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Abstract: Although literature discussing materials circularity in the built environment sector is
well-developed, we have a limited understanding of circularity in facility services because most
of the literature often generalises building operations, ignoring circularity applications via service
streams. Thus, owing to the service nature of facility management, facility service providers’ remit,
and the building operation functions, this paper makes a first-order attempt to conceptualise circu-
larity in the context of facility services and to identify areas corresponding to key facility functions
and performance improvement criteria. Facility service is an important service stream for building
operations, and it includes a range of functions ensuring better condition, quality, serviceability,
and durability of building assets. Understanding the limited research undertaken to highlight circular-
ity in facility services, this paper uses a literature review and qualitative content analysis to categorise
three scopes (procurement, building use, and end of life) and the corresponding circularity-oriented
action areas in facility service delivery. As key findings, subtle changes in the core facility function,
such as in products” purchase approach, delivery of ongoing maintenance and refurbishment of
building assets, and end-of-life management, possess the potential to enable circularity. Thus, within
the buildings” operation realm, a dedicated service stream, such as the facility service, can contribute
to realising circularity for facility service providers’ commercial clients.
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1. Introduction

Environmental sustainability in the built environment sector has gained traction for
its extensive natural resource consumption, greenhouse gas (GHG) emissions, and waste
generation. The global construction sector, including buildings, accounts for about 20-50%
of natural resources consumption and 50% of the total solid waste [1]. Many new buildings
come into operation each year. However, their share in the total building stock is relatively
small compared to the old ones [2]. Nonetheless, it is important to improve the sustainability
performance of the whole building stock, including new ones, as their conditions tend
to deteriorate over time, and to leverage emerging technologies and services that may
enhance the building’s sustainability performance. Another reason to consider improving
the building sector’s sustainability performance is that the building industry is striving
continuously to deliver on global sustainability objectives, and the industry is expected to
grow significantly as the global middle-class population will cross four billion by 2030 [3].
The dual challenges of minimising the resource use in existing and future building stock
and improving sustainability performance throughout their lifecycle foreground the circular
economy imperative.

The building sector’s transition to a circular economy is critical considering the entire
life cycle of the building and for fostering innovation within the built environment [4].
Circular economy is viewed as an important notion by environmental sustainability pro-
fessionals for its potential to assist commercial building owners in delivering sustainable
development objectives [5]. Although the initial definitions of the circular economy were
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related to the 4R framework (reduction, reuse, recycling, and recovering) up until 2012,
most of the existing discourse and definitions use a systems perspective [6]. Thus, it is
reasonable to state that the current conceptualisation of circular economy is broad enough
to envision changes at the micro, meso, and macro levels with a view to retaining the value
of materials throughout the assets’ cycle, including the individual product’s end of life [6,7].

While the general conceptualisation of circular economy and the focus of each concep-
tualisation, including the built environment sector, have evolved over time, the conceptual
nuances pertaining to circularity in facility services are thinly explored. The conceptual
nuances underscore the facility service providers’ remit, service-oriented nature, and core
functionality as buildings operators. This paper aims to explore the fundamental basis
necessary to conceptualise circular economy in facility management practices and identify
areas for circularity-oriented actions. Facility management as a service is an essential part
of the building life cycle’s operation stage, which is the longest stage that determines
the building’s life cycle sustainability performance. The International Organization for
Standardization (ISO) defines facilities management as the organisational function integrat-
ing process, people, and place within the built environment [8]. The international facility
management association defines facility management as a profession that integrates people,
place, processes, and technology to ensure better functionality, comfort, and efficiency in
the built environment [9]. It has become a crucial part of the commercial building sector
and services because of the increased emphasis on building optimisation, as facility man-
agers are involved in the monitoring and analysis of building data and the modification
and upgrading of building features affecting performance [10].

Thus, understanding the boundary of facility services, this paper provides fresh in-
sights into areas within facility management, such as procurement, building operations,
and products and assets’ end of life, where it may be practical to enable circular actions.
The rest of the paper is structured as follows. Section 2 sheds light on facility service
being a service stream and the characteristics of facility service delivery, thus elaborating
on the need to separately conceptualise circularity in facility services. Thus, this section
highlights the potential academic contribution of this paper. Section 3 is the methodological
framework, highlighting the literature review and qualitative content analysis as funda-
mental research elements. Section 4 identifies the scopes for envisioning circularity in
facility services and creates an analytical foundation. Section 5 identifies areas under each
scope where circularity-oriented actions can be realised in facility service delivery. Section 6
provides initial insights into metrics and performance improvement criteria, and Section 7
talks about carbon dividends. Finally, Section 8 is the conclusion that also explains some
limitations and areas for conducting further research.

2. Circular Economy—Understanding in the Context of Facility Service
2.1. Facility Services in Building Operations

Facility management involves important functions such as managing front-end re-
source inputs and back-end waste outputs whilst ensuring that buildings provide services
to their owners and operators, tenants, and visitors (see Figure 1). Generally, the facility
management function includes real estate management, managing occupants, delivering
maintenance works, maintaining physical assets in serviceable condition, and building
systems management [11]. Given the broad functions, it is reasonable to say that facility
management as a service forms the crux of the decision-making regarding how physical
resources are consumed and discarded after the end of life. Facility service has evolved
from being a secondary service to a core functionality in decision-making whilst operating
assets [12]. Thus, innovative thinking and solutions within the facility management arena
are getting more traction in recent times, as there is an intention to adopt sustainable facility
narratives and anticipation of changes in functionality and end-user requirements [13]. The
ideas on innovative thinking for sustainable facilities are, however, driven primarily by
the intelligent building discourse that foregrounds advancements in the building-sector-
related smart sensors and controllers. Facility service in the building operation phase suffers
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from the least consideration of the optimisation of input and output flows of physical re-
sources [14]. Nevertheless, sustainability in facility service has been a topic of discussion
for about two decades as it plays a central role in determining buildings” environmental
performance, although primarily for green-building-related certifications [15].

Front-end inputs Back-end outputs

oooo
oooo

Low-entropy resource input (energy. High-entropy waste

water, office supplics etc.)
o Environmental performance

Services procurement (human
resources, 1T services., facility

Core scrvices delivery
management cte.) Operational performance

Strategic direction and decision-
making (leadership. budget allocation, Public disclosure (annual reports,

and performance criteria) Governance sustainability reporting etc.)

Figure 1. Front-end inputs and back-end outputs.

While the application of ‘sustainability in facility services (that includes facility man-
agement function)’, and ‘circular economy within the broader built environment sector’
are familiar narratives, the circular economy concept and its applications in facility services
are rarely discussed. This is because many research scholars often disregard the fact that
facility service is one of many service streams necessary for the built environment sector,
and building management per se is considered a facility service. The implicit differences
between facility service and building management are barely recognised to the extent
necessary to clearly comprehend the underlying aspects that distinguish them. In a general
sense, they appear similar as both relate to managing and maintaining building assets,
ensuring the seamless functioning of the building, and satisfying user needs. The key
difference, however, is the scope of work they cover. For example, building management is
far more technical in the sense that the emphasis is more on the functioning of technical
assets, and it relies on the use of sophisticated, intelligent technical systems (e.g., building
management control systems) to manage assets.

The focus is solely on the building as a structure and a group of assets. Facility service,
on the other hand, is far broader in the sense that there is a well-established ISO facility
management system (41001), and it comprises people, processes, technology, and place [9].
People pertain to human resources such as facility managers, sustainability professionals,
and other decision-makers who will play a key role in enabling a circular economy. Process
pertains to the means by which circular economy can be enabled within the facility man-
agement practices as part of the broader facility service. For example, the identification of
key areas, an implementation framework, and a performance measurement framework are
in place. Technology pertains to the use of technologies that may enable a circular economy,
and place refers to the facilities and buildings in general where changes need to be made.
As portrayed in Figure 1, and given the service nature of facility management required
to operate buildings, it may be reasonable to say that facility service providers need to
develop an understanding of how circularity can be embedded in facility service delivery.
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2.2. Four Perspectives Highlight the Characteristics of Facility Service Delivery and the
Circularity Element

The day-to-day facility service delivery involves management and maintenance works
that are aimed at improving the condition and quality of building assets, optimising their
functioning, and improving the assets’ life cycle performance with higher end-of-life time.
All these contribute to the pursuit towards circular facility management as assets remain in
the use phase for a relatively long time. Similarly, the services-oriented facility management
practices and changes in the market conditions may have a profound impact on the way
circular facility management is practised (Figure 2).

Management

General management in the delivery
of facility services

Maintenance

Regular maintenance,

. major/minor, and capital works
. Circular _

facility

management [

Services

Facility services including

sustainability services

Markets

Changes in market conditions that
may have a bearing on facility

services

Figure 2. Perspectives on circular facility management.

Management plays a crucial role in the facility services delivery as the complexity
of the tasks managed range from simple to sophisticated, and the criticality of the tasks
range from regular operational matters to highly strategic, essential, and confidential,
in some cases [16]. In facility services, management involves support across two levels,
operational and strategic [17]. The circular actions can be put under both operational
and strategic matters because they can be strategic, mostly in the beginning, and more
operational, as the concept is slowly integrated within the regular facility management
practices. The management of environmental programs that are closely related to circular
actions in facility services falls under the general management remit [16,17] puts waste
disposal and environmental management in the building services and operations cluster
of the facility services. It is understood that the general management in delivering facility
services can be confused with the term ‘facility management’. This paper distinguishes
them by referring to stewardship when the paper says general management in delivering
facility services. Stewardship fosters organisational change [18] and is mostly discussed
in an institutional context. Stewardship in an institutional context is defined as actions
aimed at changing work practices in the long-term interest of an organisation [19]. Thus,
the management perspective highlights leadership.

Maintenance of built assets is often considered a cost source, although they can po-
tentially help organisations gain long-term benefits [20,21]. Many proactive and reactive
services are part of the service-oriented framework in facility management practices [22].
While capital works are quite common across the facility management space, they are
often less associated with operation and maintenance related to facility management [23].
However, as the gamut of elements within broader facility services is being diversified
for additional value propositions to asset owners, capital works and project management
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are being increasingly considered as crucial parts of the facility services. Previously, cap-
ital works were thought of as activities of external agencies, excluding facility service
providers [18]. Maintenance and capital works are physical in nature, and this is where
efficient management of assets (e.g., repair, repurposing, and renovations) can contribute
towards a circular economy [24].

With facility services, it is said that the relationship between a facility services provider
and client is based on an adversarial approach [25]. Therefore, while a collaborative ap-
proach is desired, the key areas of collaboration should be worked out between facility
service providers and the clients. The collaboration areas will likely depend on the con-
tractual arrangement between the facility services providers and the client (service buyers).
Nonetheless, the following areas are common across many contractual agreements be-
tween the facility services providers and the client: (1) maintenance and asset manage-
ment, (2) data management and digitalisation of FM, (3) environmental/sustainability
services, (4) security services, (5) project management, (6) workplace solutions, and (7) sup-
ply chain management. From the client/property owner’s point of view, maintenance
(including asset management) is an important function because it may impact the financial
value of the asset [26]. The market perspective emphasises the corroborative effort between
the facility service providers and the market actors as market actors, such as the recycling
companies and subcontractors necessary for many maintenance and refurbishment works,
complement the facility service provider’s capability in many cases.

3. Methodological Framework

The methodological framework is designed to answer the two main research questions.
First, what does the concept of the circular economy mean in the context of delivering
facility services? Second, what are the specific areas in which facility service providers can
consider embedding circular strategies, and how do we monitor and measure the perfor-
mance? The earlier sections have already provided insights into the conceptual nuances in
the way we envision circularity in the built environment and the circularity in the delivery
of facility services. Nonetheless, this research, in general, and the methodological frame-
work underscore facility services as one of many service streams necessary for building
operations, whereas the built environment is considered as a physical structure made up of
various materials and products. This research builds on the aforementioned conceptual
nuances to explore two different strands of the literature as part of the literature review
process, as there is limited research conducted to explain the concept of circularity specif-
ically tied to facility services. The first literature strand covers studies on circularity in
the built environment and construction sectors, and the second strand covers studies on
sustainability in facility services.

In the methodological framework (Figure 3) adopted by this study, the literature review
and categorisation are the foundational elements. Categorisation pertains to specifying key
facility service areas where this study seeks to generate useful insights into embedding
circular strategies with a view to setting it apart from general considerations of sustainability
matters in the facility service space. A scoping literature review and a systematic literature
review are the two methods used for the literature review, and for the categorisation, this
study uses qualitative content analysis. The scoping literature review is useful when there
is a requirement to identify the main concepts and theories in the literature and downsize
the relevant literature that may provide a comprehensive overview of topics under study
and possibly seek relationships between topics [27,28]. The scoping literature review is
followed by a systematic literature review, which is sometimes considered as an entailing
method of the scoping literature review [29]. A meta-synthesis technique is used as part
of the systematic review that interprets the findings from multiple qualitative research
studies [30], as a systematic literature review method is useful if there are specific research
questions, which this study has.
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Figure 3. Methodological framework.

Qualitative content analysis is a methodological tool for conducting a structured
literature review [31] and for enabling the coding of categories identified as part of the liter-
ature review. Qualitative content analysis is suitable for studies looking to analyse textual
materials and unearthing the meaning of texts via coding and categorisation [32,33]. Ow-
ing to the extensive review nature of the systematic literature review process, qualitative
content analysis and the categorisation, in particular, makes the review task less compli-
cated and less time-consuming. Regarding the sources of relevant literature, this study
prioritised published literature, such as academic research papers, conference proceedings,
and books. White papers and other internet sources are also used but to a far less extent.
Various keywords such as ‘facility management’, ‘circular economy’, ‘buildings’, ‘built en-
vironment’, ‘recycling’, ‘sustainable procurement’, ‘end-of-life product’, ‘close loop supply
chain’, ‘reverse logistics’, etc. were used to find the relevant literature.

For an in-depth review and descriptive analysis of categories and subcategories, this
study used NVivo as a tool for coding and the constructivist epistemological paradigm as
an interpretative framework and the conceptualisation tool. The use of NVivo as a tool for
coding categories and subcategories, allowing qualitative content analysis and in-depth
review, is appropriate as NVivo has the ability to segregate qualitative data and information
by sentence, paragraph, and string of texts [34]. Furthermore, NVivo enabled an under-
standing of interlinkage between categories. Whilst the coding and categories and the
qualitative information spread across them are valuable resources to conceptualise an idea,
there needs to be an interpretative framework upon which a construct on circularity in
facility services is generated. Thus, this study employs a subjective interpretative process
through the epistemologically constructivist lens to construct an idea of circularity in facil-
ity services. The construct (1) identifies a few areas as a starting point for facility service
providers to consider circularity-oriented actions and (2) provides an evaluative framework
as an initial guideline for the facility service providers to gauge the level of circularity
incorporation in the delivery of facility services.

To apply the methodological framework (Figure 3), this paper uses a staged approach
(refer to Figure 4). First, literature review methods are used for scoping circularity in
facility services, which is the basis for categorisation and sub-categorisation. This paper
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has not used a systematic literature review to the extent of labelling it a review paper. The
key reason is that there is very limited research conducted to elaborate on circularity in
facility services, and therefore, this paper refers to other related strands of the literature
(e.g., circularity in the built environment and general sustainability in facility manage-
ment). Furthermore, qualitative content analysis is less compatible with a full systematic
literature review.

Scoping for
circularity in
facility
management Literature review

Categorisation
and sub-
categorisation

Deductive
reasoning

Qualitative )
content c°d"_1g énd
= qualitative
analysis | onent analysis Inductive
(NVivo) reasoning

|
| |
| |
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| |
1 [
1 [
| |
| I
1 I
1 I
| Potential areas |
| for circularity- . !
: oriented actions Constructivist :
| |
| |
| |
| |
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| |
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| |
| |
| |

epistemological
J7 paradigm
Metrics and
performance
improvement
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Figure 4. A staged approach to applying the methodological framework.

Second, the three scopes (procurement, building use/operations, and end-of-life
management) are the primary nodes in the NVivo software. Section 4 provides a rationale
for choosing the three scopes. Nonetheless, the three scopes result from deductive reasoning.
The entailing step is further coding by using qualitative content analysis, which is a basis for
creating sub-nodes and an analytical foundation. Thus, this step uses inductive reasoning
with a limitation that only a few sub-areas within the core facility functions are added as
sub-nodes. The inductive reasoning supports the analytical foundation. Finally, based
on the textual data collected in various NVivo nodes (and sub-nodes), this paper builds
a construct to conceptualise circularity in facility service. The metrics and performance
improvement criteria correspond to the identified potential areas.

4. Scoping for Circularity in Facility Management and Analytical Foundation

Facility management is more relevant during building operations [35,36]. Thus, this
section builds on the understanding that facility management is a crucial element of build-
ing operations—and also considers the welcome evolution of facility service from a stan-
dalone technical service to broader long-term management of buildings with additional
support areas/services [37]. Additionally, considering the critical roles of procurement
and end-of-life management of products and materials in building operations and their
circularity linkage, this paper covers three distinct scopes where the circularity concept can
be realised: (1) procurement, (2) use, and (3) end of life.

The critical role of procurement in facility management has been discussed extensively
by previous researchers in the early to late 2000s [26,38—-40]. In fact, procurement in facil-
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ity management was considered strategic purchasing from the early 2000s [40]. Facility
management functions can be embedded within the building operations phase in the build-
ing’s life cycle. This paper frequently refers to the term ‘Use’ to refer to the building
operation phase that also necessitates procurement and end-of-life products management
functions, as facility services include building operation, maintenance, technical facil-
ity management, cleaning and waste management, etc. [14]. Furthermore, professional
management and maintenance during building operations are core functions of facility
managers, and the building operation phase is far lengthier in comparison to construction
and decommission [10]. An increasing drive for embedding and improving sustainabil-
ity whilst delivering facility services means that the end-of-life management of various
physical products is captured under the waste management function of facility manage-
ment [14,36,40]. The waste management function pertains to the end of life of various
physical products and materials. Table 1 provides a description of each of the three scopes
considered for envisioning circularity in the delivery of facility services.

Table 1. Description of scopes.

Scopes Description

relates to the supply chain and purchase of various physical products

P . 1
rocurement and materials necessary to operate buildings.
relates to the use of various physical products and materials during
Use building operations. This stage expends various physical products

and materials and converts them from low-entropy resources to
high-entropy waste.

relates to the end of life of various physical products and materials.
End of life The high-entropy waste is the target physical mass for driving
circularity in delivering facility services.

Figure 5 depicts the possible material flow if we are to envision circularity in the de-
livery of facility services. The preventative and reactive maintenance works initiated by
facility managers intend to extend the use phase of various physical products and materials.
Thus, maintenance in facility management often contributes to enhancing the sustainability
performance of buildings [41]. Maintenance is such a crucial aspect of facility management
that moderately matured, and globally accepted computerised maintenance management
systems (CMMS) were used as early as the late 1990s [42]. Computerised maintenance
systems and facility managers can now leverage the power of data to optimise various
facility management functions, including waste management [43]. Regardless of various
maintenance-related platforms and tools at the disposal of facility managers, maintenance
posits itself as a cog in the lean management framework by extending and retaining
the value of various physical products and materials. Thus, maintenance alongside restora-
tion and refurbishment of assets can be considered as acting to slow down the forward
flow of materials across the building operation phase (referred to as ‘Use’).

Enabling the reverse logistic system can add to the effort of maintenance in slowing
down the flow of materials headed towards landfills when the physical products and materi-
als are labelled as waste at the end of their life. Reverse logistics pertains to logistics arrange-
ments necessary to enable higher recycling and material recovery from physical products
and materials at the end of their life [44]. Although the reverse logistics concept is tied
strongly to supply chain management as a field of study, it has been increasingly discussed
in the context of waste management, material recovery, and recycling [45]. Nonetheless,
studies focusing on the interaction between supply chain management and sustainability
(e.g., resource recovery and products’ life extension) are prevalent [46,47].
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Figure 5. Forward and backward material flow across the three scopes.

While the role of maintenance and reverse logistics is explicit in the delivery of facility
services, the role of procurement is implicit. First, procurement may be dominated by
the subcontracting of soft services. Second, the notable quantum and range of hard goods
(physical products) that are necessary for building operations could be procured by asset
owners instead of by the facility services provider. Nevertheless, facility managers may
influence the procurement and delivery of hard goods [48]. If this is the case, suffice
it to say that any efforts facility managers put into practicing sustainable/responsible
procurement contributes to circularity in facility management. Strategic purchasing [40] by
facility managers can target products that have higher recycled content and are recyclable
at the end of their life. Strategic purchasing considers organisational environmental goals
whilst fostering cross-functional integration across various supply chain activities [49].
Strategic purchasing has also evolved considerably by incorporating domains such as
socially responsible purchasing [50], green supply chains [51], and a closed-loop supply
chain [52,53]. The closed-loop supply chain is based on the principle that there exist systems
in place to support both forward and reverse material flows to assist resource recovery
and value creation [52,54].

While the scoping for circularity identified procurement, building use, and end of life
as parent categories to create an analytical foundation, the inductive reasoning and coding
information from other related literature strands identified subcategories. Together, they
create an analytical foundation necessary to elaborate on potential areas for circularity-
oriented actions. The subcategories across three scopes are listed as actions, and decision
gateways are added to explore performance improvement criteria if decisions are to be
made to integrate and deliver actions alongside the facility service delivery (Figure 6).
The identified actions were recorded as they commonly occurred in the relevant literature
and were processed through NVivo as part of the qualitative content analysis.
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Figure 6. Actions—decisions chart creating an analytical foundation.

5. Potential Areas for Circularity-Oriented Actions—Integration with the Core
Facility Functions

5.1. Procurement and Closed-Looped Supply Chain

The narratives around strategic purchasing, the sustainable /responsible supply chain,
the green supply chain, and the closed-loop supply chain mean that the concept of pro-
curement of goods and services and the supply chain, in general, are noticed through
the sustainability lens. The attention can be attributed to the need to minimise externali-
ties to help close material loops by reducing the waste quantity and reducing the cost
of operations. There are two parallel concepts around the procurement of products
and services—sustainable procurement and circular procurement. While both are simi-
lar in terms of their conceptual underpinning and are also used interchangeably by research
scholars, circular procurement focuses more on closing energy and material loops within
the supply chain, whereas sustainable procurement has an additional focus on responsible
sourcing [55-58]. This paper takes both concepts into account to discuss how procurement
of goods and services and the closed-loop supply chain, in particular, can enable circular
facility management. Considering the nuances in the theoretical foundations in the defi-
nitions of circular procurement and sustainable procurement, a closed-loop supply chain
is desired as it promotes strategic purchasing, targeting reduced forward material flow
and more reverse material flow (Figure 5).

The closed-loop supply chain concept argues for the reverse material flow along-
side the regular forward flow and has more players compared to the traditional supply
chain [59]. This argument fits into the conceptualisation of circular facility management
despite the limitation of the closed-loop supply chain concept in sufficiently addressing
the value activities of fast-moving consumer goods [60]. It is normal for facility service
providers to come across fast-moving consumer goods such as cleaning products, toiletries,
catering, and office supplies, to name a few. However, technical products and materials (e.g.,
building materials, furniture, electrical, mechanical, and water-using equipment) are more
relevant to this study, considering their materiality factors. Furthermore, this study presents
a closed-loop supply chain as a broader concept to highlight procurement and strategic
purchasing, as the concept is viewed as important to enabling a reverse flow, meaning
an obvious connection to reverse logistics [61]. Thus, this study limits the closed-loop
supply-chain-related discussions within the strategic purchasing and the reverse logistics
linkage. Based on the available literature, this section discusses the fourfold approach to
strategic purchasing and the closed-loop supply chain that facility service providers can
leverage to enable circularity.
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5.1.1. Certifications, Eco-Labels, and Other Information-Based Instruments

Although studies [62,63] provide a comprehensive literature review on the role of eco-
labels in a circular economy, this study specifically focuses on the discussion around facility
management. Eco-labelling, one of various product labelling schemes, is an information-
based tool supporting sustainable consumption and production by providing guidance on
the environmental impact associated with the use of the product [64]. Although initially
criticised for information overloading and editing the choice of consumers by the govern-
ment, manufacturers, and retailers, it is now widely applied across various product sectors,
including office buildings and consumer electronics [63]. Its contribution towards enabling
the circular economy has been studied [62,65] to find the following important features:
(1) they contribute to extending the products” use duration (i.e., extending the service
time); (2) they can contribute to enhancing the environmental performance of products as
the use of hazardous substances in products is limited, thus improving the recyclability;
(3) eco-label criteria such as products’ durability, repairability, and upgradability are ap-
plicable to many eligible products; and (4) they are considered as easily made changes in
the production practices, although the environmental improvements may also be small.

Many building certification schemes and green public procurement policies encourage
the use of environmental product declarations (EPDs) [66-68]. The consideration of the life-
cycle impacts of building materials and products is an important feature of EPDs that can
also inform the embodied carbon and material contents. Although the EPDs are voluntary,
the extensive quantitative and verified information forms the basis for decision-making
regarding the environmental performance of building materials and products. While it
does assist in making better material and product choices considering the environmental
performance across the procurement, use, and end-of-life stages, it opens up opportunities
for instruments like material passports and digital product passports to enable a circular
economy [69,70]. Material passports and digital product passports are relatively less
prevalent in comparison to EPDs.

5.1.2. Revisiting the Way Physical Products Are Purchased

Some closed-loop supply-chain-related literature has pointed out the need to shift
focus from ownership to access and change in purchase models such as product-service
systems [60,71]. From the products’ suppliers’ perspective, product service systems (PSS)
focus on selling services and performance instead of physical products and are identified
as one of many circular economy enablers [72,73]. In fact, one of the key features of
enabling circularity is the servitisation of an economy through long-lasting maintenance,
repairs, and recycling [74]. The broader maintenance element of facility service incorporates
different types of maintenance (e.g., reactive and preventative), repairs, and recycling, too,
as a part of managing maintenance-related waste.

From the facility service provider’s perspective, if the goal is to reduce the forward
flow of materials, then PSS can not only achieve this goal but also significantly reduce
the maintenance responsibility and end-of-life management of waste products. The down-
side, however, is the financial risk to the facility service providers as they generate a certain
fraction of the total revenue from maintenance and end-of-life management. The downside
is both visible and perceivable if there is an individual organisation perspective. If we
are to use a broader perspective, considering the entire industrial ecosystem and a novel
network of product and service providers, the downside may not be too daunting to
facility service providers who rely on generating revenue from self-delivery of mainte-
nance and product end-of-life management works [75,76]. For example, many large-facility
service providers subcontract critical facility activities like cleaning, catering, and refur-
bishments. It is an opportune environment to create novel and collaborative business
models with subcontractors to manage them on the client’s behalf and with pay based
on their services instead of the products they deliver. It may be reasonable to say that it
is already standard practice for many facility service providers, especially for cleaning
and catering subcontracting. Likewise, on the maintenance front, facility service providers
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can prefer preventive maintenance service purchasing instead of reactive maintenance
service purchasing from subcontractors on the client’s behalf. In fact, preventive mainte-
nance is identified not only as a PSS enabler of resource reduction but also as alleviating
the challenges of PSS provision [73,74,77]. Additionally, facility service providers have
choices to leverage result-oriented PSS instead of product-oriented. Result-oriented PSS,
such as activity management, per-day service unit, and functional result, are known to
generate value in the service content [74].

5.1.3. Participating in Product Stewardship Schemes as a Large-Scale Consumer

Product stewardship schemes enable various consumer goods manufacturers to ex-
tend their responsibilities beyond just manufacturing to broaden the focus on other benefits
in addition to economic benefits, such as environmental and social benefits [78]. Unlike ex-
tended producer responsibility, product stewardship schemes involve non-manufacturers
and, more importantly, consumers as among the many key participants. Facility services
providers can be considered large-scale consumers because of the range and extent of con-
sumer goods they buy and use on the asset owner’s behalf. Thus, by default, the onus is on
the facility services provider to effectively manage various consumer goods when they are
labelled as end-of-life physical products. In addition, considering that product stewardship
has evolved from having an early focus on hazardous management to a much broader focus
on resource conservation and recycling [79], participation in product stewardship schemes
will assist facility service providers in kickstarting any circular initiatives. For example,
in Australia, there is a product stewardship scheme called ‘FluoroCycle’ that intends to
recover mercury and other materials such as glass and aluminium as many building owners
transition from legacy luminaires (e.g., fluoro tubes and globes) to energy-efficient lumi-
naries (e.g., LED lights). The lighting upgrades can be a part of the regular maintenance
work that facility service providers come across. Thus, facility service providers managing
multiple assets and buildings have an option as large-scale consumers of lighting products
if they are to participate in product stewardship schemes such as FluoroCycle.

Product stewardship grew as a dominant business model for recycling if we are to
consider a broader waste-management industry [80]. Thus, it may be reasonable to say that
product stewardship schemes have created a bridge for physical flows of materials between
consumer goods’ production and consumption spaces. The anticipated physical flow is
in the backward direction from consumption space to production space as the product
stewardship goal is to minimise materials ending up in the external environment [81]. An
Australian example is the Paintback scheme, which is an industry-led product stewardship
scheme that takes unwanted paint and packaging and disposes of it responsibly. While
the facility service providers are responsible for the waste and end-of-life management
of various physical products, most of them may be subcontracting because of the extent
of the purchase and the waste and end-of-life products buildings/facility generate. For
example, lighting upgrades (LED lights) and painting services are sourced via third-party
service providers. In these circumstances, facility service providers are better off stipulating
the product stewardship requirement right at the onset during the service purchase so that
facility service providers participate in schemes via subcontractors.

5.1.4. Interactions with the Fledging Green Industry, Provisions, and Support

The United Nations Environment Program (UNEP) states that green industries develop
and sell products, solutions, and technologies that reduce carbon emissions and pollu-
tion and improve energy and overall resource efficiency [82]. Thus, the green industry
has been defined in the context of envisioning the shift from unsustainable production
and consumption towards sustainable and resource-efficient production—consumption
systems. While there have been significant debates and discussions about identifying
the best possible pathways for green industry development [83], it would be reasonable
to point out the evolutionary nature of the green industry. The concurrent sustainability
challenges and fast-paced innovations driven by various market actors make the green
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industry dynamic, and it is characterised by incremental to radical changes on a regular
basis. The end-users’ requirements for green facility management [84] put facility service
providers in a situation where they are constantly seeking solutions and innovations that
the green industry is driving. Another driver for seeking interaction with the green in-
dustry is the creation of a high return on value for owners and other stakeholders [85].
Improving corporate image and the organisational ethos are also areas of motivation for
facility managers to seek participation in the green movement [86]. Amidst various motiva-
tion areas and drivers, consideration of sustainability in building operations can still be
a secondary priority for facility service providers, meaning they will have relatively less
time and resources compared to delivering core facility services. This creates an appropriate
environment for facility managers to explore provisions in the market with fledging green
industry actors.

The interaction is bi-directional from the facility service providers’ point of view. First,
facility service providers leverage the green industry provisions to deliver sustainability
services, including circular initiatives. Second, they support the circular-economy-focused
green industry by creating various business opportunities for them. In both types of
relationships, strategic purchasing has a key role. For example, the performance-based
and service-oriented procurement and criteria concerning the reuse and recycling attributes
of physical goods promote a circular economy [87]. The performance-based and service-
oriented businesses are part of the fledging green industry, although the PSS and integrated
product service offering concepts have some history. Shared value is another key advantage
of promoting a circular-economy-focused green industry [88]. On the one hand, facility
service providers are better off leveraging the innovation and solutions the green industry
keeps generating. On the other hand, the innovative business models many green industry
participants come up with receive support from facility service providers. However, there
is a caveat in the interaction with green industry participants. For example, although
the green industry may offer innovative business models and solutions, facility service
providers may end up in a situation that does not reduce the forward flow of materials
and decrease the backward flow of physical materials. The reason is that many fledging
green industry business models and innovative solutions may still look to generate revenue
by selling physical products. Thus, it is up to the facility service providers to gauge
the value proposition in a way that emphasises circularity.

5.2. Building Use and Maintenance

While there has been significant research conducted to understand the circular econ-
omy application in buildings and their operations [89,90], there has been limited focus
on the circular-economy-maintenance nexus. Initially, the circular economy research in
the built environment focused on macro-scale (e.g., eco-parks) and micro-scale, such as
the individual products and materials used in building operations [91]. Furthermore,
the construction aspect of the built environment is a preferred area for researchers focusing
on circular economy in the built environment. Building maintenance received attention for
its focus on ensuring the best condition of assets for as long as possible [92], which is one of
the essential conditions for achieving a circular economy. Building maintenance is a deeply
ingrained element in facility service-related narratives and business value propositions.
Thus, this subsection elucidates the role of maintenance and refurbishments in enabling cir-
cularity in the delivery of facility service. First, this paper highlights the digital applications
in facility management as various digital techniques are increasingly used in envisioning
smart facility management [93], especially focusing on the better performance of main-
tenance works. Second, this paper talks about reactive and preventative maintenance
works, as some studies [4,94,95] have pointed out their importance and the comparative
share of two maintenance techniques in enabling circularity in building operations. Third,
the subsection highlights the refurbishment and restoration of existing buildings and assets
as an area with circularity potential in building operations, as these are often labelled
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as additional elements to regular maintenance works, although put in different service
categories [96].

5.2.1. Digitalisation and Artificial Intelligence Applications in Facility Management

Digital applications in facility management are increasingly considered as revolution-
ising the facility management industry in countries such as Australia and the UK. However,
the facility management industry has the fewest implementation examples, specifically in
the retrofitting and refurbishment areas of facility management [97]. Digital applications are
focused more on the design and construction stages largely because of the advancements
in building information modelling (BIM), reality capture technologies such as 3D scanning,
the internet of things (IoT), and the geographical information system [98]. Nonetheless,
one of the most preferred digital technologies in facility management, BIM, has offered ben-
efits in retrofit planning for existing assets [99] and developing preventative maintenance
plans [100]. Likewise, IoT technologies (e.g., RFID) have also enabled the capture of critical
building maintenance information and building performance monitoring [101]. These
emerging digital trends targeting extending the assets’ use cycle length can be a circular
economy value diver.

Mechanical, electrical, and plumbing (MEP) engineering applications are regular in
facility service delivery. The MEP subsystems and the underlying complexities in handling
MEP components’ maintenance works make it challenging for facility technicians [102].
Ref. [103] conducted research to identify if artificial intelligence and its sub-fields can be
used to assist facility service providers in overcoming the challenges in relation to coming
up with an effective and rapid means to maintain MEP assets in a proactive manner. The
main finding was that artificial intelligence applications (e.g., deep learning and neural
networks) have the potential to assist facility service providers in reducing the assets’
maintenance and upgrade costs alongside cost-effective operation. Refs. [93,104] echo
the need to employ artificial intelligence and digital technologies to facilitate predictive
maintenance in lieu of reactive maintenance. Of various facility management areas, heating,
ventilation, and air conditioning (HVAC) and MEP components, in general, have received
more attention regarding artificial intelligence applications with two main purposes. The
first is the optimal energy performance leveraging various data and information via sensors
and other means. The second is specifically focused on the predictive maintenance of MEP
components, as highlighted by [41,105]. A simultaneous application of BIM and IoT in
selected case studies identified the potential to have a strong and data-driven predictive
maintenance framework for facilities [105], meaning an increased lifetime of MEP com-
ponents and assets. These micro-level interventions within the buildings contribute to
realising circularity in the facility service delivery.

In discussions around digitalising assets, there is an emphasis on the application of
material passports (MP), as it can greatly assist facility managers in understanding the cir-
cular potential of materials [106]. Likewise, a digital product passport (DPP) is another tool
that is envisioned to operate within the digital assets realm and has the potential to con-
tribute towards achieving a circular economy [107]. While the concepts of MP and DPP are
somewhat similar and are also used interchangeably, MP is discussed more in the context
of the building sector [70]. The conceptual underpinning of both MP and DPP is based on
the premise that better data and information recording of products and materials across
their entire value chain will assist different actors in decision-making regarding circularity
and sustainability. A rapid review of some papers [4,108,109] confirms that there exist
conceptual nuances between MP and DPP. MP is focused more on construction materials
and the building sector, whereas DPP involves a range of products, such as consumer
goods [70]. For example, the EU has recently introduced a battery passport that pertains to
DPP. Likewise, a dedicated platform created specifically to enable MP [106] has a strong
focus on construction materials. Regardless of the conceptual similarities and differences,
MP and DPP are a one-stop shop for different actors to access the circular economy potential
of various products and materials as they digitalise assets” data and information. Thus,
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from the facility service providers’ point of view, there is a resource and library available
for them to make conscious decision-making as to how various assets” information via
digital platforms such as MP and DPP can be leveraged to enable a transition towards
circularity in facility management practices.

5.2.2. Reactive and Predictive Maintenance Works

Reactive and predictive maintenance works are commonplace in the delivery of
facility services. Of the two prevalent maintenance types, many commercial and private
clients prefer predictive maintenance over reactive maintenance, as the facility services
industry has evolved considerably towards using a proactive approach [110]. Additionally,
maintenance was initially viewed as one of many facility management functions. However,
it is now considered a strategic matter in facility management practices [111]. The shift in
the way maintenance is viewed in the context of facility service has a twofold circularity
significance. First, as most researchers and practitioners agree, more predictive maintenance
implies increased life of assets. Second, maintenance as a strategic issue means that it is
not only considered a standalone activity /function that facility managers are required to
deliver. There are performance criteria, cost considerations, and additional perspectives,
such as how we leverage maintenance in the delivery of facility services that includes
sustainability services. Thus, there is a circularity element in maintenance works despite
the general understanding that the sustainability narrative ingrained within facility services
is more inclined towards energy and water management [112].

While we know that maintenance works have a clear circularity advantage, the main
question is if circularity can be one of the main objectives instead of being presented as
an add-on feature in the sustainability discourse within the facility services. Ref. [112]
suggests that actions aimed towards reducing energy and water consumption in build-
ings may enable a circular economy. The argument builds on the theoretical foundation
of resource efficiency and circular economy, both of which emphasise reducing resource
consumption. If we are to argue based on a similar premise, this paper identifies two
main areas of maintenance works that may assist facility service providers in enabling
a circular economy. The first is maintenance work targeting reduced passage of physical
material from the use phase to the end-of-life phase and material recovery from end-of-life
products and materials. This fits into the definition of maintenance, which is an activity
targeted to retain and restore a functional unit in a specified state in which it can perform
the required functions [113]. The second is maintenance work targeting reduced resource
consumption, such as energy and water, via soft maintenance techniques (e.g., system opti-
misation). Maintenance is increasingly considered a more luring way to enable circularity
and adopt sustainability practices in general [113], as restoration and refurbishment are
relatively more finance intensive compared to maintenance. Furthermore, the restoration
and refurbishments generate more waste, entailing additional waste management costs.

5.2.3. Renovation, Retrofitting, and Refurbishments in Existing Assets

While the terms renovation and refurbishment are used alternatively to refer to
the building envelope, structural upgrades, and spatial layout changes, retrofitting is
focused more on improving the building’s environmental systems, including MEP compo-
nents [114,115]. However, refurbishments can also be initiated with a view to improving
the environmental performance of buildings [116]. As this paper intends to promote cir-
cularity applications in existing building stocks, having a proper refurbishment strategy
can assist during the paradigm shift from linear thinking towards circular thinking. Refur-
bishment strategies are imperative for realising circularity in the existing building stock, as
refurbishment occurs when parts of the building do not sufficiently meet the occupants’
needs [117]. Most facility service providers operate within the realm of existing build-
ing stocks, and refurbishment is an important topic in facility management [96]. In fact,
refurbishment strategies and actions are sometimes considered as essential elements of pre-
ventive maintenance, which is the preferred maintenance type. Many BIM applications in
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facility management focus on both refurbishments and maintenance, and on retrofitting too,
with a view to improving the sustainability performance of buildings, including resource
efficiency and waste management [114].

The renovation, retrofitting, and refurbishment imperative in the facility services
discourse creates a strong emphasis on existing building stock’s sustainability performance,
mostly energy and water efficiency, as there is a cost-saving advantage. The physical waste
associated with building fit-outs, strip-outs, and clean-ups that comes under one of the um-
brella terms, such as renovation, retrofitting, and refurbishment, has remained a relatively
less researched area [118]. In Australia, office fit-out waste contributes significantly to
unsustainable landfilling [119]. This is where circularity can be materialised by facility
service providers, as most of them also deliver renovation, retrofitting, and refurbishment
projects in client buildings. For building retrofit and refurbishment projects, [120] proposed
some practical solutions, such as employing a reusable and adaptable fit-out design, inte-
grative planning for retrofit works and waste management, and waste benchmarking for
retrofit and refurbishment projects. The suggestions were made after understanding that
‘organisational commitment’ remained the most fundamental issue. While the organisa-
tional commitment by building owners and commercial clients will likely pose challenges,
the facility service providers are positioned to create an integrative retrofit/refurbishment
project package, including waste management. The reactive maintenance and other main-
tenance types, too, that form a crux of facility services delivery to clients include waste
management as one key facility management function [111]. Thus, an integrative project
package is an apt solution in the context of facility service delivery. Furthermore, as facility
service providers deliver a range of integrative retrofit/refurbishment projects, they will
be able to benchmark the waste performance of retrofit/refurbishment projects, meaning
more information to make a critical decision and gauge progress regarding circularity in
facility services delivery.

5.3. Products’ End-of-Life Management and Reverse Logistics

End-of-life management of products, and especially the strategies to retain their value,
such as via repair, reconditioning, and material recovery, are fundamental elements of
the circular economy [121]. Product recovery management, in particular, is increasingly
considered as an important step towards transitioning to a circular economy [122]. Prod-
uct recovery management refers to a management approach intended to close the loop
in a product’s life cycle. Thus, it creates a framework to effectively manage discarded
products in a way that economic and ecological values are generated [123]. While it is
a product end-of-life management technique, there are various nonmanagement methods,
such as remanufacturing, repair, reconditioning, refurbishing, recycling, recovery, etc. [124].
These nonmanagement methods can be a part of an overarching product recovery manage-
ment approach.

On the one hand, there is an overarching approach, and on the other hand, there are
various methods together with a multitude of perspectives and facets, such as economic,
environmental, business, technical, and market [125]. The different perspectives will impact
the way facility service providers approach the end-of-life management of products, such as
the extent and range of products and materials targeted. However, one common aspect in
realising circularity across prioritised products and waste streams will be to enable reverse
logistics, and this is where facility service providers can intervene strategically together
with various market actors. Reverse logistics work in many steps, including collection,
inspection, separation, reprocessing, and distribution [126]. Thus, with improved circularity
as one of their main waste-management-related goals, facility service providers may be
inclined to assist downstream service suppliers in strengthening the necessary waste
infrastructure and assets and the collection process in general.

The importance of understanding the reverse logistics—waste-management nexus is
widely acknowledged, as some studies [127-129] on waste management highlight the way
they complement each other. Thus, the general perception that reverse logistics is mostly
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tied to the concept of supply chain management has somewhat changed, and its application
in waste management is increasingly recognised. For facility service providers who empha-
sise improved circularity, there are threefold advantages for them to work at the interface
between client facilities and downstream market actors whilst ensuring most end-of-life
products leverage reverse logistics mechanisms. First, the elements of reverse logistics,
such as end-of-life product collection, separation, and reprocessing, overlap with circular-
economy-related and -enabling concepts, such as recycling, reuse, refurbishing, repair,
and waste disposal [126,130]. Second, facility service providers bridge the collaborative
platform between their commercial clients and downstream market actors. The commercial
clients incur the cost of recycling, and the downstream market actors, such as the recycling
facilities, receive end-of-life products from the reverse flow. In the reverse logistic system,
collaboration among stakeholders is key to overcoming the challenges of achieving reverse
flow [131]. There are primarily three stakeholders in reverse logistics: returners, receivers,
and collectors. While the facility service providers assist returners such as their commercial
clients, receivers (e.g., recycling companies) and collectors initiate the reverse for end-of-life
product management (e.g., repair, recovery, recycling, etc.). Third, facility service providers
will have an understanding of the facility-level waste infrastructure and assets necessary
for creating a practical working relationship with downstream market actors to organise
the reverse flow of end-of-life products—for example, appropriate bins, collection points,
and collection intervals.

Considering the logistical function, such as collection via downstream market actors
(e.g., waste collectors and recycling companies), it may be reasonable to say that facility
service providers will have a major role to play in reverse logistics. Thus, building on
the typology of logistical function discussed by [132], the following five activities are of
primary interest to facility service providers if end-of-life product management and re-
verse logistics are to be put at the centre of circularity-related goals. The first is creating
a list of common products and materials that appear in most maintenance works (e.g.,
MEP components, fast-moving consumer goods, and individual products/assets). The
second, regardless of whether or not there exists a product stewardship scheme, is mapping
downstream market actors and assessing the existing facility-level waste infrastructure
and assets. While the second activity is relevant if there is a single facility, there may
be a need to optimise collection and transportation in case of multiple facilities across
a geographical scale, and this should be worked out with the downstream market actors.
The third is conducting a waste infrastructure and asset-needs assessment. The fourth is
understanding from downstream market actors the level of recovery they may be able
to undertake from the end-of-life products—for example, full product recovery (repair
and reuse), component recovery (remanufacturing), and material recovery (recycling). The
final one is benchmarking the circularity of various products and material categories as
more data and information are available from the downstream market actors.

6. Metrics and Performance-Improvement Criteria Relevant to the Facility
Service Providers

There are several indicators used to measure circularity, and many of them are still
underdeveloped [133], meaning they will continue to evolve over time. The existing metrics
and indicators intend to measure circularity at various levels, such as from the individ-
ual product level to the local/regional scale. This study is about circularity in facility
services—the literature on which is relatively less developed—compared to the literature
on circularity performance of the built environment and construction sectors. Furthermore,
this study limits itself by setting a boundary that encompasses buildings and discusses
circularity metrics and indicators relating to (1) procurement necessary to operate buildings,
(2) building operation (use), and (3) end-of-life product management. Section 4 has already
provided a rationale for scoping, considering the facility service providers’ remit revolves
around products and materials handling across the three scopes.
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Even at a building level, circularity measurement can be based on two methods:
index based and parameter based [134]. While the parameter-based method can look at
a few specific attributes (e.g., material flow, energy flow, land use, etc.), the index-based
method can use multiple indicators at once to look at multiple attributes. The prevalence of
circularity indicators at a company level was also reviewed and discussed by [135] by using
managers” and decision-makers’ perspectives. The indicators under discussion looked at
various aspects of product use, from procurement to end-of-life management. There is also
a performance indicator looking specifically at recycling, i.e., end-of-life management [136,137].
In fact, most existing indicators look at the micro level (e.g., products), and material flow
analysis has been the preferred circularity performance measurement tool. The product-
level circularity metric has used both environmental and economic attributes, such as
the economic value generated from recycling/material recovery and the environmental
value in terms of the quantity of materials recycled/recovered [136-138]. This way of
product-level circularity measurement applies to the range of products, including building
materials and MEP components.

While most metrics emphasise the measurement of both forward and reverse material
flow, this study introduces a few indicators that may assist in monitoring and measuring
the slowing of the forward material flow and the improved reverse material flow. Table 2
shows the metrics and performance improvement criteria across the three areas. The
metrics are different to commonly used circular metrics related to the built environment
and construction sectors. It is different because this study has attempted to highlight
facility service functions and facility service providers’ remit, although they operate within
the realm of the broader built environment sector. Nonetheless, the built-environment-
related metrics can be used where possible by facility service providers, as facility service
is a service embedded in the operation of the built environment. Table 2 is considered to
be an initial guide for facility service providers to improve their circularity performance,
and as more circular actions are initiated, it has to evolve in line with developments in
the circularity measurement framework in the built environment. The metrics and the
performance improvement criteria have not been tested in detail, mainly because it is
not the main aim of the study. However, considering the conceptual rigour required to
underpin the contents of Table 2, we take a hypothetical example of managing the lighting
system as part of the facility management function. Lighting is one of the important facility
service areas under electrical services.

Table 2. Circularity metrics and performance improvement criteria relevant to facility services.

Metrics and Indicators Performance Improvement Criteria

Promoting a closed-loop supply chain
1 Procurement and reduced forward material flow from
the value chain’s front-end

Number of product categories
11 purchased with eco-labels and similar
certifications

Increasing the range of products with
eco-labels and similar certifications

Increasing the share of services purchased
in the total purchase of goods and services,
i.e., using more product-as-a-service

Number of product categories
1.2 transitioned into using
a service-based approach

(PAAS) models
Number of product categories in use Increasing the use of any currently
1.3 with well-functioning product operational product stewardship schemes
stewardship schemes for various product categories

Increasing the purchase of recycling
services and across an increased range
of products

Number of recycling companies

14 involved and product categories
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Table 2. Cont.
Metrics and Indicators Performance Improvement Criteria
2 Building operations and maintenance Extending products/materials lifecycle

Number of artificial intelligence

.. .o I ing th £ ts, ducts,
and digital assets applications nereasing the range of assets, products

2.1 components, and material categories that
and product/component R
. leverage digitalisation
categories covered
. - . Increasing the ratio of predictive to reactive
The ratio of predictive to reactive -asIng predic
22 . maintenance works, especially for MEPs
maintenance works .
and their components
. Increasing the number of renovation
Number of renovation . . .
. . and refurbishment projects, reducing
and refurbishment projects - .
. the quantity of waste via component reuse,
2.3 (a) quantity of waste generated for .
2.3 . repurpose etc. and decreasing the share of
each material category .
. . . waste across various waste
2.3 (b) recycling/recovery/landfill ratio . . .
: streams/material categories ending up
of waste for each material category . ;
in landfills
Promoting the reverse material flow of
3 End-of-life products/materials from the value chain’s

back-end

Increasing the number of waste assets
and infrastructures necessary to enable
reverse material flow for various
product/material categories

Number of waste assets
3.1 and infrastructure added for different
waste streams/material categories

Increasing the number of waste streams
Number of individual and product/component/material
3.2 product/material categories diverted categories that are diverted from landfills
from landfills and the associated waste ~ and increasing the diversion quantities of
associated waste

Increasing the range of waste streams
and/or product/component/material
categories that have a functional reverse
logistic mechanism

Provision of reverse logistics
3.3 mechanism and product/material
categories covered

In the procurement space, facility service providers can consider purchasing light-
ing products with eco-labels or similar certifications. The energy star rating for lighting
products (incandescent, CFL, and LED) is common across many countries that do not
only look at the lighting efficiency but also at the quality aspect, meaning durable lighting
products (Table 2, 1.1). Second, facility service providers can test the use of lighting as
a service instead of buying lighting products if reducing material consumption is a priority
(Table 2, 1.2). Third, there may be an operational product stewardship scheme designed
specifically for lighting products, such as ‘FluoroCycle’ in Australia. As the lighting system
may see a massive overhaul because of LED upgrades, using a dedicated product stew-
ardship scheme like FluoroCycle will assist facility service providers in improving their
recycling/material recovery goals (Table 2, 1.3). Finally, there could be only a small number
of service suppliers in terms of lighting waste recycling, thus limiting access to them in
the market. Thus, the goal is to create a two-way relationship with them to continue using
them where possible, which will also strengthen the capacity of the key market actors to be
able to provide uninterrupted lighting waste recycling services in the future (Table 2, 1.4).

In the building operation and maintenance space, when we talk about digitalisation,
lighting products are probably the most talked-about topic, particularly in relation to IoT
sensors and intelligent assets. Thus, it is about transitioning to using intelligent lighting
assets, and when there is a provision of a digital product passport for lighting products,
facility service providers are to leverage the resources and opportunity (Table 2, 2.1). While
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most lighting works are reactive, there are also planned and predictive works intended
to improve the performance and durability of the lighting system. It is expected that
the facility service providers keep records in the computerised maintenance system to
track and calculate the ratio of predictive to reactive work orders related to the lighting
system (Table 2, 2.2). Renovation and refurbishments are normally undertaken to improve
buildings’ life cycles, meaning fewer building materials end up in landfills. Contrary to
the common understanding that renovations and refurbishments avoid building material
waste, some is still generated from fit-outs and strip-out work, which are familiar to facility
service providers. Some lighting works are also part of fit-outs, meaning some lighting
waste as the new ones will replace the older ones. Here, the facility service providers are
expected to reduce the quantity of lighting waste alongside other fit-out waste ending up in
landfills. Lighting waste and the component materials, such as glass, mercury, aluminium,
etc., are quantifiable (Table 2, 2.3).

On the end-of-life product management space, while we generalise the waste assets
and infrastructure, some waste streams, such as the lighting waste, may need dedicated
waste assets as they cannot be serviced via waste assets and infrastructures targeting
common waste streams. In Australia, lighting-waste recycling companies provide separate
bins and boxes to store lighting waste until collection (Table 2, 3.1). This paper talks about
lighting products as a hypothetical example. However, it can be replicated across other
product/material categories (Table 2, 3.2). Finally, having an appropriate reverse logistic
mechanism in place is useful for facility service providers. In the case of lighting waste,
when we are talking about improving the reverse flow of lighting waste, appropriate waste
assets and infrastructure (e.g., lighting-waste bins/boxes), waste collector and recycling
companies (e.g., lighting waste handlers), client’s commitment and clear recycling /recovery
targets (e.g., lighting waste as a critical waste issue), and well-defined roles for each actor
are of importance (Table 2, 3.3). Obviously, there are other steps and underlying processes
to enable reverse logistics, such as repair, reuse, and remanufacturing. However, these are
less relevant to the hypothetical example under discussion.

7. Carbon Dividend as an Added Benefit

The carbon dividend from recycling materials is increasingly emphasised by research
papers exploring the circular economy and emissions reduction linkage and narratives [139].
Previously, operational emissions received more attention compared to embodied car-
bon because operational emissions contributed to the major share of buildings’ life cycle
emissions [140]. Embodied emissions are of special interest when we talk about carbon
dividends from circular interventions, as slowing the forward material flow and improving
the reverse material flow, in general, will contribute to reductions in embodied emissions.
Embodied emissions are associated with the extraction of resources and their process-
ing, and they are challenging to reduce once they get into the building stock. Material
contributes to approximately 50% of the buildings” and infrastructure’s carbon footprint,
and almost 40% of it relates to the production of materials [141]. Furthermore, in a rapidly
decarbonising electricity grid that supplies electricity to buildings, the share of embodied
carbon will continue to increase in buildings’ life cycle carbon emission [142]. Thus, embod-
ied carbon reduction is also identified as one of the important value drivers for the circular
economy [143].

Sections 5 and 6 showed areas within the facility services where facility service
providers can promote reducing forward material flow and improving the reverse ma-
terial flow. The performance improvement criteria (Table 2) provided further insights
into realising and gauging circularity in the delivery of facility services. While the dis-
cussions revolved mainly around materials circularity, facility service providers can also
promote carbon dividends from recycling materials as an added advantage to adopting
circular strategies in the delivery of facility services. A study by [143] shows areas within
the whole of a building’s life cycle where embodied carbon reduction opportunities can
be explored—the approach and the scope: for example, the cradle-to-end-use approach,



Sustainability 2023, 15, 8460

21 of 27

scope including use and end of life, and specific areas such as maintenance and refur-
bishments. Research by [144] presents embodied carbon as a long-term impact calling for
considerations to address the issues right from the design phase. While the facility service
providers may have the least influence in the design phase, they will have more influ-
ence to reduce embodied emissions during the use and end-of-life phases and in specific
areas such as maintenance and refurbishment. In the procurement of various products
and materials, as they are necessary for numerous maintenance and refurbishment works,
tools like EPDs can assist in reducing embodied emissions that contribute to the total
carbon stock of the building. The use of EPDs via better procurement decisions generates
carbon dividends to a relatively lesser extent compared to that from recycling and material
recovery, as most building materials with high embodied emissions (e.g., concrete, metals,
wood, and plastics) can be recycled with high efficiency [145]. Likewise, various consumer
products and MEP components have embedded carbon that can be reduced via a complete
product recycling /recovery or of the problematic parts that contribute most to the total
embedded carbon [146]. Reuse of components, recycling, and material choice (e.g., via
EPDs) are considered effective material efficiency strategies targeting buildings, vehicles,
and electronic products [141].

While the facility service providers can contribute to enabling circularity across various
product categories and building materials, and these generate carbon dividends, the ques-
tion remains as to how the carbon dividends are accounted for and possibly reported
to the clients. A study by [147] reviewed methods to calculate embodied-carbon-related
buildings, which shed light on the frequent use of tools like life-cycle analysis (LCA). In
fact, LCA is presented as a mainstream method for the calculation of embodied carbon in
buildings [148]. LCA can be a time- and resource-demanding tool, especially if the sus-
tainability service is integrated thinly with the delivery of facility services. As an initial
step, the use of EPDs can provide insights into understanding how carbon dividends are
being created with better material choices. Additionally, references to credible databases
such as Environmental Performance in Construction (EPiC) in Australia can be a useful
resource. The EPiC database is managed by the University of Melbourne and is funded via
the Australian Research Council [149]. Amidst all the existing resources, such as the EPDs
and EPiC, facility service providers can also use LCA specifically for estimating the carbon
dividends if it is a part of the service delivery framework, as agreed with their commercial
clients.

8. Conclusions, Limitations, and Further Studies

As part of conceptualising circular facility management, this study identified scopes
and areas within the building operation where facility service providers can consider
delivering sustainability services. In conceptualisation and the associated discussions
around circularity in facility services, this paper pointed at the subtle difference that
sets circularity in facility service apart from the general consideration of circularity in
the built environment—for example, facility service as a service stream, facility service
providers remit, and various building operation functions that can be both hard and soft
services. Thus, suffice it to say that circularity applications in facility management can be
viewed and approached slightly differently from our common understanding of circularity
applications for the built environment sector—the literature on which is well-developed.
Thus, this research contributes to strengthening the theoretical foundation in relation to
circularity in facility services.

8.1. Conclusions

To conclude, this study provides four key insights to the relevant academic researchers
and facility service practitioners willing to understand more about circularity in facility
services. First, different perspectives on delivering facility services (e.g., management,
maintenance, sustainability services, market interactions, etc.) can be referenced as a prag-
matic basis to materialise the concept of circularity in facility services. Second, whilst
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the scopes and areas of circularity considerations in facility services can have an arbitrary
boundary, they should primarily focus on building operations, as this is the realm where
the facility operates and functions optimally. Third, while there is a multitude of areas
across procurement, use, and end-of-life products, considerations can be made in focus ar-
eas (and scopes, too) where the extent and impact of circularity-related actions can be more
significant. For example, the areas within the ‘use’ and ‘end-of-life” are more operational
in nature than ‘procurement’. Likewise, actions, such as maintenance and refurbishments
and enabling reverse logistics, may garner more circular benefits than purchasing products
with eco-labels and EPDs. Contrastingly, the product as a service can create more impact
than simply adding a few waste assets and infrastructures. Finally, the circularity per-
formance measurement in facility services can be presented and communicated to reflect
important facility management functions, such as maintenance, procurement, and waste
management.

8.2. Limitations and Further Studies

The theoretical nature of this study limits the testing of the concept with facility service
providers via qualitative research techniques (e.g., interviews and focused group discus-
sions). While the theoretical approach may have limited the validation of the concept of
circularity in facility services, conceptualization and identification of potential circularity-
oriented actions are the main objective of this study. Thus, as a way to undertake further
studies on this topic, it is suggested to use qualitative research techniques involving facility
service providers. Moreover, this study uses a hypothetical example of a lighting system to
discuss the application of the proposed metrics. Again, as further studies, there is a possibil-
ity to take a range of product and material categories to test how the performance metrics
do in research and in practice if intended to be applied by facility service providers. The
application of the proposed circularity performance metrics may highlight the scopes/areas
that use and generate quantitative data.

This study assumes that facility service is the most significant service stream to im-
prove circularity performance in building operations. The assumption builds on the premise
that the facility service as a standalone service stream is broad in nature, covering most
functions required to operate buildings optimally. Thus, future studies with a similar
focus can look at the comparative significance of various service streams—for example,
comparison with the IT and digital service providers’ roles in improving the circularity
performance of building operations.
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