
sustainability

Article

Characterisation and Environmental Value Proposition of Reuse
Models for Fast-Moving Consumer Goods: Reusable Packaging
and Products
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Abstract: Problem: Fast-Moving Consumer Goods (FMCGs) are products that are purchased and
consumed frequently to satisfy continuous consumer demand. In a linear economy, FMCGs are typically
offered as single-use and disposable products. Limitations in product design, insufficient collection
systems, and inefficient recovery processes prevent high recycling rates. As a result, FMCGs often end
up in landfill or the environment, contributing to waste accumulation, and pollution. Whilst recycling
is the most common waste prevention strategy practiced by the industry, the process is limited to
addressing only the final stage of the product life cycle, omitting the overproduction and consumption
of materials typical of FMCGs. Instead, reuse is a strategy that is capable of extending the value of
resources by slowing material flows. Novel reuse models that require the consumer to interact with
durable primary packaging and products are emerging in the FMCG industry. However, the constituent
elements and operation principles of such reuse models are not fully understood. The aim of this
research is to develop a comprehensive characterisation of reuse models and to evaluate their potential
to deliver environmental value. Method: Ninety-two reuse offerings were selected and analysed to
identify their reuse system elements. The analysis led to the identification of a framework including five
reuse models, which were also evaluated to establish their capability to deliver environmental value
when compared to conventional single-use and disposable FMCGs. Results: Currently in the FMCG
sector, reusable products are mostly durable packaging, such as bottles and containers for beverages,
foods, personal and home care goods, and are infrequently durable products, such as personal and baby
care goods, including razors and nappies. Three reuse models involve exclusive reuse, a behaviour by
which a reusable product is used and kept by a single user throughout the product lifetime. In exclusive
reuse models, users are provided with either a reusable product (model 1), a reusable product with
preparation for reuse infrastructure (model 2), or access to preparation for reuse infrastructure (model 3).
Two reuse models involve sequential reuse, a behaviour by which a reusable product is used by multiple
users throughout the product lifetime and returned after each use to a provider. In sequential reuse
models, users are provided with either a reusable product with preparation for reuse infrastructure and
provider-operated recovery services (model 4), or a reusable product and provider-operated services
for recovery and preparation for reuse (model 5). Whilst the five reuse models can operate standalone,
some offerings were found to embed a multi-model approach. Both exclusive and sequential reuse models
are capable of delivering environmental value by reducing the use of natural resources and retaining
their value in the economy. In particular, sequential reuse models were found to have a greater capability
to increase the share of recyclable resources by offering access to infrastructure for the closure of material
loops. Conclusions: Consumers can currently access five reuse models and choose between exclusive
and sequential reuse behaviours. When adopted in conjunction with recycling, reuse models can enable
a more efficient consumption of FMCGs. Providing the infrastructure necessary to enable reuse and
recycling is key to the successful and sustainable deployment of the reuse models.

Keywords: reuse; consumer behaviour; reuse models; reusable products; reusable packaging; refill-
able packaging; returnable packaging; fast-moving consumer goods; circular economy
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1. Introduction

Fast-Moving Consumer Goods (FMCGs) are mass-produced products that conve-
niently and recurrently meet consumers demand [1]. The production, distribution, and
delivery of FMCGs to a global market requires a continuous supply of materials and
energy [2]. FMCGs have short lifespans as they are typically designed for single-use and
disposal [1,3]. Once they reach the end of life, some FMCGs enter the waste stream to
recover materials. However, due to inefficiencies in collection and recovery systems, driven
by adverse consumer behaviour, underdeveloped infrastructure, and lack of recyclability
by design, FMCGs often are diverted to landfill and incineration, contributing to waste
accumulation and pollution to air, water, and soil [4]. Therefore, FMCGs operate in a linear
economy system, whereby products are manufactured using virgin resources that are mass
consumed and disposed of at the end of life.

Instead, in a circular economy, FMCGs are designed using strategies that keep a high
utility of resources, are manufactured using sustainable materials, and at the end of their
functional life re-enter the economy either as recycled materials or reusable packaging
and products.

Recycling is a critical process that can retain the flows of materials within the economy.
For FMCGs, specifically packaging, the process typically follows five key stages: (1) con-
sumer disposal, (2) collection, (3) sorting, (4) reprocessing, and (5) production of recycled
materials [5]. As a waste management strategy, recycling needs to be pursued further by
the FMCGs industry to ensure that not only packaging materials are recovered but also
other types of end-of-life products, e.g., razors and nappies [4]. In particular, there is a need
to improve both the design of packaging and products for recyclability and the design of
systems for collection and recovery [6]. In conjunction with these improvements, it is also
important for the industry to find means to encourage consumer recycling behaviour and
ensure that products are disposed of into the correct waste streams once they have reached
the end of their useful life [7]. Nonetheless, recycling is an energy-intensive process and
outcomes, i.e., the recovered materials and their value, are affected by the contamination
and loss of physical properties [8]. This makes it less desired than other waste manage-
ment strategies, such as reuse. In addition, recycling leaves the important question of
how to slow down the wasteful use of materials due to the frequency and scale of FMCG
use unanswered [9].

Reuse is a waste management strategy which involves operations that can slow the
flows of materials specifically by extending the product utility [10]. For FMCGs, specifically
packaging, the process of reuse involves an operation by which products or components
are used again for the same purpose for which they were conceived, with or without
the support of auxiliary products present on the market [11,12]. Very little reuse occurs
today in the FMCG sector partly due to the “one-off” nature of consumption [4]. However,
recently circular FMCG offerings have emerged that adopt novel reuse models and redefine
the look of products, primary packaging, operations, and ecosystems. For example, new
types of reusable packaging can be refilled by the bulk dispenser or parent packaging and
are returnable [10]. The development of these reuse models requires a comprehensive
understanding of their constituent elements. However, current literature on reuse is limited
and does not provide a systematic overview of how reuse models are designed and what
environmental value proposition they offer. This understanding is important to support
the transition of the FMCG sector towards reuse.

The aim of this research is to investigate reuse models implemented by the FMCG
industry to (1) understand the differences between their constituent reuse system elements
and (2) evaluate their environmental value proposition. In line with the EU Waste Frame-
work Directive, reuse is defined as “any operation by which products or components
[ . . . ] are used again for the same purpose for which they were conceived” (Directive
2008/98/EC; Article 3.13, p. 312/10 [12]). The definition of reuse adopted in this research
concerns the recurring utilisation of “unmodified” products. As such, it does not address
reuse operations that involve repurposing, refurbishment, or remanufacture, which are
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considered in other definitions of reuse (e.g., Ecodesign Directive 2009/125/EC [13]). “Tra-
ditional” single-use and disposable FMCGs comprise packaged fluids (e.g., beverages
and gases), soft solids (e.g., foods and cosmetics), and solid (e.g., razors, toothbrushes
and menstrual cups) products. In reuse models, FMCGs become durable in terms of
both packaging and/or products. In this paper, the term reusable product is used to refer
to either durable packaging or durable products. More so, the terms reusable packaging
and reusable vessel (including both bottles and containers) are used to refer to durable
primary packaging.

The paper is organised into the following sections. Section 2 reviews the literature
on reuse behaviour, reuse frameworks, and the environmental value of reuse models.
Section 3 outlines the research methodology. Section 4 presents the identified reuse models.
Section 5 evaluates how the reuse models deliver environmental value. Section 6 provides
a discussion of results before concluding the study in Section 7.

2. Background
2.1. Reuse of FMCGs

In the EU Waste Framework Directive (Directive 2008/98/EC [12]), reuse occupies
a prominent position, which is featured in second place after reduce—the most efficient
strategy. Reuse is followed by recycling—a practice that is becoming a normative disposal
habit [14]. In the FMCG industry, reuse has mainly received attention from a primary
packaging perspective. The BS and ISO standards and EU directives provide definitions of
reuse, as presented in Table 1. These definitions bring out a systemic and performance—
centred view on reuse, as they refer to the existence of a reuse system, auxiliary products
to support reuse, a minimum number of reuse rotations or trippage [15], and the fact
that eventually, reusable packaging becomes waste and requires recycling. Although it
is not explicitly included in the definitions, the standards and directives also define the
operations needed to enable reuse. For example, ISO 18603 [16] reports that reconditioning
for reuse includes operations such as assessment of packaging condition, removal and
replacement of damaged or non-reusable components, cleaning or washing according to
relevant conditions, inspection, and assessment of fitness-for-purpose.

Whilst reuse is currently an emerging practice, it is not new to the consumer. For
example, archaeological findings related to the Bronze Age have evidenced repair activ-
ities being performed on broken or discarded pottery to enable the reuse of ceramics in
Greece [17] and the reconditioning of razors made from bronze and iron for reuse across
Europe [18]. Records of public actions in late 18th century European countries, e.g., the
Netherlands, show that various second-hand household products, such as kitchen utensils,
were commonly bought for reuse [19]. During the same period, in the UK, reuse was also
practiced for products such as durable bottles that were lent to a consumer and returned to
the lender upon their goodwill and with the support of financial incentives, e.g., milk bot-
tles [20]. The milkman model continued as a widespread practice of bottle reuse until very
recently, with 74% of UK households still using this doorstep delivery and return service in
1989 [21]. Unlike many contemporary FMCGs, those products were made for longevity
and therefore intended for repair and reuse. Despite the evidence of reuse practices in past
history, following World War II, a steep rise in “throwaway” culture can be observed that
is particularly synonymous with the FMCG industry [22].
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Table 1. Definitions of reuse and reusable packaging in standards and directives.

Standards and Directives Definitions

BS EN 13429: 2004
Packaging reuse [11]

Reuse: operation by which packaging, which has been conceived and designed to
accomplish within its life cycle a minimum number of trips or rotations, is refilled
or used for the same purpose for which it was conceived, with or without the
support of auxiliary products present on the market enabling the packaging to be
refilled: such reused packaging will become packaging waste when no longer
subject to reuse
Reusable packaging: packaging or packaging component that has been conceived
and designed to accomplish within its life cycle a minimum number of trips or
rotations in a system for reuse

Directive 2008/98/EC
of the European Parliament and of the
Council of 19 November 2008 on waste and
repealing certain directives [12]

Reuse: any operation by which products or components that are not waste are
used again for the same purpose for which they were conceived

Directive 2009/125/EC
of the European Parliament and of the
Council of 21 October 2009 Establishing a
framework for the setting of ecodesign
requirements for energy-related products [13]

Reuse: any operation by which a product or its components, having reached the
end of their first use, are used for the same purpose for which they were conceived,
including the continued use of a product that is returned to a collection point,
distributor, recycler, or manufacturer, as well as the reuse of a product
following refurbishment

ISO 18603: 2013
Packaging and the environment—Reuse [16]

Reuse: operation by which packaging is refilled or used for the same purpose for
which it was conceived, with or without the support of auxiliary products present
on the market enabling the packaging to be refilled
Reusable packaging: packaging or packaging component that has been designed
to accomplish or proves its ability to accomplish a minimum number of trips or
rotations in a system for reuse

BS 8001: 2017
Framework for implementing the principles
of the CE in organisations [23]

Reuse: operation by which a product, component, or material can be used again
without requiring any reprocessing or treatment

2.2. Reuse Frameworks

With growing interest in reuse, frameworks of reuse models have progressively
emerged in the literature. In 2009, Lofthouse et al. [24] proposed a framework that specifies
eight types of refill models, namely lightweight self-contained refill delivered through dispenser,
self-dispense, original packaging swapped for new product, deposit system, top-up card, dispensed
concentrate, dispensed product, and concentrate mixed in original packaging. The naming of the
models is descriptive of both behavioural aspects (such as refilling and self-dispensing) and
system elements (such as product, packaging, and dispensing unit). However, the relations
and differences between the eight refill models only partly emerge. For example, the fact
that the casings of an ink toner and a single-use camera are viewed as refillable packaging
indicate that this work takes a refill- and packaging-centric view on the reuse of FMCGs.

In 2019, the Ellen MacArthur Foundation (EMF) [25] proposed four reuse models,
namely refill at home, refill on the go, return from home, and return on the go. Based on the
study of sixty-nine reuse business-to-consumer offerings (mostly reusable packaging),
the EMF framework distinguishes reuse models between two main dimensions, namely
the behaviour that consumers are expected to perform, i.e., either refill or return, and the
location where the behaviour occurs, i.e., either at home or on the go. Considering the first
dimension (i.e., the behaviour to be performed by consumers), it is worth noting that
refill and return behaviours are not polar opposites. In fact, the opposite of returning a
reusable product is to keep it [1]. Zeeuw van der Laan et al. [1] make the distinction between
offerings where the consumer has to keep and take care of their reusable product and
offerings where they have to return products for someone else to take care of them on their
behalf—a behaviour that is similar to recycling. Moreover, as in Lofthouse et al. [24], the
EMF framework [25] takes refill as the descriptor of reuse behaviour. Whilst this term fits
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well with some types of reuse offerings, it does not always provide an accurate description
of reuse behaviour as for reusable products that are not refillable packaging. Shifting
towards alternative terminology has the potential to increase the generality of the reuse
models. Considering the second dimension (i.e., the location within which the behaviour
occurs), it can be seen that it is useful to indicate the level of effort required by the consumer
to participate in an offering. Overall, the EMF framework is a step forward in bringing
out new understanding of reuse offerings, but it primarily frames reuse around specific
actions such as refill and return, leaving unaddressed issues such as the ownership of
reusable products and the interactions that users have with infrastructure. Notably, reuse
models were defined by the use of consumer behaviours, such as refill and on-the-go or
at-home locations also in the studies on reusable packaging by Mansour et al. [26] and
Long et al. [27].

In 2020, Tassell et al. [28] proposed a framework describing five reuse models de-
veloped based on key reuse-enabling behaviours of the consumer and provider, namely
consumer replenishes/reconditions, consumer replenishes at home via service, consumer replen-
ishes on the go via service, consumer brings and company replenishes/reconditions via service,
and company replenishes for consumer via service. The first three reuse models involve the
consumer keeping and replenishing or reconditioning a reusable product, while the last
two involve the consumer bringing (referred to as return in EMF framework [25]) and
disposing of reusable products. Whilst Tassell et al. [28] continue to use both the behaviour
and location as descriptive dimensions of reuse models, their work adds another modelling
dimension by specifying the role of the stakeholder (i.e., consumer or provider). This helps
differentiate who performs core behaviours such as preparation for reuse (replenishing)
and recovery for reuse (reconditioning).

In conclusion, current efforts to characterise reuse models have either contributed a
detailed framework of difficult-to-relate models [24] or simplified frameworks that have
considered limited dimensions of reuse [25,28]. In particular, the behaviours used in the
EMF framework to convey the essence of reuse are specific actions such as refill and return,
which do not provide a comprehensive understanding. To advance the field, there is a need
to develop a new understanding of reuse that brings together the core reuse behaviours,
the consumption of the reusable products, and the reuse-enabling infrastructure.

2.3. Reuse Behaviour and FMCGs

As an important enabler of the circular economy, consumer behaviour is receiving in-
creasing attention in the literature. Recent studies on the reuse of FMCGs have investigated
psychological determinants of consumer behaviour, including perceptions, motivation,
perceived behavioural control, attitudes, and cultural backgrounds. In a study on consumer
perception towards refillable packaging, Lofthouse et al. [29] identified a set of perceived
positive and negative attributes of refill systems (e.g., perceived ease or difficulty of use,
clean or messy experience, good or bad product quality and hassle of maintenance). In
their study, the perceived attributes are translated into design guidelines to successfully
implement reuse and refill models. A study by Choate et al. [30] investigated the factors
influencing behavioural intentions towards refilling reusable water bottles instead of pur-
chasing disposable water bottles. Choate et al. [30] suggest that by improving the ability
to perform a behaviour, namely through increasing the availability of water refill stations,
the consumer can positively shift their behavioural intentions towards reuse. Another
study by Ertz et al. [31] found that the consumer’s attitudes, subjective norms, perceived
behavioural control, and motivation have a significant impact on their intention to use
reusable containers. In the same study, Ertz et al. [31] also found that cultural differences
have a role in determining reuse behaviours between Asian and Western consumers. For
Western consumers, reuse attitudes have a stronger influence on reuse intentions, whereas
for Asian consumers, their reuse intentions are influenced by motivation. In a study
by Vaughan et al. [32], investigating the behavioural determinants of milk bottle reuse,
the consumer’s intrinsic sense of care for their local community of milk bottle co-users
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was found to have an important role in driving reuse behaviour and product stewardship.
Vaughan et al. [32] describe the observed consumer-to-consumer and consumer-to-business
relationships as a network of interdependency.

Other studies on the reuse of FMCGs have investigated the influence of behaviour
change interventions, including business-to-consumer communication and financial in-
centives. In a study on the influence of communication, Bashir et al. [33] administered
tailored messages emphasising the environmental benefits and safety of a refill-based home
cleaning service, which positively influenced the behavioural intention of consumers to
use this type of offering in the future. In addition, Miller et al. [34] found that tailored
messages emphasising the environmental value of using durable diapers can influence
consumers’ behavioural intention to reuse. Similar communication-based interventions
were investigated by Poortinga et al. [35] in a study on the consumption of reusable coffee
cups, where tailored messages emphasising environmental benefits positively influenced
consumer behaviour, resulting in an increased adoption of reuse. Poortinga et al. [35] also
investigated the influence of financial incentives and identified that an added monetary
charge on disposable coffee cups can increase the use of reusable coffee cups, whereas a
discount on the use of reusable cups was ineffective to initiate behaviour change.

2.4. Environmental Value of Reuse

As a circular economy strategy, reuse has the potential to reduce environmental
impacts, such as waste accumulation and pollution to air, water, and soil, which is caused
by the intensive mining, manufacture, distribution, consumption, and disposal of FMCGs.

Novel market propositions, such as business-to-consumer offerings that foster efficient
and sustainable consumption of resources, can be assessed on the basis of their potential
to deliver environmental value. This assessment can be conducted at various stages of
the development (e.g., early stage or late stage) of an offering. In the early stages, the
environmental assessment has to be agile and “light”, and it typically involves the use
of qualitative assessment methods. For example, Rosa et al. [36] present an expert-based
qualitative assessment of the environmental benefits of circular business models, including
product-oriented service systems, use-oriented service systems, and result-oriented service systems.
In addition, Manninen et al. [37] propose a framework for qualitative evaluation of the
environmental value proposition of circular business models in which individual offerings
are assessed against selected areas of impact by both experts and the authors.

In the late stages, the environmental impacts of an offering are typically assessed
through quantitative methods, e.g., Life Cycle Assessment (LCA). LCA studies on the
impacts of reusable products compared to single-use and disposable products are receiving
increasing attention in the literature. For example, in an LCA study on beverage cups,
Changwichan et al. [38] found that multi-use stainless steel cups used for more than 140
times have less adverse environmental impact than single-use take-away cups. A study by
Hoffmann et al. [39] showed that cloth diapers have a better environmental performance
than disposable diapers, and they can be further improved by optimised reuse enabling
services. Another study by Hait et al. [40] on non-packaging products established that
reusable menstrual cups used for one year have less than 1.5% of the environmental
impact of disposable sanitary products. A study by Makov et al. [41] showed that water-
dispensing stations (e.g., Woosh) have the potential to reduce the adverse environmental
impacts associated with the consumption of bottled water. Similar conclusions were drawn
by Stajcer et al. [42] in a study on refillable bottles, which showed that they have better
environmental performance than single-use bottles made from 50% recycled material. In
addition, a study by Landi et al. [43] showed that the reuse of glass bottles subject to
industrial cleaning, refill, and distribution in a local economy has better environmental
performance than recycling.
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3. Method

A dataset of reuse offerings in the FMCG industry was collected and analysed to
address the research aim. Section 3.1 presents the data collection. Section 3.2 presents the
analysis of the data to characterise the reuse models. Section 3.3 presents the analysis of
the data to characterise the capability of the reuse models to deliver environmental value.

3.1. Data Collection

The dataset investigated in this study includes ninety-two cases of reuse offerings
(Figure A1 in Appendix A). In order to be included in the dataset, cases had to comply
with the following criteria. First, they had to be representative of a business-to-consumer
model operating within the FMCG market, and provide the consumer with an opportunity
to reuse (i.e., recurrently utilise an FMCG for its original purpose). Cases of both reusable
packaging and products were considered suitable to be studied because they fit with the
aim to understand the reuse of FMCGs and were developed to replace traditional low-
involvement and short-lived goods. Moreover, reusable FMCG packaging and products
are comparable in terms of their journey as material resources and the interactions that
consumers have with them. Hence, they can be used to characterise generic reuse models.
Given that reuse is a strategy in its early stages and not many reusable FMCGs exist, cases
from different sectors and markets were included in the dataset. If analysed to identify how
the goods move in a system and how individuals interact with them, cases from multiple
sectors and markets are comparable and have already been studied as a dataset in prior
research [44]. The inclusion of such cases is also due to the fact that large FMCG companies
are global and therefore tend to implement new reuse models across different geographical
areas. It is worth noting that this study considered the FMCG sector and market as a whole
and did not aim to characterise differences between reuse across sub-sectors and specific
markets. Finally, cases had to include information about the material resources embodied
in the goods to be able to assess the environmental value proposition.

The search for cases involved identifying brands and businesses compliant with
these criteria. This was carried out using the Zero Waste Living Lab database [45], reuse
literature [25,44], and internet searches (using search term combinations such as “reuse”
+ “<FMCG product type>” or “<FMCG category>”). Subsequently, each identified case
was researched (by accessing the offering website) to obtain information on the design of
the reuse offering, namely the key reuse system elements. This information was gathered
between September 2019 and March 2020.

The final set of selected reuse offerings is representative of several common types of
FMCGs, namely beverages (n = 37), foods (n = 27), personal care products (n = 25), home care
products (n = 18), baby care products (n = 5), and transit packaging (n = 4) (some offerings in
the sample operated across several FMCGs categories). In the dataset, 88% are offerings
centred on the reuse of durable packaging, whereas the remaining 12% are centred on
the reuse of durable products. Hence, in the forthcoming sections of the paper, the term
“product” is used as a general descriptor of both durable packaging (i.e., vessels, such as
bottles) and durable products (i.e., non-packaging goods, such as nappies). At the time
of data collection, these offerings served domestic consumer markets in Europe (n = 42),
North America (n = 19), Asia (n = 7), South America (n = 3), Australia (n = 3), Africa
(n = 2), and worldwide (n = 17). Overall, 28% of the offerings in the sample operated
internationally, i.e., they served consumers in more than one country.

Individual cases of reuse business-to-consumer offerings operating within the FMCG
market are cited throughout the paper as examples, and the sources (i.e., website addresses)
can be located in Figure A1 (Appendix A).

3.2. Data Analysis: Emergence of the Reuse Models

The analysis followed two stages. In the first, the reuse offerings were mapped
individually to identify their reuse system elements, namely the architectural components
(i.e., people, objects, and infrastructures) that have a central role in facilitating reuse. The
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reuse system elements identified and investigated in this study include the (1) reuser
behaviour, (2) reusable product, and (3) reuse-enabling infrastructure.

The reuser behaviour describes the consumption interaction with the reusable product.
Building on previous work of Tukker [46] and Wieser [47] and the data analysed in this
research, two types of reuse behaviour modes were identified, namely exclusive reuse
and sequential reuse. Exclusive reuse behaviour is that of a consumer or a household who
consumes individually and keeps the reusable product. Sequential reuse behaviour is that of
a consumer or a household who consumes along with multiple successive individuals and
returns the reusable product. Exclusive reuse behaviour involves individual and unlimited
access, while sequential reuse behaviour involves sharing through successive access.

The reusable product is an FMCG equivalent that has been redesigned from a single-
use and disposable product to a multi-use and long-life product. Two types of reusable
product were identified, namely a reusable product (i.e., one that is used directly by the
consumer) and a reusable assistive product (i.e., one that aids the consumption). The
reusable products are either durable packaging or durable products, which are typically
composed of two key components, the consumable and the facilitator. For durable packaging,
such as a reusable beverage bottle, the bottle itself is the facilitator, and the beverage is
the consumable. Whereas for durable products, such as a reusable nappy, the nappy outer
wrap is the facilitator and the nappy inner cloth liner is the consumable. The function of the
consumable is to fulfil a specific consumption need (e.g., in a reusable bottle, the function of
the beverage is to hydrate; and in a reusable nappy, the function of the liner is to absorb),
while the function of the facilitator is to enable the consumable to deliver its function (e.g.,
the function of the bottle is containment of the beverage, and the function of the nappy
outer wrap is containment of the liner).

Furthermore, two types of provision of the reusable product were identified, namely
provided or not provided. In the majority of the offerings, the reusable product was
provided. However, in some offerings, the reusable product was not provided, and the
offerings involved access to refill the infrastructure with a previously owned reusable
product. The reusable product was also distinguished on the basis of its readiness for
consumption through two modes, namely “ready for consumption” and “in need of
preparation”. Finally, two types of consumption for a reusable product were identified
as in Wieser [47], namely ownership (consumer-owned) and access (provider-owned;
see Appendix B).

The reuse-enabling infrastructure refers to the system that supports the reuse of the
reusable product. Two types of reuse-enabling infrastructure were distinguished, namely
preparation infrastructure and recovery infrastructure. In terms of preparation for reuse, two
types of infrastructure were identified, namely assistive product and assistive appliance.
More so, two types of infrastructure organisation were identified, namely provided by the
supplier and consumer-operated (within the consumption phase; see Appendix C) and relied
upon by the consumer but provider-operated (outside the consumption phase). In the first
type, the consumer directly uses the infrastructure, whereas in the second type, the system
requires the infrastructure, but it is not consumer facing.

The second stage of the analysis consisted of identifying current reuse models, namely
commercial offerings built upon a specific configuration of reuse system elements, which
provide the consumer with an ability and opportunity to reuse. Offerings with the same
sets of reuse system elements were grouped by commonality to help identify distinct reuse
models. A similar approach was also adopted by the EMF [25], where types of consumer
behaviour and locations were used to define different reuse models.

The reuse system elements for three offerings from the beverage category are shown in
Figure 1. Offering A and offering B both involve a reusable product. However, the reuser
behaviour is different, i.e., exclusive and sequential. Further, offering B provides consumers
with reuse-enabling infrastructure, while offering A does not. As a result, they are different
reuse models: offering A sits in the exclusive reuse model 1, whereas offering B sits in the
sequential reuse model 5. In contrast, offering B and offering C show common key reuse
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system elements, which indicates that they belong to the same reuse model. The results of
this analysis are presented in Section 4.

O*

A.

B.

C.

reuser behaviour

exclusive
reuse

relied upon:
refill service

relied upon:
reconditioning
service

required:
reconditioning
appliance/product

required:
supply of
consumables

relied upon:
reconditioning
service

relied upon:
refill service

provided:
reusable
product

provided:
reusable
product

provided:
reusable
product

 
sequential
reuse

 
sequential
reuse

reusable product preparation for reuse recovery for reuse

reuse-enabling infrastructure

Model 1
Exclusively reused
products

Model 5
Sequentially reused
products

* Offering example
reuse system element that is part of an offering
reuse system element that is not part of an offering but is required to enable reuse in the model 

Figure 1. Examples of analysis of reuse offerings: (A) Dopper, (B) Vessel Works, (C) Loop.

3.3. Data Analysis: Evaluation of Environmental Value Proposition of the Reuse Models

Using an early-stage qualitative approach, the reuse models were evaluated to es-
tablish their Environmental Value Proposition (EVP), namely the pathways to deliver
sustainable and resource-efficient outcomes [37]. The EVP factors used in the evaluation
are based on a framework proposed by the European Environment Agency (EEA) [48]
as applied in Manninen et al. [37] to evaluate the EVP of circular business models. How-
ever, the factors in the EEA framework are only partially defined, making an objective
assessment of the reuse models challenging. To resolve this issue, each factor was assigned
“realisation methods” (i.e., system approaches by which the environmental value can be
achieved) identified by literature review. Notably, this process also consisted of selecting
the factors for which evidence of fulfilment or non-fulfilment was available in the literature,
as this would ensure that the assessment was factual. For example, categories of factors
such as fewer material losses and reduced emissions were excluded, as they specify further
outcomes of delivering the six EVP factors (e.g., fewer materials losses can be achieved by
delivering factors F3 and F4 and reduced emissions by delivering factors F1, F2, F5, and F6),
which could not be estimated (see Table 2). Hence, whilst Manninen et al. [37] used the full
list of EVP factors from the EEA [48], this study only includes six factors split into three
categories, as presented in Table 2. Importantly, the six EVP factors used in this study are
distinguished depending on whether they relate to either the product or infrastructure of
an offering.

The evaluation of the reuse models involved scoring their capability to achieve the
EVP factors and comparing them against the linear model currently operating in the FMCG
industry. This process was carried out in two stages. In the first stage, the capability to
achieve the EVP factors by the current linear model and the reuse models was determined
by the authors and justified based on evidence from the literature on FMCGs and sus-
tainability. The evaluation uses a scheme where models are scored to have either a high
capability to deliver the EVP factor (+) or a low capability to deliver the EVP factor (−). In the
second stage, a comparative evaluation of the reuse models against the linear model was
performed, where the differences between the individual reuse models and the linear model
are highlighted. This aimed to reveal which models perform better in delivering a specific
EVP factor. In past circular economy research, a similar methodology involving scoring
models has been used by Tukker [46] to establish the economic value of product–service
systems (PSS). Other research by Manninen et al. [37] conducted a qualitative evaluation of
the EVP of circular offerings compared to disposable goods.
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Table 2. Environmental Value Proposition (EVP) factors.

ID EVP Factors 1 E 2 Realisation Methods 3 Linear Model 3,4

Less input and use of natural resources 5

F1

Minimised and optimised
exploitation of raw materials,
while delivering more value
from fewer materials

P

Resource-efficient products
- reduced material inputs

through reuse [3,6,10,12,25,41]
- reduced inputs of virgin

materials [3,49,50]

- FMCGs are made for single-use rather than to reuse.
- Light-weighing methods are increasingly adopted to achieve resource

efficiency [6]. Nevertheless, the FMCG sector still makes extensive
utilisation of virgin materials due to the large market and
growing population.
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frequent transportation (e.g., high food miles) [43] and freight load
inefficiencies (e.g., underutilised weight and volume capacity
of vehicles) [52].

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 35 
 

models has been used by Tukker [46] to establish the economic value of product–service 

systems (PSS). Other research by Manninen et al. [37] conducted a qualitative evaluation 

of the EVP of circular offerings compared to disposable goods. 

The EVP factors, realisation methods, and the evaluation of the linear model are pre-

sented in Table 2. The results of the EVP analysis are presented in Section 5. 

Table 2.  Environmental Value Proposition (EVP) factors. 

ID EVP factors 1 E 2 Realisation methods 3 Linear model 3,4   

Less input and use of natural resources 5 

F1  

Minimised and opti-

mised exploitation of 

raw materials, while 

delivering more value 

from fewer materials 

P 

Resource-efficient products 

• reduced material inputs through re-

use [3,6,10,12,25,41]   

• reduced inputs of virgin materials 

[3,49,50] 

- FMCGs are made for single-use rather than to re-

use.  

- Light-weighing methods are increasingly adopted 

to achieve resource efficiency [6]. Nevertheless, 

the FMCG sector still makes extensive utilisation 

of virgin materials due to the large market and 

growing population. 

 

F2 
Minimised overall en-

ergy and water use 
I 

Resource-efficient processing 

• increased use of reconditioned com-

ponents [3,25,41] 

• shortened distribution [3,6,41,51] 

- FMCGs are made for single-use rather than to re-

condition reusable components. Manufacture of 

FMCGs is resource-intensive, due to the pro-

cessing of materials, the production methods and 

the large market.  

- Distribution of FMCGs is energy-intensive due to 

the long-distance and frequent transportation 

(e.g., high food miles) [43] and freight load ineffi-

ciencies (e.g., underutilised weight and volume 

capacity of vehicles) [52]. 

 

Increased share of renewable and recyclable resources and energy 5 

F3 

Increased share of re-

cyclable and recycled 

materials that can re-

place the use of virgin 

materials 

P 

Longevity of materials 

- increased use of recycled material inputs 

[6,49,50,53] 

- increased use of recyclable material in-

puts [6,49,50,53] 

- ease of material separation [50,53,54] 

- recycling behaviour [7,55] 

- Recycled materials are used in FMCGs but cur-

rently not on a large scale; extensive use of virgin 

raw materials by the industry continues [4].  

- Recyclable and non-recyclable materials are used. 

- Use of adhesives, coatings, ink and composites 

limits separation of recyclable materials in 

FMCGs and causes contamination [8,54] 

- Inappropriate disposal behaviours lead to recycla-

ble materials flowing out of the economy and be-

ing lost to landfill, incineration and environment. 

 

F4 
Closure of material 

loops 
I 

Recycling-enabling infrastructure 

- established collection infrastructure 

[7,8,53,56] 

- established recovery technology [8,56] 

- Collection infrastructure for recyclables is estab-

lished, and end-of-life FMCGs are retrieved for 

recycling, although kerbside infrastructure is in-

sufficient to allow for collection of all types of re-

cyclable materials.  

- Material recovery technologies are established; 

however, their capacity to process some material 

types (e.g., black plastics identification and con-

taminated loads) is limited [54,56]. Ultimately as 

much as 80% of materials from post-consumer 

FMCGs are diverted to landfill and incineration 

[3]. 

 

Keeping the value of products, components and materials in the economy 5 

F5 

Extended product life-

time keeping the value 

of products in use 

P 

Longevity of products 

- increased material and structural durabil-

ity to extend lifespans [6,49,50,57,58] 

- increased use of modularity for compo-

nent replacement [49,57,58]  

- reuse behaviour  

- (e.g., emotional durability [58], person-

product relationship [59],product stew-

ardship [32,60], and product perceptions, 

e.g., towards quality [32])  

- The durability of FMCGs is limited to facilitating 

single-use (e.g., flexible film packaging, mixed fi-

bre-based sanitary products can only be used 

once and cannot be recovered for reuse).  

- Component replacement is not commonly 

adopted in the recovery of FMCGs.  

- Short lifespans of FMCGs are a barrier to con-

sumer performing reuse behaviour. 

 

Increased share of renewable and recyclable resources and energy 5

F3

Increased share of recyclable
and recycled materials that
can replace the use of
virgin materials

P

Longevity of materials

- increased use of recycled
material inputs [6,49,50,53]

- increased use of recyclable
material inputs [6,49,50,53]

- ease of material separation [50,53,54]
- recycling behaviour [7,55]

- Recycled materials are used in FMCGs but currently not on a large scale;
extensive use of virgin raw materials by the industry continues [4].

- Recyclable and non-recyclable materials are used.
- Use of adhesives, coatings, ink and composites limits separation of

recyclable materials in FMCGs and causes contamination [8,54]
- Inappropriate disposal behaviours lead to recyclable materials flowing out

of the economy and being lost to landfill, incineration and environment.

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 35 
 

models has been used by Tukker [46] to establish the economic value of product–service 

systems (PSS). Other research by Manninen et al. [37] conducted a qualitative evaluation 

of the EVP of circular offerings compared to disposable goods. 

The EVP factors, realisation methods, and the evaluation of the linear model are pre-

sented in Table 2. The results of the EVP analysis are presented in Section 5. 

Table 2.  Environmental Value Proposition (EVP) factors. 

ID EVP factors 1 E 2 Realisation methods 3 Linear model 3,4   

Less input and use of natural resources 5 

F1  

Minimised and opti-

mised exploitation of 

raw materials, while 

delivering more value 

from fewer materials 

P 

Resource-efficient products 

• reduced material inputs through re-

use [3,6,10,12,25,41]   

• reduced inputs of virgin materials 

[3,49,50] 

- FMCGs are made for single-use rather than to re-

use.  

- Light-weighing methods are increasingly adopted 

to achieve resource efficiency [6]. Nevertheless, 

the FMCG sector still makes extensive utilisation 

of virgin materials due to the large market and 

growing population. 

 

F2 
Minimised overall en-

ergy and water use 
I 

Resource-efficient processing 

• increased use of reconditioned com-

ponents [3,25,41] 

• shortened distribution [3,6,41,51] 

- FMCGs are made for single-use rather than to re-

condition reusable components. Manufacture of 

FMCGs is resource-intensive, due to the pro-

cessing of materials, the production methods and 

the large market.  

- Distribution of FMCGs is energy-intensive due to 

the long-distance and frequent transportation 

(e.g., high food miles) [43] and freight load ineffi-

ciencies (e.g., underutilised weight and volume 

capacity of vehicles) [52]. 

 

Increased share of renewable and recyclable resources and energy 5 

F3 

Increased share of re-

cyclable and recycled 

materials that can re-

place the use of virgin 

materials 

P 

Longevity of materials 

- increased use of recycled material inputs 

[6,49,50,53] 

- increased use of recyclable material in-

puts [6,49,50,53] 

- ease of material separation [50,53,54] 

- recycling behaviour [7,55] 

- Recycled materials are used in FMCGs but cur-

rently not on a large scale; extensive use of virgin 

raw materials by the industry continues [4].  

- Recyclable and non-recyclable materials are used. 

- Use of adhesives, coatings, ink and composites 

limits separation of recyclable materials in 

FMCGs and causes contamination [8,54] 

- Inappropriate disposal behaviours lead to recycla-

ble materials flowing out of the economy and be-

ing lost to landfill, incineration and environment. 

 

F4 
Closure of material 

loops 
I 

Recycling-enabling infrastructure 

- established collection infrastructure 

[7,8,53,56] 

- established recovery technology [8,56] 

- Collection infrastructure for recyclables is estab-

lished, and end-of-life FMCGs are retrieved for 

recycling, although kerbside infrastructure is in-

sufficient to allow for collection of all types of re-

cyclable materials.  

- Material recovery technologies are established; 

however, their capacity to process some material 

types (e.g., black plastics identification and con-

taminated loads) is limited [54,56]. Ultimately as 

much as 80% of materials from post-consumer 

FMCGs are diverted to landfill and incineration 

[3]. 

 

Keeping the value of products, components and materials in the economy 5 

F5 

Extended product life-

time keeping the value 

of products in use 

P 

Longevity of products 

- increased material and structural durabil-

ity to extend lifespans [6,49,50,57,58] 

- increased use of modularity for compo-

nent replacement [49,57,58]  

- reuse behaviour  

- (e.g., emotional durability [58], person-

product relationship [59],product stew-

ardship [32,60], and product perceptions, 

e.g., towards quality [32])  

- The durability of FMCGs is limited to facilitating 

single-use (e.g., flexible film packaging, mixed fi-

bre-based sanitary products can only be used 

once and cannot be recovered for reuse).  

- Component replacement is not commonly 

adopted in the recovery of FMCGs.  

- Short lifespans of FMCGs are a barrier to con-

sumer performing reuse behaviour. 

 

F4 Closure of material loops I

Recycling-enabling infrastructure
- established collection

infrastructure [7,8,53,56]
- established recovery technology [8,56]

- Collection infrastructure for recyclables is established, and end-of-life
FMCGs are retrieved for recycling, although kerbside infrastructure is
insufficient to allow for collection of all types of recyclable materials.

- Material recovery technologies are established; however, their capacity to
process some material types (e.g., black plastics identification and
contaminated loads) is limited [54,56]. Ultimately as much as 80% of
materials from post-consumer FMCGs are diverted to landfill
and incineration [3].

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 35 
 

models has been used by Tukker [46] to establish the economic value of product–service 

systems (PSS). Other research by Manninen et al. [37] conducted a qualitative evaluation 

of the EVP of circular offerings compared to disposable goods. 

The EVP factors, realisation methods, and the evaluation of the linear model are pre-

sented in Table 2. The results of the EVP analysis are presented in Section 5. 

Table 2.  Environmental Value Proposition (EVP) factors. 

ID EVP factors 1 E 2 Realisation methods 3 Linear model 3,4   

Less input and use of natural resources 5 

F1  

Minimised and opti-

mised exploitation of 

raw materials, while 

delivering more value 

from fewer materials 

P 

Resource-efficient products 

• reduced material inputs through re-

use [3,6,10,12,25,41]   

• reduced inputs of virgin materials 

[3,49,50] 

- FMCGs are made for single-use rather than to re-

use.  

- Light-weighing methods are increasingly adopted 

to achieve resource efficiency [6]. Nevertheless, 

the FMCG sector still makes extensive utilisation 

of virgin materials due to the large market and 

growing population. 

 

F2 
Minimised overall en-

ergy and water use 
I 

Resource-efficient processing 

• increased use of reconditioned com-

ponents [3,25,41] 

• shortened distribution [3,6,41,51] 

- FMCGs are made for single-use rather than to re-

condition reusable components. Manufacture of 

FMCGs is resource-intensive, due to the pro-

cessing of materials, the production methods and 

the large market.  

- Distribution of FMCGs is energy-intensive due to 

the long-distance and frequent transportation 

(e.g., high food miles) [43] and freight load ineffi-

ciencies (e.g., underutilised weight and volume 

capacity of vehicles) [52]. 

 

Increased share of renewable and recyclable resources and energy 5 

F3 

Increased share of re-

cyclable and recycled 

materials that can re-

place the use of virgin 

materials 

P 

Longevity of materials 

- increased use of recycled material inputs 

[6,49,50,53] 

- increased use of recyclable material in-

puts [6,49,50,53] 

- ease of material separation [50,53,54] 

- recycling behaviour [7,55] 

- Recycled materials are used in FMCGs but cur-

rently not on a large scale; extensive use of virgin 

raw materials by the industry continues [4].  

- Recyclable and non-recyclable materials are used. 

- Use of adhesives, coatings, ink and composites 

limits separation of recyclable materials in 

FMCGs and causes contamination [8,54] 

- Inappropriate disposal behaviours lead to recycla-

ble materials flowing out of the economy and be-

ing lost to landfill, incineration and environment. 

 

F4 
Closure of material 

loops 
I 

Recycling-enabling infrastructure 

- established collection infrastructure 

[7,8,53,56] 

- established recovery technology [8,56] 

- Collection infrastructure for recyclables is estab-

lished, and end-of-life FMCGs are retrieved for 

recycling, although kerbside infrastructure is in-

sufficient to allow for collection of all types of re-

cyclable materials.  

- Material recovery technologies are established; 

however, their capacity to process some material 

types (e.g., black plastics identification and con-

taminated loads) is limited [54,56]. Ultimately as 

much as 80% of materials from post-consumer 

FMCGs are diverted to landfill and incineration 

[3]. 

 

Keeping the value of products, components and materials in the economy 5 

F5 

Extended product life-

time keeping the value 

of products in use 

P 

Longevity of products 

- increased material and structural durabil-

ity to extend lifespans [6,49,50,57,58] 

- increased use of modularity for compo-

nent replacement [49,57,58]  

- reuse behaviour  

- (e.g., emotional durability [58], person-

product relationship [59],product stew-

ardship [32,60], and product perceptions, 

e.g., towards quality [32])  

- The durability of FMCGs is limited to facilitating 

single-use (e.g., flexible film packaging, mixed fi-

bre-based sanitary products can only be used 

once and cannot be recovered for reuse).  

- Component replacement is not commonly 

adopted in the recovery of FMCGs.  

- Short lifespans of FMCGs are a barrier to con-

sumer performing reuse behaviour. 

 



Sustainability 2021, 13, 2609 11 of 35

Table 2. Cont.

ID EVP Factors 1 E 2 Realisation Methods 3 Linear Model 3,4

Keeping the value of products, components and materials in the economy 5

F5
Extended product lifetime
keeping the value of products
in use

P

Longevity of products
- increased material and

structural durability to
extend lifespans [6,49,50,57,58]

- increased use of modularity for
component replacement [49,57,58]

- reuse behaviour (e.g., emotional durability
[58], person-product relationship [59],
product stewardship [32,60], and product
perceptions, e.g., towards quality [32])

- The durability of FMCGs is limited to facilitating single-use (e.g., flexible
film packaging, mixed fibre-based sanitary products can only be used once
and cannot be recovered for reuse).

- Component replacement is not commonly adopted in the recovery
of FMCGs.

- Short lifespans of FMCGs are a barrier to consumer performing
reuse behaviour.
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- The durability of FMCGs is limited to facilitating 
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F6 Reuse of components I

Reuse-enabling infrastructure
- established infrastructure for

preparation for reuse [10,24,25,61]
- established collection infrastructure

for reuse [25,61]
- established recovery infrastructure

for reuse [25,61]

Reuse-driving system mechanisms
- increased financial incentives

for reuse [25,50,55,57]
- increased subscriptions for reuse [25]

- FMCGs are made for single-use rather to be prepared for reuse. Dispensing
infrastructure exist, however it is often used with single-use FMCGs.

- Collection infrastructure mostly retrieves end-of-life FMCGs for recycling,
rathe than reuse.

- Recovery infrastructure is limited to recycling of end-of-life FMCGs and
does not support recovery for reuse.

- Low price mark makes frequent replacement of single-use FMCGs easier
and more affordable than reuse with incentives.

- Subscriptions commonly involve scheduled re-purchase of single-use
FMCGs rather than reusables.
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5.1.1. F1. Minimised and Optimised Exploitation of Raw Materials, While Delivering 

More Value from Fewer Materials 

The reuse models have a greater capability to achieve this EVP factor than the linear 

model. This is because although reusable products tend to be made using a larger volume 

of resources per unit compared to single-use FMCG equivalents, the durable design al-

lows using them over a number of use cycles significantly greater than single-use prod-

ucts. This highlights the aptitude of reuse models to reduce material volumes over time in 

comparison to single-use FMCGs in the linear model [4,6,13] and ultimately decreases the 

overall volume of materials flowing in the system from virgin sources. For example, one 

FaceHalo durable make-up removal pad can replace up to 500 single-use pads [63], and 

one durable food packaging unit (e.g., Loop system) can replace up to 100 single-use units 

[61]. 

The exploitation of raw materials in reusable products can also be minimised through 

using recycled materials. This issue is discussed further in section F3. 

5.1.2. F2. Minimised Overall Energy and Water Use 

model has high capability to deliver the EVP factor.
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The EVP factors, realisation methods, and the evaluation of the linear model are
presented in Table 2. The results of the EVP analysis are presented in Section 5.

4. Reuse Models

Based on the analysis, five main reuse models and their variants were identified.
Each of the models is characterised by a specific configuration of three types of reuse
system elements, namely the (1) reuser behaviour, (2) reusable product, and (3) reuse-enabling
infrastructure. An overview of the reuse models is presented in the framework in Figure 2.
The model names were chosen based on how the configurations of system elements enable
the reuse of a product. It is worth noting that all the models involve durable packaging
reuse, with some models extending to also involve durable product reuse.

Model 1
Exclusively reused 
products

reuser 
behaviour reusable product offering example*

*  1 - Dopper (reusable bottle), 2 - SodaStream (reusable bottle and dispenser system), 3 - Ocean Saver (refill pods), 4 - Cozie (reusable packaging and dispenser system), 
    5 - Loop (reusable packaging). Note: references to offerings can be located in Figure A1, Appendix A. Image credits: providers’ websites.

Model 2
Exclusively reused
products with 
reuse-enabling
infrastructure

sequential 
reuse

provided

provided

1

2

3

4

5

exclusive
reuse

Model 3
Reuse-enabling 
infrastructure for 
exclusively reused 
products 

Model 4
Sequentially reused 
products with 
reuse-enabling 
infrastructure

Model 5
Sequentially reused
products

provided

provided

reuse-enabling infrastructure

reuser-
owned

blank space indicates a reuse system element is not part of an initial offering; where required to enable reuse, it is outsourced outside of an initial offering  

reuser-
owned

provider-
owned

provider-
owned

provided

provided

provided

relied upon

preparation for reuse recovery for reuse

reuser-
operated

reuser-
operated

provider-
operated

reuser-
operated

relied uponprovider-
operated

relied uponprovider-
operated

reusable product reusable assistive product assistive product assistive appliance industrial set-upreuser 2 provider

Figure 2. Reuse models framework.

The first type of system element, reuser behaviour, divides the reuse models into
two groups. The first group includes three models in which consumers exclusively reuse
products, whereas the second group includes two models in which consumers sequentially
reuse products. The second type of system element, reusable product, distinguishes the
models based on ownership of the product, i.e., reuser-owned or provider-owned. It also
indicates whether a reusable product, i.e., reusable product or a reusable assistive product,
is provided or not. Finally, the third type of system element, reuse-enabling infrastructure,
allows further distinction between the models based on the infrastructure provided for
the preparation and recovery of reusable products. Preparation for reuse is performed on
an already recovered reusable product with the intention to consume, and it typically
involves refilling or replenishing the reusable product with a consumable. Preparation
for reuse infrastructure can either be consumer-operated within the consumption phase
through the use of an assistive product (e.g., Ocean Saver refill pouch, 3, Figure 2) and/or an
assistive appliance (e.g., SodaStream dispenser, 2, Figure 2), or provider-operated outside of
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the consumption phase, through an industrial set-up (e.g., refill service provided for Loop
packaging, 5, Figure 2). Recovery for reuse is performed post-consumption on a product
with the intention to reinstate it to a usable condition. Recovery for reuse infrastructure
can similarly either be consumer-operated within the consumption phase, through the use
of an assistive product (e.g., detergent) and/or an assistive appliance (e.g., washing machine),
or provider-operated outside of the consumption phase through an industrial set-up (e.g.,
industrial cleaning of packaging provided by Cozie, 4, Figure 2).

Sections 4.1 and 4.2 further define exclusive and sequential reuse and present the
variants of each of the main models. Individual cases of business-to-consumer reuse
offerings are cited throughout the following sections and can be located in Figure A2
(Appendix D).

4.1. Exclusive Reuse Models

This section presents models in which durable FMCGs are exclusively reused (Figure 3).
Exclusive reuse is a behaviour by which a reusable product is recurrently used by a single user
throughout the product lifetime for the same purpose for which it was conceived, and with the
support of reuse-enabling infrastructure.
In exclusive reuse models, the user owns (or accesses; see Appendix E) the reusable products. The
user keeps the product and is responsible for its recovery for reuse and subsequent reintroduction
in the consumption phase. The pattern of “utilisation–recovery–preparation” repeats up until the
reusable product is no longer fit for use, or the reuser decides to stop using the product.

Model 2

reuser

reusable product
(consumable and 

facilitator)

reusable product
(facilitator)

reusable product
(facilitator)

reusable product
(facilitator)

reusable product
(facilitator)

reusable product
(facilitator)

assistive appliance assistive product assistive appliance assistive product

assistive product,
assistive appliance

assistive product,
assistive appliance

assistive product,
assistive appliance

assistive product,
assistive appliance

assistive product,
assistive appliance

assistive product,
assistive appliance

assistive product,
assistive appliance

assistive product,
assistive appliance

assistive product,
assistive appliance

reusable assistive 
product 

(facilitator)

reusable assistive 
product 

(facilitator)

Model 3

1a 1b 1c 1d 2a 2b 3a 3b

Model 1

assistive product,
assistive appliance

additional preparation for reuse infrastructure that is not part of an offering but in some offerings is required to enable reuse in the model 

reuser
recovers
reusable
productre

co
ve

ry
pr

ep
ar

at
io

n
ut

ili
sa

tio
n

reuser
prepares
reusable
product

reuser
utilises
reusable
product

reuse system element that is part of an offering
reuse system element that is not part of an offering but is required to enable reuse in the model 

Figure 3. Models of exclusive reuse.

Three main reuse models—model 1, 2, and 3 (and their variants)—that adopt this type
of reuse have been identified, as illustrated in Figure 3.

4.1.1. Model 1: Exclusively Reused Products

Model 1 represents offerings that provide consumers with a reusable product only.
This can be either a reusable product (i.e., one that is consumed directly by the consumer;
1a and 1b, Figure 3) or a reusable assistive product (i.e., one that aids the consumption of an
FMCG; 1c and 1d, Figure 3). More so, the reusable product is offered either in a “ready
for consumption” state or in an “in need of preparation” state. “Ready for consumption”
means that no additional preparation for reuse is required for the product to be utilised by
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the consumer. In contrast, “in need for preparation” means that the consumer is required
to operate reuse-enabling infrastructure to prepare the reusable product for utilisation.

This model has four key variants based on the type of product and the way in which it
is offered, which are (1a) reusable product “ready for consumption”, (1b) reusable product
“in need of preparation”, (1c) reusable assistive product “in need of preparation” and (1d)
reusable assistive product “ready for consumption”.

Model 1a. A reusable product “ready for consumption” is a durable good (i.e., equiv-
alent to single-use consumer goods) delivering utility to the consumer. An example is
durable cloth sanitary towels (e.g., Bloom and Nora, image 1 in Figure A2, Appendix D),
which are composed of a consumable (an absorption layer) and a facilitator (structural
layer), both of which are reusable. The consumables of products belonging to this model
are typically made of non-perishable materials (e.g., fabrics) that are durable enough to
withstand multiple uses.

Model 1b. A reusable product “in need for preparation” is a durable vessel (i.e., equiv-
alent to single-use primary packaging) requiring the supply of a consumable to be used.
An example is a refillable bottle (e.g., Dopper, image 2 in Figure A2), which facilitates the
consumption of a beverage sourced using infrastructure available to the consumer (e.g., a
water dispenser). The consumables held in products within this model are typically made
of perishable materials (e.g., beverages), which can be used up or decay over time.

Model 1c. A reusable assistive product “in need for preparation” is a component of a
reuse-enabling infrastructure necessary to prepare consumables. An example is durable
cartridges (e.g., coffee pods WayCap, image 3 in Figure A2), which are refilled with ground
coffee and inserted into a compatible coffee machine to prepare a beverage.

Model 1d. A reusable assistive product “ready for consumption” is transit packaging
already containing all the key utility-enabling components to deliver its function. An
example is durable shopping bags (e.g., Onya, image 4 in Figure A2) used to transfer
consumer goods between locations.

In fact, the recurring utilisation of reusable products is dependent on recovery for
reuse. In all model 1 variants, recovery for reuse is always initiated by a consumer, and
it involves them using infrastructure (e.g., dishwasher, washing machine) that they have
access to. In most cases, the recovery process involves the consumer cleaning the product
in order to bring it back to a usable condition. Other recovery activities can include the
consumer replacing a broken component to prolong the product life (e.g., the provider of
the modular Dopper bottle sells individual replacement components).

4.1.2. Model 2: Exclusively Reused Products with Reuse-Enabling Infrastructure

Model 2 represents offerings that provide consumers with an interconnected system
composed of a reusable product and reuse-enabling infrastructure, both of which are part
of the same offering. In this model, the reusable product is always offered in an “in need for
preparation” state, and its primary function is to facilitate the consumption of a consumable
supplied by the reuse-enabling infrastructure.

This model has two key variants, based on the type of reuse-enabling infrastructure
used to prepare the consumable, which are as follows: (2a) reusable product and assistive
appliance, and (2b) reusable product and assistive product (Figure 3). In this model, the
interfaces between the reusable product and the infrastructure are commonly designed
to enable conjoint operation. In some cases, this can lead to the preparation of reusable
products being restricted to the use of the infrastructure provided by a single brand (e.g.,
Replenish reusable spray bottles and refill cartridges are designed to be used exclusively
together, image 5 in Figure A2).

Model 2a. In the interconnected system composed of a reusable product and an assistive
appliance, the latter is typically a machine that contains bulk consumables dispensed in
finished and ready to consume or concentrated form. The consumer can have individual (e.g., at
home) or shared (e.g., in a shop) access to the assistive appliance. Where the consumer has
individual access to the assistive appliance, they need to source the bulk consumables for
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dispensing. In some cases, particularly where the consumable dispensed from an appliance
is insufficient to make an end product (e.g., a beverage), the consumer is required to
access additional consumables (e.g., water) that are not provided within the initial offering.
An example is the kitchen beverage maker SodaStream (assistive appliance, image 6 in
Figure A2) that combines carbon dioxide, flavouring, and water in order to prepare a
beverage and consume it from a durable bottle. In contrast, where the consumer has shared
access to the assistive appliance, they are not required to perform additional activities in
order to make the appliance work for the preparation of a consumable. This is set up by
the provider, and the consumer only utilises the assistive appliance for the purpose of
replenishing the reusable product. An example is in-store dispensers that supply food into
parented durable vessels (e.g., Miwa, image 7 in Figure A2).

Model 2b. In the interconnected system composed of a reusable product and an assistive
product, the latter supplies a consumable component to the reusable product. The consum-
able can be supplied either in finished and ready to consume or in concentrated form. When
the consumable is supplied in finished form, it does not require the input of additional
consumables in order to deliver its function. In this instance, the preparation activities are
typically fulfiled through the reusable products and assistive products provided in the
offering. An example is durable vessels supplied with refill pods containing the finished
consumable (e.g., face creams such as Olay Whip, image 8 in Figure A2). Another example
is durable nappy covers supplied with single-use absorption liners (e.g., Billie Wonder,
image 9 in Figure A2). In contrast, when the consumable is supplied in a concentrated
form, the preparation activities can extend to include interaction with infrastructure avail-
able outside of the initial offering (e.g., water dispenser). An example is reusable bottles
supplied with a concentrated consumable in a refill pod (e.g., a flavouring syrup) that has
to be diluted in water (e.g., Drinkfinity, image 10 in Figure A2).

In addition, similarly to model 1, the recurring utilisation of products in this model is
dependent on their recovery for reuse. This is not provided in the offering but is expected
to be performed by the consumers, who have to access reuse-enabling infrastructure for
recovery by themselves. In most cases, the recovery process involves the consumer cleaning
the product in order to bring it back to a usable state.

4.1.3. Model 3: Reuse-Enabling Infrastructure for Exclusively Reused Products

Model 3 represents offerings that provide consumers with reuse-enabling infrastruc-
ture only to support the preparation of a reusable product. In this model, the reusable
product is not supplied by the provider. Instead, it is purchased and brought by the
consumer to be used as a facilitator to access a consumable from the infrastructure. There-
fore, similarly to model 2, the reusable product is always “in need for preparation”, as its
primary function is to facilitate the consumption of a supplied consumable.

This model has two key variants based on the type of reuse-enabling infrastructure
used to deliver the consumable, which are (3a) an assistive appliance and (3b) an assistive
product (Figure 3). Typically, the infrastructure provided in this model is designed to work
with diverse types of reusable products, meaning that the interfaces between them give
consumers flexibility to use different brands (unlike in model 2).

Model 3a. The assistive appliance is typically a machine that contains bulk consumables
and is used to dispense them into the reusable product. Similarly to model 2, the consumer
can have either individual access or shared access to the assistive appliance. Where the
assistive appliance is individually owned, the consumer is required to supply the appliance
with bulk consumables. An example is domestic water dispensers (e.g., Evian Renew,
image 11 in Figure A2). In contrast, where the consumer has shared access to the assistive
appliance, they are not required to perform additional activities in order to make the
appliance work other than to use it to replenish reusable packaging. An example is dry
food dispensers (e.g., Unpackaged refillery, image 12 in Figure A2) or water dispensers
(e.g., Woosh, image 13 in Figure A2).
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Model 3b. The assistive product supplies a consumable component into the reusable
product, either in a finished and ready to consume or concentrated form. Similarly to model 2
where the consumable is supplied in concentrated form, specifically for liquid consumables,
the preparation activities are typically supported by additional external infrastructure (e.g.,
water dispenser). An example is refill pouches that supply reusable bottles with detergents
in concentrated form (e.g., Ocean Saver Eco Drops, image 14 in Figure A2).

4.2. Sequential Reuse Models

This section presents models in which durable FMCGs are sequentially reused.
Sequential reuse is a behaviour by which a reusable product is used consecutively by multiple users
throughout the product lifetime for the same purpose for which it was conceived, and with the
support of reuse-enabling infrastructure.
In sequential reuse models, the user has access to a reusable product. The user is responsible for
returning the reusable product to the provider, who is then responsible for its recovery for reuse and
subsequent reintroduction in the consumption phase for another user. The pattern of “utilisation–
recovery–preparation” repeats up until the consumer does not return the product, the reusable
product is no longer fit for use, or the provider decides to stop offering the product.

Two main reuse models—model 4 and 5 (and their variants)—that adopt this type of
reuse have been identified, as illustrated in Figure 4.
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Figure 4. Models of sequential reuse.

4.2.1. Model 4: Sequentially Reused Products with Reuse-Enabling Infrastructure

Model 4 represents offerings that provide consumers with an interconnected system
that is composed of a reusable product and reuse-enabling infrastructure, all of which are part
of the same offering (4, Figure 4).

This model has one variant, which is an interconnected system composed of a reusable
product, a consumer-operated assistive appliance for preparation for reuse, and a provider-
operated industrial set-up for recovery for reuse.

When provided to the consumer, the reusable product is always in an “in need for
preparation” state. It commonly functions as a durable vessel that requires the supply
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of a consumable in order to be utilised as a facilitator for acquisition and consumption.
The assistive appliance is used by the consumer to deliver a consumable into the reusable
product. This tends to be shared among consumers, who are provided with temporary
access to it. An example is in-store dispensers used to refill skincare products into parent
reusable and returnable vessels (e.g., Cozie refill, image 15 in Figure A2). Similarly to
model 2, the interfaces between the product and infrastructure are standardised for their
conjoint operation.

The repeated utilisation of the reusable products is dependent on their recovery for reuse.
Unlike exclusive reuse models, this model relies upon the recovery of reusable products
by the provider through reuse-enabling infrastructure, namely an industrial set-up that is
deployed outside of the consumption phase. The recovery typically involves cleaning the
product with the aim to bring it back to a usable state. This process commences with the
consumer returning the reusable product at a specific location, such as the place of initial
purchase (e.g., a shop).

4.2.2. Model 5: Sequentially Reused Products

Model 5 represents offerings that provide consumers with a reusable product only.
This can be either a reusable product (5a and 5b, Figure 4) or a reusable assistive product (5c and
5d, Figure 4). More so, the reusable product is always offered in a “ready for consumption”
state; when provided to the consumer, it already contains all of the key utility-enabling
components. This is due to both recovery and preparation for reuse being performed by the
provider using a reuse-enabling infrastructure deployed outside of the consumption phase.

This model has four key variants based on the type of product and the infrastructure of-
fered, which are as follows: (5a) reusable product with provider-operated reuse-enabling in-
frastructure for recovery only, (5b) reusable product with provider-operated reuse-enabling
infrastructure for both preparation and recovery, (5c) reusable assistive product with
provider-operated reuse-enabling infrastructure for both preparation and recovery, and
(5d) reusable assistive product with provider-operated reuse-enabling infrastructure for
recovery only.

Models 5a and 5b. The reusable product is typically either a durable good or vessel
utilised by individual consumers in sequence and retrieved by the provider after each
use for recovery and preparation (where required) before being reintroduced in the market.
The need for the provider to perform reuse depends on the type of consumable contained
within the reusable product. In model 5a, this is made of non-perishable and durable
materials (e.g., fabrics) that can withstand multiple uses. This means that no preparation
processes are needed to enable product reuse. In model 5b, the consumable is made of
perishable materials (e.g., foods) designed to deliver a single use cycle. This means that it
is used up or decays during that cycle, needing replenishment to enable product reuse by
another consumer in the next cycle. Regardless of the consumable types, the facilitator is
always a durable component of a reusable product designed for multi-use. An example of
model 5a is sequentially reused baby diapers where both the consumable and facilitator are
made of reusable fabrics (e.g., Washcot, image 16 in Figure A2). An example of model 5b is
sequentially reused durable vessels (i.e., facilitators) containing foods (i.e., consumables)
(e.g., Loop, image 17 in Figure A2).

Models 5c and 5d. The reusable assistive product is a durable product or packaging
used to aid the consumption of another product and retrieved by the provider after each
use for recovery and preparation (where required) before being reintroduced in the market.
The need for the provider to perform reuse depends on the type of consumable contained
within the reusable assistive product. In model 5c, a reusable assistive product functions
as a component of the reuse-enabling infrastructure necessary to make consumables. The
consumables in this type of assistive product (similarly as in model 5b) are typically
perishable and therefore can deliver only a single use cycle and need to be replenished
to enable product reuse by another consumer in the next cycle. An example is a durable
SodaStream gas canister (reusable assistive product, image 18 in Figure A2) that is a
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component of a dispenser (assistive appliance) used to produce a beverage; once emptied,
the gas canister is returned to the provider for refill before it can re-enter the consumer
market. In model 5d, a reusable assistive product is presented as one that does not require
preparation for reuse by the provider. The reusable assistive product is typically a transit
packaging that contains all the key utility-enabling components (i.e., facilitator) to deliver
its function. An example is durable delivery packaging used for goods transported to and
from consumers; the bag is returnable to the provider (with or without its original contents)
for recovery and reintroduced in the market to be reused in subsequent goods delivery
(e.g., RePack, image 19 in Figure A2).

In addition, the reuse of the products also relies upon their recovery post-consumption.
Similarly to model 4, the recovery is part of the initial offering, meaning that following
its return by a consumer, the product is recovered by the provider. The recovery typically
involves cleaning the product or replacing its broken components with the aim to bring it
back to a usable state. This is enabled by reuse-enabling infrastructure, namely the indus-
trial set-up, that is deployed outside of the consumption phase and typically commences
with the consumer returning the reusable product to a specific location (e.g., a shop, a
doorstep, a return bin) from which it is retrieved and transferred to by the provider.

4.3. Multi-Model Offerings

Some offerings are based on multiple models of reuse. These provide consumers
with more than one way to reuse. This section presents a summary of the two types of
multi-model offerings identified—multi-model options and multi-model combinations
(Figure 5).

Model 5. 
Sequentially reused products

Model 4. 
Sequentially reused products with reuse-enabling infrastructure

Model 2. 
Exclusively reused products with reuse-enabling infrastructure

Model 3. 
Reuse-enabling infrastructure for exclusively reused products
 

Multi-model options

or

Multi-model combinations

+

+ +

and

+ +

reuser
provided consumer-operated reuse system element 
relied upon provider-operated reuse system element 

Figure 5. Multi-model offerings: options and combinations.

4.3.1. Multi-Model Options: Providing Consumers with Several Pathways to Reuse

Some offerings allow consumers the choice to reuse a product exclusively or sequentially.
For example, some food refill station companies (e.g., Waitrose and Partners Unpacked [62];
left, Figure 5) provide the exclusive reuse option, allowing consumers to refill reusable
vessels that they already own using the provider’s in-store dispensers (model 3), as well as
the sequential reuse option, allowing consumers to borrow vessels from the provider before
refilling it using the in-store dispenser (model 4).

In addition, some offerings allow consumers to reuse across multiple models but limit
it to one type of reuse, either exclusive or sequential. For example, some food refill station
companies (e.g., Miwa) provide the exclusive reuse option, where consumers can use an
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in-store dispenser by utilising a reusable product purchased either from the provider of the
dispenser (model 2) or elsewhere (model 3).

4.3.2. Multi-Model Combinations: Increasing Reusability of Several Products in an
Offering

In some offerings, the consumer is required to simultaneously reuse several reusable
products, both exclusively and sequentially. For example, SodaStream consumers (right,
Figure 5) exclusively reuse the bottle (reusable product) that is refilled using the assistive
appliance (model 2), and also sequentially reuse the pre-filled gas canister (assistive product)
received from the provider to be used with the assistive appliance to prepare a beverage
(model 5).

In addition, some offerings require the consumer to reuse across multiple models but
limit it to one type of reuse, either exclusive or sequential. For example, some perishable
goods delivery companies (e.g., Loop) require consumers to sequentially reuse several
elements of their offering, such as the refillable vessels (reusable product; model 5b) and
the reusable transit packaging totes (reusable assistive product; model 5d). In multi-models
of sequential reuse where transit packaging is reused as well as vessels, several elements can
form a system-internal dependency, where the reuse of one element influences the reuse of
another. For example, the sequential reuse of transit packaging used to deliver goods to the
consumer influences the ability to return reusable products for sequential reuse. At the same
time, the return of a reusable product to the provider influences the sequential reuse of the
transit packaging.

5. Environmental Value Proposition of Reuse Models

This section presents a qualitative assessment of the capability of the reuse models to
deliver environmental value, which is summarised in Table 3.

Table 3. The Environmental Value Proposition (EVP) of five reuse models.

ID EVP Factors E 1 Exclusive Reuse Sequential Reuse
Linear Model 2

Model 1 Model 2 Model 3 Model 4 Model 5

Less input and use of natural resources

F1

Minimised and optimised
exploitation of raw
materials, while
delivering more value
from fewer materials

P
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F2 Minimised overall energy
and water use I

Sustainability 2021, 13, x FOR PEER REVIEW 19 of 35 
 

5. Environmental Value Proposition of Reuse Models 
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1 Elements to which specific EVP factors relate: P: reusable product; I: reuse-enabling infrastructure. 2 Evaluation derived from Table 2. Symbols:  

model has high capability to deliver the EVP factor.  model has low capability to deliver the EVP factor. model has mixed (high-low) capa-

bility to deliver the EVP factor.  capability to deliver the EVP factor is similar to the linear model 

5.1. Less Input and Use of Natural Resources 

5.1.1. F1. Minimised and Optimised Exploitation of Raw Materials, While Delivering 

More Value from Fewer Materials 

The reuse models have a greater capability to achieve this EVP factor than the linear 

model. This is because although reusable products tend to be made using a larger volume 

of resources per unit compared to single-use FMCG equivalents, the durable design al-

lows using them over a number of use cycles significantly greater than single-use prod-

ucts. This highlights the aptitude of reuse models to reduce material volumes over time in 

comparison to single-use FMCGs in the linear model [4,6,13] and ultimately decreases the 

overall volume of materials flowing in the system from virgin sources. For example, one 

FaceHalo durable make-up removal pad can replace up to 500 single-use pads [63], and 

one durable food packaging unit (e.g., Loop system) can replace up to 100 single-use units 

[61]. 

The exploitation of raw materials in reusable products can also be minimised through 

using recycled materials. This issue is discussed further in section F3. 
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- Recyclable and non-recyclable materials are used. 

- Use of adhesives, coatings, ink and composites 

limits separation of recyclable materials in 

FMCGs and causes contamination [8,54] 

- Inappropriate disposal behaviours lead to recycla-

ble materials flowing out of the economy and be-

ing lost to landfill, incineration and environment. 

 

F4 
Closure of material 

loops 
I 

Recycling-enabling infrastructure 

- established collection infrastructure 

[7,8,53,56] 

- established recovery technology [8,56] 

- Collection infrastructure for recyclables is estab-

lished, and end-of-life FMCGs are retrieved for 

recycling, although kerbside infrastructure is in-

sufficient to allow for collection of all types of re-

cyclable materials.  

- Material recovery technologies are established; 

however, their capacity to process some material 

types (e.g., black plastics identification and con-

taminated loads) is limited [54,56]. Ultimately as 

much as 80% of materials from post-consumer 

FMCGs are diverted to landfill and incineration 

[3]. 

 

Keeping the value of products, components and materials in the economy 5 

F5 

Extended product life-

time keeping the value 

of products in use 

P 

Longevity of products 

- increased material and structural durabil-

ity to extend lifespans [6,49,50,57,58] 

- increased use of modularity for compo-

nent replacement [49,57,58]  

- reuse behaviour  

- (e.g., emotional durability [58], person-

product relationship [59],product stew-

ardship [32,60], and product perceptions, 

e.g., towards quality [32])  

- The durability of FMCGs is limited to facilitating 

single-use (e.g., flexible film packaging, mixed fi-

bre-based sanitary products can only be used 

once and cannot be recovered for reuse).  

- Component replacement is not commonly 

adopted in the recovery of FMCGs.  
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of resources per unit compared to single-use FMCG equivalents, the durable design al-

lows using them over a number of use cycles significantly greater than single-use prod-

ucts. This highlights the aptitude of reuse models to reduce material volumes over time in 

comparison to single-use FMCGs in the linear model [4,6,13] and ultimately decreases the 

overall volume of materials flowing in the system from virgin sources. For example, one 

FaceHalo durable make-up removal pad can replace up to 500 single-use pads [63], and 
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The exploitation of raw materials in reusable products can also be minimised through 
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ucts. This highlights the aptitude of reuse models to reduce material volumes over time in 

comparison to single-use FMCGs in the linear model [4,6,13] and ultimately decreases the 

overall volume of materials flowing in the system from virgin sources. For example, one 

FaceHalo durable make-up removal pad can replace up to 500 single-use pads [63], and 

one durable food packaging unit (e.g., Loop system) can replace up to 100 single-use units 
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The exploitation of raw materials in reusable products can also be minimised through 

using recycled materials. This issue is discussed further in section F3. 
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The reuse models have a greater capability to achieve this EVP factor than the linear 

model. This is because although reusable products tend to be made using a larger volume 

of resources per unit compared to single-use FMCG equivalents, the durable design al-

lows using them over a number of use cycles significantly greater than single-use prod-

ucts. This highlights the aptitude of reuse models to reduce material volumes over time in 

comparison to single-use FMCGs in the linear model [4,6,13] and ultimately decreases the 

overall volume of materials flowing in the system from virgin sources. For example, one 

FaceHalo durable make-up removal pad can replace up to 500 single-use pads [63], and 

one durable food packaging unit (e.g., Loop system) can replace up to 100 single-use units 

[61]. 

The exploitation of raw materials in reusable products can also be minimised through 

using recycled materials. This issue is discussed further in section F3. 
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of resources per unit compared to single-use FMCG equivalents, the durable design al-

lows using them over a number of use cycles significantly greater than single-use prod-

ucts. This highlights the aptitude of reuse models to reduce material volumes over time in 

comparison to single-use FMCGs in the linear model [4,6,13] and ultimately decreases the 

overall volume of materials flowing in the system from virgin sources. For example, one 

FaceHalo durable make-up removal pad can replace up to 500 single-use pads [63], and 
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lows using them over a number of use cycles significantly greater than single-use prod-
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5.1. Less Input and Use of Natural Resources
5.1.1. F1. Minimised and Optimised Exploitation of Raw Materials, While Delivering More
Value from Fewer Materials

The reuse models have a greater capability to achieve this EVP factor than the linear
model. This is because although reusable products tend to be made using a larger volume
of resources per unit compared to single-use FMCG equivalents, the durable design allows
using them over a number of use cycles significantly greater than single-use products. This
highlights the aptitude of reuse models to reduce material volumes over time in comparison
to single-use FMCGs in the linear model [4,6,13] and ultimately decreases the overall
volume of materials flowing in the system from virgin sources. For example, one FaceHalo
durable make-up removal pad can replace up to 500 single-use pads [63], and one durable
food packaging unit (e.g., Loop system) can replace up to 100 single-use units [61].

The exploitation of raw materials in reusable products can also be minimised through
using recycled materials. This issue is discussed further in section F3.

5.1.2. F2. Minimised Overall Energy and Water Use

The reuse models have a greater capability to achieve this EVP factor than the linear
model. This is because reusable products can generate savings on energy and water used
during manufacturing and distribution.

In the linear model, FMCGs are single-use, and their production typically uses signifi-
cant amounts of energy and water to satisfy ongoing consumer demand. Reuse models
rely on infrastructure that allows FMCGs to be used recurrently by the same consumer
(exclusive reuse) or to be recalled, reconditioned, and reinstated in the market (sequential
reuse). Therefore, in reusable products, the use of durable components reduces the re-
quirement for energy and water in comparison to manufacturing frequently and from
“scratch” [3,38,40,42,43]. For example, in exclusive reuse models, the availability of food
dispensers (e.g., London Unpackaged) enables the consumer to use reusable vessels multi-
ple times, thereby reducing the overall energy required to manufacture them compared
to single-use packaging. In sequential reuse models (e.g., Loop system), the reuse-enabling
infrastructure includes a tote used to facilitate the return of soiled durable vessels from the
consumer to the provider. Once retrieved, the provider carries out a reconditioning process
including industrial cleaning and reassembly of vessels for refill, which also require less
energy than to manufacture new goods. In terms of impact on energy and water used in
production, it is also important to note that both in exclusive and sequential reuse models,
more than one reusable product per consumer is likely to be needed to satisfy recurrent
needs. For example, in sequential reuse models, a “buffer quantity” of reusable products
is required to manage the delay between consumer return and delivery and ensure that
demands are met in a timely manner.

In the linear model, distributing globally produced single-use FMCGs to consumers
is an energy-intensive process, which is chiefly due to the long-distance and frequent
transportation of goods between the provider and consumer [64,65]. For perishable goods,
this has to be coupled with the use of energy for refrigeration in the transportation. Further-
more, freight load inefficiencies (e.g., underutilised vehicle space and weight capacity) often
cause an overconsumption of fuel [52]. In both exclusive and sequential reuse models, the
consumables in reusable products are also typically globally produced and therefore have
to travel long distances to reach various consumer markets around the globe. However, in
some cases, the consumables are produced and traded locally, and this can significantly re-
duce energy impact due to transportation and associated fuel consumption [6,41,51,66]. For
example, in a sequential reuse model such as Vessel Works, the reuse-enabling infrastructure
for the recovery and preparation of durable beverage vessels operates within the perimeters
of a single town. The vessels are transported from the provider to a coffee shop, where
they are prepared for reuse, utilised, and deposited by the consumer in a public return bin
and retrieved by the provider for recovery at a nearby washing facility [67]. Nonetheless,
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scaling up such local recovery and preparation for reuse platforms for all types of goods
poses major infrastructural and financial challenges.

Some single-use FMCGs, such as beverages, home care, and personal care products are
commonly distributed with the consumables and ready for consumption. Comparatively,
reuse models, in particular exclusive reuse models 2 and 3, and sequential reuse model 4,
provide the consumer with infrastructure (assistive products and appliances), which sup-
plies consumables for reusable products. This infrastructure commonly uses either bulk
or concentrates, resulting in reduced product volumes and loads due to less packaging
and more efficient transportation (e.g., less trips required) to the market. For example, the
concentrated consumables in the Cif Ecorefill assistive product can reduce 80% of the trucks
used for the distribution of the bottled ready for consumption detergents to market [68].
Another example is the reuse-enabling infrastructure in SodaStream, which allows savings
in transportation, as one gas canister containing carbon dioxide can be combined with tap
water (sourced locally to the place of preparation), producing 60 litres of beverage [69].

5.2. Increased Share of Renewable and Recyclable Resources and Energy
5.2.1. F3. Increased Share of Recyclable and Recycled Materials That Can Replace the Use
of Virgin Materials

The reuse models, similarly to the linear model, have a low capability to achieve this
EVP factor. This is because reusable products are not commonly made of materials that are
recycled and/or recyclable.

The recyclability of materials in reusable products varies; whilst some are fully recy-
clable, it is common for reusable products to be either partly recyclable or not recyclable at
all. For example, insulated double-wall stainless steel reusable bottles are not commonly
collected at kerbside with single-use discarded FMCGs because they cannot be crushed and
baled for ease of transport in Material Recovery Facilities (MRFs); hence, they need to be
disposed of at designated specialist reuse and recycling facilities for processing. The inabil-
ity to recycle at the kerbside is a concern, as it can lead consumers to incorrectly dispose of
valuable and recyclable materials into landfill [7,55]. Another example of a hard-to-recycle
and widely used material is borosilicate, which is a shutter and heat-resistant glass compos-
ite that is often used in reusable vessels. The material causes contamination and ultimately
diminished quality of the common glass stream, as they are difficult to separate [70,71].

The content of recycled materials in reusable products also varies. Some providers
offer reusable products made solely of recycled materials. However, it is also common that
solely virgin or a mix of virgin and recycled materials are used to maintain high material
quality and adhere to safety standards. For example, plastics used in Dopper reusable
bottles are currently never sourced from recycled materials due to the risk of contamination
with harmful chemicals (e.g., BPA, BPS, lead, phthalates, adhesives). Instead, virgin plastics
are used as they are considered to be purer and therefore safer [72]. For the same reason,
silicones, such as the medical-grade used in reusable menstrual cups (e.g., ZeroCup) and
the food-grade used in reusable packaging (e.g., Stojo coffee cups), are also derived from
virgin resources.

5.2.2. F4. Closure of Material Loops

The capability to deliver this EVP factor is key in a circular economy [73] and varies
between exclusive and sequential reuse models. Sequential reuse models have a greater
capability to achieve this EVP factor than the linear model and exclusive reuse models.

With regard to the exclusive reuse models, some offerings give the consumer an option
to return their end-of-life reusable products to the provider for recycling (e.g., FaceHalo
make-up removal pads [63]). However, in the majority of cases in this model, consumers
are not offered services to return products for recycling. In exclusive reuse models, the
material collection and recovery processes mostly depend on infrastructure that is available
to consumers outside of the offering. A key issue is that MRF technology is limited to
recycling specific types of materials, chiefly to facilitate the processing of end-of-life single-
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use and disposable FMCGs, as well as to produce an end product cost-effectively [74].
Therefore, reusable products that have the potential to be recycled are not commonly
collected for recovery via kerbside; instead, consumers are required to dispose of their
reusable products at designated remote locations, which serve as alternative gateways
to revalorisation [75].

In sequential reuse models, the return infrastructure has a greater capability to ensure
a closed loop material flow as the provider drives the process and consumers are held
accountable. In these models, the decision on whether a reusable product or its compo-
nents has reached its end of life is made by the provider, who has a higher capacity (e.g.,
knowledge of material content in a product and partnerships with recyclers of hard-to-
recycle/not-widely recycled materials) to dispose of products correctly and ensure their
recovery. For example, returned reusable products provided by Loop are diverted by the
provider for recycling once they pass their useful life.

5.3. Keeping the Value of Products, Components, and Materials in the Economy
5.3.1. F5. Extended Product Lifetime Keeping the Value of Product in Use

All of the reuse models have a greater capability to achieve this EVP factor than the
linear model. This is because reusable products are designed for longevity and therefore,
their value can be extended over multiple uses.

Material and structural durability (e.g., resistance to use conditions, such as exposure
to extreme temperatures, deformation risks, and degradation due to contact with other
substances) are key technical specifications to extend lifetime [50,57,58]. Durability is
central because reusable products have to endure ongoing processes of recovery for reuse,
which commonly involve cleaning, using water, detergents, and high temperatures. For
example, the durable materials used in reusable sanitary towels (e.g., natural and synthetic
fabrics) have to withstand several washing-machine cycles and maintain their utility, unlike
their single-use equivalents.

Modular design is important to facilitate component replacement, as it can enable both
the provider (in sequential reuse) and the consumer (in exclusive reuse) to replace individual
components in reusable products, further extending their functional life [50,58,76]. For
example, Dopper (in the exclusive reuse model) is a three-part modular bottle, where each
part can be individually obtained and replaced by the consumer.

To mitigate adverse consumer perceptions towards reuse, the providers of reusable
packaging are also employing novel product design strategies. For example, it has been
proposed to treat the surfaces of reusable products to make them “age gracefully” (e.g.,
a product surface shows a new pattern in response to wear and tear) [61]. Moreover,
in exclusive reuse models where reusable products are owned and play a vital role in
daily consumption routines (e.g., on-the-go beverage consumption from reusable bottles),
consumers can develop attachment and sense of care, which enhances product lifetimes [77].
Differently, in the sequential reuse model, the emotional durability of reusable products
might entail that the individual consumer cares about the wider community of consumers.
This can motivate product stewardship through careful handling and return of shared
products for the benefit of the successive reuser [32,60].

5.3.2. F6. Reuse of Components

Reuse models have a greater capability to achieve this EVP factor than the linear model.
This is because reuse models are purposely designed to support reuse and involve processes
of preparation and recovery as core activities to extend the utilisation of reusable products.
The reuse-enabling infrastructure has a crucial role in enabling these processes [10,24].

The reuse of durable FMCGs always depends on the use of recovery for reuse infrastruc-
ture, which assists the reconditioning (e.g., cleaning, washing) of the reusable product with
the aim of bringing it back to its useful state. Whilst this process is key to every reuse model,
it is currently not facilitated by the providers of exclusive reuse offerings. However, exclusive
reuse models, products are commonly designed to fit the recovery processes performed by
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the consumer, such as the use of common assistive products and appliances (e.g., washing
machines, detergents) that are available to them outside of the initial offering. Whereas
in sequential reuse models, the provider takes the responsibility of recovering reusable
products. This is enabled through an industrial set-up (e.g., cleaning facilities), where the
provider cleans post-consumer reusable products before reintroduction in the economy.
For example, the reusable vessels employed by Loop are safely sanitised in their cleaning
facilities [61] before being refilled and sent to the next consumer.

In addition, the reuse of reusable products, particularly where they are used as facilita-
tors to the consumption of perishable consumables, strongly depends on the availability
of infrastructure for preparation for reuse. This entails the delivery (e.g., making and refill-
ing) of consumables to the product in order for it to be reused. Models 2 and 4 provide
infrastructure that is part of interconnected refill systems. Model 3 provides infrastructure
with standardised interfaces to supply consumables to various types of reusable prod-
ucts. This infrastructure is commonly available to the consumer either permanently (e.g.,
full ownership of an appliance, such as SodaStream) or temporarily (e.g., sharing of an
appliance, such as London Unpackaged shop dispenser). Differently, in sequential reuse
model 5, the provider takes the responsibility of preparing reusable products for reuse. This is
enabled through an industrial set-up (e.g., bottling line) commonly used to make and/or
refill the content of recovered durable vessels with consumables before reintroducing them
on the market.

Another contributor to reuse models having a greater capability to achieve this EVP
factor than the linear model are mechanisms such as reward and deposit schemes and
subscriptions to encourage consumers to reuse. Reward schemes are effective drivers for
reuse [55], and these are commonly present in exclusive reuse models where consumers
are provided with tangible incentives (e.g., loyalty points, discounts) each time they reuse
a product. For example, Algramo provide consumers with loyalty points for refilling
reusable vessels, which can be used as discounts for the next purchase. Deposit schemes
are commonly present in sequential reuse models, where consumers pay an additional
fee (e.g., up-front deposit) for the products they borrow as an incentive for the return of
products for reuse. For example, Vessel Works [67] requests a $15 up-front payment when
lending their reusable cups to the consumer, which is paid back upon its return at a drop-off
bin. Subscriptions to an offering are also a mechanism that enhance consumer adoption of
reuse models [25]. For example, Humankind subscribers receive reusable vessels that they
obtain within the first purchase, and scheduled deliveries of refills thereafter.

6. Discussion

The pressure on resource supply and the environmental impact of linear consumption
systems are an urgent call for the FMCG industry to shift towards a circular economy.
Governments are beginning to disincentivise linear consumption (e.g., by enforcing taxes
on single-use plastic packaging [78]) and are urging businesses to embrace alternative waste
prevention strategies such as reuse (UK Government [79], European Commission [80,81]).
The FMCG industry, with businesses ranging from start-ups to large corporations, is
starting to recognise the importance of shifting to a circular economy (e.g., the UK Plastics
Pact [82], CE100 Members Network [83]) and is introducing reuse practices into their
offerings. Research into FMCGs reuse systems is growing, particularly for packaging.
Recent work on reuse systems has predominantly organised offerings based on reusable
packaging models (e.g., [24]) and users’ actions such as refill and return [25]. However, to
date, research into the system elements and processes that facilitate reuse has been lacking.

This research bridges this knowledge gap by providing a framework for comprehen-
sive characterisation of the main reuse models currently operating in the FMCG industry.
The framework establishes key reuse system elements, their functions, and the configura-
tions currently adopted in the industry. It also characterises core reuse behaviours that
consumers perform for different types of reusable product and how they are enabled by
various types of infrastructure.
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6.1. Two Behavioural Modes to Reuse FMCGs: Exclusive Reuse and Sequential Reuse

The reuse models currently adopted by the FMCG industry enable consumers to practice
reuse in two behaviour modes: exclusive reuse and sequential reuse. In both modes, reuse
entails three key operations: preparation of a reusable product for reuse, reuse of a reusable
product, and recovery of a reusable product for reuse (as shown in Figures 3 and 4, left). These
operations are macro-level components of a wider reuse behaviour chain that spans across
several stages of the journey taken by reusable products through the system [84].

In exclusive reuse models, reusable products are kept and owned by consumers control-
ling their journey through the system. The preparation, utilisation, and recovery operations
are always performed by consumers. An advantage of these models is that consumers
utilise products and perform the recovery themselves (e.g., cleaning). In this way, they are
in control of the conditions of the products as opposed to sequential reuse models, where
products are shared. On the other hand, a disadvantage of these models is that they require
substantially greater consumer effort in comparison to the linear model (where products
are made “ready for consumption” and easily replaced following their disposal) [85]. As
shown in previous studies on the behavioural determinants of using reusable packaging
(e.g., [29,30]), consumers’ perceptions towards the effort involved in performing a reuse
behaviour can influence behavioural intention to participate in such offerings.

In sequential reuse models, reusable products flow in sequence from one consumer
to the next (via the provider), and consumers are offered access to the products before
returning them back for subsequent reuse. The provider takes the responsibility for some
of the behaviours in the reuse chain (as illustrated in Figure 4), reducing consumers’
effort. In model 4, the preparation and utilisation are performed by the consumer, while the
provider performs the recovery. Differently, in model 5, both the preparation and recovery
are performed by the provider. The ultimate reduction in consumer effort can be seen
in model 5, where products arrive to consumers’ homes in a “ready for consumption”
state (e.g., supplied with consumables) and can be returned from consumers’ homes (e.g.,
doorstep collection), thereby giving consumers a level of convenience similar to or even
seemingly exceeding that of the linear model [28]. Nonetheless, the methods of return
for recovery provided in this model vary. Therefore, the level of consumer effort can
range from low (e.g., returning via the doorstep at home) to high (e.g., returning in an
in-store drop off location, which may be far from home) [75]. In model 4, the issue of
effort required for preparation is raised as the consumer is commonly required to perform
necessary preparation activities (e.g., refill) using provided infrastructure. A general
disadvantage of sequential reuse is the negative perception towards the cleanliness and
quality of post-consumer products, which can influence consumer intention to reuse [55,86].

In summary, businesses have a choice to offer two key behavioural modes to con-
sumers. Exclusive reuse is a route to utilise reusable products for consumers who value
ownership, are happy to invest effort, and do not want to risk the potential adverse percep-
tions of sequential reuse. Whereas sequential reuse, pending its advancement, is a platform
for consumers that prefer access and value convenience when utilising reusable products.

6.2. The Lives of Reusable Products Are in the Hands of the Consumer

The consumer is ultimately responsible for correctly guiding products through the
consumption system [1,84]. This includes ways in which they obtain, utilise and dispose of
products. Exclusive reuse models are currently designed to give the consumer freedom to
decide how long they keep and reuse their products. The consumer can choose to utilise a
reusable product multiple times up until it reaches the end of its useful life or to utilise it
for a number of times that is insufficient to offset its environmental impacts [87,88]. In the
latter case, the reusable product can be stored and underutilised or prematurely disposed
of [10]. The longevity of reusable products in exclusive reuse models can also be affected by
inappropriate handling by the consumer, particularly in the processes of preparation and
recovery. For example, the use of detergents and high temperatures during the recovery
of reusable bottles can cause their deformation (e.g., Dopper reusable plastic bottle [89]).
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At the end of life, reusable products are commonly destined to enter municipal waste
streams. Despite some providers accepting post-consumer goods for recycling, whether
reusable products enter the correct waste stream is dependent on consumers’ decisions to
appropriately dispose of them [10].

Sequential reuse models are more likely to include mechanisms (e.g., financial incen-
tives, subscriptions) that can influence consumers’ decisions to perform necessary be-
haviours. The up-front costs invested, e.g., deposit on reusable products, give the provider
some control over the product journey, as they can lure resources by nudging the con-
sumer [90] to return products for recovery and further reuse. For example, a higher deposit
value can increase the recovery rate [91]. However, financial incentives and subscriptions
can influence but not enforce or guarantee consumer behaviour. Hence, consumers may
decide to bear the loss of deposits and dispose of reusable products instead.

In summary, when implementing reuse into practice, a business must be aware that
consumer engagement with the appropriate use and disposal of reusable products is critical
to ensure success. Sequential reuse presents an opportunity to better control the flow of
products at the end of use, which is when they are returned to the provider. Nonetheless, it
still poses a challenge in guaranteeing that the correct consumer behaviours are performed.
Exclusive reuse presents a higher potential for system errors (e.g., reduced product lifetime,
redirection into landfill instead of recycling) due to the direction of the flow being less
governed and in the hands of consumers.

6.3. The Design of Reusable Products Needs to Improve to Close Material Loops

Whilst reuse models have been identified to have a significantly higher potential to
bring environmental value than the linear model, EVP factors F3 and F4 from the category
of “increased share of renewable and recyclable resources and energy” remain unsatisfied. The
FMCG industry needs to improve their approach to the design of reusable products in order
to close the loops of material flows. Some providers ensure that the material content of their
reusable products is recycled and recyclable. However, they are often produced using virgin
(e.g., fossil-based plastics) and non-widely recyclable materials (e.g., composites) which, if
not carefully managed at the end of life, generate negative impacts on the environment [10].
In addition, some businesses justify the use of virgin and high-performance materials
(e.g., stainless-steel and reinforced glass) in reusable products by highlighting that their
environmental footprint can be offset over a prolonged period of use. However, to move
towards a “true” circular economy, i.e., one that captures and circulates materials in the
system, the industry needs to implement design strategies that increase recycled and
recyclable material content and ensure the easy separation of materials for subsequent
processing [50]. This also has to be coupled with the design of a system that fosters correct
disposal behaviours by the consumer [1,55,84].

In summary, a business has to carefully consider the design of reusable products to
ensure that materials can be recovered through current recycling systems. Simultaneously,
efforts should be made to advance current collection infrastructure and recovery technology
to enable the recycling of materials from reusable products.

6.4. Reusable FMCGs Become “Slow-Moving Consumer Goods” and Require
System-Wide Change

It is not uncommon for the term “fast” in FMCGs to refer to the speed at which
products are produced and delivered to the market [92] or the dynamics of supply chains
that are able to rapidly change to address new consumer needs in tastes and trends [93,94].
However, in the context of the linear economy, the term can also be interpreted as the
rate at which goods that are disposed and re-purchased on a regular basis due to a short
lifespan [95,96], implying that fast-moving indicates the speed at which products in the
linear model flow through the economy.

In reuse models, FMCGs satisfy everyday consumer needs using the same product (i.e.,
durable packaging and/or durable product) over multiple uses, significantly slowing down
the replacement rate. This suggests that FMCGs can be seen becoming “slow-moving”.
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Sustaining reusable products limit the industry to change the design of FMCGs, which
is a common approach to rapidly respond to new consumer needs [92,93]. However, to
slow down the replacement rate, the industry faces different supply chain challenges.
This study has identified that preparation and recovery infrastructures are paramount to
enable the consumption of reusable products. In many reuse offerings, the consumer is
required to interact with shared infrastructure (e.g., in-store dispensers) or not interact
with infrastructure at all while receiving the outcome of its utility (e.g., a factory-refilled
product). In these instances, the preparation and recovery functions are fulfilled through the
provision of services, highlighting that reusable products exist within systemic structures
that are typical of product–service systems (PSS) [46,97]. As a result, “slow-moving”
FMCGs supported by services challenge the current supply chain to evolve in order to
support reuse in the industry.

In current FMCG supply chains, production systems are typically centralised with
globally integrated operations and long distribution channels. This allows the industry
to achieve economies of scale and cuts costs by eliminating inefficient and redundant
processes. However, this structure poses logistical challenges for the movement of reusable
products. Any reorganisation of the supply chain to serve a new reuse economy requires
consideration of production systems, distribution networks, and operations management
to enable reusable products to move through the system more sustainably [15].

For exclusive reuse models, current production systems and distribution channels to
retailers still have the capability to support reuse. In fact, the industry is already conducting
pilots, which demonstrate the capability of the current supply chain to distribute consum-
ables in bulk. These pilots centre on supplying long-life consumables, such as dry foods,
cosmetics, and beverages to retailers for further distribution to the consumer via local
in-store dispensers. Nonetheless, bulk dispensing systems are underdeveloped for several
other consumable types. For example, current technology is expected to pose challenges
to the delivery of consumables, such as harsh detergents and refrigerated or perishable
foods due to safety, spoilage, and contamination risks. With respect to agricultural goods,
such as seasonal foods, the current supply chain, which uses a mix of global and regional
production and long or short distribution channels, can utilise reusable tertiary packaging
for bulk distribution to retailers [98] or directly to consumers.

In order to enable preparation for reuse operations by consumers, the current off-the-
shelf supermarket format and consumable-dispensing infrastructure will need substantial
development and investment. There are several barriers for businesses considering the
adoption of such infrastructure in stores. These include an increase in shop floor costs due
to the requirement to display several elements of an offering (e.g., a dispenser and stock of
refillable containers) and a potential increase in employee costs, due to the extra number of
staff needed to run refill points, which are often slower than off-the-shelf sales [99].

For sequential reuse models, product manufacturing systems could also remain un-
changed. However, new regional facilities to clean and replenish reusable products (i.e.,
durable packaging and/or products) need to emerge in close proximity to the consumer
market. If recovery and preparation for reuse operations involve long-distance trips, as some
pilot sequential reuse systems currently do, there is a risk that the carbon footprint associated
with transportation negatively impacts the environmental costs of reuse [15,100]. Currently,
the capability to carry out recovery and preparation for reuse processes at a local level exists
mainly for take-away food and hot beverages. For these goods, preparation and recovery are
performed in close proximity to consumers and by a single stakeholder (e.g., a restaurant)
or through a partnership of several stakeholders (e.g., a coffee shop, a provider’s cleaning
facility) located within the remit of a small economy (e.g., a town).

With regard to recovery for reuse operations specifically, supply chains require a new
infrastructure for the collection of reusable products and careful consideration of the
associated operational costs [15,63]. The collection infrastructure can be designed on
the basis of who owns reusable containers and is responsible for their recovery [15]. If
the infrastructure is shared and therefore serves the recovery of products that belong to



Sustainability 2021, 13, 2609 27 of 35

several providers, communal reuse bins for recovery and industrial-cleaning facilities could
emerge. The introduction of communal reuse bins would require various FMCG businesses
to collaboratively approach the design of reusable products to enable their standardised
collection and sorting. This collaborative approach would also need to apply to the reverse
logistics system, ensuring that products are returned to the correct providers (e.g., product
tracking and identification technology can be adopted [15]). It would require substantial
enhancements to identify and sort a highly complex variety of products. Technology is
emerging to support such advanced identification, for example through watermarks (e.g.,
the Holy Grail Project [101]) or object recognition technology [102]. Nevertheless, the
implementation of this technology requires systemic and collaborative change. Although a
business-to-business relationship in reverse logistics can be easier to manage than business-
to-consumer, in practice, a lot of inefficiencies occur due to customer non-compliance [103].
Whilst a shared product recovery infrastructure is likely to be beneficial, it could also make
the management of operations more complicated due to the high volume of deliveries
and pick-ups [15].

In addition, current kerbside recycling bins commonly collect only a selection of
products and materials from post-consumer single-use and disposable FMCGs. Hence,
another important infrastructural transformation involves the extension of these schemes
to include the collection of materials from post-consumer reusable products to enable them
to enter the correct recycling stream. It must be reviewed whether reusable products can be
correctly and economically identified and sorted by current MRF technology [104], and the
collected materials can still be transitioned to future uses [72]. This is needed for reusable
products in exclusive reuse only if they do not offer an end-of-life collection service. For
sequential reuse, it is expected that products are returned to providers, who assess their
fitness for use.

In summary, depending on the reuse model, supply chains will need multiple trans-
formations, which are likely to require significant investments from all stakeholders (e.g.,
businesses, governments) and will determine the transition of the industry to a reuse
economy system. After selecting one of the two reuse models, businesses have to carefully
consider the implications of any increased complexity brought by the model and if they can
technically and financially afford the required infrastructural and managerial investments.

6.5. Enhancing Reuse through Multi-Model Offerings

The reuse framework developed in this research presents foundational models. Some
providers offer consumers multi-mode options. This illustrates that there is scope for
businesses to provide consumers with alternative pathways to reuse, thereby enhancing
the adoption of reuse by the industry. In particular, by giving the option to reuse either in
the exclusive or sequential mode within the same offering, the prospect of reusing products
can be made appealing to different groups of consumers. In addition, systems with multi-
model options can increase the potential for product reuse in circumstantial purchases,
such as when the consumer arrives at the location of purchase unprepared (i.e., without
bringing their reusable vessel for refill) but wants to purchase consumables from within
the offering by borrowing a vessel for refill.

Some providers adopt multi-model combinations that require consumers to reuse
several products simultaneously (e.g., reusable products and assistive products). This
illustrates that there is scope for businesses to extend the reusability of their offerings to in-
clude several elements, enhancing the longevity of products and ultimately increasing their
environmental value. In addition, the use of multi-model combinations can be extended
beyond durable FMCGs to include assistive appliances. For example, sequential reuse can
be adopted to lease assistive appliances to consumers, and their recovery for reuse can be
supported by refurbishment services (e.g., coffee machine rental (e.g., Bundless [105]).
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6.6. Limitations and Further Research

The reuse models that emerged in this research have been configured based on ex-
isting cases of reuse offerings. In general, reuse models are still in the early stages of
adoption within FMCG markets with scope for business innovation, which could lead to
the development of novel models. Ultimately, any advancement of reuse would call for an
extension of the five reuse models framework.

The methodology used to categorise the reuse models identified key reuse system
elements at a macro level (i.e., reuser behaviour, reusable product, and reuse-enabling
infrastructure for preparation and recovery). Whilst this research provides an insight
into the types of access that the consumer has to infrastructure, the framework does not
characterise this aspect. Its future consideration has the potential to influence the sustain-
ability and adoption of reuse models. In addition, whilst the sample used in this study
included offerings that operate across various markets worldwide, future research could
investigate how the identified reuse models function within specific geographical regions.
The methodology used to assess the capability of each model to deliver environmental
value included a list of EVP factors and their realisation methods. This list is limited to
three core environmental themes focused on assessing resource efficiency, recyclability,
and reusability. Whilst these three themes allow for an early-stage qualitative assessment,
there is scope for extension to include other pillars of sustainability, such as social and
economic aspects.

Further research could include investigation of exclusive and sequential reuse behaviour
chains to broaden the understanding of consumer participation in those systems. This
could include the identification of psychological and systemic barriers and drivers to
the adoption of reuse in the two behavioural modes. As highlighted by the evaluation
of the EVP factors, further research should include investigation of the recyclability of
reusable products. This could include the identification of materials suitable for both
reuse and recycling. In addition, as the reuse models framework centres on the reuse of
FMCGs, further research could focus on the reuse of infrastructure. This could advance the
framework by adding further levels of distinction between the models, thereby providing
an extended view of multi-model approaches. Finally, as the data sample includes reuse
offerings from “traditional” FMCG categories, there is potential to extend the framework
to include fast-consumed products from other industries, such as fashion or electronics.

7. Conclusions

In the FMCG industry, improving the efficiency of material resources has become a
key issue. One route to achieve this is to increase the recycling of packaging and products.
However, recycling alone does not address the problem of material intensity, which is
typical of the industry. In order to reduce the flow of materials needed to satisfy consumers’
needs, a growing number of businesses are starting to move beyond recycling by imple-
menting novel reuse models and consumption systems, such as refill stations. However,
the literature on reuse models is scarce and does not provide a comprehensive view on the
key dimensions of reuse, limiting the industry’s ability to implement reuse successfully.

This research has carried out a comprehensive analysis of reuse offerings in the FMCG
industry showing that reusable products are predominantly durable packaging for bever-
age, food and personal and home care goods. For the first time, this analysis has led to the
characterisation of reuse models based on the behaviours expected by consumers, the own-
ership of products, and the interaction between products and infrastructure. The resulting
models provide a holistic view on reuse that goes beyond current frameworks based on
users’ actions such as refill and return [25]. Specifically, this research has characterised
the architectural components of reuse models that have a central role in facilitating reuse,
including the reuser behaviour, the reusable product, and reuse-enabling infrastructure. As a
result, five main reuse models were identified and presented in a framework. Three models
involve exclusive reuse, where the reuser consumes individually and keeps the reusable
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product, while two models involve sequential reuse, where the reuser consumes along with
multiple successive individuals and returns the reusable product.

This research also carried out a qualitative assessment of the environmental value
potential of the reuse models to ascertain their capability to deliver a “true” circular
economy for resources. This has shown that reuse models are often ineffective at closing the
loops of material flows due to limitations to the recycling of reusable products. Ultimately,
improvements need to be made to the design of reusable products by ensuring that the
material content is recycled and fully recyclable where possible. Nonetheless, the reuse
models presented have a greater potential to deliver environmental value than the current
linear model. Factors such as reducing the input and use of natural resources and retaining
the value of products, components, and materials in the economy make this possible.
When compared to exclusive reuse models, sequential reuse models were found to have a
greater capability to make the journey of resources continue towards recycling due to
infrastructural elements that enable the closure of material loops. The success of reuse
models is equally dependent on consumer behaviour compliance and the deployment of
adequate infrastructure by providers.

The reuse models framework proposed in this research can guide a business willing
to pursue reuse to understand how to modify current linear practices and develop novel
circular propositions. Specifically, the models can help a business identify if a reuse
offering fits with their consumers’ needs and their own technical, infrastructural, and
financial capabilities. In addition, the methodology adopted in this research to assess the
environmental value proposition of reuse models can be used by a business to evaluate the
circularity of future reuse offerings at the early stages of development.
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Appendix A
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Coca-Cola Freestyle

^Bare and Boho 
^Bloom and Nora
*^Billie Wonder 
Cheeky Wipes 
Circular and Co Cup
Dopper bottle
^Eco Vibe (reusable make-up removal pads)
^FaceHalo 
Kalika Beeswax Wrap
^Lunette 
Onya (tote bag)

b Stojo 
^Tabitha Eve (nail polish removal pads)
Way Cup 
^Zero Cup 

Algramo Tricycle
Algramo (in-store dispenser)
*Billie Wonder (nappies)
Blueland 
^Champion Shave
*Cif Eco Refill
Cleanyst
*Dazz 
Drinkfinity
Ecover Refill 
*Fill Refill
Gatorade (pod and bottle)
^Gruum Razor 
Humankind Deodorant Refill
*Join the Pipe
Kjaer Weiss Refills
Miwa 
Myro Deodorant Refill 
*Ocean Saver Eco Drops
Olay Whip Refill Pods
Pepsi Home-Made
Replenish
*SodaStream 
Splosh
^Up Circle Safety Razor
*Waitrose and Partners Unpacked
^Wearth Modular Toothbrush

All Things Hair Raillery Station
Bundless Coffee 
*Cif Eco Refill (pod)

*Dazz 
Drinkfill
Evian Renew
*Fill Refill
Food Dispense
Gambino Bottling
*Join the Pipe
L'Occitane Refill (pouch)
*Method Refill (pouch)
*The Milk Station Company
*Ocean Saver Eco Drops
Pepsi Spire
Refill and Replenish van UK
Refill Van 
SodaStream Professional Hydration Platform

The Social Space Refillery
The Source Bulk Foods 
Unpackaged Refill
Virgin Pure
Woosh Water
Fair Well

Cozie Refill
Jean Bouteille
*The Milk Station Company
*Waitrose and Partners Unpacked

Coca-Cola Brazil  (bottle reuse scheme)
Cup Club
CupKita
Dabba Drop
Danone Water Jugs
Dirty Hippie cosmetics
Econesia
Enviro Cup
Freshbowl 
Go Box 
Hepi Circle
Infinity Goods
Keko Box
Koiismetics
Lindström’s Returnable Bag
Liviri
Loop (packaging and transit tote (*d))
Milk and More
Muuse
Plaine Products
ReCircle 
ReCup
RePack
Returnr with Deliveroo

beverages

baby care
personal care
baby care
baby care, personal care
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https://www.coca-colafreestyle.com/

https://bareandboho.com.au/pages/reusable-cloth-nappies-faqs
https://www.bloomandnora.com/
https://billiewonder.nl/
https://www.cheekywipes.com/
https://circularandco.com/
https://dopper.com/
https://ecovibe.co.uk/products/reusable-makeup-remover-pads-with-glass-jar/
https://facehalo.com/
https://www.kalikawrap.com/
https://www.lunette.com/
https://onyalife.co.uk/

https://www.tabithaeve.co.uk/products/five-reusable-nail-polish-remover-wipes
https://www.compatible-capsules.com/
https://www.zerocup.co.uk/

https://algramo.com/en/home/
https://zerowasteshowcase.enviu.org/solution/algramo/
https://billiewonder.nl/
https://www.blueland.com/
https://www.championshave.com/
https://www.cifclean.co.uk/cif-ecorefill-spray-homepage.html/
https://www.cleanyst.com/
https://www.dazzcleaner.com/
https://www.drinkfinity.com/
https://www.ecover.com/
https://www.fillrefill.co/stockists/
https://www.gatorade.com/gx/
https://www.gruum.com/?v=79cba1185463/
https://byhumankind.com/products/deodorant/
https://join-the-pipe.org/en/
https://kjaerweis.com/
https://www.miwa.eu/
https://www.mymyro.com/
https://www.ocean-saver.com/collections/cleaning-drops/
https://olay.co.uk/olay-promise/sustainability/
https://design.pepsico.com/homemade.php?v=112/
https://www.myreplenish.com/
https://sodastream.co.uk/
https://www.splosh.com/
https://upcirclebeauty.com/products/safety-razor
https://www.waitrose.com/ecom/shop/featured/groceries/unpacked
https://www.wearthlondon.com/aluminium-toothbrush

https://www.allthingshair.com/
https://bundles.nl/siemens-koffiemachines-moyee-abonnementen/
https://www.cifclean.co.uk/cif-ecorefill-spray-homepage.html/

https://www.dazzcleaner.com/
https://www.drinkfill.com/
https://www.evianrenew.com/london/
https://www.fillrefill.co/stockists/
https://fooddispense.eu/
https://zerowasteshowcase.enviu.org/solution/gambino-bottling-ltd/
https://join-the-pipe.org/en/
https://uk.loccitane.com/eco-refills-collection,83,1,96296,1398254.htm
https://methodproducts.co.uk/refills/
https://themilkstationcompany.co.uk/
https://www.ocean-saver.com/collections/cleaning-drops/
https://www.pepsispire.com/
https://www.refillandreplenish.co.uk/
https://www.refillvan.co.uk/
https://www.pepsico.com/sustainability/focus-areas/packaging

https://www.thesocialspace.co/
https://www.thesourcebulkfoods.co.uk/
https://www.beunpackaged.com/
https://virginpure.com/
https://www.wooshwater.com/
https://www.fair-well.co.uk/

https://www.cozie-bio.com/
https://www.jeanbouteille.fr/
https://themilkstationcompany.co.uk/
https://www.waitrose.com/ecom/shop/featured/groceries/unpacked/

https://packagingeurope.com/coca-cola-brazil-returnable-bottle-initiative/
https://cupclub.com/
https://cupkita.id/
https://dabbadrop.co.uk/
EMF, 2019 - in References section
https://dirtyhippiecosmetics.com.au/about
https://www.enviu.org/work/econesia/
https://www.enviro-cup.co.uk/
https://www.myfreshbowl.com/
https://goboxpdx.com/
http://www.hepicircle.org/
https://www.infinitygoodsdelivery.com/
https://www.kekobox.com/
https://www.koiismetics.com/
https://lindstromgroup.com/article/bag-for-life/
https://liviri.com/
https://loopstore.com/
https://www.milkandmore.co.uk/have-you-still-got-the-bottle/
https://muuse.io/
https://www.plaineproducts.com/
https://www.recircle.ch/en/
https://recup.de/
https://www.originalrepack.com/
https://au.roocommunity.com/introducing-returnr-deliveroos-new-sustainability-initiative/

https://stojo.co/

https://sodastream.co.uk/
https://stories.starbucks.com/emea/stories/2019/starbucks-launch-reusable-cup-trial-at-gatwick-airport/

https://thewallyshop.co/
https://vesselworks.org/
https://www.washcot.be/

*SodaStream 
Starbucks UK Gatwick Airport (cup reuse trial)
The Wally Shop
Vessel Works
^Washcot (nappies and transit packaging (*d))
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Figure A1. Sample cases.
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Appendix B

Provider-owned are reusable products returned to the provider following consump-
tion; the mechanism that ensures that the provider retains ownership of these products
can vary from “hard”, where the consumer has a legal obligation (e.g., terms of use, or
contract) to return borrowed products to “soft”, where the consumer is incentivised to
return borrowed products but has flexibility to retain them.

Appendix C

The consumption phase typically falls after the production phase and commences
from the point in which a product is available on the market. The end of the consumption
phase marks the end of a single life cycle of a product, after which the product flows either
out of the system into the waste-stream or into its next life cycle (as a product or a material).

Appendix D

Model 1
Exclusively reused 
products

reuse offering 

*Model variant
  

reuse model V*

Model 2
Exclusively reused
products with 
reuse-enabling
infrastructure

Bloom and Nora, reusable sanitary towels (1)a 1

5 6 7 8

9 10

1211

14

15

16 17 18 19

13

2 3 4

d Onya, reusable tote bag (4)

b Dopper, reusable bottle (2)
c WayCap, reusable coffee pod (3)

Replenish, reusable detergent bottle and refill pod (5)b
a
a
b

Evian Renew, water dispenser (11)
London Unpackaged, food dispenser (12)
Woosh, water dispenser (13)
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Ocean Saver, refill pods (14)b

Cozie, reusable bottles and dispenser (15)

Loop, reusable packaging vessels (17)
Washcot, reusable and returnable nappies (16)a

b
SodaStream, reusable and returnable gas canister (18)c
RePack, reusable and returnable transit packaging (19)d

SodaStream, reusable bottle and beverage dispenser (6)
Miwa, reusable vessels and food dispenser (7)

b
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Olay Whip, reusable moisturiser packaging and refill pod (8)
Billie Wonder, reusable diapers with single-use liners (9)
Drinkfinity, reusable bottle and refill pod (10)
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Note: references to offerings can be located in Figure A1, Appendix A. Image credits: providers’ websites.

Figure A2. Reuse models: offering examples.

Appendix E

Exclusive reuse is a behavioural mode for ownership as much as for consumption
by leasing, whereby products are accessed by a single consumer and remain in their
possession for an agreed period of time or number of uses, after which they are returned
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to the provider. Although leasing is more common in industries such as automotive and
aviation, it is possible that novel variants of exclusive reuse involving product or packaging
leasing will emerge in the FMCG sector. In these variants, the consumer is provided with
an option to reuse whilst the product or packaging remains in the property of the business.
An example for the FMCG sector is exclusively reused nappies offered in leasing [106].
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