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ABSTRACT

The circular economy (CE) offers a transformative approach to addressing global sustainability challenges, yet few frameworks

integrate it with business strategy, systems thinking (ST) and asset management (AM), especially within critical infrastructure

sectors like rail. This paper conducts a comprehensive literature review to assess existing CE frameworks and their application

in the rail sector, exploring how these frameworks intersect with ST and AM practices. The analysis reveals significant gaps,

particularly in the application of ST at a complex level necessary to drive meaningful shifts in business models and stakeholder
behaviour. To address this, the paper proposes a novel Circular Economy Readiness Framework tailored to the rail industry,
offering a systematic approach to transitioning from traditional, linear business models to sustainable, networked or circular
practices. The framework underscores the role of AM in driving circular outcomes, aligning business strategy with long-term

economic, environmental and societal goals. This research contributes to the broader discourse on CE readiness by offering ac-

tionable insights for industries aiming to enhance resilience and sustainable growth.

1 | Introduction

In Western civilised and democratic societies, if compa-
nies are the engine of value creation and technical progress
(Lockhart 2023), then they should show what value they cre-
ate. That value should be enshrined as the product of corporate
purpose and identity, where purpose is brought to life through
the continuous development of business strategies and imple-
mentation of plans. Business strategy sets the agenda for organ-
isational transformation (Younger et al. 2020), which is when
strategy enacts the organisation's purpose. Organisations should
not set a strategy in isolation from the outcome or impact of what
the organisation does. Just as much as political structures, a na-
tional economy or an immune system cannot be regarded as
simply a property of that system taken in isolation (Schlindwein
and Ison 2004).

But since the 1970s, our economies and businesses have seen
a shift away from a make-do-and-mend mentality to one that
operates on a take-make-waste basis. Our economies work on
a relentless drive for directors to raise stock price over the short
term (Stout 2012). In contrast, the premise that organisations
hold a responsibility that goes beyond their shareholders is not
new. Early Quaker families were a remarkable phenomenon of
British business history such as the original Barclays or Lloyds
in banking, or Sainsburys in food retail. The Quaker business
philosophy was to take the long view and would not be blown off
course by short-term commitments (Quaker faith and practice
Fifth Edition 1911).

To challenge the way our economies work in addressing cli-
mate change, organisations face a plethora of external themes
or regulations such as corporate social responsibility (CSR)
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(Economist 2009), carbon accounting (Gov.UK 2020) or
Environment, Social Governance (ESG) (World Bank
Group 2004-08), (Economist 2022), (Eccles 2023). In addi-
tion, Sustainable Development Goals (UN DESA 2023) or ‘Six
Capitals’, developed by the International Integrated Reporting
Council (IFRS 2024) should also be considered.

The Circular Economy (CE) is one such emerging theme that
looks to tackle climate change and supports sustainability by le-
veraging the value and utility of assets and asset lifecycles. The
CE is a shift away from our current economic dependency on
seeking short-term profits reliant upon increasing consumption
and resulting waste. Value is leveraged through the exploitation
of systems thinking (ST) and circular business models.

Our current business strategies rely upon operating models
with the singular alignment of producing technology on an ex-
ploitative take-make-waste basis. An economy and the value it
creates should not just be based upon price. New conditions are
needed that support and commit to longer-term investment hori-
zons (Mazzucato and Penna 2015). Businesses need to change
their mindset to break out of their short-term zero-sum games.
The opportunity to create synergies through ST in business
strategy is missed and represents a major challenge for indus-
try and the economy in general. Importantly, if an organisation
sets the right strategy, most of these external themes already get
addressed.

The reasoning behind the literature analysis is to determine if
any CE frameworks connect the application of ST to influence
the development of organisational strategy to influence ‘value
beyond price’ outcomes within a CE context. For example, mov-
ing beyond short-term ‘take make waste’ operating models.
This is in relation to exploiting the utility of assets and therefore
should consider the exploitation of asset management (AM).

The CE relies upon ST to reframe the boundary of the firm to the
boundary of opportunity. This includes reframing regulation not
just as a barrier, but also as an enabler to promote positive be-
haviours for longer-term and reframed cooperative goals. Yet CE
has yet to grasp how ST can be exploited to achieve these aims.

The spectrum of unresolved issues around the CE from previ-
ous studies is far reaching. From a lack of integrating ST into
AM (El-Akruti et al. 2013; Hanski and Valkokari 2020; Acerbi
et al. 2020; Waring and Liyanage 2022), and existing AM stan-
dards, e.g., ISO 55000:2024 (ISO 2024a) assumes a cradle to
grave model not cradle to cradle and a lack of circular economic
decision support tools. There are disconnects between Design
and Operations (Bocken et al. 2019; Braungart et al. 2007;
Amaitik et al. 2022) There are stakeholder misalignments and
scenario planning gaps where Strategic Options Development
and Analysis (SODA) (Ackerman and Eden 2020) could be better
utilised to explore circular options (Kayikci et al. 2022). Policy
short termism in public investment prioritises CAPEX over
lifecycle value and complexity theory insights are not opera-
tionalised in circular asset strategies (Green Book Review 2020;
Mazzucato and Penna 2015; Stahel 2007).

This paper proposes a CE Readiness Framework specifically
designed for the rail sector, addressing the critical need for

strategic integration of ST and AM in circular transition efforts.
Whilst existing frameworks often emphasise material flows and
recycling processes, they largely overlook the complex interde-
pendencies, long-term planning and operational dynamics that
are essential in infrastructure-intensive sectors like rail. This
research has highlighted a range of limitations in existing re-
search that links business strategy, the exploitation of AM, ST
and the CE. Whilst individual studies provide insights into a few
of these areas, the joining up of these themes remains largely
fragmented and opens up opportunities for further research.
Through a systematic literature review, the study identifies
significant gaps in current CE frameworks, particularly their
limited application of ST and AM to inform strategic business
planning and value creation beyond price.

Building on this analysis, the paper introduces a systems
thinking-based novel framework that aligns circular principles
with strategic, operational and stakeholder dimensions. In doing
so, it contributes to both academic discourse and practical im-
plementation by offering actionable guidance to organisations
aiming to enhance resilience and sustainability in critical infra-
structure systems.

This study addresses a gap in CE literature by proposing a novel
readiness framework for the rail sector that integrates ST and
AM. By conducting a systematic literature review across inter-
disciplinary sources, we identify the limitations of existing CE
frameworks in addressing complex interdependencies and stra-
tegic planning in infrastructure-heavy sectors. The proposed
CE Readiness Framework aims to support organisations in
aligning their strategic goals with sustainable, long-term value
creation. This framework contributes to both the academic field
of CE and the practical implementation of CE practices in criti-
cal infrastructure sectors like rail.

2 | The Factors Considered for the Theoretical
Framework

The proposed theoretical framework draws upon ST, the fea-
tures of the CE and AM, as well as a selected system of inter-
est in this case, the rail sector to inform business strategy. The
paper explains the five interrelated subjects separately and then
converges them across a proposed theoretical framework. The
specific issues this study seeks to address are shown in Figure 1.

2.1 | The CE—Another Theme

The CE is a systems solution framework that tackles global chal-
lenges like climate change, biodiversity loss, waste, pollution
and regeneration and relies upon the application of ST. CE prin-
ciples and concepts are becoming popular with policy makers,
industry and academics (Geissdoerfer et al. 2017). CE can be
seen as a strategy within the scope of sustainability (Ruggieri
et al. 2016). Although its effective deployment has been limited,
possibly because of its perceived value over time (Webster 2013).

Kirchher (2017) identifies 114 definitions and 17 characterisa-
tions of the CE. Few definitions or models target a move towards
a systemic shift in the economy or sustainability. This implies
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overall strategy.

“take-make-waste” model.

1. Purpose beyond profit: If an organisation wants to be seen as part of a circular economy, it should
focus on creating value that goes beyond just making money. This mindset should be built into its

2. Asset management is exploited strategically: The strategy should make smart use of asset
management to support this shift toward circular practices.

3. Applying systems thinking: Systems thinking can help the organisation imagine what a circular
strategy looks like, assess if it's workable, and work out out how to move away from the traditional

4. Looking beyond the organisation: More value can be unlocked if the strategy considers
partnerships, networks, and impacts beyond the organisation’s own boundaries.

5. Interpreting measures of this behaviour: To understand and track this complex change, we need
ways to visualise how all the parts interact and tools to measure progress toward circular goals.

FIGURE1 | The specific issues this study seeks to address.

the majority of these definitions ignore the need for our economy
to adapt. The concept that the CE is ‘an economic system that re-
places the end of life’ is a useful aspiration although maybe not
one that is technically or scientifically achievable.

Skene (Skene 2018) is critical of the concept of the CE, partic-
ularly within the context where CE ideas have been over sim-
plified or implied as a panacea. CE concepts cannot ignore the
need for a mindset shift and changes in behaviour of all partici-
pants. We need to change the way in which we understand and
interpret value. For example, some CE concepts ignore the basic
idea of sovereignty and the way in which national and global
economics work.

Some organisations promote overly simplistic CE ideas that fail
after closer inspection. Creating the recent phenomena of ‘circu-
lar economy rebound’ (Zink and Geyer 2017). This occurs when
CE activities, which have lower per-unit-production impacts,
also cause increased levels of production, reducing their benefit.
In other words the business model is ignorant of Jevons paradox.

CE behaviour contributes towards sustainability but even
the concept of ‘sustainability’ has its challenges (King 2013).
Sustainability remains an ambiguous concept open for interpre-
tation (Hopwood et al. 2005) and whilst CE is still an emerg-
ing practice it can be argued there is no commonly agreed
concept of it. It is suggested that a single lens needs to be seen
through so different actors have distinct interpretations of what
CE could or should depict (Moraga et al. 2019), (Blomsma and
Brennan 2017).

CE cannot be seen as an ‘ad-on process’ to an existing ‘take-
make-waste’ organisation or economy. Perhaps the search
for what ‘a single lens to see through’ means is a distraction.
Because it ignores the complexity that needs to exist across our
economies to thrive, and at the same time it needs to be coun-
tered from whose and what perspective? CE is a nebulous term.

There are no shortages of frameworks which attempt to bound
the dimensions of what the CE is and what it means. Garza-
Reyes (Garza-Reyes et al. 2018) provides an analysis using 12
dimensions to make comparisons. The research points to a pat-
tern that existing frameworks mainly cover only four out of 12
proposed dimensions. A key observation here is that if this is

what the mainstream is saying what the CE is, then what are
the others missing out on and why? Outputs and outcomes are
different. Outputs are measures of quantity; outcomes are mea-
sures of impact. CE interventions should all lead to future desir-
able outcomes.

Lord Rutherford, the discoverer of the atomic nucleus, divided
science into physics and stamp collecting. Other sciences, such
as astronomy, chemistry, geology and, most notably, biology, rely
a lot on collecting things (not literally, in the case of astronomy)
and classifying them in various ways until a pattern emerges
(Economist. 2023). These patterns should then be known as the-
ories. The point being, there are as many patterns as there are
contexts.

To address this complexity, the CE relies upon the application of
systems theory or ST, which are the application of multimethod-
ological approaches.

2.2 | Systems Theory and ST in Context

The field of cybernetics is wide ranging and associated with
feedback. It is described in a number of ways. For example,
‘control and communication in the animal and the machine’
(Wiener 1948). Mead describes it as “a form of cross-disciplinary
thought which made it possible for members of many disciplines
to communicate with each other easily in a language which all
could understand” (Mead 1968). Ashby describes it as ‘the art of
steermanship’ (Ashby 1956), Beer describes it as ‘the science of
effective organisation’ (Beer 1995).

The history of cybernetics is not straightforward and overlaps
with other themes. Other disciplines have emerged that have
extended or reinforced the concepts originally developed or
inferred from cybernetics. For example, ‘complexity science’
(Johnson 2009), which is an understanding of the behavioural
aspects of systems. Zayed et al. (2010) discusses many dimen-
sions around complexity, and whilst there may be no single
definition for complexity science, the general way in which com-
plexity is expressed is through behavioural models or examples.

It is helpful to think of systems as a series of interacting parts
within a boundary definition, knowing full well that boundary
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definitions constrain or enable the value of what the outcome
of the system can facilitate. This must be true because of the
concept of ‘emergence’. Whereby emergence is something that is
created from the outcome of complexity, with the combination
of the output or relationship between several systems relying
upon the interdependent feedback loops that communicate be-
tween them.

From a grand perspective, biology is the emergence of chemis-
try; from an environmental perspective, global warming is an
emergent property of the outcome of mankind's behaviour, pre-
dominantly from industry and agriculture due to the increasing
demands of mankind's consumption.

The term systems theory in this research encompasses all sub-
ject matter in relation to the study of systems of any form. The
term ST is the understanding of systems theory and the appli-
cation of it in any form, part or whole within an applied space.

Within a ST context, CE can be described by using the out-
comes from two ends of a spectrum. Circular economic value
is only understood when it is compared with an alternative in
context. At one end of the spectrum is the linear economy that
is influenced by short-term profit gain, minimal compliance to
the detriment of externalities. The CE is at the other end of the
spectrum, which is complex and influenced by taking an eco-
logical view by creating medium- and longer-term profit and
creating wider value. That value is the product of what could
not have otherwise been created if those values did not exist, or
those constraints were enabled by actors and stakeholders who
were not dependent on a sole arbiter to influence or shape or do
what they do.

CE value should be outcomes based and must be aligned with
having a positive impact on externalities. How value is created
comes from innovation, changes in behaviours and changes in
the prioritisation and the understanding and meaning of value.
At the complex and CE end of the spectrum, the focus should be
the ability to make a judgement as to which CE interventions are
more effective when compared with others as part of a decision-
making process. The link of the CE to ST pivots around the con-
cept of a system boundary, which reveals a useful definition for
circularity. One that is necessary, expanding, de-toxifying and
regenerating the boundary of ‘the system’ or the positive out-
come on the system/s and the system/s externalities. And when
we think of systems, we need to understand systems from whose
and what perspectives. And when we do that, we need to realise
that changes in one system have positive and negative conse-
quences with others.

We should be comfortable with the principle that we are not able
to fully understand the scope and boundaries of systems and the
impact that they have on externalities. This distinction is com-
parable with the differences between mankind's understanding
of physics and understanding of biology. Whilst mankind has
discovered laws of science, this only represents a small window
into mimicking or altering nature. This certainly does not repre-
sent understanding nature, only a small part of it. Rosen (2011)
makes the point when Elsasser argues insofar as physics must
deal entirely with such averages at the macroscopic level, biol-
ogy is in principle irreducible to physics. It further follows that

the laws governing the behaviour of biological systems are not
inferable or exclusive from physical laws although they are com-
patible with them. This is a common misconception and often
exploited for the wrong reasons. Just because you have mim-
icked a small behavioural characteristic of a system does not
mean you understand how the system works.

It is important then to understand how emergence occurs.
Emergence occurs in nature from systems we struggle to under-
stand, but we can describe the conditions and the products of
systems that enable emergence to happen (Ladyman et al. 2013).

2.3 | AM in Context

Assets are invested in and built and managed to serve a purpose
to enable an outcome. The practice of AM covers the manage-
ment of the built environment. This paper considers the invest-
ment in and exploitation of railways.

The history of AM has emerged from two boundary definitions.
A bottom-up perspective, which mainly focuses on the cost of
the asset, its condition, reliability and maintenance effort, has
lesser regard for corporate purpose. It is possible to have an ef-
fective and efficient AM system that is essentially carrying out
unethical aspirations of the business. Investment in assets is
needed to maintain asset life. Requirements are escalated up the
management hierarchy.

Management system design, negligence in human decision
making and bottom-up AM systems often lead to catastrophic
events; for example, the Hatfield train derailment (ORR 2006).
This can include poorly defined contracts set by the govern-
ment or poor governance or management that are too distant
from understanding the technicalities needed to manage assets,
or the consequences of underinvestment. Recently, UK water
companies have been heavily criticised for pumping raw sewage
into rivers whilst at the same time underinvesting in upgrad-
ing water infrastructure, but also being able to share billions of
pounds of profit back to shareholders (Hall 2021). Governance
and management system failures occur when there is an ethical
or moral disconnect between corporate purpose and the effec-
tiveness of a management board to enact that purpose through
strategy, planning and into operations.

Without a corporate purpose linked to non-financial outcomes,
bottom-up AM will always be influenced by whole life cost
(WLC). WLC is an investment appraisal that assesses the total
cost of an asset over its whole life. It takes into account the ini-
tial capital cost, operational, maintenance, repair, upgrade and
eventual disposal costs. Bottom-up AM is baked into a take-
make-waste way of working.

The other AM boundary definition takes a strategic (holistic)
or ‘top-down’ and ‘bottom-up perspective’ at the same time.
Corporate purpose is defined. The impact that the outcome of
the organisation has on its external environment across the so-
cial, economic and environmental spectrum is made clear. This
wider view enables visibility of the resilience, viability and ro-
bustness of the business by regularly adapting the AM system to
be more effective as the organisation's external horizon changes.

4
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The explanation of how the business transforms that value is
reflected in the organisation's AM Strategy (AMS) and enacted
through the AM Plan (AMP).

The ISO 55000:2024 (ISO 2024a) series of standards “enables
an organisation to realise value from assets in the achieve-
ment of its organizational objectives”. If the business strategy
did not value a particular outcome then the AM system would
not be obliged to consider them (El-Akruti et al. 2013). Ness
and Xing (2017) recognise the focus on CE adoption for the
built environment, incorporating AM and wider stakeholder/
actor engagement. For example, organisations that manufac-
ture railway systems should have a vested interest in what
railways are enabling in the societies they sell their rail tech-
nology into.

It is relevant then that both top-down and bottom-up perspec-
tives have the potential to be combined through international
collaboration with the IAM working with the ‘Global Forum on
Maintenance and Asset Management’ (GFMAM 2014a, 2014b).
The publication of ISO 55000:2024 (ISO 2024a), ISO 55001:2024
(ISO 2024b) and ISO 55002:2018 (ISO 2018) represents an im-
pressive collaborative effort among a variety of organisations
and interests in 25 countries (Moodley 2014). It is only recently
that the discipline of AM is considering the CE (Ness and
Xing 2017), (Waring and Liyanage 2021).

2.4 | Readiness in Context

Within a strategic context, readiness is the organisational ca-
pacity and novelty to create or respond to new challenges, and
to carry out planned business activities to fulfil business strat-
egy and planned objectives. Business strategy and planning
are bounded in the future and should be continuously adapted
in the short, medium and longer term. If the future is import-
ant enough, then sufficient time and effort should be placed in
the understanding of it and/or shaping it so as not to be caught
unaware.

If organisations develop and adopt strategies that are related
to the future economy becoming more circular, then the
more robust and resilient and sustainable the business and
the economy will become. For example, working in more
complex ways by engaging in synergistic relationships with
other organisations who have a similar outlook. Future ‘cir-
cular economic competition’ in context can be formed. This
would present new risks and opportunities for organisations
to adapt business models. Organisations do not need to wait
for an alternative competitive horizon to exist before they
react to it. The industrial revolution did not wait for an in-
dustrial strategy or a regulatory framework for our economies
to grow. Organisations can continually work on their ‘niche’,
the organisation’s perspective of their position in the market
horizon they choose to work in.

2.5 | The Rail Sector in Context

The rationale for selecting the rail sector as part of this research
is that each actor and stakeholder that engages with the railway

has the potential to contribute to the positive outcomes that the
railway enables. Where the value of rail should not just be based
on price but a series of wider value metrics that business strategy
could identify with or leverage. This is the difference between a
‘value extracting’ or ‘value creating’ business operating model.
These values need to be developed and identified at multiple lev-
els of impact. Each actor or stakeholder is in a position to change
its perception of value and can choose to incentivise and change
rail sector behaviours. The following observations on the value
of rail are limited to the UK.

Rail is a low-carbon transport mode. Just in the UK, rail ac-
counts for only 1.4% of overall transport emissions when com-
pared to alternatives (ORR 2020). Freight moved by rail results
in 76% less carbon when transferred by road, although only 9%
of freight is moved by rail (DfT 2016). The UK now has a legally
binding net zero target by 2050, and new interim targets to re-
duce emissions by 78% (UK Gov 2021). Revising transport pol-
icies, industry strategies and incentives to maximise the switch
of transport to rail is one of the most effective measures the UK
government and industry could take.

It is recognised that railways join up communities and can rep-
resent distributive platforms for mobility and economic growth
at national, meso and micro scales. Some transport plans incor-
porate active travel, reducing the burden on our health systems
(PHE 2016). In the UK, the Government has recognised the dif-
ferences in societal and economic conditions between the North
and South of the country and the need to improve social and
economic investment distribution with the findings from the
Green Book Review (2020).

Unfortunately, inconsistencies exist in benchmarking the value
of rail across wider social, economic and environmental di-
mensions (Azzouz and Jack 2020). Research points to a range
of potential viable indicators that require further investigation.
There is also emerging practice and understanding around rail
sustainability (UIC 2016).

Gaps and opportunities also exist across government depart-
ments, with one government department's decisions having a
positive or negative impact on another. It is not within the terms
of reference of the DfT to favour one form of transport mode
over another. Recently, however, its position around policy may
have changed, given the Secretary of State for Transport setting
a target of 75% growth in rail freight by 2050 (GBRTT 2023).
To put this into context, in 2022, in the UK, 175 billion tonne-
kilometres were moved by roads, 25 by water and 16 by rail
(DfT 2022).

The negative impact to the environment of any form of transport
is everyone's burden. Future desirable conditions should be set
over successive government cycles so decisions become shared
political outcomes. We are starting to see laws that protect indi-
viduals from the negative impact pollution has on living condi-
tions wherever it comes from (National Archives 1993).

An example where there are inconsistencies in decision-
making for investment is the UK's High Speed 2 Railway
(HS2) currently being built between London and Birmingham.
The northern Birmingham to Manchester extension has been
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cancelled because it will not meet the business case criteria.
It has overlooked the value of releasing capacity on the exist-
ing railway lines that the existing high-speed services took up.
This could allow for more trains for local services and expand
the utility of the old rail system by enabling more and different
types of rail traffic, such as the integration of shuttles, light
rail, and trams and smaller rail freight transport systems per-
haps in 5 to 10years time. The business case did not include
wider economic benefits such as foreign direct investment, as
is the case previously where there have been major upgrades
to access regional locations through rail in the past. It has not
included clustering from induced development. The emergent
properties that the railway enables and the value of these prop-
erties are not envisaged. The result being that the economy in
the North of the UK will be smaller with what it is compared
to today (BBC 2023a).

Railway investors procure from ‘take-make-waste’ markets that
assume that railway assets have a finite lifecycle. For example,
railway carriages are designed to last for 25years. The reality is
railway carriages that were designed and built over 50years ago
are still running on the UK network (Railway Gazette 2012).
High-speed trains that were designed and built between 1975
and 1982 have been recently shipped to Nigeria and Central
America to be used for their metro system (BBC 2023Db). It is not
as if assets could not be purposefully designed to last signifi-
cantly longer than their 25-year design lifecycle because they
already do. This asset lifecycle extension approach is already
systematically adopted in the nuclear and aerospace sectors long
after asset depreciation.

If this is the horizon that governments and its supply chain
make railway investment decisions on, then it can be argued
that a current or future ‘non-take-make-waste’ decision mak-
ing horizon does not exist. Or rather, market conditions do not
exist that would incentivise government or the railway supply
chain to work in a different way.

How we work since the Industrial revolution:
e

/ ~

e ————

ST should be used more effectively for rail investment to target
and achieve longer term desirable conditions. It is not what the
railway is; it is the plurality of the desirable outcomes the rail-
way continues to enable that is of significance. In ST terms, it is
the value from the benefits of the emergence from the railway
that matters.

3 | The Potential Research Gap

A potential research gap has been identified to assess whether
existing CE readiness frameworks inform business strategy and
consider the exploitation of ST and AM that would enable ‘value
beyond price’ across the rail sector. Links should be made that
recognise the relationship that business has with the emerging
properties that assets enable (outcomes) and how the lifecycle
of the asset is envisaged, evolves, exploited and managed. It is
useful that the IAM recently updated its guidance to include
consideration of the AM system's ‘purpose and context’ and the
system's ‘value and outcomes’.

Also, an understanding of organisational readiness is needed
that considers the application of these themes in context. A
readiness framework is not a tick-box exercise. It has to consider
the organisation's niche in the market and the wider economy.
Creating value will rely upon ST to create visibility of options,
bringing in fresh ideas about how the organisation can create
alternative forms of value. The CE challenge landscape is repre-
sented in Figure 2.

The application of ST and AM to enable CE outcomes is un-
derutilised as strategic levers. This area remains largely unex-
plored, particularly in the context of business strategy within
critical infrastructure sectors such as rail. The literature review
highlights gaps in how existing CE readiness frameworks incor-
porate ST principles and AM strategies to develop sustainable,
long-term business models.
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Existing CE frameworks predominantly suffer from concep-
tual narrowness in CE discourse focusing on material flows,
recycling and waste reduction but lack an integrated approach
that considers business strategy development within a ST and
AM context. This absence suggests that current CE readiness
frameworks may not be sufficiently robust for industries like
rail, where complex interdependencies among stakeholders,
assets and long-term sustainability goals must be consid-
ered. There is limited research in rail ecosystem-level value
creation.

There is also a lack of meaningful metrics and visualisation
tools that help us understand this level of complexity. This
study addresses these gaps by focussing on the premise that
the organisation's personality is a legal concept. The organi-
sation should be aware of emerging challenges in regulation
and global and economic dynamics when it develops its future
strategic goals in relation to ‘value beyond price’ that those
goals create or enable. In this context, the study looks at the
development of organisation strategy to create circular out-
comes. In so doing, the study looks to research the exploitation
of ST to develop future strategic options. With prior knowledge
and insight of the application of ST tools and techniques from
the author, Critical Systems Heuristics (CSH) (Ulrich and
Reynolds 2010) could be used to explore critically, assump-
tions, boundaries and an understanding of value. Strategic
options development and analysis (SODA) (Ackerman and
Eden 2020) could be used to identify potential new value
streams. The Viable Systems Model (VSM) (Beer 1979, 1981,
1985) could be used to frame how business models could
be adapted or developed. Soft Systems Methodology (SSM)

(Checkland 1999) could be used to understand how value gets
transformed. AM could be deployed more effectively to de-
velop and extend the life of assets in relation to the value or
outcome the assets enable. An understanding of complex mar-
ket conditions could be interpreted through an understand-
ing of complex systems (Ladyman et al. 2013) and in order
for organisations to thrive and to create resilience in complex
conditions, cooperation is required across multiple organisa-
tions. In this case, Cooperation Theory (Axelrod 1990) could
be considered within the context of creating non-zero sum
games between different actors and stakeholders. A line of
sight can be created that enables transparency and how value
gets transformed.

This study redefines organisational circularity by introducing a
strategic, systems-based framework that addresses key gaps in
the literature, presenting a more holistic approach to defining,
measuring and implementing circular practices.

4 | Research Methodology

This research looks to analyse the published literature using
a systematic literature review (SLR) adapted from (Garza-
Reyes 2015). This will contribute to filling this gap and the
development of a CE readiness framework. The outline of the
methodology is shown in Figure 3 and described briefly in this
section.

An SLR is a specific methodology that locates existing studies,
selects and evaluates contributions, analysis and synthesises

SLR Phases Obieriees Method Tools siscorl
1 Scope
Foemulation Formulate the scope
of research 2
2 Locating Science Direct, Emerald Insight,
Studies Definition & use of Inderscience, Springer, Taylor &
7 Electronic Databases Francis, IEEE Xplore, Google
Scholar
Definition of search
pesiod 2000-2021
. Locating, Sel Inclusive: Circular Economy,
3 Study and Evaluating ‘ Systems Thinking, Railway,
Selection and Relevant Literature Asset Management — Peer
Evaluations Definition and use of reviewed articles or journals of
inclusion/exclusion proceedings of international
criteria conferences Exclusion: CE
business models with no relation
— to Systems Theory/Thinking. 3
Definition & use of Circular Economy, Systems
Search Strings Thinking, Asset Management,
‘ —» Railways
v v
i Synthesising and Selection of method for
4 Asx::llzhsel;:nd analysing selected synthesis and analysis of ) .
= articles qualitative research Thematic Synthesis
Coding and extraction of Rl
da‘a A, Aal, vV C £
5 Reporting and
Using the Reporting of findings .
results 3.4.5&6

FIGURE3 | SLR phases, objectives, methods, tools and location within the article.
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data and reports the evidence in such a way that allows reason-
ably clear conclusions to be reached about what is and is not
known (Bryman and Buchanan 2009).

An SLR differs from a literature review in the traditional sense,
as a systematic review is a self-contained research project that
studies a clearly defined question. In contrast, an expert review
(Gough 2007) is enabled by the skill, knowledge and experience
of the reviewer and does not adopt a clear method; therefore, it
is subject to hidden bias. The systematic review research activity
sets boundaries around subject scope and explains rationale im-
plying subject relevance and quality criteria to aid transparency
of interpretation and replication.

Systematic reviews exploit evidence-based practice and whilst
this practice has never sought to provide answers, the outcome
of systematic reviews informs decision-making and action
(Sackett et al. 1996). In particular, where there is little evidence
or knowledge gaps, this signifies a research need and raises
questions for future research.

The focus of this SLR is to research across three dimensions.
The following framing has been used to bound the research:

« The application of ST tools and techniques to inform busi-
ness strategies to have CE enabling characteristics. This
would help understand interrelationships, perspectives and
boundaries.

» The status of CE-related business strategies that exploit the
practice of AM.

» The status of research that combines the previous dimen-
sions and relates this to the rail sector, with rail having
emergent properties with society, the environment and the
economy.

In this context, the value relates to business strategy to funda-
mentally change the meaning and value of the transformation
process. From a take-make-waste operating model that extracts
value in the form of short-term profit, towards a value creation
operating model that interprets transformation as an improve-
ment of asset performance. Where profit generation is dependent
upon complex and viable economic flows across multiple actors
and stakeholders across the supply chain.

Economic flows is where profit is generated from the flow of
money, multiple business models and complexity that is de-
pendent upon the increase in asset performance, as opposed to
profit extraction from single points of sale. The latter sells the
function and burden of ownership, including responsibilities of
operating and maintaining the asset, which can imply a ‘zero-
sum game’. Whereas the former relies upon the supply chain
developing complex operating models and interdependent rela-
tionships with suppliers, enabling multiple and complex ‘non-
zero-sum’ games (Axelrod 1990).

4.1 | Scope Formulation and Research Questions

The initial step is to start to formulate the scope of research. This
has been provided in Sections 1 and 2 and refined further in this

section. As part of the SLR process, it is important to structure
the line of enquiry around specific research questions:

RQ1: Do circular economy frameworks inform the development of
business strategies to project the value that the organisation cre-
ates beyond price (outcomes), especially within a circular economy
context?

RQ2: Is AM relied upon to support those outcomes?

RQ3: Is systems thinking applied to develop how value is trans-
formed across multiple actors and stakeholders to influence those
business strategies, business operating models and resulting
outcomes?

The intention is to investigate the application and evidence of
specific subject matter in general, catalogue the evidence of oc-
currence, then assimilate this across into the rail sector if it does
not already exist.

4.2 | Locating the Studies and Research Base

This research carried out a comprehensive literature review of
CE frameworks, development of business strategy, exploitation
of ST, AM and rail. The product of that research is synthesised
and characterised to understand strengths and weaknesses and
contribute to the proposed framework outlined later.

The database selection relied upon a database aggregator
Scopus (www.scopus.com), Web of Science (wWww.webof
science.com) EBSCO (www.ebso.com), IEEE Xplore (ieeex-
plore.iee.org/Xplore/home.jsp), ScienceDirect (www.sciencedir
ect.com) and Taylor & Francis (www.tandfonline.com). Google
Scholar (scholar.google.co.uk) and websites of organisations
working/promoting CE (e.g., www.ellenmacarthurfoundation.
org; www.theiam.org; www.bsonline.org) These organisations
are considered prominent sources of CE and AM guidance.

The research search criteria issummarised in Table 1. Additional
refinement criteria included “Circular Economy” + “Strategic
Options Development and Analysis”, “Circular Economy” +
“Soft Systems Methodology”, “Circular Economy” + “Critical
Systems Intervention”, “Circular Economy” + “Complexity
Science”. Where these techniques are applied to more advanced
problem structuring/solving around ST. The thought process
being is that if ST plays such an important part in the CE, then
the application of it would already be researched and discussed

at great length.

The research period is initiated from the occurrence of the term
‘circular economy’ and is chosen to start from 2000 which in-
cludes earlier terms used for similar circular activities such
as ‘Cradle to Cradle’ (Braungart and McDonough 2008). The
screening process yielded 333 studies. Further screening of the
title and abstract reduced the number of studies to 142. A further
full text screening returned 38 studies.

This study distinguishes the difference between the term
‘framework’ and ‘model’. Frameworks are structures that sup-
port concepts and ideas and can be used in two ways for example
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http://www.scopus.com
http://www.webofscience.com
http://www.webofscience.com
http://www.ebso.com
http://ieeexplore.iee.org
http://ieeexplore.iee.org
http://www.sciencedirect.com
http://www.sciencedirect.com
http://www.tandfonline.com
http://scholar.google.co.uk
http://www.ellenmacarthurfoundation.org
http://www.ellenmacarthurfoundation.org
http://www.theiam.org
http://www.bsonline.org

TABLE1 | SLR phases applied in the paper.

TABLE1 | (Continued)

Phase 1 Research questions

Phase 1 Research questions

RQ1: Do circular economy
frameworks inform the
development of business
strategies to project the value
that the organisation creates
beyond price (outcomes),
especially within a circular
economy context?

RQ2: Is asset management relied
upon to support those outcomes?
RQ3: Is systems thinking
applied to develop how value
is transformed across multiple
actors and stakeholders to
influence those business
strategies, business operating
models and resulting outcomes?

Question formulation

Literature Databases
Key aggregator (e.g., Scopus)
and publisher (e.g., Elsevier)

databases (peer reviewed only)
Search Period
2000 to 2024—includes
earlier terms used for similar
circular activities such as
‘Cradle to Cradle’ (Braungart
and McDonough 2008)
Inclusion criteria
Studies that integrate the circular
economy, systems thinking
and asset management in
business strategy, particularly
in the rail sector.
Exclusion criteria
Non-English papers,
studies focussing solely on
material recycling without
strategic implications and
articles lacking empirical or
theoretical contributions.
Search Strings
“Circular Economy” + “Business
Strategy” - 126
“Circular Economy” + “Asset
Management” - 51
“Circular Economy” + “Systems
Thinking” - 153 not including
additional related key words
“Circular Economy” + “Readiness
Framework” - 3

Phases 2 & 3
Locating, Selecting and
Evaluating Articles

Phase 4 Methods for analysis
Descriptive analysis and

thematic synthesis

Phase 5 Reporting of findings

(Continues)

Findings reported in descriptive
and analytic (thematic
synthesis components)

Reporting

determinant and evaluative (Nilsen 2015). Frameworks support
the defining of principles and inform strategy, policy and gov-
ernance whereas models, unless explicitly stated assume that
strategy, policy and governance is already established. Models
are sometimes an oversimplification of complex situations. Both
the term frameworks and models can be used interchangeably
to influence better outcomes. Hence, models are only useful in
context. Frameworks are useful because they validate whether
models are effective or not. The term ‘framework’ or ‘model’ is
included as part of the analysis and filtered using specific ST
search criteria.

It is recognised that Systems Dynamics (SD) (Forrester 1968)
(Meadows and Wright 2009) is a ST practice. SD was considered
in a specific context because SD does not necessarily consider the
complexity of the external environment in which systems exist.
There are other ST tools and techniques that can help to define
what the potential problem landscape is or what the systems
boundaries that need to be defined are (Luhmann 1995). In other
words, SD on a singular basis is not necessarily considered a prob-
lem structuring methodology (PSM). Neither can it be used for re-
framing an understanding of the purpose of the system or system
boundary. SD can be used on the assumption that all relevant is-
sues, constraints and goals that constitute the problem are defined
in advance and are uncontroversial. Whereas PSMs assume that
there is no single uncontested representation of what constitutes
the problem (Rosenhead 1996). Using the wrong ST tools or rather
thinking that one size fits all can have unintended consequences
(Anastas 2019).

This specific scope is bounded and includes key subject mat-
ter and the need to understand evidence of interdependencies
or a ‘line of sight’ between them and within a rail context. A
systematic review process is applied to make sure the review is
reproducible, focussed and transparent with high levels of re-
liability and reduces the risk of the introduction of bias (Briner
and Denyer 2012).

5 | Comprehensive Literature Review
5.1 | TheCE

Quantifying research with organisations setting their strategy
and policies to become more circular in the future is bounded by
the terms “circular economy” + “strategy” + “business strategy”,
which returned 126 publications. This is from a top—down per-
spective. This search criteria should evidence research related
to an organisation’s ‘circular economic line of sight’ or its niche
linked to corporate purpose and market context. Extending the
search criteria to include the term ‘systems thinking’ only re-
turned two publications both of which were authored by the au-
thors of this paper. The same two papers were the only papers to
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include the additional search term ‘readiness framework’. This
suggests a potential research gap where ST does not appear to be
deployed in the development of business strategy to create CE
outcomes and there does not appear to be research that consid-
ers business strategy in relation to CE readiness.

A further analysis of the 126 publications was carried out to in-
clude the additional term ‘business model’, which returned 27
publications. This provided a focus in relation to research to cre-
ate a model or ‘system way of working’ but does not necessarily
rely upon ST to develop those models. The term ‘sustainable de-
velopment goals’ (SDGs), which returned nine publications, was
also used to consider the application of business models to relate
to external sustainability measures. The following observations
were made within the scope of this research.

Korhonen et al. (2018) discuss the concept of the CE and its lim-
itations. It is suggested as a concept that CE is immature but
relevant and identifies six themes or boundaries (limits) that
need to be researched further to make CE more effective. The
paper recognises and is perhaps critical of earlier and current
thinking about proposed circular economic solutions being pri-
marily focussed on material flows and adopts a more scientific
approach. Similar observations are made by Skene (2018) but
Korhonen's paper draws upon and amalgamates several existing
research themes to present an enhanced way to think about the
value of the CE. These would be important boundaries that busi-
ness strategies must navigate, which the proposed framework
addresses through the application of ST.

Nosratabadi et al. (2019) have carried out an analysis on the use
of the term sustainable business models. For example, publica-
tions about business operating models towards ways an organi-
sation may work if the business strategy was to work in a more
sustainable way. This research catalogued the subject boundary
from which the application of the business models was derived.
The work may be a useful classification exercise but does not
classify to whether the sustainable business model types are
effective or not. The proposed framework views the organisa-
tion's value proposition and operating model as unique. Its in-
terpretation of value depends not only on the value beyond price
(positive impact on outcomes) but also on the value proposition’s
viability in the medium and long term.

On a more useful and pragmatic level, van Loon (2022) describes
the experience that an organisation went through over a seven-
year period to develop a business strategy that specifically at-
tempts to develop and incorporate a circular economic business
model. Observations are made about the inadequacy of applied
academic research in real-world situations to validate hypoth-
eses, as well as the adequacy of business advice from consul-
tants about how to generate revenue and profits from adopting
CE practices. The work engages with the Servitisation of white
goods, where ultimately a balanced view is required of both the
opportunities and challenges (Baines et al. 2017). The idea of
an organisation to just move from selling goods to leasing them
will not work. A simple search combining the terms “circular
economy” + “Servitisation” returned 98 publications. If the
search was extended to include ‘systems thinking’, the return
was zero. This, perhaps, suggests that the application of ST in
relation to the exploitation of Servitisation business models is

underdeveloped. The application of CSH, SODA, VSM and SSM
could have been used to simulate what the strategic viable value
propositions are prior to making significant investment deci-
sions. Non-zero-sum games (Axelrod 1990) and collaboration
theory could be used to develop complex supply networks that
provide the opportunity to reduce costs, increase performance
to strengthen supply chain resilience.

The stakeholder theory work in part by Kayikci et al. (2022) is
useful as the work presents how wider strategic value could be
perceived through stakeholder theory. The work attempts to pri-
oritise or normalise SDGs with generic stakeholder values. In
contrast, the framework proposed in this paper considers the
relationship between the organisation and stakeholder values to
be unique, and the value of that relationship is defined and em-
bedded in business strategy. The proposed framework takes the
view that business strategy should first generate context-specific
impacts and outcomes, which may be interpreted at local, re-
gional or broader levels. These measures can then be linked to
the broader emergent properties reflected in external frame-
works such as SDGs.

Of particular interest, mainly for reasons described previously, is
the work carried out to analyse the application of SD (Jonsdottir
et al. 2024) in relation to the development of sustainable busi-
ness models, including CE business models. The work uses a six-
stage process PSALSAR (protocol, search, appraisal, synthesis,
analysis and reporting) approach. The research returned some
467 papers that referred to SD, which included search terms
such as ‘causal loop’. The research is a source to understand the
application of SD to create business models, some of which are
also intended to relate to the CE. Whether the application of SD
to create these models is effective or not is another matter. The
work goes so far as to describe nine strategies in terms of how SD
has been applied. The work shows an increase in the application
of SD against the development of sustainable business models.

Whilst SD has its place, if it is continually used out of context
and in isolation of relying upon other ST techniques there will
be the failure to reframe possibilities when (not if) the horizon
changes. Worryingly, this will have a detrimental impact on the
viability of business models and the principles of the CE in the
future. This observation has already been made when relying
upon SD as an approach to product design and business model
strategies for the CE, where SD's limitations are discussed in
context (Franco 2019). Yet Jonsdottir's work (Jonsdottir et al.
2024) is one of the most cited papers that covers SD and CE and
business models.

It is for this reason that the framework presented in this paper
purposefully elicits multifaceted end-to-end challenges that
organisations need to address if they want to work in a more
circular economic way. You would need to rely upon multi-
methodological ST techniques to solve those challenges.

5.2 | ST in Business Strategy
ST is a cornerstone of the CE. Yet, a basic search of the term

‘systems thinking’ appears in less than 0.5% of publications that
include the term ‘circular economy’ suggesting several things.
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Firstly, the link between ST and the CE is significantly underde-
veloped. Secondly, the other 99.5% of publications that mention
CE are discussing other things other than ST.

ST uses models as artefacts to communicate and share concepts
and ideas to define system boundaries. A further search in-
cluding ‘circular economy’ and ‘business model’ represents just
under 3.5% of the research base, returning 1319 publications.

To understand the application of specific ST tools and tech-
niques a search was carried out, which included “circular
economy” + the respective ST technique for example including
“strategic options development and analysis” (SODA), “viable
systems modelling” (VSM), “soft systems methodology” (SSM),
“cooperation theory”, which resulted in a total of five publi-
cations. The search was broadened to include “circular econ-
omy” + “systems thinking” 4+ “business model”, which returned
14 publications. The following observations were made within
the scope of this research.

Pigosso's CE self-assessment tool (Pigosso and McAloone 2021)
implies degrees of readiness related to the number of circu-
lar characteristics an organisation adopts. This includes a
30-question set across eight dimensions around behavioural
characteristics of CE. As the paper points out, the framework is
limited because it is not qualitative. The tool would not be able
to determine the value of adopting such practices. The frame-
work proposed in this paper qualifies and measures value from
multiple perspectives: from the organisation creating the value,
the multiple beneficiaries in receipt of it and the regulatory per-
spective encouraging CE behaviour.

‘Circulytics’ launched in 2020 by The Ellen MacArthur
Foundation (EMF 2020) similarly measured characteristics
of circular economic activity. The framework is now discon-
tinued because the measures are seen to integrate into key
non-financial disclosure initiatives. For example, to meet the
requirements of the EU's Waste Framework Directive n.d.
Corporate Sustainability Reporting Directive (CSRD). Although
reporting should be seen as not taking action.

Both frameworks have similar constraints. Circulytics refers to
AM but does not make the link that AM could be an enabler
for circular economic value. In some respects, both frameworks
take a deconstructionist view that if the details of a system are
understood, then those components can be replicated. This view
is not always relevant, particularly in relation to developing
business strategy, as it is differentiators from competition that
are sought, not similarities. There is also the risk of the assump-
tion that one size fits all. Viewing the CE through a single lens
can marginalises more effective, locally adaptable approaches.
This paper proposes a flexible framework for comparing the out-
comes of diverse business strategies and the industrial ecosys-
tems they operate within. It does not necessarily follow that the
more CE characteristics an organisation has, makes that organi-
sation CE more effective. The scope of CE characteristics should
align with business strategy, goals and outcomes.

Organisations cannot become ‘CE compliant’. They can instead
apply CE concepts more effectively than others and offer or pro-
duce greater value in relation to sustainable and regenerative

outcomes they are linked to. Organisations can provide degrees
of CE activity or become obsolete. Therefore, it is the output or
impact of the CE system that matters at a point in time that is an
effective measure, and what the planned system's impact is now
and in the future. Not so much what that system comprises. The
trajectory the organisation chooses to become more circular is
unique.

The application of complex and adaptive systems (CAS) is
touched on but with limited depth (Roci et al. 2022). The paper
applies relevant ST to the CE in relation to actors and stake-
holder relationships. This is particularly relevant as it describes
the dynamics of complex and different relationships that need to
be formed to realise value from CE activity across and between
value chains and networks.

Coincidentally, the search for VSM returned papers about the
CE that deployed Value Stream Mapping (VSM,). VSM, can be
used in conjunction with SSM, for example, to capture and artic-
ulate value among actors and stakeholders, organisation identity
and so on. The papers that described the use of VSM, did not
deploy SSM.

53 | CEin AM

Asset life extension is already common practice within AM. It is
carried out to delay capital costs of asset replacement or the asset
is going to have another purpose. Assets are redesigned mid-life
or upgraded to extend asset life further or improve performance.
This accommodates additional asset capability as functional re-
quirements change. We understand the performance of assets
more so as new measurement technologies are invented, helping
us to create new types of asset interventions.

These types of practices are not readily considered as contribut-
ing to the CE from an AM context but should be. Stahel (2010)
has written extensively about the CE or ‘performance econ-
omy’. This relates to better management of physical assets and
life extension. Additional factors that come from this effort in-
clude embedded carbon (Stahel 2008). Other types of activities
that support CE include a ‘product-service-systems’ approach,
which clearly has a higher burden on understanding and hence
the strategic demand on asset performance (Stahel 1997, 2010).

A search on the term “circular economy” + “asset management”
returned 51 publications. The following observations have been
made from the research base within the context of the scope of
this research.

Lejardi et al. (2021) overlook the practice of AM altogether and
proposes 10 protocols associated with extending the useful life-
time of obsolete assets. This includes a number of activities,
all of which could easily come under the AM umbrella around
asset lifecycle management. For example, ‘modernisation’ is
essentially looking at the possibility of upgrading existing as-
sets in the broadest context. These practices could be seen as
tactical changes to the business operating model. For example,
‘Remanufacture’ is not a strategy in itself. You would have to de-
velop a business strategy that would develop a business model,
part of which would rely upon remanufacturing capability. The
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field of AM has clearly been marginalised, where this paper em-
beds AM as a strategic imperative.

Research on CE and AM is limited, although it is not lost with
Ness and Xing (2017) that AM plays a pivotal role with the CE
and discusses this relationship with the built environment. The
research work carries out a useful horizon scan of the principles
and approaches put forward by various proponents of the CE.
Categories are proposed with particular emphasis on the ben-
efits and shortcomings of each principle. This is one of the few
papers that applies SSM to articulate how value is bounded and
transitioned across stakeholders. The research identifies multi-
ple perspectives, each of which can be seen as platforms for fur-
ther research and the genesis of new types of businesses.

Acerbi et al. (2020) discuss the link between AM and the CE
and links the two subjects through circular values of slowing
(extending), narrowing (reducing) and closing (recirculating)
resource loops (Bocken et al. 2019). As previously covered by
Ness and Xing (2017), this is linked to moving towards a ser-
vice economy (Stahel 2007) and the shift required in ‘economic
thinking’, which focusses on the management of stock (asset)
management. Importantly, AM, a service economy and the
CE are recognised as areas for further research but need to be
joined up. It is also pointed out that there are opportunities to
influence growth in industrialisation from the redesign and re-
manufacture stage of an asset life. This paper builds on these ob-
servations where business strategy must articulate value beyond
price, changing the customers perception of value from multiple
perspectives.

The linking between AM and the CE and the built environment
is explored further and a framework is proposed by Ness (2019)
that takes a more holistic approach. Although it is not clear if
the framework relies upon ST for its application. It is recognised
that there is a need for ‘integrated systems thinking’, which
draws upon ST practices such as critical systems intervention
(CSI), which looks to bring together divergent views in a prob-
lem situation.

There is already a foundation of research work around systems
behaviour and the built environment (Grimm et al. 2008). This
has been extended further as a UN representation of urban me-
tabolism. Ness (2019) recognises that the principles outlined in
this work directly aligns with MIPS (Schmidt-Bleek 1994) and
‘Strategic Asset Management’, which aims to improve service
delivery by more efficient and effective use of assets and re-
sources (ISO 2024a). In this context, there is significant conver-
gence where different research from different sources all strive
for the same outcomes. Ness identifies with AM terms such as
‘Asset Management Plan’ (AMP), ‘Total Asset Management’
(TAM) and ‘Strategic Asset Management’ (SAM). Where TAM
or SAM may be used to challenge the build mentality culture
within which other related approaches may be located.

Rather than simplify and segment definitions, it may be more
pragmatic to differentiate between business strategies that have
extractive (value-destructing) or non-extractive (value-creating)
AM systems and to what extent business strategy does this or
does not. It is the application of ST that provides the lines of sight
that would enable you to compare one business strategy against

another or to identify one or more actors that care more or less
than others across a network.

As much as Ness's work includes references to SSM and Critical
Systems Thinking (CST) (Jackson 2020), where CST describes a
catalogue of ST tools and techniques, the application of a broad
range of ST tools in Ness's work in relation to AM is not applied.

Hanski and Valkokari (2020) discuss the impact of the CE on
the principles and different perspectives around AM lifecycles
in production systems and the exploitation of data. This work
is relevant as it discusses several challenges about organisa-
tions adopting different types of operating models. For example,
principles around ‘product as a service’, which aims to retain
product ownership and incentivise asset utilisation. This can
include ‘sharing platforms’ (Stahel 1997; McMillan 2019) where
the asset utilisation may be shared by several parties. There is
the view made about the categorisation of operating model types
such as ‘renewability’ categories. The work identifies similar ob-
servations to Korhonen et al. (2018) that the emphasis around
CE solutions in general is around material flows. Hanski and
Valkokari (2020) identify threats to CE around complexity
in the supply chain, management of new value elements (that
had not been considered before) and the exploitation of data.
Observations are made around the conventional linear approach
to lifecycle management and asset lifecycles as well as the con-
ventional linear thinking that is being applied to CE solutions.

Amaitik et al. (2022) discuss cost modelling with the opti-
mum selection of life extension strategies that rely upon the
RECLAIM n.d. framework, an EU-funded project that intends
to demonstrate strategies and technologies that enable the re-
use of industrial equipment. This cost modelling may be useful
when making decisions about multiple asset lifecycle extension
strategies if an organisation choses to change its business model,
but this would have to be driven by business strategy.

Korse et al. (2016) suggest the need for a universal CE measur-
ing framework for capital assets. Whilst this may provide some
insight as to how to measure ranges of CE characteristics, it is
pointed out that a range of core principles needs to be defined
upon which measurements can be made. The research does
not cover the management of the lifecycle of the asset itself or
the business model the organisation adopts. The idea of a uni-
versal measure may be impractical to apply and unintention-
ally encourage undesirable behaviour. This paper introduces a
universal framework for assessing and developing contextual
differences in CE outcomes within complex environments. It is
grounded in core principles linking business strategy and the ex-
ploitation of AM and ST. Undesirable behaviour is prevented by
upholding a series of market conditions that encourage diverse
circular outcomes.

Okorie et al. (2023) take a resource-based view to leverage com-
petitive advantage from digital technologies. The principles
are based around know-what and know-how within the organ-
isation. The work reasserts the importance of skills-based ca-
pability to best effect. A VIRO value (V), rarity (R), imitability
(D) and organisation (O) approach (Barney 1991, 2001) are used
to consider manufacturing, CE, digital transformation and net
zero tangible and intangible dimensions. Although the research

12

Business Strategy and the Environment, 2025

95U8017 SUOWIWIOD BA1Te8.1D) 9{cfedl|dde au Ag peusenob afe e VO ‘85N J0 sajni o) Akeiq 18Ul UO A8|IAN LD (SUORIPUOD-PUE-SWLB) OO AB| 1M Aled U1 |Uo//:Stny) SUORIPUOD pue swis | 8y} 89S *[5202/60/T2] Uo Aleiqiauljuo A8]IA ‘90U [oXT 818D PUE U1feaH Jojainiiisul euoteN ‘301N Aq 20202 '950/200T OT/I0p/wod A | im Aleiq i jput|uoy/sciy Woiy papeojumod ‘0 ‘980660T



does not cover AM, the exploitation of it would fit well with AM,
as well as the exploitation of technology to leverage individual
organisations and supply chain networks to achieve net zero.

5.4 | CE, AM, Rail and ST

Research that covers combined “circular economy” + “rail-
way” + “asset management” 4+ “systems thinking” did not re-
turn any publications. The search criteria were broadened to
only include “circular economy”+ “railway”, which returned
50 publications. These publications fell into a number of cate-
gories, including recycling or repurposing waste from railway
construction projects and rail being deployed as an alternative
transport mode as part of that recycling or repurposing activ-
ity. The return included rail as a strategic and integrated trans-
port mode as part of a city's metabolism, the latter being more
relevant to research in this paper. The following observations
have been made from the research base within the context of the
scope of this research.

Lee et al. (2016) discuss the city as having a metabolism and
refers to the ebbs and flows of different resources and activities
that happen in and around cities. This includes understanding
the impact of different transport modes. The work looks at how
resources interrelate and flow at local, regional national and
international levels via different transport systems and across
the three social, economic and environmental dimensions. This
is relevant because it aspires to gain an understanding around
strategic decision making around integrated transport systems
and their impact on cities. This research for example could pro-
vide insight into strategic decision making around ‘value be-
yond price’.

The work also points to the iBuild programme (Robertson 2014),
which accommodates emerging changes in economic theory
around infrastructure investment and to bring in more quali-
tative and quantitative future dimensions that are not usually
priced from conventional means. This aligns with the require-
ment for defining ‘contextualised future desirable outcomes’ and
value streams that the research work in this paper has already
identified the need for. Lee's research (Lee et al. 2016) omits the
exploitation of AM and ST as an enabler to achieve this.

Other work includes the repurposing of railway buildings
Cardoso de Matos and Lourencetti (2021) in the ‘spirit of the CE’,
which looks to exploit the cultural values and architectural her-
itage of design. Another ‘value beyond price’ factor. de Bortoli
et al. (2020) discuss the concept of reusable asset lifecycle in-
ventories for CE purposes for high speed rail. There is a clear
demand upon asset performance data over the asset lifecycle,
the value of which would increase if for example assets were de-
signed to have multiple lifecycles or lifecycle cost analysis incor-
porated future asset life extensions.

O'Leary et al. (2024) discusses possible implementation strat-
egies and barriers around CE implementation across the rail
sector and identifies resistance to change based upon the his-
toric linear approach in how assets are managed now. The work
has produced insight and classification of different barriers and
enablers around CE adoption within the rail sector. The key to

removing these barriers requires a multifaceted approach that
can include government intervention, paradigm shifts in op-
erating models and focussing on value optimisation and life
extension. This relates to deploying the discipline of AM more
effectively. Important observations are made to the meaning of
the value of the assets. Whereby buildings get demolished be-
cause of changing land value and market forces and not because
they have come to the end of their design life (Cheshire 2019;
Rose and Stegemann 2018). This suggests that the approach in
determining value optimisation (Pomponi and Moncaster2017)
finds that The Circular Economy Standard (ISO 2024c) value op-
timisation principle and product life extension business model
within the context of buildings, ignores the principles around
‘value beyond price’. Whereas the application of it could more
effectively be applied to different types of assets to enable wider
and longer term social, economic and environmental outcomes.

As much as O'Leary et al. (2024) work identifies the call to use
ST in the built environment, further research on those refer-
ences do not describe what ST is or how it can be applied, it is just
needed and relied upon. From a ST perspective, just because the
value has not been observed or quantified, does not mean value
does not exist. The question remains ‘from who's perspective?’

5.5 | Rationalisation of Existing Readiness
Frameworks

The idea of ‘readiness’ as defined in this research is tied to busi-
ness strategy. This is in relation to how much the organisation
cares about its future. The organisation needs to develop mea-
sures to determine if its business strategy is effective within a
qualitative and quantitative context. Yet an advanced search on
the term “circular economy” + “readiness” returns a result that
is just over 0.5% (234 records) of the entire ‘circular economy’
publication research base. Readiness is as simple as keeping op-
tions open.

The return was filtered further by adding the term ‘asset man-
agement’, which resulted in three publications, one of which was
produced by the author Waring (2022). The research horizon
was reduced further to incorporate “circular economy” + “read-
iness” + “systems thinking”, which returned just one additional
paper (Waring 2021). Both of these papers are earlier or founda-
tion research papers around the subject matter covered in this
paper. The research horizon was widened and limited to both
terms “circular economy” + “readiness” + “framework”, which
resulted in a return of 68 publications. In the main, the return
focussed on a broad range of activities, including frameworks for
recycling. These were excluded for reasons already explained.
The following observations have been made within the context
of the scope of this research.

Thorley et al. (2021) looks at organisational aspects that would
encourage or prevent organisations considering the CE or parts
of it as a business strategy. This is relevant to the field, although
the approach may be more aligned to determine as to whether
an organisation is ‘receptive to adopting circular economic prac-
tices’. As opposed to the research in this paper which attempts
to determine if an organisation is aware of or cares about an
emerging CE and how ready the organisation it is for it.
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Moraga (2019) observes the emergence of the CE and the broad
range of measures, meanings and interpretations of different
forms of circular economic value. The work proposes a classi-
fication framework according to reasoning. The classification
identifies measures that incorporate as well as do not incorpo-
rate ‘lifecycle thinking’ (LCT). In this context, we can appreci-
ate LCT being dependent upon the discipline of AM with the
deployment of ST. These terms are not discussed, albeit there
is an observation around the lack of measures that consider the
‘function’ of the product within the context of (refuse, rethink,
reduce), which would be the product of deploying ST.

The classification framework is useful to interpret some degree
of effectiveness of CE scope and impact. One important ob-
servation made is that most of the indicators developed by the
European Union account for the management of the relation-
ship of material with society and the environment without the
consideration of the application of AM LCT. It is important to
note that the same application of management should apply also
to those assets that already exist as well as those that are to be
created in the future.

Okorie et al. (2018) identifies the shortfall in available data
around products for the potential to exploit remanufacturing to
extend asset life. This is not surprising because original equip-
ment manufacturers discharge their liabilities and knowledge
of the product at a point of sale and expiration of the warranty
period because they adopt perhaps a take-make-waste operat-
ing model. The work draws upon the business model potential
for remanufacturing for goods being sold for a lower price and
higher profit margin.

The search returned a broad range of measures or characteris-
tics which may contribute in some way to CE activity but only
in part. For example, only looking at a particular element or pro-
cess without consideration of what impact that a change may
have on the wider whole. In summary, existing CE frameworks
just provide lists of CE characteristics.

One key observation, irrespective that the EMF Circulytics
framework is effective or not, is that the framework has been
discontinued because its measures have been adapted and are
seen to integrate to meet the requirements of the EU's CSRD.
In addition to that, the indicators developed by the EU veer to-
wards the accounting for the management of materials without
the consideration of the value that can be gained from the ap-
plication of AM. With the prevalence of the application of SD
around the CE and the directives placing an emphasis on the
management of materials then there is the risk that all CE will
become is a ‘systems engineering configuration management
system for materials’. Which misses the relationship assets have
on society and the environment.

5.6 | Analysis and Synthesis

If the CE and the practice of ST are interdependent, then
what do people think ST is? ST comprises many tools and
techniques, yet only two appeared in the research, which
included Soft Systems Methodology and Systems Dynamics.
Similarly, if AM is associated with the lifecycle of assets and

their performance, there is a similar, less than 0.2% return of
the total publications that include the term “circular econ-
omy” + “asset management”. This includes Ness' (Ness and
Xing, 2017; Ness, 2019) work, which references AM, the built
environment, and a limited application of ST practices. The
conclusion is the deployment of ST in relation to AM and the
future CE is significantly underdeveloped and presents an op-
portunity for further research.

Due to the lack of literature that connects business strategy, AM
and CE principles in sector-specific contexts (e.g., rail) research
on CE interventions tends to be downstream (e.g., after man-
ufacture) rather than upstream (e.g., operate non take-make-
waste operating models). Upstream interventions, changes in
business models and leveraging value beyond price are where
the biggest CE and longer-term impacts can be made.

AM is largely overlooked in CE research despite its potential
to optimise resource use, extend asset life and support value
creation beyond price. A notable blind spot exists within envi-
ronmental research and consultancy where the strategic value
of AM is often unrecognised even though it could contribute
meaningfully to the same sustainability goals. Environmental
governance appears to work towards compliance where an
effective business strategy and the practice of exploiting AM
within a strategic context can be seen as a means to exceed it.

The dominance of SD in CE research limits the methodologi-
cal scope for ST/CE research around viable, context-sensitive
solutions. If this continues, it ignores the means to deal with the
complexities of political and participatory engagement and sys-
temic change, which are essential for designing inclusive and
feasible interventions.

Given the definition of readiness as described in this paper and
its value in relation to developing business strategy and man-
agement systems that incorporate circular economic value, the
findings can be summarised by the following high-level groups:

Group 1: General descriptions of types of circular economic in-
terventions. These describe CE characteristics that an organi-
sation may think about accommodating. With exception to this
paper and Ness' (Ness and Xing, 2017; Ness, 2019) work, they are
not frameworks that relate to AM and deployment of ST.

Group 2: Operating models. CE activity expressed in model form
at various levels of complexity. This includes describing charac-
teristics of hypothetical or existing organisation CE behaviour
in isolation of the external environment. Many rely upon SD-
like behaviour, being technically and theoretically efficient, for
example, from a materiality perspective, but there is no evidence
of the model being viable within a business context. For exam-
ple, placing efficiency (optimisation) over effectiveness (ability
to sustain).

Group 3: Specific CE interventions. Relate to ‘non-circular eco-
nomic’ organisations and applied as an afterthought or mainly
focusing on dealing with waste from the linear lifecycle.

It appears there are plenty of sources and advice on ways to
think about how problems could be resolved at multiple scales
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in isolation. There appears to be a limited application of ST tools
to understand how those solutions connect with others and little
evidence of anyone adopting an uptake on anything that would
make a difference. The suggestion is that most research is not
sufficiently complex or does not have the requisite complexity to
address what happens in reality and what is needed to kickstart
broader circular economic behaviour.

5.7 | Justification and Requirements for a New CE
Readiness Framework

Based upon the outcome of the research, Table 2 describes the
identified gaps and proposes requirements to address those gaps
for a new CE readiness framework.

6 | The Proposed Readiness Framework

The proposed CE Readiness Framework is structured around
four pillars.

1. Strategic Alignment: Ensuring that CE initiatives align
with organisational goals and business models. This can
be represented as the ‘value beyond price’ or ‘niche’ that
the organisation’s strategy and goals enable.

2. Systems Integration: Leveraging ST methodologies (e.g.,
CSH, SODA, VSM, SSM) to model interdependencies
within and across organisational networks.

3. Asset Lifecycle Value Optimisation: Embedding CE princi-
ples into AM to extend asset utility and minimise waste.

4. Stakeholder Collaboration: Encouraging multi-sectoral
engagement to create enabling platforms and non-zero-
sum business models that promote circular economic
value.

The proposition in this paper is that CE behaviour should start at
a business strategy level, enabling circular economic competition.
The proposed framework reinforces how the organisation is apply-
ing ST and AM in order to create visibility of the value that organi-
sations are creating both internally and externally to the business.

The framework proposed in this paper is to help organisations
develop or audit and assure their business strategies that are
aligned with corporate purpose, exploiting ST, enabling value

beyond price through the deployment of AM practices. The
framework is intended to stop inhibiting the creative use of
ST tools and techniques and therefore specifically calls upon a
number of key ST tools that would draw upon others to then be
applied.

The framework amalgamates elements of research around
AM, cradle-to-cradle (Braungart et al. 2007; Braungart and
McDonough 2008). EMAF, the concept of industrial ecology
(Jelinski et al. 1992; Frosch and Gallopoulos 1989) and industrial
ecosystems (Korhonen 2001), sight of ‘High Gain’ and ‘Low Gain’
(Tainter et al. 2003) in relation to the dynamics of business oper-
ating models. It also considers strategic, tactical and operational
control levers (Roda and Machi 2018) and non-zero sum games
(Axelrod 1990). These elements are integrated relying upon multi-
methodological ST tools and techniques:

« Critical Systems Heuristics (CSH) (Ulrich and Reynolds
2010) to explore critically, assumptions, boundaries and an
understanding of value.

«» Strategic options development and analysis (SODA)
(Ackerman and Eden 2020) to explore possible strategic
routes in creating value at multiple scales.

« The Viable Systems Model (VSM) (Beer 1979, 1981, 1985) to
frame the viability of possible ways of working or business
operating models.

« Soft Systems Methodology (SSM) (Checkland 1999) to ex-
plore and map the transfer and meaning of value across dif-
ferent actors and stakeholders.

« AM (ISO 2024a, 2024b, 2018) to apply at various levels of
complexity to support those business models.

» Complexity (Ladyman et al. 2013) in relation to under-
standing or creating conditions of complex environments,
to envision complex market conditions that need creating or
working in relation to the corporate ‘niche’.

« Cooperation Theory (Axelrod 1990) as a means to develop
and validate emergent properties that sit across systems
boundaries that show how value gets created ‘beyond
price’.

The framework creates and exploits conditions for complex-
ity. For example, from a corporate and regulatory perspective
to validate the viability of those industrial ecosystems. Whilst
at the same time not only being profitable but also tackling

TABLE 2 | Circular economy framework justification and requirements.

Identified gap

How the proposed framework addresses the gaps (requirements)

Conceptual narrowness in circular economy
discourse

Lack of ST integration in the CE and limited
ecosystem level value creation.

Absence of AM in CE models

No decision-support for CE transition and value
transformation or value comparison

Emphasis on philosophical and strategic shift for

organisations to embrace circularity, ‘purpose beyond profit’,

combined with ST to expand opportunity horizon.

Uses ST methodologies to inform business strategies that would
support circular outcomes/CE strategies/value beyond price

Embeds ST/AM principles into CE decision-making

Provides a structured model for CE readiness assessment and comparison
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boundaries, for example, as described by (Korhonen 2001),
Social Value Act, Six Capitals or SDGs or any form of emerging
external compliance.

The proposed framework is shown at an outline level in Figure 4,
supported by the underpinning rationale.

The framework considers the business and its relationship to
an emerging future CE compared to how the business works in
the economy now. It uses similar terminology to that used by
the TAM and ISO 55000 series standards. The framework is split
into three perspectives. The left perspective represents the busi-
ness environment, directly controlled by the business. The mid-
dle perspective is the external environment of the business or
‘the market’. The market is a unique interpretation by the organ-
isation and its market ‘niche’. The right perspective is the market
conditions that enable circular economic activity to thrive.

The business environment is split horizontally into two and
adopts the principles of CSH and SODA across the internal and
external business environment at scale to bound the organ-
isation's niche, designing strategy and to validate and support
decision making to change and adapt the organisation and the
external environment. VSM is used to frame the verification of
the strategy and decision making.

‘Strategy and Planning’ of the business (top—down) is sepa-
rated from the ‘Operational’ activities of the business (bottom
up) by a dotted boundary with necessary feedback loops. VSM
is repeatedly applied at scale in two ‘modes’. Design mode is
used to design a viable system and ‘analytical mode’ is used
to identify failings or opportunities in existing systems. The
framework is used to create, discover or monitor evidence of
circular economic activity both in the business strategic and
operational context.

SODA and VSM are applied within a scalable or nesting con-
text throughout and can be applied to one organisation or
several organisations as part of a logical grouping that works
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1. (Corporate) Purpose—identifies the purpose of the organ-
isation within a CE context and is directly linked to the
value and outcomes that the organisation has with what
the assets enable. SSM could be used to develop corporate
purpose and meaning of value.

2. (Market) Context—An explanation of the organisation's
niche that works across multiple sectors and markets to
support resilience. This is the organisation's own aware-
ness of its external boundary it works in. Boundaries of
market context can be interpreted through using CSI.

3. (Business) Strategy and Planning is the future CE stand-
point the organisation wants to position its niche in.
This is outcomes based, ‘value beyond price’, what the
assets enable. Railways enable considerable societal and
environmental benefits where new measured need to be
formed.

4. (Market) Conditions—is the ‘circular economic condi-
tions’ the organisation wants to create and respond to in
relation to the organisation’'s niche. These are shown on
the right hand side perspective. The organisation may be
working towards a service model that generates reoccur-
ring revenues instead of revenue from single points of sale.
Conditions for complexity (Ladyman et al. 2013) can be
drawn upon as well as the creating of non-zero-sum (win-
win) partnerships (Axelrod 1990).

5. Value and Outcomes—is corporate personality, identity
that reinforces the value of corporate purpose enabled
through business strategy. In simple terms, who and
what created the desirable outcomes and the positive
impact on society and the environment compared to the
alternative.
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FIGURE4 | Proposed CE Readiness Framework (top-down and bottom up including CE impact assessment).
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FIGURES5 | Enabling asset management to achieve circular economic outcomes.

Operational activities (bottom-up) are shown within the dotted
area of the framework. This is ‘the machine’ that creates the
CE value:

6.Business Model Adaptation—evidence of business model ad-
aptation that moves away from a take-make-waste operat-
ing model through whatever means.

7.CE_here and now—refers to the organisation having the
intelligence and being cognisant of the condition of the
current assets. This is ‘asset in-life activity’ from any
perspective seeking to extend existing asset life and
utility.

8.CE Before and After—exploits the output from the ‘CE Here
and now’ as input to future business strategies, asset
designs influenced by the tactical activities within the
operational boundary. This can also be an ‘asset in-life
activity’ but also apply to future designs of new assets.
These are tactical changes.

9. Tactical Changes, these are not comprehensive; the busi-
ness will define its own:

a. Service Model Development—seeks evidence of circu-
lar economy-oriented business models.

b. Design out excess waste—evidence of the reduction in
unnecessary waste as part of existing and future asset
designs.

c. Re-use in other sectors—evidence of planned multiple
asset lifecycles.

d. Re-manufacturing—evidence that assets are designed
for remanufacture.

e. Design in re-use—evidence that the asset design ac-
commodates features and functions for re-use.

f.Evidence of long-term maintainability—for example, de-
sign where asset obsolescence is minimised and asset
interoperability is enabled.

g. Evidence of reducing the complexity associated with
manufacture.

h. Evidence of increasing levels of asset intelligence to in-
form business model variations.

The middle part of the framework relates to complexity in the
CE marketplace. These relate to the conditions that need to exist
in the market for CE activity to thrive (the right hand perspec-
tive). For example, with the support of industry-based interop-
erability standards, procurement strategies could purchase and
purposefully select from multiple suppliers knowing that sub-
systems are interchangeable. The need to have many compa-
nies that do different things, work in different ways and work
across different markets is a condition of complexity, supporting
the resilience of the economy itself and where emergent proper-
ties occur.

The application of the framework would in principle provide the
resulting industrial and circular economic dynamics shown in
Figure 5.

7 | Conclusion

This research was unable to identify frameworks that covered
the development of business strategy, AM, the CE and rail spe-
cifically. Current research significantly underestimates the
complexity of how economies work from a business perspective
and how and what needs to happen across economies to change
the value of value within a ST and AM context.

The literature reviewed offers a large range of guidance on re-
solving problems at various scales, but these approaches are
often considered in isolation. There is limited use of ST tools
to explore how such solutions interrelate and little evidence of
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widespread adoption that leads to meaningful change. This sug-
gests that much of the research lacks the necessary complexity
to reflect real-world conditions or to stimulate broader circular
economic behaviour.

Despite the interconnected nature of manufacturing, industry
and the built environment, current research lacks integrated
strategic frameworks that support sector-specific transitions.
AM, in particular, remains largely absent from the discourse,
even though it offers substantial potential to optimise resource
use and support long-term value creation, especially in terms of
outcomes that go beyond price.

The dominance of systems dynamics (SD) as a proxy for all ST
tools narrows the methodological scope of CE research. This
limits the ability to design viable, context-sensitive circular solu-
tions. To support future business models capable of navigating
complex market horizons, ST must be developed and applied
more extensively across both CE and AM domains.

A range of ST methodologies such as CSH, SODA, SSM, VSM
and Systems Intervention (SI) offer valuable tools for addressing
complex, politically sensitive and multistakeholder problems.
These methods enable organisations to visualise interconnected
issues, explore perceptions and design feasible operating mod-
els. VSM in particular can be used to test and validate changes
in business models that aim to deliver circular value, whilst SI
provides pluralistic rationale for combining ST approaches to
challenges and redefining systems boundaries. SD models can
be quantitative or qualitative depending on the objective of their
use, providing there are viable and alternative ways in which
value gets created, which could be visualised using CSH, SODA
and SSM.

The theoretical contribution of this research suggests that ST
tools and techniques are not currently applied at sufficient levels
of complexity in CE studies. Furthermore, it proposes that the
discipline and practice of AM could be strategically deployed to
support circular transitions using advanced ST methods. This
would enable organisations to develop business strategies that
demonstrate their contribution to outcomes and values beyond
price. Importantly, the CE should be recognised not as a discrete
model but as an emergent systemic property, one that arises
from the application of ST rather than being a component of it.

The framework proposed in this paper offers a novel decision
support tool for complex transitions. It places the enterprise at
the centre of value creation, showing how organisations can
enable outcomes by applying ST and leveraging AM to move
beyond the consumptionist paradigm that dominates current
economic models.

The paper outlines a range of desirable outcomes that railways
can enable and demonstrates how the framework could help the
rail sector visualise the creation and transfer of value within a
future CE context. The framework provides a backdrop for reg-
ulators to make decisions about incentivising certain types of
market behaviour. It enables operators to align asset investment
decisions with CE goals, improving long-term performance, re-
ducing waste, reducing cost and extending asset life.

The framework supports actors and stakeholders to better un-
derstand and communicate how their decisions contribute to
broader societal and environmental outcomes beyond tradi-
tional financial metrics. In addition, when ST is applied, it en-
ables actors and stakeholders to anticipate systems-wide impacts
and interdependencies, improving their ability to adapt to dis-
ruptions and future policy shifts.

The limitations of the study include the constraints of the re-
search methodology and a limited number of publications re-
turned when searching for specific combined search criteria.
However, to support this, the search criteria were widened
against each subject.

This research and the proposed framework have opened up a
number of opportunities for further research. Sector-specific
CE research remains underdeveloped, particularly in industries
such as rail, where asset lifecycles and the complexity of the in-
frastructure require tailored approaches. The concept of value
within CE is still poorly defined and operationalised. This limits
its strategic utility across organisations. There is a lack of read-
iness assessment tools, which further constrain organisational
capacity to plan and monitor circular transitions effectively. CE
research has yet to fully engage with participatory and political
dimensions of systemic change, which are fundamental when
designing context-sensitive interventions. Finally, the role of
the enterprise is under-theorised pointing to the need for deeper
exploration into how organisations can actively shape CE out-
comes through strategic decision making, ST and AM.

A methodology has been developed to present the framework
across organisations alongside a scalable measuring framework
based upon the Italian flag model. This enables the visualisation
and comparison of circular economic impacts presented from
both individual and collective business strategies. The next stage
of this work will be to carry out a Delphi study. The IAM and the
Rail Sector will be used as a platform to validate the framework
with the view to create IAM/CE guidance. Preparatory work has
already been carried out under the Circular Economy Network+
in Transportation Systems (CENTS) programme (grant number
EP/S036237/1).
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