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Abstract
Oil refineries are among industrial installations that are vulnerable to climate extreme 
events, whose frequency and intensity have been increasing over the last decades. Build-
ing resilience in resources to withstand climate-related hazards and to recover fast at low 
human and material cost, for changing climate conditions, is required. In this paper, we 
present an action research effort for the design of a viable decentralized climate-resilience-
providing virtual organization in an oil refinery in Greece using the Viable System Model. 
The VIPLAN method was employed for the methodological design of a distributed Cli-
mate Resilience Providing Organisation for the case of a refinery facility in Greece. The 
paper presents the process and the results of this effort.
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Introduction

Although it is one of the major sources of carbon emissions, undeniably oil and its deriva-
tives still constitute a major energy source (Pollin 2015) whose supply must be secured 
and cannot be interrupted, at least, as long as the lengthy transition period towards more 
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sustainable energy sources is underway. Apart from carbon emissions that the use of oil 
and its subsequent contribution to climate change entails, the operation of oil’s supply 
chain per se is vulnerable to extreme climate conditions, which may cause accidents with 
significant consequences for the natural and built environments, as well for important soci-
etal functions (Katopodis and Sfetsos 2019). Climate-related events have already created 
challenges for organizations, while their impacts are likely to increase in the future, as the 
vast majority of natural scientists warn (Wilbanks et al. 2007; Linnenluecke et al. 2012; 
Forzieri et al. 2018). On the other hand, climate change is causing faster ageing and deg-
radation of the oil infrastructure along its entire supply chain, from oil extraction upstream 
to storage, refining and distribution processes, limiting its lifecycle and service level, and 
increasing the risk for major incidents (Katopodis and Sfetsos 2019). As extreme events of 
very high, or very low, temperatures, high winds, extreme precipitation, wildfires, etc. are 
expected to occur more frequently in the near future (Forzieri et al. 2018) with potentially 
combined Natech accidents happening (Ricci et al 2021), actions have to be undertaken to 
secure the resilience of oil infrastructure, the safety of people and the environment and the 
business continuity of the industry. In fact, the societal disruption caused by infrastructure 
failures of this sort can frequently be disproportionately higher in relation to the actual 
physical damage made (Chang 2014).

Climate-related events may also influence other sectors related to oil and their critical 
infrastructures, such diverse as electricity, natural gas, transportation, water, telecommu-
nications and IT, as well as healthcare provision. The opposite can also happen, i.e. the oil 
sector may be affected by damages initially caused in the sectors mentioned above (Kato-
podis and Sfetsos 2019). All these imply that during the long and uncertain period of tran-
sition to more sustainable forms of energy, and as long as oil is still in need for energy 
security and supply, its production and distribution chain should be resilient, i.e. need to 
be able to cope and bounce back from shocks caused by threats, including those stemming 
from the extreme climate phenomena.

Refineries form a core component of the oil supply chain. Their infrastructure and oper-
ational assets are vulnerable to climate conditions, especially when they are close to sea 
or river coastal areas and constitute potential sources of severe hazards (fires, explosions, 
etc.), due to the storage and processing of highly inflammable materials. Beyond an organi-
sation’s assets and operations, such events may damage the economic and social wellbeing 
of the surrounding communities. As public awareness of such hazards increases, and con-
cerns towards fossil fuels’ infrastructures escalate (European Commission 2021), refineries 
and other related industrial installations must exhibit resilience to extreme weather condi-
tions due to climate crisis (Katopodis and Sfetsos 2019).

At the organizational level, climate-related resilience implies that an organization has 
an inherent ability to survive drastically changing external conditions of different nature, 
including extreme weather events (heatwaves, storms, etc.), by adapting its structure and 
operation appropriately (Hamel and Välikangas 2003; Linnenluecke and Griffiths 2012; 
Katopodis and Sfetsos 2019). As climate conditions are changing unexpectedly, when 
building resilience to climate-induced events, both present and (possible) future conditions 
must be taken into account, and resilience must be built across all the assets/resources of 
an organisation (both human and non-human). Resilience is perceived, defined, imple-
mented and valued in relation to an organization’s environmental characteristics at a spe-
cific time period taking into account experienced and anticipated disturbing events. This 
means that as environmental/climate conditions change, and events which were thought 
impossible to happen in a specific geographic area can actually happen, the definition and 
implementation of an organisation’s resilience should be updated and adjusted in line with 
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the requirements that the new environmental conditions (natural, climate, social, etc.) dic-
tate. Such a task requires the existence of a healthy organisational mechanism, or organi-
sational unit, which will always be in a position, i.e. viable to serve its purpose, to arrive at 
the resilience requirements at the specific time, and take the appropriate measures towards 
implementing them. As refineries are complex organisations comprising of diverse ele-
ments, and climate change affects different elements differently, their autonomy in adapta-
tion to new resilience requirements and responses contributes to faster and more effective 
overall organisational adaptation and viability. In this paper, we show how this mechanism 
can be developed as a decentralized organization (organization-within-organization) using 
the Viable System Model (VSM) (Beer 1989) that aims the same organisational design 
objectives.

We present the process and the results of an action research study to design the structure 
and operational processes of a viable resilience-providing organisation for a major oil refin-
ery in Greece. The Climate Resilience Providing Organisation (CRPO) provides services, 
i.e. technical knowledge and organisational processes, which are implemented in the organ-
isational units of the company. As it was already mentioned, the Viable Systems Model 
(VSM) (Beer 1985; 1989) approach was employed to carry out this organisational devel-
opment endeavour. The VSM comprises of five systems necessary for viability assigned 
to the management and operations functions. VSM was chosen because it facilitates the 
systematic design and (self-) transformation of organisations (Tavella and Papadopoulos 
2017) that can exist, through adaptation, in changing environments, in harmony with their 
environment – socio-economic, or natural, assisted by the coordinated autonomy of their 
operational units. The VIPLAN method (Espejo and Reyes 2011), which is a method to 
diagnose and design organisational structures, tailored to the specifics of the particular 
situation (Lowe et al. 2020), was used to guide the activities of the research team in arriv-
ing at an organisational structure, i.e. definition and distribution of functions and activities 
of the resilience-providing organisation to the formal organisational units, which provides 
uninterrupted resilience to the infrastructure, processes and human resources of the over-
arching organisation.

Based on the above, the specific research questions that the effort reported in this paper 
aimed at answering, in the context of the specific case, were:

i) Of which activities and functions the management and operations of the viable Climate 
Resilience Providing Organisation (CRPO) will be comprised of?

ii) To which formal/organogram units of the refinery these activities will be assigned to?

Following, in "Organisational Resilience to Climate Change Hazards" section, we 
briefly present the current discussion over climate-related organisational resilience. In 
"Organisational Viability, Climate-Change Resilience and theVSM" section we look at the 
relationship between resilience and organisational viability. We surface the need for a sys-
tems approach and introduce the Viable System Model. In "Methodological Design of a 
Viable Organization" section we discuss the methodological design of a viable organiza-
tion, while in "A Viable Climate-Resilience-Providing Organisation for the Oil Industry: 
Context of the Case Study" section we introduce the case study by considering the climate-
resilience requirements of the oil refining organisation. "Research Methodology for the 
Energy-GR Case" section briefly describes the action research methodology followed in 
the context of action research carried out for the specific facility, and "Design of a Resil-
ience Providing Organisation in an Oil Refinery" section describes the methodological 
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development of the distributed viable resilience-providing organisational unit for the spe-
cific oil refinery organisation. Finally, in "Conclusions" section, we draw the conclusions 
of our research.

Organisational Resilience to Climate Change Hazards

In general, a resilient organisation must have the ability to anticipate, make sense and 
respond to signals/events in a changing environment (Hollnagel and Woods 2006; Dijkstra 
2007; Jackson 2007; Ruiz-Martin et al. 2017). In addition to its continuity with respect to 
the complexities of the socioeconomic environment in which it is embedded, every (pro-
duction) organisation must also have the ability to operate under diverse climate condi-
tions. Business continuity and organizational resilience have attracted increased interest 
over the last years, not only in connection to the economic and competition environment 
(Adamides and Tsinopoulos 2015; Hamel and Välikangas 2003), but also in relation to the 
natural environment and climate dynamics, which have become major societal issues (Lin-
nenluecke et al 2012).

Interest in resilience to climate change has resulted in the production of (“laundry”)-lists 
of requirements and performance measures, however without any significant proposals on 
how to develop/design climate-resilient organisations in practice, taking into account the 
systemic nature of organizations per se, and their embedment in their environment. As far 
as the oil industry is concerned, lately there has been a shift of interest from risk assess-
ment and management (Quantitative Risk Assessment (QRA) has become mandatory for 
the oil industry (Katopodis and Sfetsos 2019)) to resilience development. However, organi-
sational characteristics and organisational design processes for such organisations have not 
been considered in a systematic manner. Although there is literature on how organisations 
withstand disturbances and discontinuities (e.g. Korhonen and Seager 2008; Burnard and 
Bhamra 2011), in general, limited theoretical and practical insights on climate-resilient 
organisations have been published.

Linnenluecke et  al. (2012) have developed an integrative framework of activities for 
organisational adaptation and resilience to extreme climate events organised in phases. The 
framework is based on two streams of research: a) research on “high-reliability organi-
sations”, i.e. processes of identifying, understanding, evaluating, monitoring and revising 
unexpected situations and intervening before effects escalate, whose results, however, pro-
vide partially sufficient response to systemic changes responsible for more frequent and 
intense climate events, and b), research on how to absorb impacts of extreme events and 
restore performance in the affected organisation. The foundational base of the framework 
is completed by insights from ecological resilience and the concept of persistence, which 
measures the amount of disturbance that an organisation can absorb before it has to make 
significant changes in its operation (McDaniels et  al. 2008). These foundational sources 
resulted in a four-phase framework of anticipatory adaptation, exposure, recovery, and 
post-impact determination of resilience.

The phases of anticipatory adaptation and exposure to climate events concern resources 
of any kind (material and human) and are associated with impact resistance, or robustness, 
measured by the coping range between two threshold values. Recovery, on the other hand, 
is directly linked to rapidity (speed of response), i.e. how fast the organisation reaches its 
“optimal” performance after a climate event (in that context “optimal” is synonymous to 
best possible performance, even with reduced assets (Linnenluecke and Griffiths 2012)). 
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Along the first dimension, measures to increase resilience after a specific event include bet-
ter specifications for material assets (lower and upper threshold values), decentralisation of 
operational resources, diversity and redundancy of resources, whereas as far as the second 
dimension is concerned, processes to identify and make sense of problems fast, processes 
to introduce and set up backup resources, establishment of priorities, etc. (Wreathall 2017; 
Katopodis and Sfetsos 2019).

The activities related to the coping range to, and the rapidity of recovery from, a climate 
event of the oil sector in general, and refineries in particular, aim at the development and 
maintenance of a a set of general enabling capacities/capabilities, which include (Katopo-
dis and Sfetsos 2019; Linnenluecke et al 2012):

• Anticipatory capacity, linked to understanding risks at different temporal and spatial 
scales, early warning systems, and making risk projections and emergency scenarios. In 
organisational terms, this is directly related to sense making of climate events and their 
impact on organisational survival (Tisch and Galbreath 2018).

• Impact absorption capacity, linked to increased defences and reduced vulnerabilities 
related to structures, technology, processes and operational areas.

• Coping capacity, linked to enhanced cooperation and mounting effective response 
within- and across- organizational boundaries during crises.

• Restorative capacity linked to processes of faster business recovery.
• Adaptive capacity linked to augmenting the organisation’s ability to adapt to emerging 

threats and challenges and to be able to invest in new capabilities (through research, 
pilot used of new processes and systems, etc.).

The actual development and deployment of these capabilities is a complex endeavour 
due to their interdependencies, on the one hand, and spatial and temporal distances that 
exist between them, on the other. Hence, organisational resilience by ad hoc design is not 
effective and a systems perspective is required, taking into account capabilities’ interde-
pendent dynamics. Given that the requirements for resilience are set dynamically due to 
the changing climate, measures for impact resistance and absorption (revised specifications 
and protective measures) and processes for rapid recovery should be defined, implemented 
and updated dynamically taking into account changing conditions. In parallel, guaranteeing 
the continuity of resilience may be the task of a viable formal organisational unit/scheme, 
or of a viable virtual governance scheme distributed to many (or to all) formal units of the 
entire organization. This resilience-providing organisation should stay viable by adjusting 
its structure and operation to changing climate conditions, guaranteeing climate resilience 
under any circumstances.

Organisational Viability, Climate‑Change Resilience and the VSM

In general, a viable organisation must have the ability to maintain its (separate) existence, no 
matter how its changing environment influences (or threatens) it. On the other hand, a resilient 
organisation must have the ability to withstand/recover from challenges and disrupting events, 
including those stemming from the natural environment and are related to climate change. 
Resilient and viable organisations share a number of important characteristics, such as evolu-
tion, self-regulation and adaptability (Ruiz-Martin et al. 2017). In the context of this paper, but 
also for organisations in general, they differ in that resilience is a requirement defined having 
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in mind a broad range of possible threats, whereas viability is more endogenous and dia-
chronic property of an organisation. In addition, viability and resilience can be operationalised 
at two different levels: the viability of a specific part of an organisation (the Climate Resil-
ience Providing Organisation—CRPO) (level of organisational unit) is necessary for guaran-
teeing the resilience of the entire organisation (oil refinery in our case), i.e. to promote the 
necessary capacities mentioned in the previous section (level of the entire organisation). As 
it was mentioned above, Beer’s Viable System Model is a cybernetic approach that forms the 
basis for the corresponding diagnosis and design methodologies for organisations that have the 
ability to survive in complex dynamic environments (Cardoso-Castro 2019), i.e. they are via-
ble. To guarantee resilience at all circumstances, a viable organisation must have the ability to 
self-regulate its operation, learn, adapt and evolve (Beer 1989). This is facilitated by the (coor-
dinated) autonomy of its operational elements, which respond/adapt to their own environment 
and its challenges. The VSM has already been employed for the design of human communities 
and organisations that foster adaptation to criteria of environmental and social sustainability 
(e.g. Leonard 2008; Panagiotakopoulos et al. 2016). This is however different from designing 
an adaptable organisation that provides uninterrupted resilience to extreme events stemming 
from the environment, to a wider organisation or community.

In brief, the VSM describes the content and structure/interconnections of five systems, nec-
essary for a viable organization. System 1 comprises the primary operational activities car-
ried out for accomplishing the objective of the organisation (implementation), i.e., in our case, 
for providing resilience to specific parts (formal organisational units, sites, areas-within-sites, 
etc.). In order to be more manageable, these activities may be further divided into sub-activ-
ities, and so on. Usually decomposition takes place until the level of individuals’ actions is 
reached. System 2 provides coordination to System 1 activities, as well as conflict resolution 
and stability. Coordination mechanisms include standards, protocols, common language, oper-
ational schedules, etc. (Hoverstadt 2008). System 3 is responsible for delivery management. It 
provides resources, maintains the organisation’s infrastructure, measures its performance, and 
optimises the execution of System 1’s activities. System 3* monitors the execution of activi-
ties of System 1. Monitoring takes place to ensure that the management’s will is implemented, 
and for building trust between managers and the units they manage. System 3 and 3* pro-
vide cohesion in the operation of the organisation. System 4 scans the environment, plans and 
“strategizes” (intelligence). System 4 compensates the interests of System 3 that looks “inside 
and now” with the findings of “outside in the future” (Hoverstadt 2008). Finally, System 5 is 
responsible for overall policy making and for constructing and guaranteeing the identity of the 
organisation (policy). Systems 1 and 2 are the operational functions, whereas Systems 3, 4 and 
5 provide administration/strategic management to operational activities. System 1 comprises 
of a number of specialised operational units interacting with parts of the external environment, 
while System 4 does the same with projections of the current environment into the future, 
which are used for planning the operation of the system. All systems, from System 5 to Sys-
tem 1, are interconnected in various ways (as will be shown in more detail in the case study 
model in Sect. 7).

Methodological Design of a Viable Organization

The Viable System Model constitutes a model (structure and behaviour) for a viable organ-
isation that can adapt to the environmental changes to survive and maintain its separate 
existence, usually defined w.r.t. its purpose. It is structured in such a way that allows the 
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systematic management of complexity in the auditing of an organization for viability and 
diagnosing the related issues of viability (Viable System Diagnosis), as well as for devel-
oping/designing a viable organisation (Viable System Design).

VIPLAN is an essentially participative methodology to diagnose and design a viable 
organization system (Espejo and Reyes 2011; Jackson 2019). It comprises five steps. In 
order to explore the organisational identity that the diagnosis or design concerns, the first 
step concentrates in “naming systems” as transformational entities using the TASCOI 
(Transformation, Actors, Suppliers, Customers, Owner, Interveners) framework. TASCOI 
resembles the CATWOE framework of Soft Systems Methodology (Checkland and Scholes 
1990), which however does not refer to real transformations but to the actors’ appreciation 
of a situation. In VSM the transformation is assumed to be carried out through production 
activities and regulatory functions, the latter regulating the execution, as well as supporting 
and/or servicing the former (Espejo and Reyes 2011). Actors are those stakeholders that 
carry out the work of the organisation, i.e. the transformation, customers are those receiv-
ing the (tangible or intangible) outcome of the transformation, the owners adapt and guide 
strategically the organization, and interveners are those that can define and/or influence 
the context in which the organisation operates. The recursive nature of the organisational 
model necessitates recursive systems naming too.

The second step in VIPLAN is to identify the (defined in step 1) systems’ activities that 
are necessary for carrying out the transformation, and their interrelationships. A hierar-
chical structure of primary and supporting activities is assumed, i.e. activities consist of 
sub-activities, which again can be unfolded to sub-activities and so on. Technological and 
structural models facilitate the execution of this step. In order to manage most of com-
plexity locally, the third step (“unfolding complexity”) deals with uncovering the recursive 
structure of the organisation, whereas the fourth step is to discuss and design the distri-
bution of resources and discretion (decision-making power) from the global level to the 
most basic level of primary activities. Primary activities are the activities responsible for 
the production of the services (or products) of an organisation, whereas regulatory/support 
functions are responsible for the production, regulation and support of primary activities 
(Espejo and Reyes 2011). In order to be autonomous, i.e. to have a separate identity and be 
viable, primary activities must control the necessary resources and have decision making 
power. This takes place through the distribution of discretion to specific roles, which indi-
rectly determines the degree of centralisation/decentralisation of the organisation. Finally, 
in the last step (step 5), the design of the organisation structure as depicted in the VSM 
model template, is carried out, taking into account the results of the four previous steps, 
and by allocating primary activities and regulatory functions to the five systems of the 
model.

Rarely VIPLAN, and the alternative but related “methodology to support self-transfor-
mation” (Espinosa and Walker 2013), are used in a strict step-by-step teleological fashion. 
They are adjusted according to the specific cases dealt with (e.g. Arghand et  al. 2022), 
lately emphasizing their problem structuring perspective as a processes that facilitate par-
ticipative learning in collaborative organisational diagnosis and design (Jackson 2019; 
Harwood 2021; Vik et al 2022).

Beyond the specifics of the methodologies mentioned above, overall, it is generally 
agreed that the employment of VSM in organisational design entails three main phases 
(Jackson 2019): The first phase concerns the definition of the focal organisation’s identity, 
its purpose and its internal and external stakeholders. Tools, such as CATOWE and TAS-
COI, can be employed to facilitate the structuring task. The second phase concentrates on 
“unfolding” the complexity of the organization, i.e. the consideration and analysis of the 
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organization as a recursive structure, followed by the identification of primary activities 
which are necessary for achieving the purpose at each (recursion) level. Finally the third 
phase concerns the testing of organisation’s designed viability. This is accomplished by re-
considering the design of systems 1 to 5 of Beer’s VSM model and by asking queries about 
the structure and function of each system (1 to 5) in real, or simulated, scenarios of busi-
ness (service-providing) processes execution.

A Viable Climate‑Resilience‑Providing Organisation for the Oil 
Industry: Context of the Case Study

In this section, we present the context of the action research carried out for the design 
of a viable resilience-providing organization in an oil refinery. The case concerns one of 
the major refineries and energy companies in Greece. Founded in late nineties, Energy-
GR (the name of the company is disguised for reasons of confidentiality), is one of the 
leading energy groups in South East Europe, with activities spanning across the energy 
value chain. It operates oil refineries with storage facilities, as well as subsidiary compa-
nies responsible for a network of filling stations, renewable energy generation and retailing 
of energy products and services. Over the last years there has been a shift towards renew-
able energy production and supply, however, the company’s major assets remain its refin-
ery installations and its storage facilities, distributed across different sites in Greece and 
abroad in the South East Europe. The case study presented in this paper concerns a specific 
refinery site which is located in wider Athens area.

Before the action research study was undertaken, the climate-related resilience strategy 
of the organisation was based on its Safety Plan. This means that resilience was considered 
as equivalent to safety. When an (extreme) weather event affected the infrastructure and 
operations of the organization, a formal recording was being made and communicated to 
all the stakeholders of the unit that was directly associated with the damage. Pre-defined in 
the safety manual standard shutdown and recovery procedures were being triggered. The 
basis for these activities was the associated national regulations and broader legislation, 
and the industry and international professional community’s standards (American Associa-
tion of Chemical Engineers), which, however, were tailored for the specific organization.

In the shutdown and recovery procedures priority was always given to the human 
resources (personnel safety) over process safety, which was also a requirement. The whole 
process was coordinated by a formal “shutdown committee”. In addition, while shutdown 
and recovery procedures were underway, investigation and recording of the causes of the 
failure were being made. After formal and informal sessions of reflection and analysis to 
enhance learning from the events were being organised, the results of the investigation 
were being disseminated to the organisation to be taken into account when similar situ-
ations arose. Furthermore, the results of the analysis were being discussed in the regular 
meetings of the Safety Committee. For every organization site, the role of safety engineer 
was assigned to engineers and other technical personnel. These employees were respon-
sible for allocating and coordinating safety responsibility to finer grain (sub)units. Those 
assigned safety-related responsibilities and tasks were trained at regular time periods, and 
accident scenarios simulations were carried out to assess the effects of weather events on 
the facilities, human resources, and the surrounding natural and built environments. Over-
all, the approach to climate resilience was safety-centred and reactive, based on analysis of 
past events, assuming relatively similar climate conditions. Hence, there was always the 
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danger of a fluctuating level of resilience as the firm was adapting to the experiences of a 
changing environment (ecological adversity) (Clément and Rivera 2017).

In view of repeated extreme climate events that revealed climate change and its impacts, 
it was decided to enforce resilience in a systematic way and to proceed with the design 
of an organisation-within-organisation that would be responsible for providing uninter-
rupted, not fluctuating, resilience to climate change, managing the complexities of its 
consequences. Inevitably, such an organisation ought to be an informal one, structured by 
roles, responsibilities and processes distributed across the formal organisational units of 
the company. This was the proposed option of Energy-GR in order to maintain the distrib-
uted organisational culture of its safety system. The degree of involvement of company 
employees in this organisation would be varying from marginal to full-time according to 
the design. The design effort was assigned to a team of managers and external academics 
and researchers that used the concepts of the Viable Systems Methodology and elements 
of the related VIPLAN method, in the context of an action research study. Before moving 
to the design of viable organisation, the project commenced by determining the effects and 
risks of climate change to the oil industry in general and to the specific company in par-
ticular (Katopodis and Sfetsos 2019; Katopodis et al. 2021).

Research Methodology for the Energy‑GR case

The action research approach of Checkland and Holwell (1998), based on the FMA frame-
work (Framework of ideas, Methodology, Area of concern), was used. In brief, the area of 
concern was to understand the organizational interventions required for implementing a 
distributed viable organisation that would provide resilience to (future) climate events in 
the specific site. The method used was VIPLAN in the context of the three phase process 
(Jackson 2019), modified for the specific case as far as depth of analysis was concerned, 
to guide the activities of the research team. The framework of ideas came from existing 
analyses of organisational resilience to climate change, assessments of the possible effects 
of climate change to the oil industry in general, and of course, the theory and practice of 
the organisational cybernetics as reified in the concept of viable systems (Beer 1989). The 
challenge was to yield knowledge about viable organisational resilience to the dynamics 
and complexity of climate change (F), as well as about the application of VSM (M) in 
the specific, or similar, application context(s) (A). Five researchers were involved in the 
effort: two senior refinery managers with engineering background, directly associated with 
sustainability and occupational safety and health activities; two climate scientists directly 
involved in the climate-related resilience and risk management assessment of critical infra-
structures; and, one organisation systems management researcher. The whole effort was 
led by one of the climate scientists (a mechanical engineer by training), actively supported, 
as far as the method of inquiry was concerned, by the organisation systems management 
researcher. The rest of the team contributed according to the members’ specialisations and 
experience, as the project unfolded. The research effort lasted almost three years due to the 
pandemic. In this period, twelve site visits were made by the external to the organisation 
researchers, and nine teleconference sessions were organised.

After a brief introduction to VSM by the organisation systems researcher, the research team 
commenced the design effort with carte blanch, i.e. no effort to carry out a formal Viable 
System Diagnosis was made, since no resilience providing organisation, of any form, existed 
before, and the drawbacks and limitations of the previous conceptualisation of resilience in the 
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refinery were very obvious, i.e. direct association with safety, absence of autonomy of units in 
safety requirements modifications, non-existent mechanisms for climate-change scanning, etc.

In carrying out the design, taking into consideration the specifics of the case, each of the 
three generic phases (Jackson 2019) comprised the following tasks/activities carried out by 
the research team, almost in a sequential manner with the necessary back-and-forth’s:

Phase 1: The aim was to arrive at a structured basic definition of the system/organization at 
the specific site (refinery). The CRPO system definition for the case site (refinery referred 
as Site II) was developed according to the TASCOI framework.
Phase 2.1: The climate parameters of interest were identified along with the primary activi-
ties of the CRPO (technological modelling) and the unfolding of complexity of the organi-
sation. The climate parameters which were subject to change, and which impacted the 
assets of the refinery were identified and grouped. This was followed by the identification 
of potential hazards resulting from every climate parameter. The impacts of exceeding val-
ues of climate parameters were determined.
In the same phase, the unfolding complexity for assets and hazards was accomplished 
though the following activities:

Identification of operation units on the basis of the organogram and their spatial  
     distribution in the site.

Identification/inventory of assets for each of the above units.

Identification of hazards for each asset and vice versa.

Grouping of assets and hazards for every operational unit of the site.

The relations of primary activities to regulatory functions were also determined along with 
the association of regulatory functions to formal organisational units.

Phase 2.2:System 1 units/functions were identified.

    The distribution of System 1 functions to operational units defined in 2.1 was carried out.

Phase 2.3: System 2, 3, 4 and 5 structure, interdependencies and functionality were defined.
Phase 3:Reflection on, and testing of, organisational design was accomplished by revis-
iting and reflecting on design questions, and by considering future climate scenarios and 
the (potential) response of the five systems model.

As depicted below in more detail, elements and tools of VIPLAN were spread in the three 
phases as the method proceeded. Phases 1 to 3 were repeated recursively for subsystems. 
Indicatively, in Sect. 7, we provide the naming/identity of lower level system.

Design of a Resilience Providing Organisation in an Oil Refinery

Identification of the System

The first step in our action research was to define (name) the system/organisation (Cli-
mate Resilience Providing Organisation, CRPO) for the oil refinery as a whole, in terms 
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of the transformation that it would carry out. For the specific case, this transformation was 
defined as.

“ A system that transforms legislation, resource, operational, and climate related 
information based on climate scenarios, past events and responses to events, into 
efficient proactive and reactive interventions that enhance the continuity of opera-
tions of an oil refinery’s organisational units through increased impact resistance 
to, and rapidity of recovery from, extreme weather events with the minimum possible 
human and material cost.”

In the same line, the rest of the items of the TASCOI framework were defined as 
follows:

Actors:Managers and other employees of formal organisational units involved in the 
planning and operation of the climate resilience providing organisation (assigned as 
core, or part, of their job description).
Suppliers: Suppliers of future meteorological scenario-based, or actual, data, technical 
data from monitoring machinery, medical information, recordings of past responses, 
legislation, etc.
Customers:Managers, other employees, as well as external contractors responsible for 
carrying out the formal organisational, or spatially laid out, units’ operational tasks in 
the refinery.
Owner:The Climate Resilience Providing Organisation (CRPO) and its management.
Interveners: The company’s top management, technical and scientific personnel, as well 
as external authorities related to climate change, extreme weather events, and civil pro-
tection.

When one wants to provide/enhance resilience in an organisation, she has to evaluate 
the current internal situation, to identify current and future potential threats, to evaluate 
the associated risks, to set priorities and to develop and implement proactive and reac-
tive responses. As a consequence, the entire transformational activity of the resilience-pro-
viding system/organisation was organized into four sub-activities/transformations at-large 
(activities and supporting functions) that ought to be carried out for the transformation: the 
collection, organization and transformation of the information related to the past and future 
occurrence and impact on the enterprise of extreme weather events into a usable form; risk 
assessment and priority settings for support in response to climate events; the development 
of operational specifications and thresholds for normal operation for all the assets of the 
organization in all units; and, the development and implementation of recovery/stabiliza-
tion procedures that need to be employed once an extreme climate event occurs (Fig. 1). As 
it was already indicated, input information, in addition to the current state of resources, has 
to be retrospective, based on past events, and predictive based on climate scenarios.

The transformation concerned different levels of organisational units: from the entire 
company to the specific site (e.g. oil refinery), down to individual units (e.g. storage tank 
farms).

Structural Underpinning of CRPO

Climate-related hazards were identified and analysed for determining the specific infor-
mation which should be collected and be available to CRPO at any time for estimating 
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the resilience requirements of the individual units of the refinery. The climate hazards that 
were taken into account, in aggregated form, obtained from the literature, as well as by 
data reported by the related organizations and the specific refinery management, are pre-
sented in Table 1. These climate parameters indirectly provide an estimation of the likeli-
hood of the climate-induced risks and contribute to the identification of the operational 
and structural thresholds. As such, they have been divided into two separate categories, 
referring the climate drivers, which are the direct outcome either from observational data 
and in situ measurements, or from Global or Regional simulation models (GCM/RCM) and 
seasonal forecasting models, and climate hazards, which are direct consequence of climate 
drivers. Climate change is anticipated to modify the distribution of the extreme values of 
climatic actions, therefore to impact the design values of climatic parameters of resources, 
leading to increases of the mean or maximum of their values (Athanasopoulou et al. 2020). 
According to the different impacts climate hazards have on different resources, taking also 
into account operational and topological differences, resilience-providing activities were 
grouped into four categories: those for operational units, buildings and personnel, logistics 
infrastructure-storage and logistics infrastructure-transportation.

Fig. 1  The Climate Resilience Providing Organisation as a system

Table 1  Climate parameters

Climate drivers Climate hazards

Temperatures
Precipitation (rain / snowfall)—humidity
High winds/Hurricanes
Lightning strikes
Rise of sea level
Storm surges, waves

Flash flooding
Forest fires
Drought
Earth movement (caused by climate 

drivers such as rain landslide, erosion, 
avalanches)
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For the specific facility, possible climate hazards need to be identified on the basis 
of local geography, as well on the impact of climate extreme events experienced in the 
broader region in the past. In prioritising resources, the resilience-providing organiza-
tion ought to obtain information on, and be able to address, the following impacts of 
climate hazards:

• direct impacts on the main processes of the refinery (loss of functionality, service, 
and operations),

• loss of infrastructure (e.g., destruction failures),
• cascading effects from other critical infrastructure sectors, such as electricity/trans-

port/water that affect the integrity and operations of oil assets, as it was already 
mentioned,

• changes in the provision of “services and products” to the society, such as those stem-
ming from changes in demand and consumption patterns,

• indirect impacts (including externalities such as societal costs).

Figure 2 depicts the unfolding of complexity for the organisation and the specific refin-
ery site, focusing on a particular organisational unit (the refining process), at the bottom 
of the diagram. The resilience providing primary activities were distributed in all formal 
organisational units in the same manner. In this figure, the unfolding of complexity is based 
on a variety of criteria: at the top, on technology, then, on customers, followed by geog-
raphy and asset grouping, down to the technologies at the specific site. The dimension of 
time is not included in this chunking.

The specific case presented in this paper mainly concerned the Energy-GR’s oil refinery 
referred to as Site II and its satellite storage facilities, as well as the company-owned pri-
vate port. The FCC-type refinery was initially built in the late fifties, but today is one of the 
most modern refineries in Europe. Over the years it has undergone several upgrades install-
ing novel technologies as well as increasing its capacity. Today, it has a refining capacity of 
148,000 bbl/d and its technological infrastructure includes a fluid catalytic cracker (FCC), 
a vacuum distillation unit, a mild hydrocracker and a visbreaker for processing atmos-
pheric residue. It has a significant gasoline production capacity through the isomerization 
and reforming units (CCR). The refinery fully complies with the new environmental regu-
lations and safety requirements, and delivers petroleum products in accordance with the 
highest EU standards.

Table  2 depicts, indicatively, the knowledge items required for implementing climate 
resilience activities in the refinery. It should be noted that the shutdown and restart pro-
cesses are part of the recovery process, whose exact specification requires the definition 
of the exact shutdown activity sequence, the rigorous check for damages procedures, the 
repair standards used, and the exact switch-on procedure. As climate and internal refinery 
conditions change, this table needs to be reviewed and updated continuously, providing 
learning opportunities for the climate resilience-providing personnel.

Actions are specific to certain states of the facilities, assuming specific climate scenar-
ios. The viability of resilience provision by updating the refinery’s knowledgebase can be 
obtained by the establishment of a cybernetic mechanism that updates thresholds (coping 
range) and recovery processes in the table according to changing asset conditions, climate 
scenarios and related information. Assets change state as a result of normal (time) wear, as 
well as because of their exposure to past extreme weather events. In the operation of this 
mechanism, an important role is played by the regulatory functions, which participate in 
the production and regulation of primary activities.
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Figure 3 below shows the technological model of CRPO whose primary activities for 
each defined group of assets (operations, buildings and personnel, logistics (storage and 
transportation)), for each formal organisational unit, were the “maintenance and improve-
ment of coping range” (bottom of diagram) and the “development and efficient execution 
of recovery processes” (top of diagram). The exact definition of these two activities was 
the result of analysis of the oil sector, incorporating specific information supplied by the 
technical personnel of the specific refinery.

Figure 4 depicts the unfolding of complexity of the CRPO for a specific unit (in gen-
eral, could be any unit in Site II) down to the level of primary activities. In effect, it 
shows the tasks that need to be accomplished with respect to climate resilience in any 
formal, or topologically defined, organisational unit. For proactive climate resilience, 

Fig. 2  Unfolding complexity of the organization of the case organisation with a view of resilience providing 
services
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any improvement and maintenance activities need to be based on knowledge of the cur-
rent state of the assets (including human resources protective structures), as well as 
knowledge of the possible, current and future, climate induced hazards. The latter is 
also needed for the development and efficient management of recovery processes.

The regulatory/supporting functions required by the primary activities of the CRPO 
were identified and linked to primary activities in the corresponding tables, as Table 3 
below indicatively depicts. The formal Energy-GR units, in which these functions 
needed to be distributed, were also determined (Table  4). The regulatory/supporting 
functions for the primary activities were: knowledge of internal (refinery) resource 
assessment w.r.t. climate-induced hazards development (auditing process); development 
of future climate scenarios to identify potential hazards; development of Climate Risk 
Assessment Matrices (CRAM) (Katopodis et al. 2021) in order to prioritise hazards and 
responses; training of the “dedicated” CRPO representatives and managers and also the 
rest of the employees in the units; determination of the thresholds for the human and 
non-human assets (again w.r.t. climate-related hazards); development of recovery proce-
dures comprising the elements depicted above; coordination of the recovery processes 
that extend to more than one formal units and areas; maintenance of the facilities at 
the state assumed in resilience provision decisions; and, determination, at the strategic 
level, of the resilience requirements for the entire facility, i.e. which level of resilience 
to climate events is required for the entire facility, what are the corresponding technical 
specifications, the level of acceptable losses, the recovery times, etc.

As it was already indicated, the primary activities and certain supporting functions/
activities will be carried out by CRPO representatives in formal units. As depicted in 
Fig. 3, the direct association of regulatory or supporting functions with primary activi-
ties determines distribution of discretion and the degree of centralisation/ decentralisa-
tion of CRPO. In developing the CRPO for the specific refinery, the aim was to decen-
tralise resilience-provision as much as possible by distributing regulatory capacity and 
embedding support functions in all formal organisational units. In this way, the units of 
the refinery would be able to respond to climate-induced hazards autonomously, improv-
ing the efficiency and viability of the organisation. For instance, dedicated training will 
take place for every primary activity. Moreover, as redundancy of support functions 

Fig. 3  Structural modelling (technological model)
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would be inevitable in such endeavour, it would increase the resilience of the CRPO per 
se, which is also desirable.

As Table 3, indicates, overall, resilience requirements are defined at the site level and 
can be updated exceptionally at specific situations through direct links with primary activi-
ties (algedonic link in VSM). The “Audit of state of asset” activity requires knowledge 
about what and how to audit, appropriately trained personnel to be carried out, as well as 
knowledge to assess assets and determine their maintenance requirements. Similarly, the 
“Acquisition of hazard knowledge” primary activity requires knowledge and information 
about hazards stemming from anticipated climate conditions (“Future climate scenarios 
development” support function), about risks associated with them and appropriate training 
to make sense of them. Following, the execution of “Implementation of required resilience 
state” activity is regulated by the assessment of the associated risks (depending on the 
assessment of risk associated with an asset, the appropriate emphasis is given) and training 
for implementing the appropriate level of resilience (coping range) as it is dictated by the 
technical specifications provided by the corresponding regulatory function.

In the same manner, for the activities involved in the management of the recov-
ery process, in order to organise assets, roles, and priorities, the “Analysis of hazard 
information” activity needs to be supported with information about hazards stemming 

Fig. 4  Unfolding complexity of CRPO at the level of (formal) organisational unit
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from anticipated climate conditions (“Future climate scenarios development”), knowl-
edge of the associated risks, and appropriate training to take advantage of them. For 
the “Definition of recovery process” activity, which, in effect, instantiates a generic 
process for a specific situation, knowledge of the generic process is required (“Recov-
ery process development” support function), as well as risk information to prioritise 
actions, knowledge to assess the state of the assets involved (“Assessment and mainte-
nance of facilities”) and appropriate training to carry out the task efficiently. Finally, 
the “Management of execution of recovery process” primary activity is regulated by 
the coordination mechanisms developed in the “Coordination of recovery processes” 
and supported by information from the “Risk management” (to define priorities) and 
“Training” functions.

For the distribution of regulatory and support functions to the formal organi-
sational units of the refinery, it was decided that resilience policy and requirements 
development would be the responsibility of the management of the refinery (SMGT). 
The Health, Safety and Environment (HSE) department would undertake most of the 
remaining functions with exceptions of the highly technical ones (“Internal resource 
assessment” and “Assessment and maintenance of facilities”. “Risk management”, 
“Training”, “Coping range specifications development” and “Recovery processes 
development” would (also) be responsibility of Engineering (ENG). The last three 
functions, with the addition of “Coordination of recovery processes” were assigned 
to the Logistics (LOG) unit. It was decided that the Maintenance (MNT) department, 
among other tasks, would carry out the “Internal resources assessment”, “Assessment 
and maintenance” and “Training” functions. In addition to these, the Reliability/Sup-
port (RLS) unit will take responsibility for “Risk management”, as well as for “Coping 
range specifications development”. Finally, the three actual oil process units (CRC, 
UTL and REF) will be all also responsible for the “Recovery processes development”, 
“Coordination of recovery processes” and “Assessment and maintenance” regulatory 
functions (Table 4).

Development of a viable Climate Resilience Providing Organisation using the VSM

The VSM model depicts implicitly, in a more structure way, the relationships between 
primary activities and regulatory functions. Primary activities are associated with Sys-
tem 1, whereas regulatory functions are the object of Systems 2 to 5. Table 5 below 
lists a series of questions that guided the design of the systems of the CRPO in the 
context of VSM. Providing direct and indirect and indirect answers to these questions 
provided leads for specifying the functions of the five VSM systems and for distribut-
ing regulatory functions to the five systems of VSM.

Based on Table 5, and on the distribution of regulatory functions, together with the 
formal units in which they are implemented, to the VSM (sub)systems (policy (S5), 
intelligence (S4), cohesion (S3), coordination (S2) and implementation (S1)), as deter-
mined by the research team and depicted in Table 6, the overall organisational model 
described in Sect.  7.4 was developed. As Table  6 indicates, the “Health, Safety and 
Sustainability” (HSE) department will play the most crucial role in the management 
of the CRPO, while coordination and cohesion will concern most of the units of the 
organisation. On the other hand, policy will concern the site management (SMGT) and 
“Health, Safety and Sustainability” (HSE) units.
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Table 5  Developing specifications for a CRPO in the form of the Viable System Model

VSM Resilience enhancement activities

System 5 (Governance of the resilience provision 
activity)

Defining the importance of resilience for the site and 
maintaining the identity of the CRPO by answering 
the following questions:

What are the priorities of the company regarding 
resilience to climate change?

What are the priorities of the site for resilience to 
climate change?

How can we integrate resilience to climate change 
to the specific for the site attributes of operations, 
competitive and corporate strategies?

How can we assure that investments in climate 
change resilience are worth making?

How the site’s CRPO contributes to the resilience to 
climate change of the surrounding environment and 
the communities living there?

Does the CRPO conform to the environmental, 
labour, etc. legislation?

What is the cost of the entire (CRPO) system (for the 
site)?

How can we maintain the identity of the distributed 
CRPO?

What are the signs, rituals, norms, etc. of the CRPO 
that form the identity of the distributed organiza-
tion?

How the identity of CRPO is maintained through for-
mal and informal communication channels among 
the nominal organizational units of the refinery?

System 4 (Intelligence for climate change resil-
ience)

Scanning for information about (future) climate 
change, protecting and mitigating technologies, 
methods, best practices, legislation changes, etc. by 
answering the following questions:

Which climate models to choose for building future 
climate scenarios?

How can we associate future climate scenarios to 
hazards and impacts for the companies’ assets?

Which technologies can increase the coping range 
associated with our assets?

Are there technologies that can increase the speed 
and effectiveness of recovery processes after 
climate events?

Which innovative organizational schemes can 
increase the speed and effectiveness of recovery 
processes?

What is the current state of our assets?
What is the current state of the resources used in 

resilience providing primary activities?
What is the current state of the resources used in 

resilience providing monitoring functions?
How is sense-making accomplished?
Is the personnel appropriately trained to make sense 

of past events, internal and external conditions?

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Systemic Practice and Action Research 

1 3

Table 5  (continued)

VSM Resilience enhancement activities

System 3 (operational management of CRPO) Responsible for the integrity of CRPO through per-
formance management by answering the following 
questions:

How are resources supplied to the primary activities 
of CRPO carried out within formal organizational 
units?

How is the performance of the overall system meas-
ured and analysed?

How knowledge is produced from CRPO operations 
and climate events experienced?

How changes at the level of business processes are 
managed and their overall climate change resilience 
is maintained?

How climate-change scenarios and corresponding 
possible climate-related events are “translated” into 
assets specifications?

How climate-change scenarios and corresponding 
possible climate-related events are incorporated 
into recovery processes?

How climate-change-events recovery processes are 
constrained by certain resources?

How recovery targets are set? Which are the recovery 
targets?

What are the threshold values for HSE, structures and 
operations?

System 3* (audit of CRPO) Audit channel to help System 3 evaluate the perfor-
mance of System 1 by answering the question:

Do the resources assigned the task of resilience provi-
sion accomplish their objectives well?

System 2 (coordination of primary activities of 
CRPO)

Coordination between and within the proactive and 
reactive resilience providing activities in formal 
organizational units by answering the following 
questions:

How coordination among System 1 activities is 
achieved?

How conflicts are resolved?
How CRPO recovery processes are coordinated 

across formal organizational units?
How assets shared among formal organizational units 

are maintained/prepared?
How priorities are determined in common activities?
Which interfacing-among-units protocols are imple-

mented?
How does the Climate Resilience Manual coordinate 

activities in different units?
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The CRPO Viable System Model

Based on the above analysis, observations and discussions within the action research 
team, but also with other stakeholders of climate resilience, the systems of the Viable 
System Model as response to the questions in Table 5, which correspond to the structure 
of the CRPO, as proposed to the management of Energy-GR, can be outlined as below. 
In addition, Table 6 depicts the organisational units involved in the actual implementa-
tion of the systems.

System 1

System 1’ main task is implementation and comprises the actual primary activities of 
the resilience-providing organisation. The Climate Resilience Providing Organization 
will be parallel to the formal organization and using (internal and external) custom-
ers (the formal organisational units) as a complexity driver will be distributed across 
the refinery operations/activities and formal organisational units, i.e. the refining pro-
cess, crackers, turbines, as well as the Engineering, Maintenance, Distribution depart-
ments and other support units. The management activities concern both pre-active and 
re-active measures. The complexity of the management of the resilience of each of these 
activities is facilitated by further chunking complexity into managing operations, logis-
tics infrastructures, and buildings and personnel (occupational safety and health) (tech-
nology complexity driver). Not all management objects are given the same importance 
in every operation/activity. For example, resilience of human resources working out-
doors in FCC units to extreme temperatures is more important in this domain. The task 
of managing resilience-providing primary activities to climate events is distributed to 
specific employees within each formal unit/operation, given the role of CRPO repre-
sentative. Tasks and responsibilities need to be appended to the job descriptions of the 
employees assigned this role.

Table 5  (continued)

VSM Resilience enhancement activities

System 1 (climate resilience operations) Proactive and reactive activities for achieving resil-
ience to climate-induced hazards by answering the 
following questions:

What are the formal organizational units where 
CRPO representatives exist?

How CRPO representatives’ responsibilities are 
defined w.r.t. proactive and reactive activities?

How CRPO representatives’ responsibilities are pri-
oritized w.r.t. HSE, operations and structures?

How CRPO representatives’ interactions with other 
units’ staff are accomplished?

How do CRPO representatives implement changes in 
structures and recovery processes in anticipation of 
climate-induced events?

How do CRPO representatives oversee recovery 
processes?

How do CRPO representatives assess damages due to 
climate events?
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System 2

System 2 provides coordination among the operations/primary activities of System 1. This 
is primarily through the development and dissemination of a “Climate Resilience Manual” 
with responsibilities, actions and communication protocols among different operations/
activities that need to be carried out in each unit when building resilience (coping capac-
ity), e.g. through resource redundancy, as well as for withstanding and recovering from 
specific disturbances in an efficient way (recovery processes). In the latter, coordination 
is carried out by defining responsibilities and communication protocols in shutdown and 
recovery processes that extend to different operating units, especially for Natech events. 
Also, coordination is achieved by enforcing generic rules, such as “Most affected unit/
operation leads the recovery process”. Responsibilities for recovery coordination are allo-
cated to personnel that are at the interface of each operating unit, i.e. their job description 
includes formal and informal communications with members of other units.

System 3

System 3 is responsible for providing thresholds, recovery activity manuals, orders to 
implement better coping capacities, etc. In general, System 3 is responsible for resource 
allocation, performance target setting, and performance measurement, as well as for the 
assessment and management of risks. Its tasks include the allocation/assignment of 
employees responsible for resilience at each formal organizational unit (it is not their only 
task), their training for recovery procedures, the development and communication of time 
frames for response to, and recover from, climate-induced events, and the determination 
and communication of damage repair budget limits for each organisational unit. This sys-
tem is also responsible for the performance measurement of each unit and its assessment 
with respect to the standards set. The Climate Change Risk Management committee oper-
ates at the level of System 3. The activities and functions of System 3 are accomplished by 
cooperating managerial personnel of the Heath Safety Environment (HSE), Finance, and 
Engineering units, as well as internal audit/control managers.

System 3*

System 3* comprises a set of rules and norms for sporadic and detailed checking of the 
performance of an operational (formal) unit with respect to a specific dimension of climate 
resilience only, e.g. climate-related occupational health and safety in the crackers unit. This 
task is undertaken by the CRPO representative with the help of System 3 managers.

System 4

System 4 is responsible for scanning the external and internal organizational environ-
ment with respect to climate-induced hazards, and for making sense of past climate 
events, as well as of future climate change scenarios and the degree of potential exposure 
to anticipated climate events and their effects. In this line, it is responsible for training 
those responsible for climate resilience to understand extreme weather events and assess 
their risks and impacts. It is also responsible for scanning the external environment for 
new rules, government legislation, etc., and for explaining their meaning and impact to 
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the organization. Finally, it is responsible for identifying climate resilience technologies 
and for their adoption, as well as for developing threshold operational values to weather 
extremes for human and non-human resources. These tasks are accomplished by person-
nel from the Health Safety Environment (HSE) department, cooperating external climate 
scientists, personnel and managers from the Engineering and Maintenance departments, as 
well as by risk managers.

System 5

This system top level system is responsible for ensuring that all the distributed activities 
and resources of the other four systems adhere to the scope and identity of the Climate 
Resilience Providing Organisation (CRPO), at different levels of complexity. For this pur-
pose, the higher level management of the refinery sponsors a dedicated communication 
channel to all climate resilience stakeholders though a dedicated web micro-site and e-mail 
list. System 5 is responsible for fitting the CRPO to the actual operation of the refinery, 
i.e. defining the interfacing of the RPO system with the other systems of the refinery. The 
Climate Resilience Committee with the manager responsible for CRPO and representative 
managers from all major organisational units (HSE, Operations, HR, finance, etc.) operates 
at this level, and is responsible for the development of strategic plans for CRPO, as well as 
for overseeing the balance between exploration (considering new initiatives) and exploi-
tation (strengthening existing activities and structures) in resilience management through 
risk assessment and initiatives’ prioritisation.

Testing of organisational design

At the last stage of the research method applied, after revisiting Table  5 and reflect-
ing on the degree of response of the design to the corresponding questions, the response 
and viability of the CRPO to the effects of future climate scenarios was examined in a 
simulation study. Climate simulations with the Advanced Weather Research and Forecast-
ing (WRF-ARW) (v3.6.1)model, forced by EC-EARTH, which was dynamically down-
scaled to the region of Greece at a scale of 5 × 5  km2,were performed for the future period 
(2025–2049), for two RCPs (4.5 W/m2 and 8.5 W/m2) (Katopodis et al. 2021). External 
academic researchers were involved in this endeavour, supported by the management of 
the HSE department (System 4). Risk analysis indicated the necessity of changes in the 
coping range of the units exposed to the new climate conditions (System 3). As part of the 
operation of the same system, after consulting site budgets produced in System 5, the set 
of financial and technical resources required by the most exposed formal units, were deter-
mined and allocated, under the guidance of the CRPO representatives who had more com-
plete knowledge of the associated primary activities (System1). In the specific simulation 
exercise, the assumed increase of the maximum temperature necessitated an increase in the 
coping range of (plastic) pipelines, distillation equipment, and valves by augmenting their 
specifications, as well as the need of taking additional protective measures for the person-
nel working outdoors. Since changes concerned mainly technical structures, the Engineer-
ing Department was assigned the task (by System 3 managers) of coordinating the changes 
in the formal units (System 2).

Figure 5 below shows the VSM of the proposed organisation, highlighting the prin-
cipal functions of each (sub)system. The model depicts the chunking of complexity in 
System 1 along two recursion levels: asset groups and formal (organisational) units 
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where the assets are located, as the same, or similar assets, were present in different 
typical (organogram) organisational units.

The VSM of Fig. 5 was instantiated at both higher and lower levels of recursion. For 
instance, based on the structure of Fig. 3, Table 7 below shows the corresponding TAS-
COI definition for a lower level organization. The particular lower level CRPO concerns 
the oil tank storage farm, which is a unit of the Storage function in the Logistics depart-
ment. Corresponding Viable System Models were developed.

Fig. 5  Viable System Model for the CRPO of the refinery
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Conclusions

Climate change does not follow a linear path. As a consequence, climate parameters exhibit 
unpredictable behaviours in time, and also differ from place to place. As a result, the effects 
of extreme weather events associated with climate cannot be predetermined with certainty 
for quite long periods, so that appropriate measures for people and the built environment 
are taken. Continuous monitoring of climate dynamics and its effects – even at the micro-
climate level – by an organisation that is viable and does not become obsolete after climate 
and other environmental changes take place, is necessary to adjust proactive and reactive 
response strategies to climate-induced hazards.

This is of particular importance to industrial facilities, such as oil refineries, where the 
people and technical infrastructure of the facility and the surrounding communities are 
exposed to the effects of extreme weather on hazardous materials stored and being pro-
cessed. The organisational resilience of the facility, as a whole, has to be continuously 
adjusted to account for novel weather-induced hazards produced by the changing clima-
tological conditions, as well as for the ad hoc changes that take place in the organization.

In this paper, through an action research study in an oil refinery in Greece, we attempted 
to show how the Viable System Model and the VIPLAN method can be employed for rein-
forcing organisational resilience to the dynamics of climate change by designing an organi-
sation that provides uninterrupted resilience through adaptation. The specific objective of 
the study was to design a Climate Resilience Providing Organisation (CRPO) in the refin-
ery, a distributed organisation-within-organisation with the appropriate level of autonomy 
in its elements for easy adaptation, responsible for providing uninterrupted resilience to 
climate change.

Towards this end, we developed proposals for the structure and operation of a dis-
tributed CRPO organisation-within-organisation located in the cybernetic loop between 
the external environment (natural and built) and the refinery’s operations. The VIPLAN 
method was used to structure the inquiry and guide the activities of an action research 
team in arriving at required organisational structure, i.e. definition and distribution of func-
tions and activities of the resilience-providing organisation to the formal organisational 
units. The CRPO will provide resilience to (possible) climate induced hazards using dif-
ferent forms of information, by augmenting the coping range and response efficiency of 

Table 7  Climate resilience provision at the refinery’s storage tank farm

Climate resilience provision to refinery’s oil storage tank farm (TASCOI)

Upstream system (level 0) Logistics resilience providing organisation
Recursion level 1 Storage resilience providing organisation
Recursion level 2 Oil storage tank farm resilience providing organisation
Transformation Oil storage facilities exposed to climate events to storage facilities with resil-

ience to unpredictable climate events
Actors CRPO representatives in oil storage farms
Suppliers HSE employees, Engineering employees, Maintenance employees, etc
Customers Those responsible for the management of the oil storage tank farm, employees, 

etc
Owner The CRPO management
Interveners Other departments/units’ managers and employees, top management, etc
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the overall organisation. Following the same logic, this organisation can be implemented at 
different recursion levels in the entire multi-business multi-sited organisation.

Overall, our research underlined the importance of organisational cybernetics in gen-
eral, and the Viable System Model in particular, in building resilience, through a distrib-
uted organisation, to the dynamics of climate change/crisis in organisations and infrastruc-
tures, which is one of the pressing issues that society faces these days.

Authors’ contributions Conceptualization of research process by EDA. Research carried out by EDA, TK, 
AM and AS. Data collection and analysis by TK, AM and AS. Initial draft was written by EDA. Comments 
and corrections were made by all the authors.

Funding Open access funding provided by HEAL-Link Greece.

Data Availability All additional data are available from the corresponding author upon request.

Declarations 

Ethical Approval and Consent to participate Not applicable.

Human and Animal Ethics Not applicable.

Consent for publication All interested parties gave their consent to the content of this article.

Competing interests The authors have no conflicts of interest to declare that are relevant to the content of 
this article.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Adamides ED, Tsinopoulos C (2015) Survival in economic crisis through forward integration : the role of 
resilience capabilities. In: Bhamra R (ed.) Organisational resilience : concepts, integration and prac-
tice. CRC Press, Taylor & Francis Group, Boca Raton, pp 103–124

Arghand AA, Alborzi M, Ghatari AR (2022) A Methodology for IT Governance by Viable System Mod-
eling (VSM): an Action Research in Designing a Data Center. Syst Pract Action Res 35:131–152. 
https:// doi. org/ 10. 1007/ s11213- 021- 09559-8

Athanasopoulou A, Sousa ML, Dimova S, et al (2020) Thermal design of structures and the changing cli-
mate. Publications Office, Publications Office of the European Union, Luxembourg

Beer S (1985) Diagnosing the System for Organisations. Wiley, Chichester
Beer S (1989) The viable system model: its provenance, development, methodology and pathology. In: 

Espejo R, Harnden RJ (eds) The Viable System Model: Interpretations and Applications of Stafford 
Beer’s VSM. Wiley, Chichester, pp 11–37

Burnard K, Bhamra R (2011) Organisational resilience: development of a conceptual framework for organi-
sational responses. Int J Prod Res 49:5581–5599. https:// doi. org/ 10. 1080/ 00207 543. 2011. 563827

Cardoso-Castro PP (2019) The Viable System Model as a Framework to Guide Organisational Adaptive 
Response in Times of Instability and Change. Intl J Organ Anal 27(2):289–307. https:// doi. org/ 10. 
1108/ IJOA- 01- 2018- 1334

Chang SE (2014) Infrastructure Resilience to Disasters. The Bridge 44(3):36–41

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Systemic Practice and Action Research 

1 3

Checkland P, Holwell S (1998) Action Research: Its Nature and Validity. Syst Pract Action Res 11:9–21. 
https:// doi. org/ 10. 1023/A: 10229 08820 784

Checkland PB, Scholes J (1990) Soft Systems Methodology in Action. John Wiley & Sons, Chichester
Clément V, Rivera J (2017) From Adaptation to Transformation: An Extended Research Agenda for Organi-

zational Resilience to Adversity in the Natural Environment. Organ Environ 3(4):346–365. https:// doi. 
org/ 10. 1177/ 10860 26616 658333

Dijkstra A (2007) Cybernetics and resilience engineering: Can cybernetics and the Viable System Model 
advance resilience engineering? In: R. Woltjer, B. Johansson, J. Lundberg (eds.) Proceedings of the 
Resilience Engineering Workshop, Linkӧping, Sweden, pp. 23–29

Espejo R, Reyes A (2011) Organizational Systems: Managing Complexity with the Viable System Model. 
Springer, Berlin

Espinosa A, Walker J (2013) Complexity management in practice: A Viable System Model intervention in 
an Irish eco-community. Eur J Oper Res 225:118–129. https:// doi. org/ 10. 1016/j. ejor. 2012. 09. 015

European Commission (2021) Climate change. Special eurobarometer 513. https:// data. europa. eu/ data/ datas 
ets/ s2273_ 95_1_ 513_ eng? locale= en. Accessed 19 Nov 2022

Forzieri G, Bianchi A, Silva FB et al (2018) Escalating impacts of climate extremes on critical infrastruc-
tures in Europe. Glob Environ Change 48:97–107. https:// doi. org/ 10. 1016/j. gloen vcha. 2017. 11. 007

Hamel G, Välikangas L (2003) The quest for resilience. Harv Bus Revi 81(9):52–63
Harwood S (2021) Introducing the VIPLAN methodology (with VSM) for handling messy situations – Nine 

lessons. Sys Pract Action Res 34:635–668. https:// doi. org/ 10. 1007/ s11213- 020- 09545-6
Hollnagel E, Woods DD (2006) Epilogue: Resilience engineering precepts. In: Hollnagel E, Woods DD, 

Leveson N (eds) Resilience Engineering: Concepts and Precepts. Ashgate, Aldershot, pp 347–358
Hoverstadt P (2008) The Fractal Organization: Creating Sustainable Organizations with the Viable System 

Model. John Wiley & Sons, Chichester
Jackson S (2007) A multidisciplinary framework for resilience to disasters and disruptions. J Integr Des 

Process Sci 11(2):91–108
Jackson MC (2019) Critical Systems Thinking and the Management of Complexity. John Wiley & Sons, 

Chichester
Katopodis T, Sfetsos A (2019) A review of climate change impacts to oil sector critical services and sug-

gested recommendations for industry uptake. Infrastructures 4:74. https:// doi. org/ 10. 3390/ infra struc 
tures 40400 74

Katopodis T, Adamides ED, Sfetsos A, Mountouris A (2021) Incorporating climate scenarios in oil indus-
try’s risk assessment: A Greek refinery case study. Sustainability 13(22):12825. https:// doi. org/ 10. 
3390/ su132 212825

Korhonen J, Seager TP (2008) Beyond eco-efficiency: a resilience perspective. Bus Strategy Environ 
17(7):411–419. https:// doi. org/ 10. 1002/ bse. 635

Leonard A (2008) Integrating sustainability practices using the Viable System Model. Syst Res Behav Sci 
25:643–654. https:// doi. org/ 10. 1002/ sres. 937

Linnenluecke MK, Griffiths A (2012) Assessing organizational resilience to climate and weather extremes: 
complexities and methodological pathways. Clim Change 113:933–947. https:// doi. org/ 10. 1007/ 
s10584- 011- 0380-6

Linnenluecke MK, Griffiths A, Winn M (2012) Extreme weather events and the critical importance of 
anticipatory adaptation and organizational resilience in responding to impacts. Bus Strategy Environ 
21:17–32. https:// doi. org/ 10. 1002/ bse. 708

Lowe D, Espinosa A, Yearworth M (2020) Constitutive rules for guiding the use of the viable system model: 
Reflections on practice. Eur J Oper Res 287:1014–1035. https:// doi. org/ 10. 1016/j. ejor. 2020. 05. 030

McDaniels T, Chang S, Cole D et al (2008) Fostering resilience to extreme events within infrastructure sys-
tems: Characterizing decision contexts for mitigation and adaptation. Glob Environ Change 18:310–
318. https:// doi. org/ 10. 1016/j. gloen vcha. 2008. 03. 001

Panagiotakopoulos PD, Espinosa A, Walker J (2016) Sustainability management: insights from the Viable 
System Model. J Clean Prod 113:792–806. https:// doi. org/ 10. 1016/j. jclep ro. 2015. 11. 035

Pollin R (2015) Greening the global economy. MIT Press, Boston, MA
Ricci F, Casson Moreno V, Cozzani V (2021) A comprehensive analysis of the occurrence of Natech events 

in the process industry. Process Saf Environ Prot 147:703–713. https:// doi. org/ 10. 1016/j. psep. 2020. 12. 
031

Ruiz-Martin C, Pérez Rios JM, Wainer G et  al (2017) The Application of the Viable System Model to 
Enhance Organizational Resilience. In: Hernández C (ed) Advances in Management Engineering. 
Springer International Publishing, Cham, pp 95–107

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



 Systemic Practice and Action Research

1 3

Tavella E, Papadopoulos T (2017) Applying OR to problem situations within community organisations: A 
case in a Danish non-profit, member-driven food cooperative. Eur J Oper Res 258:726–742. https:// doi. 
org/ 10. 1016/j. ejor. 2016. 08. 065

Tisch D, Galbreath J (2018) Building organizational resilience through sensemaking: The case of climate 
change and extreme weather events. Bus Strategy Environ 27:1197–1208. https:// doi. org/ 10. 1002/ bse. 
2062

Vik MB, Finnestrand H, Flood RL (2022) Systemic Problem Structuring in a Complex Hospital Environ-
ment using Viable System Diagnosis – Keeping the Blood Flowing. Sys Pract Action Res 35:203–226. 
https:// doi. org/ 10. 1007/ s11213- 021- 09569-6

Wilbanks TJ, Romero Lankao P, Bao M, et al (2007) Industry settlement and society. In Climate Change 
2007: Impacts Adaptation and Vulnerability: Contribution of Working Group II to the Fourth Assess-
ment Report of the Intergovernmental Panel on Climate Change. In: Parry ML, Canziani OF, Palutikof 
JP, van der Linden PJ, Hanson CE (eds). Cambridge University Press, Cambridge, pp. 357–390

Wreathall J (2017) Properties of Resilient Organizations: An Initial View. In: Hollnagel E, Woods DD, 
Leveson N (eds) Resilience Engineering: Concepts and Precepts, 1st edn. CRC Press, Boca Raton, pp 
275–285

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center
GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers
and authorised users (“Users”), for small-scale personal, non-commercial use provided that all
copyright, trade and service marks and other proprietary notices are maintained. By accessing,
sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of
use (“Terms”). For these purposes, Springer Nature considers academic use (by researchers and
students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and
conditions, a relevant site licence or a personal subscription. These Terms will prevail over any
conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription (to
the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of
the Creative Commons license used will apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may
also use these personal data internally within ResearchGate and Springer Nature and as agreed share
it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not otherwise
disclose your personal data outside the ResearchGate or the Springer Nature group of companies
unless we have your permission as detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial
use, it is important to note that Users may not: 
 

use such content for the purpose of providing other users with access on a regular or large scale

basis or as a means to circumvent access control;

use such content where to do so would be considered a criminal or statutory offence in any

jurisdiction, or gives rise to civil liability, or is otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association

unless explicitly agreed to by Springer Nature in writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a

systematic database of Springer Nature journal content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a
product or service that creates revenue, royalties, rent or income from our content or its inclusion as
part of a paid for service or for other commercial gain. Springer Nature journal content cannot be
used for inter-library loans and librarians may not upload Springer Nature journal content on a large
scale into their, or any other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not
obligated to publish any information or content on this website and may remove it or features or
functionality at our sole discretion, at any time with or without notice. Springer Nature may revoke
this licence to you at any time and remove access to any copies of the Springer Nature journal content
which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or
guarantees to Users, either express or implied with respect to the Springer nature journal content and
all parties disclaim and waive any implied warranties or warranties imposed by law, including
merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published
by Springer Nature that may be licensed from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a
regular basis or in any other manner not expressly permitted by these Terms, please contact Springer
Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

