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Structured Abstract 

Purpose: Collaborative Networked Organisations (CNO) are a means of ensuring longevity and business continuity in 
the face of a global crisis such as COVID-19. This paper presents a multicriteria decision making method for 
sustainable partner selection based on the three sustainability pillars and Risk. 

Design/methodology/approach: A combined Analytic Hierarchy Process (AHP) and Fuzzy Analytic Hierarchy Process 
with Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) approach to evaluate and rank 
potential partners based on known conditions and predicted conditions at a future time based on uncertainty to support 
sustainable partner selection. 

Findings:  It is integral to include Risk criteria as an addition to the three Sustainability pillars: economic, 
environmental, and social, to build a robust and sustainable CNO. One must combine the AHP and Fuzzy-AHP 
weightings to ensure the most appropriate sustainable partner selection for the current as well as predicted future period. 

Originality: The paper presents a novel approach to the partner selection process for a sustainable CNO under current 
known conditions and future uncertain conditions, highlighting the risk of a force majeure occurring such as COVID.  

Research implications: The approach proposed in the paper is intended to support existing CNO, as well as individual 
firms wanting to create a CNO, to build a more robust and sustainable partner selection process in the context of a force 
majeure such as COVID-19. 

Keywords: Partner Selection, Sustainability, Risk, AHP, Fuzzy AHP, TOPSIS 

1. Introduction

The global COVID-19 pandemic has made a serious impact on supply chains worldwide in the physical movement of 
raw materials and goods, lack of materials for production and availability of production capacities around the world. 
Moreover, economic lockdowns from major global economies have contributed to supply chain disruptions, which have 
been experienced by 94% of the Fortune 1000 companies in the United States alone (Accenture, 2020). Furthermore, 
small to medium sized enterprises (SMEs), making up over 99% of all companies in Europe, have been particularly 
impacted in their supply continuity due to the global pandemic (Juergensen et al., 2020). This may be attributed to the 
lack of the necessary skills and bargaining power with suppliers needed to respond to the quickly changing 
requirements (Crispim and Pinho de Sousa, 2009; Mun et al., 2009). 

Collaborative Networked Organisations (CNO) can better respond to rapid changes in the face of global disasters such 
as global health pandemics, as well as economic or environmental crises. Sustainable partner selection considering risk 
is important in ensuring the resilience of the CNO in the context of a global pandemic such as COVID-19, however, the 
problem is that the existing partner selection processes for CNO have focused mainly on past economic performance 
alone. As seen from the global COVID pandemic, past economic performance of companies has not been an indicator of 
longevity and resilience in times of crisis. It is therefore integral to consider all the pillars of sustainability: economic, 
environmental, and social, as well as the corresponding risks of partnership in the sustainable partner selection process 
for CNO. Furthermore, the current methods in partner selection disregard the evolution of criteria over time which could 
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incite the alliance to fail due to the non-static importance of criteria over the lifecycle of the CNO. Therefore, this paper 
proposes to evaluate the partners based on criteria for the current known conditions as well as the predicted future 
conditions. Regarding the importance of the evolution over time, the lifecycle of the CNO can be extended based on 
what the partnership could become, particularly in the case of a global pandemic, not only based on its current situation.  
 
This paper aims to find a solution for the supply chains of CNO to be more resilient in the face of large-scale disruptions 
stemming from force majeure such as a global pandemic. Joining a CNO increases the collective capabilities and 
capacity of its partners, therefore the purpose of this paper is to present a novel approach for the sustainable partner 
selection for a resilient CNO in the face of global pandemics and acts of god. The proposed methodology combines both 
current and future economic, environmental, social and risk conditions, to account for the evolution in perceived 
importance of evaluation criteria over time. A case study demonstrates the significance of integrating risk criteria in 
partner selection and combining the criteria evaluation under current and future conditions. The approach for partner 
selection in CNO is based on a multi-criteria decision-making method integrating sustainability and risk criteria for the 
existing and future scenarios.  
 
The rest of this paper is organised as follows: In the next section, a literature review is presented followed by the 
methodology on the problem of sustainable partner selection in CNO focusing on sustainability and risk criteria in 
section 3. A case study is presented, and the results are discussed in section 4 followed by managerial implications in 
section 5. Finally, section 6 concludes the paper and some perspectives for further research are proposed.  
 
 
2. Literature Review 
 
To ensure sustainability and longevity as well as maintainable agility in times of crisis, individual companies must seek 
to improve their own capabilities as well as to pursue cooperation with other organisations with complimentary 
competencies by joining a CNO (Camarinha-Matos et al., 2009). CNO have allowed companies 
to continue satisfying customer demands in highly volatile environments (Sarkis et al., 2007). The relevant literature 
covers several domains, specifically, the partner selection problem, sustainability criteria in CNO, multi-criteria 
decision-making (MCDM) approaches for CNO partner selection that include uncertainty, and the inclusion of risk 
factors in CNO partner selection.  
 
Talluri and Baker (1996) consider the cost, time and distance between partners to solve the partner selection problem in 
Virtual Corporations (VC) using a two-phase mathematical programming approach. Wu and Su (2005) focus on 
manufacturing cost minimisation and shortest production lead-time for the partner selection problem in Virtual 
Enterprises (VE) and develop an Integer Programming (IP) formulation to find the solution. Choudhary et al. 
(2019) apply text analysis and link analysis to tender documents to identify knowledge of potential partners for a 
CNO and Ben Salah et al. (2020) integrate the negotiation process into the partner selection problem for VE looking for 
temporary partners to work on short projects.  
 
Multi-criteria decision-making (MCDM) approaches are considered more appropriate methods of solving the partner 
selection problem than pure mathematical methods (Mikhailov, 2002). Huang et al. (2010) propose an approach based 
on Multi-Objective Programming (MOP) to solve the partner selection problem in strategic alliances and the 
corresponding resource allocations by incorporating synergies between objectives.  Sarkis et al. (2007) develop a 
framework using the Analytic Network Process (ANP) method for Agile VE partner selection. Chen et al. (2008) use 
the ANP approach to treat the partner selection problem by adapting the relative weights of criteria according to the 
priority of motivations to establish strategic alliances.  Arrais-Castro et al. (2015) develop a collaborative negotiation 
platform that supports the selection of business partners and suppliers with changeable temporal parameters taking into 
account past, present and future data, using dynamic MCDM and an information fusion method for evaluation. Ben 
Salah et al. (2020) review the state of the art on the criteria selection when using an MCDM approach in partner 
selection for CNO in which no environmental or social factors are mentioned. However, Wu and Barnes (2016) take 
environmental factors into account and use ANP and MOP to solve the green partner selection and supply chain 
construction problem. Verdecho et al. (2010) develop an ANP approach to select suppliers, also adding sustainability 
criteria to the balanced scorecard method, to support the sustainability of a CNO. Bhattacharya et al. (2020) apply 
analytic hierarchy process (AHP) and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) for 
partner selection in the textile industry and found that cost, environmental management, and human rights were the most 
important evaluation criteria.  
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Moreover, several papers treat the partner selection problem by also taking uncertainty into account.  Huang et al. 
(2011) base their Particle Swarm Optimisation (PSO) algorithm on vague sets in the formation of a VE under uncertain 
information. Tan and Zhang (2006) present a Multi Attribute Decision making (MADM) method based on Interval-
valued Intuitionistic Fuzzy Sets (IVIFSs) theory and TOPSIS method to deal with uncertainty. Chen and Tsao 
(2008) use Interval-Valued Fuzzy Sets in TOPSIS and extend it to the partner selection problem. Polyantchikov et al. 
(2017) use AHP, TOPSIS and fuzzy set theory to develop a decision-making tool for partner selection for rapid 
formation of VE. Luo et al. (2008) propose an MADM approach for partner evaluation of the agile supply chain based 
on a method that combines AHP and Fuzzy comprehensive evaluation (FCE) to avoid the effect of uncertainty in expert 
judgments. Kafa et al. (2015) establish an integrated approach based on Fuzzy AHP, and Preference 
Ranking Organisation Method for Enrichment of Evaluations (PROMETHEE) for partner selection in the context of 
closed-loop supply chain network configuration.  
 
When it comes to Multi-Criteria Group Decision-Making Techniques (MCGDM) in a Fuzzy environment, Ye 
(2010) presents an Interval Valued Intuitionistic Fuzzy (IVIF) TOPSIS method to solve the problem of partner selection 
in VE under uncertain and unknown information.  Garg and Sharma (2020) use a combined model to select suitable 
outsourcing partners for a supply chain based on best–worst method (BWM) and Vlsekriterijumska Optimizacija I 
Kompromisno Resenje (VIKOR) approaches. Mikhailov (2002) use a Fuzzy Preference Programming (FPP) model for 
the partner selection problem under incomplete information environment in VE based on fuzzy set theory to 
which Wang and Chen (2007) apply consistent Fuzzy preference relations. Crispim and Pinho de Sousa (2009) develop 
a tool for VE partner selection using Case-Base Reasoning, Multi-objective Tabu search, and Fuzzy TOPSIS. Rani et al. 
(2020) focus on environmental sustainability and propose a solution for the selection of recycling partners by extending 
the Pythagorean Fuzzy TOPSIS Method under uncertainty. Ashtiani et al. (2009) use an IVF-TOPSIS method to solve 
MCGDM problems with unequal criteria weights. Ayadi et al. (2013) propose an extensive method to select partners 
in CNO using a Fuzzy AHP-TOPSIS approach. Yue (2013) presents a MCGDM technique for partner selection problem 
in a new VE with linguistic values and intuitionistic fuzzy information. Ashayeri et al. (2012) use an Intuitionistic Fuzzy 
Choquet integral operator MCGDM approach to select the right partners and establish the right configuration in a 
supply chain. Ye and Lin (2014) propose another extension to TOPSIS for MCGDM with weighted possibilistic mean 
values for the partner selection problem in VE.  The review of the literature shows the many methods used to tackle the 
partner selection problem under defined conditions and constraints using crisp values, and under uncertainty using fuzzy 
approaches. Table 1 provides a summary of the methods used for partner selection in different contexts as well as the 
evaluation criteria considered. 
 
Most of the abovementioned research was meant to solve the partner selection problem in different forms of 
collaboration: Virtual Organisations (VO), VE or Agile Supply Chains. However, as far as our literature review goes, 
the papers treating the subject of CNO in general remain rare, particularly related to the sustainability of CNO from an 
environmental, economic, social and risk points of view. From a sustainability perspective, the purpose of a CNO is 
mainly to overcome internal limitations in the individual entities and to boost capabilities and organisational capacities 
(Kapucu et al., 2012). Quarantelli et al. (2007) argue that collaboration between organisations is an essential element in 
sustainability particularly in the face of unforeseeable disastrous events. Jung (2017) uses the international collective 
action framework to study the effect of inter-organisational collaboration to ensure business continuity during and after 
global disasters. They argue that collaboration between organisations is indispensable to their resilience as they can 
more easily secure required resources to continue operations. Leading the research for the integration of sustainability in 
partner selection in supply chains is Wittstruck and Teuteberg (2012) which develop a Fuzzy AHP-TOPSIS approach 
for selecting recycling supply chain partners based on financial, environmental and social criteria. Memari et al. (2019) 
propose a multi-criteria intuitionistic fuzzy TOPSIS method for sustainable supplier selection to account for the 
uncertainty in judgement. Jia et al. (2015) apply TOPSIS for sustainable supplier selection to the highly unsustainable 
global fashion industry. Zimmer et al. (2016) perform a detailed literature review of the methods and criteria considered 
for sustainable supplier selection and identify the 28% of the literature up to the date of analysis consider the three 
pillars of sustainability, however, mention that only the economic risks are taken into account, not the risks associated 
with society or environment. When looking more closely at partner selection for CNO, Xiao et al. (2016) use Improved 
Gravitational Search Algorithm (I-GSA) and PSO to solve the problem of Green Partner Selection in VE. Zhang et al. 
(2013) use a Pareto Genetic Algorithm to select Green partners in the electronics industry in a VE, taking into account 
two green criteria: Carbon emission and lead content. Although sustainable partner selection has been deeply researched 
in supply chains, the concept of developing sustainable CNO based on the three pillars of sustainability: economic, 
environmental and social factors, as well as risk, has not been investigated in detail.   
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Table 1: Overview of the state of the research concerning the partner selection problem including risk and uncertainty. 
   Features considered 
Reference Method Context 
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Arrais-Castro et al. (2015)  Dynamic MCDM and information fusion method  Supply Chain  x   x 
Ashayeri et al. (2012)  Intuitionistic Fuzzy Choquet integral operator  Supply Chain  x   x 
Ashtiani et al. (2009)  IVF-TOPSIS  Method for uncertainty     x 
Ayadi et al. (2013)  Fuzzy AHP - TOPSIS Supply Chain x x  x x 
Bhattacharya et al. (2020)  AHP-TOPSIS  Supply Chain  x x x  
Chen and Tsao (2008)  Interval-Valued Fuzzy Sets  Method for uncertainty     x 
Chen et al. (2008)  Analytic Network Process (ANP)  Strategic partner selection  x  x  
Choudhary et al. (2019)  Text analysis and link analysis  Virtual Organisations    x  
Crispim and de Sousa (2009)  Case-Base Reasoning, Multi-objective Tabu search, and Fuzzy TOPSIS Virtual Enterprise  x  x x 
Dinu and Pacuraru, 2011 Genetic algorithm  Virtual Organisations x x    
Garg and Sharma (2020)  BWM and VIKOR Supply Chain  x x x  
Huang et al. (2010)  Multi-Objective Programming (MOP) Strategic partner selection  x    
Huang et al. (2011)  Particle Swarm Optimisation (PSO) algorithm  Method for uncertainty  x   x 
Ip et al. (2003)  Rule-based genetic algorithm embedded project planning knowledge Virtual Enterprise x x    
Jia et al. (2015) TOPSIS Supply Chain  x x x  
Kafa et al. (2015)  Fuzzy AHP, and PROMETHEE Supply Chain  x x x x 
Luo et al. (2008)  AHP and Fuzzy comprehensive evaluation (FCE)  Supply Chain  x   x 
Macedo & Camarinha-Matos(2017) V-Align Framework to align common values Virtual Organisations x     
Memari et al. (2019) Multi-criteria intuitionistic fuzzy TOPSIS Supply Chain  x x x  
Mikhailov (2002)  Fuzzy Preference Programming (FPP) model  Virtual Enterprise  x   x 
Polyantchikov et al. (2017)  AHP, TOPSIS and fuzzy set theory  Virtual Enterprise  x   x 
Rani et al. (2020)  Pythagorean Fuzzy TOPSIS Method  Supply Chain  x x  x 
Sarkis et al. (2007)  Analytic Network Process (ANP)  Virtual Enterprise  x    
Talluri and Baker (1996)  Two-phase mathematical programming approach Virtual Enterprise  x    
Tan and Zhang (2006)  IVIFSs theory and TOPSIS  Method for uncertainty     x 
Verdecho et al. (2010)  ANP and balanced scorecard method Supply Chain  x x x  
Wang and Chen (2007)  FPP with Fuzzy preference relations Virtual Enterprise  x   x 
Wittstruck & Teuteberg (2012) Fuzzy-AHP TOPSIS Supply Chain  x x x  
Wu and Barnes (2016)  ANP and MOP  Supply Chain  x x   
Wu and Su (2005)  Integer Programming (IP) formulation  Virtual Enterprise  x    
Xiao et al. (2016)  Improved Gravitational Search Algorithm (I-GSA) and PSO  Virtual Enterprise  x x x  
Ye (2010)  Interval Valued Intuitionistic Fuzzy (IVIF) TOPSIS  Virtual Enterprise  x   x 
Ye and Lin (2014)  TOPSIS  Virtual Enterprise  x   x 
Yue (2013)  Projection technique Virtual Enterprise  x   x 
Zhang et al. (2013)  Pareto Genetic Algorithm  Virtual Enterprise  x x   
Zhao et al. (2008) PSO algorithm  Virtual Enterprise x x    
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The concept of risk in partner selection has been considered in some papers however the type of risk, besides project 
management risks, have not been so far considered. Zhao et al. (2008) establish a PSO algorithm for the partner 
selection problem in VE for projects with precedence and due date constraints. Ip et al. (2003) consider risk factors and 
project due dates in the selection of partners for a VE. Their “risk-based partner selection problem” is solved using a 
rule-based genetic algorithm with embedded project planning knowledge.  Dinu and Pacuraru (2011) also develop a 
genetic algorithm to solve the multi-objective partner selection problem in VO considering the operational and 
partnership costs, the reaction lead-time to market of each partner, and the risk of running each enterprise; however, the 
types of risks are undefined. Abreu and Camarinha-Matos (2008) identify the importance of common value systems for 
risk reduction and long term sustainability in CNO and Macedo and Camarinha-Matos (2017) develop an approach to 
analyse the alignment of value systems in the creation of VO in order to reduce collaboration risks. However, none of 
the papers consider the risks associated with selecting partners in the face of a crisis-like scenario such as COVID-19. 
 
  
3. Methodology 
 
We propose a new approach to select the best partner for a CNO from sustainability and risk points of view. The method 
takes into consideration the current context and known constraints, as well as the uncertainty related to the role of the 
partner in the case of a probable disaster scenario in the future. This method combines the features of the AHP method, 
Fuzzy Sets theory, and TOPSIS. We consider the problem of selecting a partner among several candidates to join an 
existing CNO, which focuses on the three pillars of sustainability: environmental, social and economic; and risk.  
 
The methodology, illustrated in Figure 1, has three phases: the preparation phase, determining criteria weights and the 
TOPSIS phase for final ranking of the potential partners. Phase 1 consists of establishing a team of decision-makers 
(DM) which have the responsibility of identifying the potential partners being evaluated to join the CNO, determining 
the sustainability and risk criteria to be used to evaluate the potential partners, and comparing the criteria pairwise to 
determine prioritisation and weights, which is Phase 2.  
 
The sustainability and risk criteria in this paper have been gathered from literature and defined based on the current 
COVID-19 crisis and are presented and described in Table 2. The chosen criteria to evaluate the problem are classified 
hierarchically. The weights are determined for the criteria at each hierarchical level using Saaty´s pairwise comparison 
starting at the top and then translated to lower levels. The weights at each level must add up to 1. The level of risk is 
measured based on the probability the event will occur and the severity of the impact of the event. The risks mentioned 
in the criteria include risks associated with the CNO partnership except for the Force Majeure Risk. The Force Majeure 
Risk includes unforeseeable disasters in the future such as in the case of the global COVID-19 pandemic and its 
worldwide effects. Unlike the other risk criteria in which the probability of occurrence and their impact can be mitigated 
by the CNO partners themselves with a risk mitigation plan, the probability of occurrence of a force majeure is 
completely out of the control of the CNO and its partners. That being said, the CNO and its partners can determine a 
business continuity plan in the occurrence of such an event thereby partially mitigating its impact by collaborating 
together and combining resources. 
 
Phase 2 consists of the process to determine the criteria weights using a combination of the weights from the AHP and 
Fuzzy-AHP approaches. The AHP process is used to determine the weights of the criteria based on an evaluation by the 
experts under the known conditions of today. In addition, AHP is a useful method for modelling the sustainable partner 
selection problem for a CNO since it allows deriving priorities among criteria considering their hierarchal structure. 
Firstly, the experts and decision-makers perform pairwise comparison using the Saaty 1-9 scale between firstly the 
highest level of criteria: economic, social, environmental and risk, followed by pairwise comparison of the criteria in 
each of those pillars and finally the sub-criteria to create a pairwise comparison matrix (A). The normalised weight 
vector (w) is then obtained by determining the maximum eigenvalue λmax of the comparison matrix (A) and finding the 
solution to Eq. (1).  

𝐴𝐴𝐴𝐴 =  𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚𝑤𝑤                        (1) 
 
 
 



 6 

 
Figure 1: Methodology for Sustainable Partner Selection for CNO 

 
 
Table 2: Sustainability and Risk Criteria for Sustainable Partner Selection for CNO 
 
  Criteria Sub criteria Description Reference 
Social    
 Employee thriving   
  Employment 

training  
This criterion assesses the level of employee 
training.  

 (Cheikhrouhou et al., 
2013) 

  Internal 
Information 
Sharing  

Level of knowledge transparency between 
employees inside the firm. 

(Spreitzer et al., 2012) 

  Performance 
feedback  

Frequency of feedback for performance. (Spreitzer et al., 2012) 

  Civility This criterion addresses the employee’s behaviour 
between each other and the partner’s employees.  

(Cheikhrouhou et al., 
2013)  

  Workplace 
conditions  

This criterion rates the state of the workplace and the 
preventive measure that the firm uses to avoid harm. 

 

 Qualification of employees Evaluation of the employee’s education level. (Cheikhrouhou et al., 
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2013; Wu et al., 2009)  
 Employee retention  The average time that employees remain in the firm.  (Cummings and 

Holmberg, 2012)  
 Community impact This criterion assesses the effect that the CNO could 

have on the surrounding social environment.  
  (“GRI 413: LOCAL 
COMMUNITIES 
2016,” 2018) 

 Bribery and corruption  This criterion assesses the honesty of the potential 
partner regarding the stakeholders and which way it 
use for attaining it objective 

(“GRI 205: ANTI-
CORRUPTION 2016,” 
2018) 

 Employee insurance  This criterion assesses if all employees of the firm 
are appropriately insured.  

 

 Culture  This criterion is about the culture fit between 
companies. This criterion has a great influence on 
the partnership duration. 

(Bierly and Gallagher, 
2007; Nielsen and 
Gudergan, 2012) 

  Stakeholder’s trust The level of trust of employees, customers, 
shareholders, and suppliers have with the company. 

  

Environment    
 Energy management  The process of optimising energy consumption and 

improvement of energy efficiency. 
 (Eccles and Serafeim, 
2013; Labuschagne and 
Brent, 2005)  

 Environmental accidents and 
remediation 

The history of the partner’s past issues and how they 
were corrected. 

 

 Waste management  The management of waste from creation to disposal.  (Eccles and Serafeim, 
2013; Labuschagne and 
Brent, 2005)   

 Environment government 
requirement 

This is the environmental policy led by the 
government that the CNO must apply. 

(Eccles and Serafeim, 
2013) 

  Environmental lifecycle  This criterion assesses the environmental impact 
such as greenhouse gas emissions. 

 (Seuring, 2013) 

Economic    
 Information sharing Extent to which the considered partner would 

communicate and share critical information with the 
CNO members and with the network coach. 

(Kara et al., 2012) 

 Long term viability of the 
core business 

This criterion assesses the financial and economic 
sustainability of the core business of the partner. 

 

 R&D investment  This criterion assesses the investment that the firm 
invests into research and development. 

(Cummings and 
Holmberg, 2012; 
Labuschagne and Brent, 
2005)  

 Collaborative 
complementarity 

  

  Property-‐based 
resources 

Legal properties owned by firms including financial 
capital and physical resources. 

(Das and Teng, 2000)  

  Strategic 
correspondence 

This criterion assesses the objectives alignment 
between partners. 

(Macedo and 
Camarinha-Matos, 
2017; Nielsen and 
Gudergan, 2012)  

  Access to a 
Market channel  

This criterion assesses the possibility that a partner 
gives to the alliance to access a new market 

(Chen et al., 2010)  

  Knowledge 
complementarity  

This criterion assesses the knowledge that a new 
partner brings to the CNO. 

 (Chen et al., 2010) 

 Quality certification  The quality certification represents the certification 
further to audit, like ISO. 

 

 Flexibility   It is the rapidity with which the partner responds to 
demand. 

(Abreu and Camarinha-
Matos, 2008; Kara et 
al., 2012)  

 Contractual commitment Level of acceptance of the agreements in the 
partnership contract. 

(Shah and 
Swaminathan, 2008)  

 Proximity  It corresponds to the geographical distance to the 
network. 

(Kara et al., 2012) 

  Shared 
value 

  The extent of the interdependence to which all 
partners share common corporate success.  

(Cheikhrouhou et al., 
2013) 
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Risk    
 Performance risk The potential that the partnership will not deliver as 

much value as required or expected. 
 

 Relational risk The risk of not having satisfactory cooperation or 
the risk of the partner behaving opportunistically. 

(Das and Teng, 2000) 

 Inequality of shared risk The probability and consequence that the various 
partners will not equally share potential risks thereby 
creating unequal levels of interest and effort in the 
partnership. 

(Abreu and Camarinha-
Matos, 2008)  

 Knowledge convey risk The risk that one partner takes the knowledge of 
another and uses it to their own advantage leading to 
potential emergent competition risk in which the 
partner dissolves the alliance and become a 
competitor. 

 

 Force Majeure Risk The probability and consequence of an extraordinary 
event or circumstance beyond the control of the 
companies occurs (eg. war, strike, epidemic, 
pandemic and “Acts of God”) 

(Casady and Baxter, 
2020) 

 Quality 
risk 

 The potential for economic losses due to quality that 
fails to meet the CNO quality goals. 

 

 Customer relationship risk This risk refers to the corporate reputation of the 
partners which is the overall opinion of the company 
by its customers based on past actions and 
probability of their future behaviour, and 
consequently the impact on the CNO. 

(Camarinha-Matos et 
al., 2008) 

 
 
The second part of Phase 2 is to predict the evolution of the criteria weights in the future using a combination of AHP 
with the Fuzzy Sets theory, Fuzzy AHP (F-AHP), as it takes uncertainty into consideration in the prioritisation 
calculation. The existing methods in CNO partner selection do not take the evolution of the importance of criteria into 
account which can potentially lead to the dissolution of the CNO due to the non-static importance of the evaluation 
criteria in the lifecycle of the CNO. Therefore, F-AHP is proposed to determine the evolution of the criteria weights in 
the future using fuzzy numbers to attribute predicted weights to the criteria based on the experts’ perceived importance. 
The aim of the proposed method is to consider the evolution of the criteria weights over time. The partner selection 
criteria are weighted and prioritised based on expert judgment using F-AHP in the presence of uncertainty. F-AHP uses 
fuzzy sets theory and a hierarchical analysis approach for the selection of a partner. The uncertain nature of the 
comparison process leads to decision makers expressing interval judgments rather than fixed value judgments (Bozdağ 
et al., 2003). This paper proposes the F-AHP approach using Triangular Fuzzy Numbers (TFNs) on a pairwise 
comparison scale. We use the extent analysis method to select synthetic extent values of the pairwise comparisons. 
Please refer to Kara and Cheikhrouhou (2014) for the detailed calculation steps for F-AHP. 
 
Both methods, AHP and F-AHP, determine the weights of the criteria based on current known conditions and predicted 
criteria weights under the uncertainty of a future context. Therefore, each criterion has two weights, using AHP under 
known conditions and F-AHP, under uncertainty. The two weights per criterion are averaged (weighted average of 50% 
each) to determine a combined criteria weight vector used in Phase 3, which is an approach to rank the potential 
partners. This is part of the TOPSIS procedure in which the potential partners receive an evaluation per criterion and 
then multiplied by the combined criteria weight vector to determine the normalised weighted decision matrix. The 
distance from the ideal best and worst solutions can then be calculated to determine the relative closeness to the ideal 
solution for each potential partner with which they are finally ranked from closest (best) to farthest (worst). 
  The TOPSIS approach ranks the potential partners based on their distance from the positive and negative ideal 
solutions (Hwang and Yoon, 2012). The number of potential partners (j) are denoted as 𝐴𝐴1,𝐴𝐴2, … ,𝐴𝐴𝑗𝑗. 𝑓𝑓𝑖𝑖𝑖𝑖 represents the 
value of the ith criterion function for the potential partner 𝐴𝐴𝑗𝑗.  Assuming that n is the number of criteria, the TOPSIS 
procedure consists of the following steps:  
 
Step 1: Determine the normalised decision matrix. Each normalised value 𝑟𝑟𝑖𝑖𝑖𝑖  is calculated as:  

𝑟𝑟𝑖𝑖𝑖𝑖 =
𝑓𝑓𝑖𝑖𝑖𝑖

�∑ 𝑓𝑓𝑖𝑖𝑖𝑖
2𝐽𝐽

𝑗𝑗=1

 ,   𝑗𝑗 = 1, 2, 3 … 𝑛𝑛   (2) 
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Step 2: Determine the weighted normalised decision matrix. Each weighted normalised value 𝑣𝑣𝑖𝑖𝑖𝑖  is calculated as:  
𝑣𝑣𝑖𝑖𝑖𝑖 =  𝑤𝑤𝑖𝑖 ∗  𝑟𝑟𝑖𝑖𝑖𝑖   𝑗𝑗 = 1, 2, 3, … , 𝐽𝐽    𝑎𝑎𝑎𝑎𝑎𝑎    𝑖𝑖 = 1, 2, 3, … ,𝑛𝑛      (3) 
Where 𝑤𝑤𝑖𝑖  is the weight of the ith criterion and ∑ 𝑤𝑤𝑖𝑖 = 1.𝑛𝑛

𝑖𝑖=1  
 
Step 3: Determine the ideal and negative ideal solutions, respectively 𝐴𝐴∗  𝑎𝑎𝑎𝑎𝑎𝑎 𝐴𝐴− . 
𝐴𝐴∗ =  {𝑣𝑣1∗, … , 𝑣𝑣𝑖𝑖∗} =  ��𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖  𝑣𝑣𝑖𝑖𝑖𝑖�𝑖𝑖 ∈ 𝐼𝐼′�, �𝑚𝑚𝑚𝑚𝑚𝑚𝑗𝑗 𝑣𝑣𝑖𝑖𝑖𝑖�𝑖𝑖 ∈ 𝐼𝐼"��     (4) 
𝐴𝐴− =  {𝑣𝑣1−, … , 𝑣𝑣𝑖𝑖−} =  ��𝑚𝑚𝑚𝑚𝑚𝑚𝑗𝑗 𝑣𝑣𝑖𝑖𝑖𝑖�𝑖𝑖 ∈ 𝐼𝐼′�, �𝑚𝑚𝑚𝑚𝑚𝑚𝑗𝑗  𝑣𝑣𝑖𝑖𝑖𝑖�𝑖𝑖 ∈ 𝐼𝐼"��     (5) 
 
Where 𝐼𝐼′ is associated with the benefit criteria, and 𝐼𝐼" is associated with cost criteria.  
 
Step 4: Calculate the distances from the positive and negative ideal solutions using the n-dimensional Euclidean 
distance. The distance of each potential partner from the positive ideal solution is given as:  

𝐷𝐷𝑗𝑗∗ =  �∑ �𝑣𝑣𝑖𝑖𝑖𝑖 −  𝑣𝑣𝑖𝑖∗�
2  𝑛𝑛

𝑖𝑖=1    j =  1, 2, 3, … , J       (6) 

Similarly, the distance from the negative ideal solution is given as:  

𝐷𝐷𝑗𝑗− =  �∑ �𝑣𝑣𝑖𝑖𝑖𝑖 −  𝑣𝑣𝑖𝑖−�
2𝑛𝑛

𝑖𝑖=1      j =  1, 2, 3, … , J      (7) 

 
Step 5: Calculate the relative closeness to the ideal solution. The relative closeness of the potential partner 𝐴𝐴𝑗𝑗 is defined 
as:  

𝐶𝐶𝐶𝐶𝑗𝑗∗ =  
𝐷𝐷𝑗𝑗
−

𝐷𝐷𝑗𝑗
∗+ 𝐷𝐷𝑗𝑗

−          j =  1, 2, 3, … , J    (8) 

 
Step 6: Rank the preference order from closest (best) to farthest (worst).  
 
The main advantages in using TOPSIS are that both the ideal and the anti-ideal solutions are taken into consideration, 
and its ease of programming (Karsak and Kuzgunkaya, 2002) as well as its ease in decision-making and its 
flexibility (Joshi and Kumar, 2016). 
 
4. Case Study Results and Discussion 
 
The proposed methodology is demonstrated on a Swiss CNO called Swiss MicroTech (SMT). SMT is a regional 
CNO created in 2001 following a study conducted in the late 1990s on SMEs of the mechanical subcontracting sector of 
Western Switzerland. SMT includes partners from many industries including telecommunications, medical devices, 
precision machinery and watch making. Around 90% of SMT products are meant for worldwide export.   The two 
different types of CNO are vertical, in which the competences of the enterprises that are needed to achieve a business 
opportunity are complementary, and horizontal CNO, which have close competence fields and are mainly interested in 
increasing their capacities or their negotiation powers with external parties (Cheikhrouhou et al., 2012). The purpose of 
the creation of the horizontal CNO, SMT, was that the member companies were considered too small in size to obtain 
sufficient visibility or contracts with larger companies and customers in their industry. At the time, the smaller 
companies were competing with larger suppliers that could provide a complete solution to their customers (including 
engineering, machining, thermal treatment and sometimes assembly) or suppliers in lower cost countries than 
Switzerland. The problem with most of the SMEs resided in the lack of their commercial services, the long lead-
times and their delivery unreliability. SMT was created by four members in June 2001 aiming to become more 
competitive on the market which tried to overcome their weaknesses (mainly consisting of reducing their delivery lead-
times and obtain more competitive purchasing prices).  Since its creation, the number of the members in the network has 
varied. The executive board of the CNO is represented by the CEOs of each company and the 
managing network coach. The role of the coach is to develop the CNO, to ensure that all decisions are taken in a fair 
way and to manage the financial activities of the network. Between 8 and 10 meetings are organised by the group of 
decision-makers per year to discuss strategy-related subjects, as well as other decisions and actions. Moreover, the 
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meetings include discussions regarding new potential partners to the CNO as well as the termination of existing 
members.  
 
The decision of the selection of new partners is taken with a common consensus by the executive board of the CNO, 
which means that they are easily implemented since the members of the network are not linked by contracts, even if the 
network organisation is considered as a legal entity.  
 
4.1 Case Study Results 
The methodology is demonstrated on the sustainable selection of a new partner for the CNO SMT that counteracts the 
potential risks facing the partnership and particularly the CNO´s ability to manage future global disasters, like in the 
case of the COVID-19 pandemic. There are three potential partners A1, A2 and A3, which are evaluated using 36 
sustainability and risk criteria. First, the potential partners are evaluated and ranked based on known information in a 
stable environment and then based on a predicted future scenario. The two scenarios are combined to establish an 
average of the criteria weights and a decision regarding the most appropriate partner is made using TOPSIS. 
 
The first step is to give weights to the evaluation criteria using Saaty´s prioritisation method at each hierarchical level. 
The first level is the prioritisation between the sustainability criteria: economic, environmental and social, and the risk 
criteria. Figure 2 shows the final normalised weights of these criteria under known conditions (AHP) and future 
uncertain conditions (F-AHP).  
 

 
Figure 2: Weights of the sustainability and risk criteria in known current vs. uncertain future scenario (AHP vs. 

F-AHP) 
 
Once the weights of the criteria are calculated using the AHP method for the known scenario and F-AHP for the future 
scenario under uncertainty, they are combined using an average and the potential partners must be evaluated based on 
each of the criteria. The potential partners are evaluated per criteria and given a score between 1 (very poor) to 5 (very 
good). Figure 3 shows the scores of the potential partners per criterion. The x-axis is the list of the 36 sustainability and 
risk evaluation criteria, followed by their normalised weights per criterion, which is calculated in Phase 2. The weights 
of the 36 criteria add up to 1. The y-axis represents the score, 1 (worst) to 5 (best), that each of the potential partners 
(A1, A2 and A3) are given per criterion. For example, the first criterion, R&D investment, has a weight of 0.017. The 
potential partners, A1, A2 and A3, all have been given a score of 4 out of 5 for this criterion, and therefore considered 
all as good as each other in terms of R&D investment. However, the last criterion on the x-axis, Force Majeure Risk, 
which has a weight of 0.076, shows that A1, with a score of 5, outperforms A2, with a score of 4, which in turn 
outperforms A3, with a score of 3, in this criterion. It can be seen from Figure 2 that the evaluation scores of the 
potential partners per criterion does not intuitively show which potential partner is best to select for the CNO. Therefore, 
each score is multiplied by the corresponding criteria weights and then the normalised matrix is computed. Then, the 
TOPSIS approach is used to determine the distances from both the positive and negative ideal solutions and finally to 
rank the potential partners based on the relative closeness from the ideal solution. The relative closeness and ranking of 
potential partners are shown in Table 7. 
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Figure 3: Combined normalised weights of evaluation criteria and Scores of each potential partner 

 
Table 7: Relative closeness and ranking of potential partners using AHP-TOPSIS and F-AHP-TOPSIS 
  Relative Closeness   
Potential 
partners  AHP-TOPSIS F-AHP-TOPSIS Combined-TOPSIS Final Ranking 
A1 0.234 0.453 0.313 3 
A2 0.774 0.627 0.727 1 
A3 0.391 0.380 0.384 2 

 
 
4.2 Discussion of Results 
Two approaches are used to prioritise the evaluation criteria based on a current known scenario (AHP) and a future 
uncertain scenario (F-AHP) and then the criteria weights from these approaches are combined. The combined weights 
per criteria can be seen in Figure 3 next to each criterion.  Figure 2 shows the changes in the weights between a known 
scenario using the AHP approach and an uncertain future scenario using the F-AHP approach. The risk criterion is 
judged the most important in both scenarios, however, its relative importance drastically decreases in the future 
scenario. This is because in the evaluation of the future scenario, equal priority is attributed to the economic and risk 
criteria. Conversely, in the AHP method, the risk criterion is considered three times more important than the economic 
pillar. The assumption is that risks at a future time may not be so impactful as a proper mitigation plan can be 
constructed once the partner is selected as part of the CNO. The final ranking using the AHP-TOPSIS methods, which is 
determined under the assumption that the conditions are known and therefore the prioritisation given to the criteria by 
the experts are crisp values, is different the F-AHP-TOPSIS method, in which the experts use fuzzy triangular numbers 
to attribute prioritisation between criteria. Based on the average of the criteria weights to determine the Combined 
weights, the final ranking ranks A2 first followed by A3, then A1. 
 
Table 8 presents the sum of the weights of all criteria, the min and max and the standard deviation using the AHP and F-
AHP methods and their combined weights, as well as for the scores of the potential partners A1, A2 and A3. The range 
(max-min) of the weights for the scenario under uncertainty using F-AHP is less than half than the AHP method 
weights, even though all the weights add up to 1. Similarly, the standard deviation of the scenario with known 
conditions is almost double than that of the unknown conditions. This is due to the decreased relative importance of the 
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risk criterion compared to sustainability criteria for the future scenario, the assumption being that the risks can be 
mitigated fully or partially based on a plan developed by the CNO. 
 
Table 8: Statistics of the Normalised weights of evaluation criteria using AHP and F-AHP and Scores of potential 
partners  

 
Criteria Weights 

Scoring of potential  
partners 

 
 AHP F-AHP Combined A1 A2 A3 

Standard deviation 0.043 0.024 0.029 0.877 0.934 0.828 
Min 0.002 0.000 0.001 2 2 2 
Max 0.218 0.093 0.139 5 5 5 
Mean 0.028 0.028 0.028 4.6 4.4 4.0 
Sum 1 1 1 164 158 144 

 
Looking into more detail at the criteria weights of a situation under known conditions using the AHP method, the top 
three most important criteria are the Customer Relationship Risk, Relational Risk and the Quality Risk. It makes sense 
that these are all part of the risk criterion as it has the most weight as in Figure 2. Conversely, the most important 
criteria for a future scenario are firstly, Force Majeure Risk, which relates to unforeseeable catastrophic future events 
such as the COVID pandemic and acts of god, followed by Environment Government requirements and Customer 
Relationship Risk. The Customer Relationship Risk remains in the highest weighted evaluation criteria in both 
scenarios. The Customer Relationship Risk includes the customer’s ability or willingness to continue purchasing goods 
and is greatly impacted by external factors. Therefore, it maintains one of the highest weighting in the present time, due 
to known risks and circumstances, as well as in the future, based on unknown external factors, such as economic crises. 
The weight of the risk of a force majeure increases dramatically in the future scenario, making this criterion the most 
important of all. In the weighting of the criteria under known conditions, the Force Majeure Risk is considered less 
important than the six other risk factors in this pillar, however, in the future scenario under uncertainty, the importance 
of this risk overtakes the others. This criterion has the largest weight of all in the future scenario as its probability cannot 
be controlled by the CNO and the impact of the disaster is still widely unknown since the details of the disaster are 
unknown.  
 
The combined AHP and F-AHP approach to determine criteria weights avoids the selection of the wrong partner. This is 
illustrated in Table 8 which compares the mean and total scores of the potential partners using the scoring method 
compared to their final ranking base on the approach proposed in this paper. If we only consider the scores given to each 
of the potential partners, A1 has the highest score followed by A2 and A3. However, when using the combined weights 
of the criteria under known and uncertain conditions, A2 ranks highest with the closest distance to the ideal solution 
followed by A3 and finally, A1 in last place. The TOPSIS ranking results using the combined AHP + F-AHP criteria 
weights, provides a much different result than using the individual weights. This is attributed to the scores of the 
partners for the most important criteria highlighting the importance to conscientiously weight the evaluation criteria. 
Omitting risk factors and a future crisis scenario, could result in wrong partner selection and issues in the case of a 
future pandemic-style scenario. 
 
5. Managerial Impact 
The Swiss State Secretariat for Economic Affairs (SECO) predicted that the manufacturing output from Switzerland 
would decrease by 25% in 2020 compared to 2019 due to the COVID pandemic. In October 2020, SECO´s press release 
stated that the manufacturing industry in Switzerland has not recovered as much due to greater dependence on the global 
economic cycle (State Secretariat for Economic Affairs Switzerland, 2020). The survival of individual companies is 
heavily dependent on its capacity and capability in these times of crisis. Consequently, SMT can employ the method 
presented in this paper for the selection of new partners for the CNO. A CNO whose partners are selected based on 
current and future sustainability and risk requirements, can ensure resilience, longevity, and survival during such an 
unforeseeable event. The fact that SMT is a horizontal CNO provides an advantage for their ability to increase capacity 
and capabilities by working with various sourcing and logistics partners. This is particularly important in the case of 
CNO supply chain disruption as in the case of the COVID-19 pandemic as they should be better equipped to continue 
operational activities such as sourcing and logistics than if they worked as separate individual companies.  
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The impact on the partner selection process of SMT is to integrate not only the three pillars of sustainability but also 
risk factors when considering the future longevity of the CNO under crisis. The methodology also identifies two 
important factors that are heavily linked to a global crisis: Customer Relationship Risk and the risk of a Force Majeure. 
Compared to the other 34 evaluation criteria, these interdependent criteria have the unique characteristic that their 
occurrence is ensured, however the severity of their impact is completely unknown and the control of the probability of 
occurrence is external to the CNO. Contrary to the other criteria, which the members of the CNO can manage and 
adjust. Consideration of these risk factors is therefore integral to correctly select future partners to ensure that SMT is 
not only competitive under relatively normal conditions, but also to ensure their survival in times of crisis. 
 
6. Conclusion 
Considering the devastating impact that the COVID-19 pandemic has had on the reliability of supply chains, logistics 
and sourcing worldwide, it is more important than ever to construct a solid network of organisations that collaborate for 
synergies as well as for the sake of the survival of the individual partner firms in times of crisis. This paper presents a 
novel approach, using AHP, F-AHP and TOPSIS, for sustainable partner selection for Collaborative Networked 
Organisations (CNO) that considers sustainability criteria and risk factors when evaluating potential companies under 
known current conditions and uncertain future scenarios.  
 
The methodology is demonstrated on a Swiss CNO, Swiss Microtech (SMT) and identifies the risk criteria as the most 
influential factor in the selection of new partners, particularly the customer relationship risk and the risk of a force 
majeure, both of which are heavily influenced by external factors such as the COVID-19 pandemic. The results of the 
case study show that it is integral to evaluate partners based on known current conditions of their economic, social, 
environmental and risk criteria as well as under an uncertain future scenario that considers the occurrence of a force 
majeure such as a pandemic or act of god. Evaluating partners based on a future scenario, under the uncertainty of a 
global disaster, significantly impacts the weightings of all the evaluation criteria. The final ranking, however, remains 
stable, with potential partner A2 being ranked the best potential partner. The final ranking of potential partners using 
AHP for current conditions, F-AHP for future uncertain conditions and TOPSIS for final ranking, is also significantly 
different to the simple scoring method, where the potential partners are given a score per criterion and summed to give a 
total score per partner. Considering the relative importance of each criterion, as in the case of this paper, dramatically 
changes the final classification, yields a more appropriate ranking and avoid selecting the wrong partner. 
 
The approach proposed in the paper is intended to support existing CNO, as well as individual firms wanting to create a 
CNO, to build a more robust and long lasting CNO in the context of a force majeure such as COVID-19. This is 
achieved by considering various sustainability criteria: economic, environmental, and social, and risk factors to evaluate 
potential partners, under both known current conditions and future uncertain conditions.   
 
The limitation of the presented approach lies in the predicted evolution of criteria importance by the experts with 
regards to the future and in the face of gross uncertainty. Future research should focus on the interdependency of the 
evaluation criteria. As in the case of SMT, the customer relationship risk and the force majeure risk are highly 
interdependent as they are both influenced by the same external factors. Therefore, it is recommended to develop an 
ANP approach to take this interdependence into consideration and to determine whether the interdependence has a large 
impact on the final partner ranking.  
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