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Abstract: Distribution System Operators (DSOs) are adapting to changing energy demands and the
shift toward renewable and decentralized energy. Circularity is increasingly relevant for DSOs as
their distribution systems age and need replacing. Taking circular action, however, is generally
regarded as challenging as the current circular economy (CE) landscape is highly fragmented and
rarely touches the implementation level. A longitudinal case study at Dutch DSO Liander on the
circularity of distribution transformers was used to understand empirical success factors for taking
circular action and to generate prescriptive knowledge on the operationalization of circularity. Six
design propositions for circular action were formulated that suggest to 1) initiate small-scale
circularity experiments, 2) involve technical and strategic experts, 3) synergize circularity with more
urgent, primary goals 4) translate circular initiatives bottom-up and top-down, 5) collaborate with
other DSOs, and 6) create multidisciplinary teams. At DSO Liander, selecting the right interventions
depending on the changing context contributed to operationalizing circularity for distribution
transformers and achieving circularity targets. The generalizable design propositions could assist
other DSOs in optimizing their strategy toward circular action.

Keywords: circular action; energy transition; distribution system operator; asset management;
design science research; change management; corporate sustainability reporting directive

1. Introduction

1.1. Distribution System Operators

Energy networks form the indispensable backbone through which our society transports energy.
Distribution System Operators (DSOs) form the connecting link between the generation and
consumption of energy by being responsible for operating and maintaining the energy networks.
Managing the energy networks entails more than just the technical care of individual assets, such as
transformers, power lines, and switchgear. Instead, Asset Management (AM) is about the purpose of
the entire organization, the creation of lasting value for different stakeholders, collaboration, and
dealing with long-term change and uncertainty [1]. In fact, DSOs “plan and control the asset-related
activities and their relationships to ensure the asset performance that meets the intended competitive
strategy of the organization” [2].

Whilst managing the energy networks, DSOs take into account relevant regimes (governance,
geo-political, economic, social, demographic, and technological) [3]. One of those currently relevant
regimes is the energy transition, which provides a key challenge for DSOs since it requires important
strategic technical decisions with long-lasting consequences [4]. The energy transition is
characterized by the shift toward renewable and more sustainable energy sources [5], the
liberalization of the energy sector, and changes in energy consumption patterns [6]. Furthermore, a
broad range of distributed energy resources is emerging, be it distributed generation, local storage,
electric vehicles, and demand response [7]. By maintaining, replacing, and extending the energy
networks, DSOs facilitate the transition toward a more sustainable society.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1.2. Circular Action

The shift toward renewable and more sustainable energy sources is crucial for moving from a
linear to a circular economy (CE) [8]. The CE is especially relevant for DSOs since they “have a
responsibility to uphold the environmental and sustainable values of society and must respond to a
broad set of stakeholders” [9]. Additionally, the AM of energy networks is resource intensive and
therefore, there is a need to close material loops and embed sustainability into the AM practices itself
[10] rather than merely facilitating society becoming more sustainable. The activities of DSOs must
therefore be systematically directed toward circularity and should take a life cycle perspective with
the consideration of ecological and economic targets [11].

The CE concept is trending among both scholars and professionals as it is increasingly treated
as a solution to resource scarcity, environmental impact, and economic benefits [12]. Despite sharing
a common theme, there are over a hundred definitions of the CE in use in literature alone, proving
that the “CE means many different things to different people”[13]. Additionally, many efforts have
been made to clarify the concept of CE, which include design rules, processes, frameworks, and
roadmaps [14,15]. Several of these frameworks and philosophies have found widespread recognition
outside academia such as the Cradle-to-cradle design [16] and the Butterfly model [17]. However,
Saidani et al. conducted a systematic literature review of circularity indicators developed by scholars,
consulting companies, and governmental agencies, stressing the need to translate CE indicators into
implementable actions [18].

1.3. Research Question/Aim

“Despite an increasing demand for considering sustainability aspects in AM, there is a lack of
guidance for decision-makers on how this can be achieved”, especially with regard to identifying
trade-offs between conflicting objectives (Niekamp et al., 2015). Seamlessly integrating sustainability
into decision-making is a challenging task, since sustainability needs to be balanced with other
criteria [19] that are relevant to DSOs. Merli et al. indicate that “despite the interest of academia in
the managerial implications of CE implementation, there emerges the absence of a shared framework
on how CE should be applied to firms’” operations [20] and how firms may adapt their business
models to CE paradigm [21]” [22]. Moreover, there are many barriers to overcome when transitioning
to a CE, such as an unclear distribution of responsibilities, sustainability perception, risk aversion,
and integration in current processes [23]. The current CE landscape is not only highly fragmented
and granular, but it also rarely touches the implementation level [12]. Therefore this research aims to
understand empirical success factors for circular action and generate prescriptive knowledge on the
operationalization of circularity.

2. Materials and Methods

2.1. Case Description

Liander is the largest DSO in the Netherlands and its main objective is to distribute electricity
and natural gas to its 5,9 million customers in a reliable, uninterrupted, and safe way, at the lowest
societal costs. Liander manages and owns the electricity grids in its catchment area from low voltage
to 150/110 kilovolt (kV) transformers. An important challenge for Liander lies in the energy transition.
In 2022 alone, it spent approximately €1228 million on maintenance, replacement, and new
construction of its energy infrastructure [24]. Given Liander’s resource-intensive operations, the CE
is a means for Liander to maximize the life cycle, value, and reusability of resources and minimize
waste and energy consumption. Through circularity, Liander aims to responsibly operate its assets,
such that these remain available, sustainable, and affordable, now and in the future.

Liander started working on circularity in 2014 through the introduction of internal training and
a key performance indicator on circular procurement. Real circular change started when the idea to
reuse distribution transformers won an internal innovation contest. Since then, the circularity of
distribution transformers (from now on referred to as transformers) has grown into a mature and
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fully integrated circular project and is perceived as Liander’s most successful circularity project.
Moreover, this circular project has grown into a team fully committed to the circularity of Liander’s
asset portfolio. Therefore, this case was selected to research the operationalization of circularity in
the energy sector.

2.2. Longitudinal Case Study

Case research is a powerful method since it offers a full understanding of the nature and
complexity of a phenomenon [27,28]. Processes of organizational change often are lengthy and
therefore a longitudinal case study was particularly useful for researching the developments in the
operationalization of circularity over a longer period [25,26]. As recommended by Eisenhardt, a case
was selected where the operationalization of circularity was successful and could be observed
transparently [29].

The starting point for the longitudinal case was the start of 2014 when Liander started working
on circularity. Around that time, the third author of this paper started to collaborate with Liander on
Asset Life Cycle Planning [30]. In 2016, the second author of this paper joined the collaboration, which
then shifted focus toward Life Cycle Valuation [31]. Lastly, the first author of this paper joined in
2020, and the collaboration shifted focus toward the integration of sustainability in the field of AM of
which this article is part. This researcher embeddedness allowed the identification of the circularity
of transformers as a successful case and to retrospectively research it in detail over a longer period.
As the circularity of transformers at Liander is still being optimized, the deadline for submitting this
article was decisive for the endpoint of the longitudinal case (the end of 2023).

This research aims to develop prescriptive knowledge that contributes to the further
operationalization of circularity, rather than merely describing a change process [32]. Therefore, the
Design Science Research approach of Denyer et al. was followed [33], which aims to generate design
propositions to solve improvement problems. CIMO logic was used to structure the findings, by
identifying problematic contexts (C), applied interventions (I), triggered mechanisms (M), and
generated outcomes (O). These CIMO-cycles were then translated into design propositions, which
aim to generally prescribe how to operationalize circularity when managing energy networks.

2.3. Data Collection and Analysis

To study the longitudinal case, various types of data were collected from Liander’s intranet and
Sharepoint, as summarized in Table 1. Using a broad array of data from various organizational levels
enabled the researchers to slice vertically through the organization and to study the case from
multiple perspectives, as recommended by [34]. Moreover, using different data sources and collection
methods contributed to triangulating the evidence [35].

In addition to Liander’s internal data, previously collected research data was used, such as daily
journals of the researchers and previously conducted interview data. To analyze this large amount of
retrospective data, a timeline was constructed of the longitudinal case, which marks the most
important actions that positively or negatively affected the circularity of transformers. With the
construction of this timeline, attention was paid to relevant trends in the organizational context [36]
and the circular performance of Liander as a result of the actions.

Table 1. Sources of retrospective data.

Source Data Quantity Year(s)

Blog posts on the intranet 58 2014 - 2023

Company annual reports 10 2014 - 2023

Liander’s Internal accounting reports 12 2016 - 2022
internal data Policy documents 4 ‘14,15, 21, ‘22

Strategic Asset Management Plans 7 2013 - 2023

Quality and Capacity Documents 3 13,15, 17

Trend reports 8 2016 - 2023
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4
Life Cycle Thinking studies 4 ‘14,18, ‘20, ‘21
Collaboration agreements 3 2020, 2021
Other 24 2014 - 2023
Interviews on circularity 26 2020
Research data Daily journal of 1st author 1 2020 - 2023
Daily journal of 2nd author 1 2016 - 2020

Finally, six semi-structured interviews were conducted with the manager and two (former)
members of the circularity team; a policy advisor from the Maintenance department and a supply
chain consultant from the Logistics department, who both have/had an important advisory role in
the circularity of transformers; and an innovation manager, who sponsored the change process.
Hereby, the most knowledgeable members from various hierarchical levels were interviewed, as
recommended by [37,38]. The interviews contributed to the generation of a rich and full
understanding of the change process from the perspective of the people who initiated the most
important events themselves, as recommended by [34].

First of all, the interviews were used to complete and validate the constructed timeline. More
importantly, the interviewees were asked what generally recurring interventions (I) were introduced
in what problematic contexts (C), what mechanisms were triggered by these interventions, and what
outcomes (O) were produced thanks to these interventions [33]. Together, these contexts,
interventions, mechanisms, and outcomes constitute multiple CIMO cycles, which were translated
into design propositions. To generalize the findings, the design propositions were compared to
literature.

3. Results

Transformers reach their end of life in case of failure or grid reinforcements. After taking it out
of the energy grid, a transformer is measured in order to determine if it is reusable directly, and if so,
the transformer is sent to Liander’s distribution center. If not, it is first sent to Liander’s revision
partner, and then to the distribution center, where the Logistics department adds all incoming
transformers to their stock. When the Operations department orders a transformer, the transformers
that do not need any revision are first in line. If not available, a revised transformer is delivered. Only
if these are not available either, a newly procured transformer is put into service. This whole process
is governed by the Procurement department and executed within the technical frameworks provided
by the Maintenance department.

This current reuse practice was built from scratch during the timespan of the longitudinal case.
Despite the end of the longitudinal case, the operationalization of circularity at Liander still is an
ongoing process. Liander is working toward increased circularity of other assets, such as cables and
tools. Moreover, other sustainability aspects are getting increased attention now, such as the
circularity team becoming a place for the reintegration of incapacitated employees and the retention
of intellectual capital through internal revision of assets.

Figure 1 describes the most important actions in the longitudinal case, trends that were relevant
to these actions, and the circular improvements caused by the actions. With the help of the
interviewees, the wide variety of actions that were executed during the timespan of the longitudinal
case could be summarized into six more general and recurrent interventions. These interventions and
how they contributed to the successful operationalization of circularity in the longitudinal case will
be further discussed below.
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Figure 1. Timeline of the longitudinal case on the circularity of distribution transformers.
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3.1. Intervention A: Initiate Small-Scale Circularity Experiments

Through the years, Liander has found her steady state in operating the energy grid. In order to
initiate circular change, deviation from this steady state is required. However, employees often fear
the risks involved with deviating, and it is very difficult to change the direction of a cumbersome
organization like Liander all at once. Therefore, an important step was to initiate small-scale
circularity experiments (e.g. actions 5, 19, and 28, see Figure 1), without asking for permission first.
Hereby the potential of circular initiatives was demonstrated, which most likely could not have been
demonstrated if asked for permission first. Interviewees described this as acting like an entrepreneur
and stated that it takes a lot of courage.

3.2. Intervention B: Involve Technical and Strategic Experts

According to the interviewees, it sometimes felt unsafe to contradict reputable colleagues. In
order to deal with potential criticism, it was therefore important to collaborate with some
professionals from the old guard. The expertise of technical colleagues contributed to finding circular
solutions that fit the technical requirements of transformers. In addition to that, the expertise of
strategic colleagues could ensure the right preconditions for the circular solutions, (e.g. through
actions 3 and 7). By involving these credible experts, the circular solution became a shared initiative.
This sponsorship, as the interviewees called it, provided ground for deviating from the established
order and made it easier to convince others to cooperate.

3.3. Intervention C: Synergize Circularity with More Urgent, Primary Goals

Other business objectives (e.g. trends 10 and 13) were often prioritized over circularity which
made it difficult to find scope for circular change. The development of a business case (e.g. action 10)
was, therefore, an important step in advancing circularity, since it showed the synergies between
circularity and more urgent primary goals. It allowed the initiators to provide a solution for at that
time urgent challenges (e.g. trend 21). Even though the development of a business case required
creativity and flexibility of the circularity team, especially given the rapidly changing environment,
it contributed to pitching the circular initiatives and showing the urgency of actual implementation.

3.4. Intervention D: Translate Circular Initiatives Bottom-Up And Top-Down

Along the process, several initiatives were running in parallel, but a uniform approach was
lacking. Formulating a shared definition of circularity (e.g. action 7) and setting key performance
indicators (e.g. action 4) contributed to steering all initiatives toward the same objective. Setting and
conveying standards on the prioritization between putting into service a reusable or a newly
procured asset (e.g. action 11 and 22) contributed to reaching the objectives through a uniform
approach. And in order to make sure that the objectives were reached and reported on, work
instructions were developed, such that operations could be adjusted accordingly.

3.5. Intervention E: Collaborate with Other DSOs

In the beginning, it was very difficult to make an impact, because of a lack of scale and an
inefficient way of working. In order to overcome these challenges, Liander collaborated with other
DSOs on many levels: they jointly committed to becoming more circular, shared knowledge on how
to overcome certain challenges, and jointly anticipated societal developments (e.g. action 8). In the
later stages of the longitudinal case, collaboration facilitated the exchange of reusable assets in order
to match supply and demand (e.g. actions 16 and 20). Additionally, operations were aligned and each
DSO could create their area of expertise, while mutually outsourcing other areas. It also strengthened
their leverage toward supply chain partners, for example during the procurement of circular assets.
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3.6. Intervention F: Create Multi-Disciplinary Teams

During the scale-up of reusing transformers, the organizational structure was suboptimal for the
newly adopted philosophy. Interviewees described the individual departments as ‘small kingdoms’
which all have their own way of working. Therefore, multidisciplinary teams were created (e.g.
through action 13) and certain responsibilities were reallocated (e.g. actions 12, 15, 25, and 30). This
all resulted in circularity becoming a shared philosophy that was propagated to and practiced by
other parts of the organization as well. Despite these interventions, there is still some confusion
sometimes about the distribution of responsibilities at Liander. However, the interventions already
contributed to moving circular action forward.

4. Discussion

The interventions, described in the results section, were applied by the circularity team based
on the contextual factors that were at play at that moment. By applying these interventions (I) in these
specific contexts (C), certain mechanisms (M) were triggered, which in turn generated positive
outcomes (O). Thereby, each of the discussed interventions was part of a full CIMO cycle. These
CIMO cycles provide a better understanding of how and why these interventions contributed to
operationalizing circularity and are presented in Table 2. They will be further discussed, compared
to literature, and translated into a generalizable design proposition below.

Table 2. CIMO-cycles on circular interventions.

In case of this Apply this To trigger this That generates this
CONTEXT: INTERVENTION: MECHANISM: OUTCOME:
A Risk-averse environment Initiate small-scale The creation of a The potential of circularity
circularity experiments precedent demonstrated
B Fear of receiving criticism  Involve technical and The creation of a Higher management
from higher management strategic experts supporting team convinced to continue

circular change
C Other business objectives Synergize circularity with Circularity as a by-catch ~ Incentive for circular

being prioritized over more urgent, primary to core business change
circularity goals
D  Fragmented circular Translate circular Alignment of strategy and Barriers for organizing
initiatives withouta  initiatives bottom-up and operations (vertical circular change removed
uniform approach top-down alignment)

E Lack of scale Collaborate with other Scaling through Benefit from economies of
DSOs collaboration scale

F Silo mentality Create multidisciplinary =~ Improved coordination — Horizontal propagation
teams between silos (horizontal =~ and management of

alignment) circular practice

4.1 CIMO Cycle A: The Creation of a Precedent

Intervention A, initiating small-scale circularity experiments, allowed the initiators to
demonstrate the potential of circularity and set examples for future circularity projects. In literature,
experimentation is recognized to be crucial in initiating change, “as long as it is accomplished within
an organization’s business context and strategic intent” [39]. The experiments can prove that
desirable outcomes can be generated [40,41] and moreover, in the context of Liander, the experiments
often functioned as precedents: in case of doubt about scaling up the initiatives, the experiments
could be relied upon and thereby they contributed to neutralizing criticism [42]. This leads to the
following design proposition:
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Design proposition A. In case of a risk-averse environment, initiate small-scale experiments in order to create
a precedent and thereby demonstrate the potential of circularity.

4.2 CIMO Cycle B: The Creation of a Supporting Team

During the initiation of small-scale experiments, technical and strategic experts were involved
in order to create a supporting team. Many authors recognize the importance of intervention B in
similar situations: the implementation of Life Cycle Sustainability Management [43], the
implementation of Sustainability Impact Assessment [44], and the governance of circular economies
[45]. Remarkably, the importance of the seniority and expertise of the involved experts was stressed
in Liander’s case, since it was their credibility that contributed to convincing higher management in
case of skepticism about circular change. This leads to the following design proposition:

Design proposition B. In case of fear of receiving criticism from higher management, involve technical and
strategic experts in order to create a supporting team and thereby convince higher management to continue
circular change.

4.3 CIMO Cycle C: Circularity as By-Catch to Core Business

By synergizing circularity with more urgent, primary goals, circularity no longer needed to
compete with core business objectives. Other authors recognize the need to identify synergies,
conflicts, and trade-offs across impacts on different levels [44]. Considering the economic aspects of
the initiatives was important since profit objectives significantly influence strategic decision-making
[46]. Thanks to intervention C, circularity became a by-catch to core business activities and sometimes
even provided solutions for urgent matters that linear business activities could not address on time.
Moreover, creating a sense of urgency is an important step for initiating change [41]. Even though
circularity would be given higher priority in an ideal world, utilizing the priority of primary goals
contributed to increasing the incentive for circular change and thereby moving circularity forward,
as demonstrated by Liander’s case. This leads to the following design proposition:

Design proposition C. In case of other business objectives being prioritized over circularity, synergize
circularity with more urgent, primary goals in order to reframe circularity as a by-catch to core business and
thereby create an incentive for circular change.

4.4 CIMO Cycle D: Alignment of Strategy and Operations (Vertical Alignment)

As with usual AM activities, it was important to create alignment between the circular strategy
and operations [47], through intervention D. Hereby, all initiatives were steered toward the same
objective, as recommended for change management processes [41]. Gemechu et al. also recommend
this vertical alignment [43] and stress the importance of continuous improvement cycles in order to
align strategy and operations both bottom-up and top-down depending on the needs at that moment.
This continuous vertical alignment is sometimes referred to as the Line of Sight [48]. Whatever name
it is given, it contributed to creating a shared language, as recommended by [49]. This leads to the
following design proposition:

Design proposition D. In case of fragmented circular initiatives without a uniform approach, translate
circular initiatives bottom-up and top-down in order to vertically align strategy and operations and thereby
remove barriers for organizing circular change.

4.5 CIMO Cycle E: Scaling Through Collaboration

Liander adopted a scaling-through-collaboration strategy through intervention E, which is a
“feasible route to tackle the challenges inherent to scaling” [50-52]. They collaborated with other
DSOs on various functional levels, in order to chase mutual gains, as described by [53]. Sharing
knowledge in a collaborative network also appeared to be essential in a case study in Italy [54]. In
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literature, collaboration through for example networks and platforms is regarded critical for
transitioning toward a CE [55,56] and for enhancing organizational innovativeness in a CE [57].
Overall, collaboration contributed to realizing economies of scale, with the associated benefits. This
leads to the following design proposition:

Design proposition E. In case of a lack of scale, collaborate with other DSOs in order to scale through
collaboration and thereby benefit from economies of scale.

4.6 CIMO Cycle F: Improved Coordination between Silos (Horizontal Alignment)

Intervention F, the creation of multidisciplinary teams was necessary since the interdisciplinary
nature of a CE requires a diversity of actors with various missions and skills [58]. Furthermore, all
parts of the organization need to work together, to share and utilize information, to provide
transparency, insight, and necessary answers [59]. The multidisciplinary teams, also referred to as
cross-functional teams, improved the coordination between silos by bringing together individuals
from different departments. In literature, unclear distribution of responsibilities is described to be a
barrier in the transition toward a CE [23] and therefore, the assignment of responsibilities and
accountabilities is crucial for the establishment of a cross-functional team [60] and for circular action
[43]. All in all, intervention F contributed to the horizontal propagation and the practice of a circular
philosophy throughout Liander. This leads to the following design proposition:

Design proposition F. In case of silo mentality, create multidisciplinary teams in order to improve
coordination between silos and thereby horizontally propagate and manage circular practice.

5. Conclusions

DSOs have the responsibility to facilitate the transition toward a more sustainable society but
this requires many resources. Therefore, they are increasingly expected to consider circularity
principles in the AM of their energy networks. However, operationalizing circularity is perceived as
a challenging task since there are many barriers, and current theory on CE is rarely translated into
implementable actions.

A longitudinal case at Dutch DSO Liander showed that the success of circular action strongly
depends on contextual factors, such as a risk-averse environment and other business objectives being
prioritized over circularity. On top of that, various mechanisms were at play that were decisive
(positively or negatively) for the success of Liander’s circular actions. Therefore, it was important for
Liander to select the right circular interventions, based on the specific contextual factors at play at
that moment, in order to achieve circularity targets. Additionally, repetition of circular interventions
in case of recurring contextual factors, led to a steady increase of circularity, by continually building
upon the outcomes of previous interventions.

The findings from the longitudinal case at Liander on successful circular interventions were
reflected upon from a scientific perspective. This led to the formulation of generalizable design
propositions that could be used by other DSOs. These propositions could assist them in selecting the
right circular interventions, depending on changing contextual factors and thereby optimizing their
strategy toward circular action. This is particularly relevant for achieving circular targets in the
context of the Corporate Sustainability Reporting Directive (CSRD).

Future research on empirical success factors at other organizations is necessary to gain a better
understanding of design propositions for other contexts and sectors.
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