible to ensure the protection of consumer safety and 
interests without comprehensive prohibitions and restrictions. 
The development and employment of VRP standards, certifi-
cations, and other non-regulatory forms of enforcement are 
being investigated and implemented currently in developed/
industrialized economies. 

1.4.4.4	 Diversion & Collection Infrastructure
VRPs are reliant on the diversion and collection of EOU prod-
ucts for use as inputs to the process; while individual compa-
nies may have established their own networks and collection 
infrastructure to ensure sufficient supply of reuse inputs, this 
can create a significant and inefficient cost-burden on the indi-
vidual organization. Other examples of shared collection infra-
structure, such as e-waste diversion and packaging extended 
producer responsibility (EPR) programs have demonstrated the 
ability to both increase collection rates and distribute the costs 
of operating the system. The requirement that these systems be 
funded by industry can provide an incentive to pursue greater 
cost-efficiency and performance over time. Creative and shared 
approaches to collection infrastructure may have some merit in 
cases where the objective is to increase collection and retention 
of value within a system.
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1.4.4.5	 The Nature of Barriers Must Guide Strategic 
Barrier Alleviation

Economies face distinct combinations of VRP barriers and may 
have unique objectives for VRPs as part of an economic or envi-
ronmental agenda. As such, there may be a range of potential 
strategic interventions available to policy- and decision-makers 
depending on each unique situation, as demonstrated in 
Figure 1.14.

1.5	 Conclusions

The circular economy sets out a framework in which VRPs 
work alongside other essential economic and behavioral strat-
egies to reduce the environmental burden of the global econ-
omy. However, this is a grand vision, and significant market 
transformation is required to achieve the potential economic 
and environmental benefits promised by circular economy. 
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Figure 1.14  Differentiated barrier alleviation strategies for different 
economic objectives.
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Ultimately, responsibility for scale-up and adoption rests with 
every decision-maker on the planet: from the individual con-
sumer making an everyday purchase decision, through to the 
policy-maker considering how to plan for economic growth in 
the context of international GHG emissions reduction com-
mitments. The next market transformation must ensure a shift 
in understanding, awareness, access and adoption of VRPs for 
each one of these decision-makers.

There are a range of opportunities to help kick-start this 
much-needed market transformation, and both govern-
ments and industry have an important role to play in help-
ing to increase the adoption of VRPs. The inclusion of VRPs 
within the domestic production mix has been shown to create 
net-positive per-unit reduction in new material requirement, 
embodied material energy, embodied material emissions, 
and in many cases, process energy and emissions as well. The 
increased presence of VRPs within an economy leads to an 
increase in avoided production impacts in every case. The most 
significant value-retention and impact avoidance comes from 
Full Service Life VRPs of remanufacturing and comprehensive 
refurbishment, despite their current low intensity in the most 
well-established economies. Arranging direct reuse and repair 
activities offer an important function of extending product util-
ity at a minimal impact, particularly for customers who cannot 
afford to participate in the market in other ways.

The objective of increasing the scale and prevalence of VRPs 
and VRP products within an economy requires a holistic 
approach that considers the magnitude and cause of barriers 
throughout the entire system, as well as how those barriers may 
interact to compound or negate one another. There are mul-
tiple, diverse, and interconnected stakeholders, each with a 
potential role to play in the transition to circular economy and 
the uptake of VRP production:

•	 Government policy-makers have a central and 
pivotal role related to the presence and alleviation 



VRPs Within the Circular Economy  27

of regulatory, access and collection infrastructure 
barriers; 

•	 Other stakeholders, including industry, may have 
an important role to play in the alleviation of barri-
ers related to the customer market and technolog-
ical capacity.

For economies wishing to pursue circular economy and VRPs 
as a key aspect of an effective system, acknowledgement of the 
underlying order within the system can help to guide strategic 
policy opportunities, as simplified in Figure 1.15.

A simplified approach to barriers assessment and the role 
of government and industry members in developing strategic 
responses to barrier alleviation is outlined in Figure 1.16.

1. Demand for a product originates in
the market with the customer

2. Economic opportunity of demand
will be met with supply from 
domestic supply and/or imports 

3. At EOU a product will be directed
into a secondary stream that will 
dictate the magnitude of value and
utility retention of the system 

Enable access to VRP products

Educate about VRP products

Order within the System Strategic Policy Opportunities

Support distribution of VRP products

Enable domestic VRP production

Enable import of VRP inputs

Enable import of �nished VRP products

Enable & promote recovery of EOU
products 

Updated waste hierarchy that re�ects
value retention of VRPs and more 
comprehensive reuse options 

Source: (IRP 2018)

Figure 1.15  Inherent system order enables priorities for alleviation of 
VRP barriers.
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